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(57) ABSTRACT

An embodiment of the present invention provides a liquid
crystal display including a liquid crystal panel having a dis-
play area and a non-display area; left and right common
voltage lines connected to common voltage lines formed in
the display area and located in the non-display area on the left
and right sides of the display area; and a common voltage
compensator that receives feedback common voltages from
the left and right common voltage lines and outputs compen-
sated common voltages based on the feedback common volt-
ages, wherein the common voltage compensator divides the
display area into a first display area and a second display area
with respect to the center of the liquid crystal panel and
performs different compensation to the first display area and

GO2F 1/1362 (2006.01) the second display area.
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LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0102528 filed on Aug. 28, 2013,
which is incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This document relates to a liquid crystal display.
[0004] 2. Description of the Related Art

[0005] As the information technology is developed, the

market for display devices used as connection mediums
between users and information is growing. Accordingly, the
use of flat panel displays (FPDs) such as a liquid crystal
display (LCD), an organic light emitting diode (OLED) dis-
play, and a plasma display panel (PDP) is increasing. The
liquid crystal displays have been widely used because they
can implement a high resolution and can achieve both the
small-sized screen and the large-sized screen.

[0006] The liquid crystal display comprises a transistor
substrate, on which thin film transistors, storage capacitors,
pixel electrodes, etc. are formed, a color filter substrate on
which color filters, black matrixes, etc. are formed, and a
liquid crystal layer positioned between the transistor sub-
strate and the color filter substrate. The liquid crystal display
adjusts an arrangement direction of the liquid crystal layer by
an electric field generated between the pixel electrodes and
common electrodes on the transistor substrate or color filter
substrate, thereby displaying an image using light coming
from a backlight unit.

[0007] 1Inthe liquid crystal display, the difference between
a data voltage supplied from a data driver and a common
voltage serving as a reference potential is applied as a voltage
for driving the liquid crystals. The common voltage varies
with the position of the liquid crystal panel due to the elec-
trical resistance of a wire, capacitor, etc formed on the liquid
crystal panel. For this reason, the common voltage becomes
oneofthe voltages having the biggest effect on picture quality
across the liquid crystal panel.

[0008] To prevent variations in common voltage, a com-
pensation structure was conventionally suggested, which
comptises a common voltage generator for generating a com-
mon voltage and a compensation circuit and receives a feed-
back common voltage from common voltage lines on two
sides of the liquid crystal panel and compensates the common
voltage supplied to the entire liquid crystal panel based on the
feedback common voltage. In the conventional compensation
structure, however, these variations are compensated for on
the two sides of the liquid crystal panel, which makes it
difficult to compensate for signal distortions caused by line
resistance and coupling and brings about picture quality prob-
lems such as horizontal crosstalk that should be overcome.

SUMMARY OF THE INVENTION

[0009] The present invention has been made in an effort to
provide a liquid crystal display comprising: a liquid crystal
panel comprising a display area and a non-display area; left
and right common voltage lines connected to common volt-
age lines formed in the display area and located in the non-
display area on the left and right sides of the display area; and
a common voltage compensator that receives feedback com-
mon voltages from the left and right common voltage lines
and outputs compensated common voltages based on the
feedback common voltages, wherein the common voltage
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compensator divides the display area into a first display area
and a second display area with respect to the center of the
liquid crystal panel and performs different compensation to
the first display area and the second display area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0011] FIG. 1is a block diagram of a liquid crystal display
according to a first embodiment of the present invention;
[0012] FIG. 2is a view for explaining the concept of com-
pensation by a common voltage compensator according to the
first embodiment of the present invention;

[0013] FIG. 3 is a first illustration showing the pattern of
common voltage lines for common voltage compensation
according to an example of the present invention;

[0014] FIG. 4isa second illustration showing the pattern of
common voltage lines for common voltage compensation
accordingly to an example of the present invention;

[0015] FIG. 5 is a third illustration showing the pattern of
common voltage lines for common voltage compensation
according to an example of the present invention;

[0016] FIG. 6 s a fourth illustration showing the pattern of
common voltage lines for common voltage compensation
according to an example of the present invention;

[0017] FIG. 7isa circuit configuration diagram illustrating
the common voltage compensator according to the first
embodiment of the present invention,

[0018] FIG. 8illustrates the application of common voltage
compensators to a large-area liquid crystal display according
to an example of the present invention;

[0019] FIG. 9is a view for explaining the concept of com-
pensation by a common voltage compensator according to a
second embodiment of the present invention;

[0020] FIGS.10to 13 areillustrations showing a variety of
patterns of common voltage lines for common voltage com-
pensation according to examples of the present invention;
[0021] FIG. 14 is a circuit configuration diagram illustrat-
ing the common voltage compensator according to the second
embodiment of the present invention; and

[0022] FIG. 15 a waveform diagram illustrating feedback
common voltages and a compensated common voltage
according to an example of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] Reference will now be made in detail embodiments
of the invention examples of which are illustrated in the
accompanying drawings.

[0024] Hereinafter, concrete exemplary embodiments of
the present invention will be described in detail with refer-
ence to the accompanying drawings.

First Exemplary Embodiment

[0025] FIG. 1is a block diagram of a liquid crystal display
according to a first exemplary embodiment of the present
invention. FIG. 2 is a view for explaining the concept of
compensation by a common voltage compensator according
to the first exemplary embodiment of the present invention.
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[0026] As shown in FIG. 1, the liquid crystal display
according to the first exemplary embodiment of the present
invention comprises a timing controller TCN;, a liquid crystal
panel PNL, a gate driver GDRV, a data driver SDRV, a back-
light unit BLU, a common voltage generator VCOMG, and a
common voltage compensator VCOMC. All the components
of the liquid crystal display in all embodiments of the inven-
tion are operatively coupled and configured.

[0027] The timing controller TCN receives a vertical syn-
chronization signal Vsync, a horizontal synchronization sig-
nal Hsync, a data enable signal DE, a clock signal CLK, and
a data signal DATA from an external source. The timing
controller TCN controls the data driver SDRV and the gate
driver GDRV by using timing signals such as the vertical
synchronization signal Vsync, horizontal synchronization
signal Hsync, data enable signal DE, and clock signal CLK,
received from the external source. The timing controller TCN
may determine a frame period by counting the data enable
signal DE of one horizontal period, and thus the vertical sync
signal Vsync and the horizontal sync signal Hsync received
from the external source may be omitted. Control signals
generated by the timing controller TCN comprise a gate tim-
ing control signal GDC for controlling the operation timing of
the gate driver GDRV and a data timing control signal DDC
for controlling the operation timing of the data driver SDRV.

[0028] The liquid crystal panel PNL comprises a liquid
crystal layer located between a thin film transistor (hereinaf-
ter, abbreviated as “TFT substrate”) and a color filter substrate
and subpixels SP arranged in a matrix. Data lines DL, gate
lines GL, TFTs, storage capacitors, etc are formed on the TFT
substrate, and a black matrix, color filters, etc are formed on
the color filter substrate. A subpixel SP is defined by a data
line D1 and a gate line GL.1 which cross each other. The
subpixel SP comprises a TFT driven by a gate signal supplied
through the gate line SI.1, a storage capacitor Cst for storing
a data signal supplied through the data line DL1 as a data
voltage, and a liquid crystal cell Cle driven by the data voltage
stored in the storage capacitor Cst. The liquid crystal cell Cle
is driven by the data voltage supplied to a pixel electrode 1 and
a common voltage vcom supplied to a common electrode 2.
The common electrode 2 is formed on the color filter substrate
in a vertical field driving mode such as a Twisted Nematic
(TN) mode and a Vertical Alignment (VA) mode. The com-
mon electrode 2 and the pixel electrode 1 are formed on the
TFT substrate in a horizontal field driving mode such as an In
Plane Switching (IPS) mode and a Fringe Field Switching
(FFS) mode. The common electrode receives the common
voltage vcom from common voltage lines. A polarizer is
attached to the TFT substrate and color filter substrate of the
liquid crystal panel PNL, and an alignment layer for setting a
pre-tilt angle of liquid crystal is formed thereon. A liquid
crystal mode ofthe liquid crystal panel PNL canbe formed by
any liquid crystal mode as well as the above-mentioned TN
mode, VA mode, IPS mode, and FFS mode.

[0029] In response to the gate timing control signal GDC
supplied from the timing controller TCN, the gate driver
GDRY sequentially generates gate signals while shifting the
levels of the signals with a swing width of a gate driving
voltage with which the TFTs of the subpixels SP included in
the liquid crystal panel PNL can operate. The gate driver
GDRY supplies the generated gate signals through the gate
lines GL to the subpixels SP included in the liquid crystal
panel PNL. The gate driver GDRV may be mounted in the
form of IC (integrated circuit) on the liquid crystal panel PNL
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or a flexible circuit board, or formed in the form of GIP (gate
in panel) on the liquid crystal panel PNL.

[0030] In response to the data timing control signal DDC
supplied from the timing controller TCN, the data driver
SDRYV samples the data signal DATA supplied from the tim-
ing controller TCN and latches the same to convert it into data
of a parallel data system. The data driver SDRV converts the
digital data signal DATA into an analog signal according to a
gamma reference voltage. The data driver SDRV supplies the
converted data signal DATA to the subpixels SP of the liquid
crystal panel PNL through the data lines DL. The data driver
SDRV may be formed in the form of IC on the liquid crystal
panel PNL or a flexible circuit board.

[0031] The backlight unit BLU provides light to the liquid
crystal panel PNL. The backlight unit BLU comprises a light
source for emitting light, a light guide plate for guiding light
to the liquid crystal panel PNL, and an optical sheet for
focusing and diffusing light.

[0032] The common voltage generator VCOMG converts
external input power into DC power to generate and output
the common voltage veom. The common voltage veom out-
put from the common voltage generator VCOMG is supplied
to the common voltage lines formed on the liquid crystal
panel PNL.

[0033] The common voltage compensator VCOMC com-
pensates the common voltage vcom supplied to the liquid
crystal panel PNL. The common voltage compensator
VCOMC compensates the common voltage vcom consider-
ing that the amount of ripple depends on the position in the
liquid crystal panel PNL. To this end, the common voltage
compensator VCOMC receives a feedback common voltage
from the common voltage lines formed on the liquid crystal
panel PNL, and outputs a compensated common voltage
veome based on the feedback common voltage veomFB.
[0034] As shown in FIG. 2, the common voltage compen-
sator VCOMC according to the first exemplary embodiment
of the present invention receives a feedback common voltage
from the common voltage lines formed on both the left and
right sides of the liquid crystal panel. The common voltage
compensator VCOMC outputs first to fourth compensated
common voltages vcomc] to veomed4 based on first to fourth
feedback common voltages vecomFB1 to veomFB4. The first
to fourth compensated common voltages vcomel to vcomed
output from the common voltage compensator VCOMC are
re-supplied to the common voltage lines formed on both the
left and right sides of the liquid crystal panel PNL.

[0035] Specifically, a display area AA is divided into a first
display area AA1 and a second display area AA2 with respect
to the center AAC of the liquid crystal panel PNL. A first
common voltage compensator VCOMCI receives a first feed-
back common voltage vcomFB1 from the left side of the first
display area AA1, and supplies a first compensated common
voltage vcomcl to the left side of the first display area AA1.
A second common voltage compensator VCOMC2 receives a
second feedback common voltage veomFB2 from the left
side of the second display area AA2, and supplies a second
compensated common voltage vcomc2 to the left side of the
second display area AA2. A third common voltage compen-
sator VCOMCS receives a third feedback common voltage
veomFB3 from the right side of the first display area AAL,
and supplies a third compensated common voltage veome3 to
the right side of the first display area AA1. A fourth common
voltage compensator VCOMC4 receives a fourth feedback
common voltage vcomFB4 from the right side of the second
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display area AA2, and supplies a fourth compensated com-
mon voltage vcome4 to the right side of the second display
area AA2.

[0036] By dividing the display area AA into the first display
area AA1 and the second display area AA2 with respect to the
center AAC of the liquid crystal panel PNL and compensating
the common voltage veom fully considering that the amount
of ripple depends on the position in the liquid crystal panel
PNL, thereby enabling more uniform and accurate compen-
sation of the common voltage veom.

[0037] In the first exemplary embodiment of the present
invention, the pattern of the common voltage lines is formed
as follows in order to compensate the common voltage fully
considering that the amount of ripple depends on the size of
the liquid crystal panel PNL.

[0038] FIG. 3 is a first illustration showing the pattern of
common voltage lines for common voltage compensation.
[0039] Asshown inFIGS. 2 and 3, adisplay area AA where
an image is displayed and a non-display area AA where no
image is displayed are defined on the liquid crystal panel
PNL. Common voltage lines VCOML and VCOMR are
formed on the left and right sides of the display area AA. The
illustrated pattern of the common voltage lines VCOML and
VCOMR is available in a small-sized liquid crystal display
panel PNL.

[0040] The left common voltage line VCOML is formed in
the non-display area NA on the left side of the display area
AA. Theright common voltage line VCOMR is formed in the
non-display area NA on the right side of the display area AA.
The common voltage lines electrically connected to the left
common voltage line VCOML and the right common voltage
line VCOMR are formed in the display area AA. The common
voltage lines VCOM are formed for every gate line.

[0041] Theleft common voltage line VCOML and the right
common voltage line VCOMR are formed in the y-axis direc-
tion, corresponding to the length of the display area AA. The
left common voltage line VCOML and the right common
voltage line VCOMR are wider than the common voltage
lines VCOM formed in the display area AA. The left common
voltage line VCOML and the right common voltage line
VCOMR are of equal line width in all areas, and have a
rectangular shape. The left common voltage line VCOML
and the right common voltage line VCOMR help to minimize
a voltage drop or signal distortion caused by line resistance
when transferring a common voltage to the common voltage
lines VCOM formed in the display area AA.

[0042] The first common voltage compensator VCOMC1
receives a first feedback common voltage vcomFB1 from the
left common voltage line VCOML formed in the non-display
area NA on the left side of the first display area AA1, and
supplies a first compensated common voltage vcomel to the
left common voltage line VCOML formed in the non-display
area NA on the left side of the first display area AA1. The
second common voltage compensator VCOMC2 receives a
second feedback common voltage veomFB2 from the left
common voltage line VCOML formed in the non-display area
NA on the left side of the second display area AA2, and
supplies a second compensated common voltage vcome2 to
the left common voltage line VCOML formed in the non-
display area NA on the left side of the second display area
AA2.

[0043] The third common voltage compensator VCOMC3
receives a third feedback common voltage vcomFB3 from the
right common voltage line VCOMR formed in the non-dis-
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play area NA on the right side of the first display areca AA1,
and supplies a third compensated common voltage veome3 to
the right common voltage line VCOMR formed in the non-
display area NA on the right side of the first display area AA1.
The fourth common voltage compensator VCOMC4 receives
a fourth feedback common voltage vcomFB4 from the right
common voltage line VCOMR formed in the non-display
area NA on the right side of the second display area AA2, and
supplies a fourth compensated common voltage vcomc4 to
the right common voltage line VCOMR formed in the non-
display area NA on the right side of the second display area
AA2.

[0044] FIG. 4isasecond illustration showing the pattern of
common voltage lines for common voltage compensation.
[0045] Asshown in FIGS. 2 and 4, a display area AA where
an image is displayed and a non-display area AA where no
image is displayed are defined on the liquid crystal panel
PNL. Common voltage lines VCOML and VCOMR are
formed on the left and right sides of the display area AA. The
illustrated pattern of the common voltage lines VCOML and
VCOMR is available in a small-to-medium sized liquid crys-
tal display panel PNL.

[0046] The left common voltage line VCOML is formed in
the non-display area NA on the left side of the display area
AA. The right common voltage line VCOMR is formed in the
non-display area NA on the right side of the display area AA.
The common voltage lines electrically connected to the left
common voltage line VCOML and the right common voltage
line VCOMR are formed in the display area AA. The common
voltage lines VCOM are formed for every gate line.

[0047] Theleft common voltage line VCOML and the right
common voltage line VCOMR are formed in the y-axis direc-
tion, corresponding to the length of the display area AA. The
left common voltage line VCOML and the right common
voltage line VCOMR are wider than the common voltage
lines VCOM formed in the display area AA. The left common
voltage line VCOML and the right common voltage line
VCOMR have a rectangular shape. By the way, the left com-
mon voltage line VCOML and the right common voltage line
VCOMR formed in the non-display area NA are wider on the
left and right sides of the first display area AA1 than on theleft
and right sides of the second display area AA2. The left
common voltage line VCOML and the right common voltage
line VCOMR help to minimize a voltage drop or signal dis-
tortion caused by line resistance when transferring a common
voltage to the common voltage lines VCOM formed in the
display area AA. The reason why the line width of the left
common voltage line VCOML and the right common voltage
line VCOMR varies is because the line resistance in the upper
area corresponding to the first display area AA1 is greater
than the line resistance in the lower area corresponding to the
second area AA2. In other words, the line resistance increases
towards the upper area, which is far from the input terminal,
because the common voltage is input through the lower area
and transferred to the upper area, which is taken into account.
[0048] The first common voltage compensator VCOMC1
receives a first feedback common voltage vcomFB1 from the
left common voltage line VCOML formed in the non-display
area NA on the left side of the first display area AA1, and
supplies a first compensated common voltage vcomel to the
left common voltage line VCOML formed in the non-display
area NA on the left side of the first display area AA1. The
second common voltage compensator VCOMC2 receives a
second feedback common voltage veomFB2 from the left
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common voltage line VCOML formed in the non-display area
NA on the left side of the second display area AA2, and
supplies a second compensated common voltage vcomc?2 to
the left common voltage line VCOML formed in the non-
display area NA on the left side of the second display area
AA2.

[0049] The third common voltage compensator VCOMC3
receives a third feedback common voltage vcomFB3 from the
right common voltage line VCOMR formed in the non-dis-
play area NA on the right side of the first display arca AAL,
and supplies a third compensated common voltage veomc3 to
the right common voltage line VCOMR formed in the non-
display area NA on the right side of the first display area AA1.
The fourth common voltage compensator VCOMC4 receives
a fourth feedback common voltage vcomFB4 from the right
common voltage line VCOMR formed in the non-display
area NA on the right side of the second display area AA2, and
supplies a fourth compensated common voltage veome4 to
the right common voltage line VCOMR formed in the non-
display area NA on the right side of the second display area
AA2.

[0050] FIG. 5 is a third illustration showing the pattern of
common voltage lines for common voltage compensation.
[0051] AsshowninFIGS.2 and 5, adisplay area AA where
an image is displayed and a non-display area AA where no
image is displayed are defined on the liquid crystal panel
PNL. Common voltage lines VCOMU, VCOML, and
VCOMR are formed on the left and right sides of the display
area AA. The illustrated pattern of the common voltage lines
VCOML and VCOMR is available in a medium-to-large
sized liquid crystal display panel PNL.

[0052] A unilateral common voltage line VCOMU is
formed in the non-display area NA on one side (e.g., upper
side) of the display area AA. The left common voltage line
VCOML is formed in the non-display area NA on the left side
of the display area AA. The right common voltage line
VCOMR is formed in the non-display area NA on the right
side of the display area AA. The unilateral common voltage
line VCOMU, the left common voltage line VCOML, and the
right common voltage line VCOMR are electrically con-
nected. The common voltage lines electrically connected to
the left common voltage line VCOML and the right common
voltage line VCOMR are formed in the display area AA. The
common voltage lines VCOM are formed for every gate line.
[0053] The unilateral common voltage line VCOMU is
formed in the x-axis direction, corresponding to the length (or
width) of the display area AA. The left common voltage line
VCOML and the right common voltage line VCOMR are
formed in the y-axis direction, corresponding to the length of
the display area AA. The unilateral common voltage line
VCOMU, the left common voltage line VCOML, and the
right common voltage line VCOMR are wider than the com-
mon voltage lines VCOM formed in the display area AA. The
unilateral common voltage line VCOMU, the left common
voltage line VCOML, and the right common voltage line
VCOMR have a rectangular shape. By the way, the left com-
mon voltage line VCOML and the right common voltage line
VCOMR formed in the non-display area NA are wider on the
left and right sides of the first display area AA 1 than on the
left and right sides of the second display area AA2. The left
common voltage line VCOML and the right common voltage
line VCOMR help to minimize a voltage drop or signal dis-
tortion caused by line resistance when transferring a common
voltage to the common voltage lines VCOM formed in the
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display area AA. The reason why the line width of the left
common voltage line VCOML and the right common voltage
line VCOMR varies is because the line resistance in the upper
area corresponding to the first display area AA1 is greater
than the line resistance in the lower area corresponding to the
second area AA2. In other words, the line resistance increases
towards the upper area, which is far from the input terminal,
because the common voltage is input through the lower area
and transferred to the upper area, which is taken into account.
[0054] The first common voltage compensator VCOMC1
receives a first feedback common voltage vcomFB1 from the
unilateral common voltage line VCOMU formed in the non-
display area NA on the upper side of the first display area
AA1, and supplies a first compensated common voltage
vecomel to the unilateral common voltage line VCOMU
formed in the non-display area NA on the upper side of the
first display area AA1. The second common voltage compen-
sator VCOMC2 receives a second feedback common voltage
veomFB2 from the left common voltage line VCOML
formed in the non-display area NA on the left side of the
second display area AA2, and supplies a second compensated
common voltage vcome2 to the left common voltage line
VCOML formed in the non-display area NA on the left side of
the second display area AA2.

[0055] The third common voltage compensator VCOMC3
receives a third feedback common voltage vcomFB3 from the
unilateral common voltage line VCOMU formed in the non-
display area NA on the upper side of the first display area
AA1, and supplies a third compensated common voltage
vcome3 to the unilateral common voltage line VCOMU
formed in the non-display area NA on the upper side of the
first display area AA1. The fourth common voltage compen-
sator VCOMCA receives a fourth feedback common voltage
vcomFB4 from the right common voltage line VCOMR
formed in the non-display area NA on the right side of the
second display area AA2, and supplies a fourth compensated
common voltage vcomed to the right common voltage line
VCOMR formed in the non-display area NA on the right side
of the second display area AA2.

[0056] FIG. 6 is a fourth illustration showing the pattern of
common voltage lines for common voltage compensation.
[0057] Asshown in FIGS.2 and 6, a display area AA where
an image is displayed and a non-display area AA where no
image is displayed are defined on the liquid crystal panel
PNL. Common voltage lines VCOMU, VCOML, and
VCOMR and dummy common voltage lines VCOMLF and
VCOMRF are formed on the left and right sides of the display
area AA. The illustrated pattern of the common voltage lines
VCOML and VCOMR is available in a large sized liquid
crystal display panel PNL.

[0058] A unilateral common voltage line VCOMU is
formed in the non-display area NA on one side (e.g., upper
side) of the display area AA. The left common voltage line
VCOML is formed in the non-display area NA on the left side
of the display area AA. The left dummy common voltage line
VCOMLF is formed in the non-display area NA on the left
side of the display area AA, and connected to the left common
voltage line VCOML. The right common voltage line
VCOMR is formed in the non-display area NA on the right
side of the display area AA. The right dummy common volt-
age line VCOMREF is formed in the non-display area NA on
the right side of the display area AA, and connected to the
right common voltage line VCOMR. The unilateral common
voltage line VCOMU, the left common voltage line VCOML,
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and the right common voltage line VCOMR are electrically
connected. The common voltage lines electrically connected
to the left common voltage line VCOML and the right com-
mon voltage line VCOMR are formed in the display area AA.
The common voltage lines VCOM are formed for every gate
line.

[0059] The unilateral common voltage line VCOMU is
formed in the x-axis direction, corresponding to the length (or
width) of the display area AA. The left common voltage line
VCOML and the right common voltage line VCOMR are
formed in the y-axis direction, corresponding to the length of
the display area AA. The left dummy common voltage line
VCOMLF and the right dummy common voltage line
VCOMREF are formed in the y-axis direction, partially corre-
sponding to the length of the display area AA. The unilateral
common voltage line VCOMU, the left common voltage line
VCOML, the right common voltage line VCOMR, the left
dummy common voltage line VCOMLEF, and the right
dummy common voltage line VCOMREF are wider than the
common voltage lines VCOM formed in the display area AA.
[0060] The unilateral common voltage line VCOMU, the
left common voltage line VCOML, the right common voltage
line VCOMR, the left dummy common voltage line
VCOMLF, and the right dummy common voltage line
VCOMREF have a rectangular shape. By the way, the left
common voltage line VCOML and the right common voltage
line VCOMR formed in the non-display area NA are wider on
the left and right sides of the first display area AA1 than on the
left and right sides of the second display area AA2.

[0061] Theleft common voltage line VCOML and the right
common voltage line VCOMR help to minimize a voltage
drop or signal distortion caused by line resistance when trans-
ferring a common voltage to the common voltage lines
VCOM formed in the display area AA. The reason why the
line width of the left common voltage line VCOML and the
right common voltage line VCOMR varies is because the line
resistance in the upper area corresponding to the first display
area AAL1 is greater than the line resistance in the lower area
corresponding to the second area AA2. In other words, the
line resistance increases towards the upper area, which is far
from the input terminal, because the common voltage is input
through the lower area and transferred to the upper area,
which is taken into account. Also, the left dummy common
voltage line VCOMLF and the right dummy common voltage
line VCOMREF each are physically separated from compen-
sated common voltage supply patts so that the common volt-
age fed back from the left and right common voltage lines
VCOML and VCOMR at the center AAC of the liquid crystal
panel PNL acts as a representative voltage. To this end, the left
dummy common voltage line VCOMLF and the right dummy
common voltage line VCOMREF are physically isolated from
the left and right common voltage lines VCOML and
VCOMR in the non-display area NA on theleft and right sides
of the second display area AA2.

[0062] The first common voltage compensator VCOMC1
receives a first feedback common voltage vcomFB1 from the
unilateral common voltage line VCOMU formed in the non-
display area NA on the upper side of the first display area
AA1, and supplies a first compensated common voltage
veomel to the unilateral common voltage line VCOMU
formed in the non-display area NA on the upper side of the
first display area AA1. The second common voltage compen-
sator VCOMC2 receives a second feedback common voltage
veomFB2 from the left common voltage line VCOML
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formed in the non-display area NA on the left side of the
second display area AA2, and supplies a second compensated
common voltage vcome?2 to the left common voltage line
VCOML formed in the non-display area NA on the left side of
the second display area AA2.

[0063] The third common voltage compensator VCOMC3
receives a third feedback common voltage vcomFB3 from the
unilateral common voltage line VCOMU formed in the non-
display area NA on the upper side of the first display area
AA1, and supplies a third compensated common voltage
vecome3 to the unilateral common voltage line VCOMU
formed in the non-display area NA on the upper side of the
first display area AA1. The fourth common voltage compen-
sator VCOMCA receives a fourth feedback common voltage
vcomFB4 from the right common voltage line VCOMR
formed in the non-display area NA on the right side of the
second display area AA2, and supplies a fourth compensated
common voltage vcomed to the right common voltage line
VCOMR formed in the non-display area NA on the right side
of the second display area AA2.

[0064] FIG. 7isa circuit configuration diagram illustrating
the common voltage compensator according to the first exem-
plary embodiment of the present invention.

[0065] As shown in FIG. 7, the first to fourth common
voltage compensators VCOMC1 to VCOMC4 comprise
resistors and OP amplifiers. The first common voltage com-
pensator VCOMCI comprises an 11th resistor R11, a 12th
resistor R12, and a first OP amplifier OP1. The second com-
mon voltage compensator VCOMC2 comprises a 21th resis-
tor R21, a 22th resistor R22, and a second OP amplifier OP2.
The third common voltage compensator VCOMC3 com-
prises a 31th resistor R31, a 32th resistor R32, and a third OP
amplifier OP3. The fourth common voltage compensator
VCOMC4 comprises a 41th resistor R41, a 42th resistor R42,
and a fourth OP amplifier OP4.

[0066] The relation of connection between the 11th and
12th resistors R11 and R12 and first OP amplifier OP1
included in the first common voltage compensator VCOMC1
is as follows. One end of the 11th resistor R11 is connected to
a common voltage line from which a feedback common volt-
age is received, and the other end is connected to an inverting
terminal (-) of the first OP amplifier OP1. One end of the 12th
resistor R12 is connected to the inverting terminal (<) of the
first OP amplifier OP1, and the other end is connected to an
output terminal of the first OP amplifier OP1 through which a
compensated common voltage is output.

[0067] The relation of connection between the 21th and
22th resistors R21 and R22 and second OP amplifier OP2
included in the second common voltage compensator
VCOMC?2 is as follows. One end of the 21th resistor R21 is
connected to a common voltage line from which a feedback
common voltage is received, and the other end is connected to
an inverting terminal (=) of the second OP amplifier OP2. One
end of the 22th resistor R22 is connected to the inverting
terminal (<) of the second OP amplifier OP2, and the other
end is connected to an output terminal of the second OP
amplifier OP2 through which a compensated common volt-
age is output.

[0068] The relation of connection between the 31th and
32th resistors R31 and R32 and third OP amplifier OP3
included in the third common voltage compensator
VCOMCS3 is as follows. One end of the 31th resistor R31 is
connected to a common voltage line from which a feedback
common voltage is received, and the other end is connected to
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an inverting terminal (=) of the third OP amplifier OP3. One
end of the 32th resistor R32 is connected to the inverting
terminal (-) of the third OP amplifier OP3, and the other end
is connected to an output terminal of the third OP amplifier
OP3 through which a compensated common voltage is out-
put.

[0069] The relation of connection between the 41th and
42th resistors R41 and R42 and fourth OP amplifier OP4
included in the fourth common voltage compensator
VCOMCA is as follows. One end of the 41th resistor R41 is
connected to a common voltage line from which a feedback
common voltage is received, and the other end is connected to
an inverting terminal (-) of the fourth OP amplifier OP4. One
end of the 42th resistor R42 is connected to the inverting
terminal (-) of the fourth OP amplifier OP4, and the other end
is connected to an output terminal of the fourth OP amplifier
OP4 through which a compensated common voltage is out-
put.

[0070] The first to fourth common voltage compensators
VCOMC1 to VCOMC4 output compensated common volt-
ages by applying the same compensation value or different
compensation values depending on the resistance ratio
between resistors (e.g., R11 and R12). That is, compensated
common voltages vcomcl1 to vcomd4 may be the same or differ
depending on the resistance values of the resistors of the first
to fourth common voltage compensators VCOMCI1 to
VCOMC4. Normally, the first common voltage compensator
VCOMC1 and the third common voltage compensator
VCOMC3 may output compensated common voltages
veomel and veome3 by applying the same compensation
value. However, the compensated common voltages vcomcl
to veome4 output from the first to fourth common voltage
compensators VCOMC1 to VCOMC4 may differ from each
other since the ratio of the line resistances of the left and right
common voltage lines cannot be 1:1. Accordingly, the resis-
tance values of the resistors comprising the first to fourth
common voltage compensators VCOMC1 to VCOMC4 are
determined by a liquid crystal panel measurement process in
the design and engineering phases, before shipment. Mean-
while, a common voltage output from the common voltage
generator may be supplied to non-inverting terminals (+) of
the first to fourth OP amplifiers OP1 to OP4.

[0071] The first exemplary embodiment of the present
invention is based on the premise that all of the first to fourth
common voltage compensators VCOMC1 to VCOMC4 are
used. For aliquid crystal panel, however, the amount of ripple
in the common voltage across the liquid crystal panel may be
small or large depending on deviations occurring during
manufacture. In this case, design margin can be achieved
during the engineering phase by installing a dummy resistor
RL at output terminals of the first and second common volt-
age compensators VCOMC1 and VCOMC2 and a dummy
resistor RR at output terminals of the third and fourth com-
mon voltage compensators VCOMC3 and VCOMC4. For
example, if the resistance value of the first dummy resistor RL
is low (below MQ), the compensated common voltages
veomel and vecomc2 output from the output terminals of the
first and second common voltage compensators VCOMC1
and VCOMC2 are similar in the amount of compensation. On
the contrary, if the resistance value of the first dummy resistor
RL is high (above M£2), the compensated common voltages
veomel and veome2 output from the output terminals of the
first and second common voltage compensators VCOMC1
and VCOMC2 differ in the amount of compensation. The
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same applies to the third and fourth common voltage com-
pensators VCOM3 and VCOMCA4, so a detailed description
thereof will be omitted.

[0072] FIG. 8illustrates the application of common voltage
compensators to a large-area liquid crystal display.

[0073] As shown in FIG. 8, the large-area liquid crystal
display comprises a liquid crystal panel PNL, gate printed
circuit boards (hereinafter, abbreviated as ‘gate PCB’)
GFPCB, source printed circuit boards (hereinafter, abbrevi-
ated as ‘source PCB’) SFPCB, first and second printed circuit
boards (hereinafter, abbreviated as “first and second PCBs’)
PCB1 and PCB2, gate drivers GDRYV, data drivers SDRV, and
common voltage compensators VCOMC1 to VCOMC4.

[0074] One side of the gate PCB GFPCB is attached to a
non-display area NA on the left and right sides of the liquid
crystal panel PNL. The gate PCB GFPCB consists of a flex-
ible circuit board. The gate driver GDRV is mounted on the
gate PCB GFPCB. One side of the source PCB SFPCB is
attached to the non-display area NA on the bottom of the
liquid crystal panel PNL. The source PCB SFPCB consists of
a flexible circuit board. The data driver SDRV is mounted on
the source PCB SFPCB. The other side of the source PCB
SFPCB is attached to the first and second PCBs PCB1 and
PCB2. The common voltage compensators VCOMCI to
VCOMC4 are mounted on the first and second PCBs PCB1
and PCB2. A timing controller or a power supply part may be
mounted on the first and second PCBs PCB 1 and PCB2.

[0075] As shown in FIG. 6, a unilateral common voltage
line VCOMU, a left common voltage line VCOML, a right
common voltage line VCOMR, a left dummy common volt-
age line VCOMLF, and a right dummy common voltage line
VCOMRF are formed in the non-display area NA of the
liquid crystal panel PNL.

[0076] The first common voltage compensator VCOMC1
receives a feedback common voltage through a first common
voltage feedback line VCOMFBIL, and supplies a compen-
sated common voltage through a first common voltage com-
pensation line VCOMCIL. The first common voltage feed-
back line VCOMFBIL and the first common voltage
compensation line VCOMCIL are wired to pass through the
source PCBs SFPCB, the gate PCBs GFPCB, and the non-
display areca NA on the left side of the liquid crystal panel
PNL. Likewise, the third common voltage feedback line
VCOMFB3L and third common voltage compensation line
VCOMC3L of the third common voltage compensator
VCOMCS3 are wired to pass through the source PCBs SFPCB,
the gate PCBs GFPCB, and the non-display area NA on the
right side of the liquid crystal panel PNL.

[0077] The second common voltage compensator
VCOMC?2 receives a feedback common voltage through a
second common voltage feedback line VCOMFB2L, and
supplies a compensated common voltage through a second
common voltage compensation line VCOMC2L. The second
common voltage feedback line VCOMFB2L and the second
common voltage compensation line VCOMC2L are wired to
pass through the source PCB SFPCB, the gate PCB GFPCB,
and the non-display area NA on the left side of the liquid
crystal panel PNL. Likewise, the fourth common voltage
feedback line VCOMFBA4L and fourth common voltage com-
pensation line VCOMCAL of the fourth common voltage
compensator VCOMC4 are wired to pass through the source
PCB SFPCB, the gate PCB GFPCB, and the non-display area
NA on the right side of the liquid crystal panel PNL.
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[0078] Routing the common voltage feedback lines and the
common voltage compensation lines according to the above-
described structure can minimize the problem of overlap with
the lines formed in the non-display area NA on the left and
right sides of the liquid crystal panel PNL, thereby preventing
signal distortions caused by coupling.

Second Exemplary Embodiment

[0079] FIG. 9is a view for explaining the concept of com-
pensation by a common voltage compensator according to a
second exemplary embodiment of the present invention.
FIGS. 10 to 13 are illustrations showing a variety of patterns
of common voltage lines for common voltage compensation.
[0080] As shown in FIG. 9, the common voltage compen-
sator VCOMC according to the second exemplary embodi-
ment of the present invention receives a feedback common
voltage from the common voltage lines formed both the left
and right sides of the liquid crystal panel. The common volt-
age compensator VCOMC outputs left and right compensated
common voltages vecomel, and vcomcR based on first to
fourth feedback common voltages vcomFB1 to vecomFB4.
The left and right compensated common voltages vcomcL
and vcomcR output from the common voltage compensator
VCOMC are re-supplied to the common voltage lines formed
on both the left and right sides of the liquid crystal panel PNL.
[0081] Specifically, a display area AA is divided into a first
display area AA1 and a second display area AA2 with respect
to the center AAC of the liquid crystal panel PNL. A first
common voltage compensator VCOMCI receives first and
second feedback common voltages veomFB1 and veomFB2
from the left side of the first and second display areas AA1
and AA2, and supplies a left compensated common voltage
veomeL to the left side of the first and second display areas
AA1 and AA2.

[0082] A second common voltage compensator VCOMC2
receives third and fourth feedback common voltages
veomFB3 and veomFB4 from the left side of the first and
second display areas AA1 and AA2, and supplies a right
compensated common voltage veomcR to the left side of the
first and second display areas AA1 and AA2.

[0083] By dividing the display area AA into the first display
area AA1 and the second display area AA2 with respect to the
center AAC of'the liquid crystal panel PNL and compensating
the common voltage vcom fully considering that the amount
of ripple depends on the position in the liquid crystal panel
PNL, thereby enabling more uniform and accurate compen-
sation of the common voltage vcom.

[0084] The pattern of common voltage lines is formed as
shown in FIGS. 1 to 3, in order to compensate the common
voltage veom fully considering that the amount of ripple
depends on the size of the liquid crystal panel PNL.

[0085] FIG. 14 is a circuit configuration diagram illustrat-
ing the common voltage compensator according to the second
exemplary embodiment of the present invention. FIG. 15 a
waveform diagram illustrating feedback common voltages
and a compensated common voltage.

[0086] As shown in FIGS. 9 to 14, the first and second
common voltage compensators VCOMC1 and VCOMC2
comprise resistors and OP amplifiers. The first common volt-
age compensator VCOMC1 comprises an 11th resistor R11,a
12thresistor R12, a 13th resistor R13, and a first OP amplifier
OP1. The second common voltage compensator VCOMC2
comprises a 21th resistor R21, a 22th resistor R22, a 23th
resistor R23, and a second OP amplifier OP2.
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[0087] The relation of connection between the 11th, 12th,
and 13th resistors R11, R12, and R13 and first OP amplifier
OP1 included in the first common voltage compensator
VCOMC1 is as follows. One end of the 11th resistor R11 is
connected to a common voltage line from which a feedback
common voltage is received, and the other end is connected to
an inverting terminal (=) of the first OP amplifier OP1. One
end of the 12th resistor R12 is connected to the inverting
terminal (=) of the first OP amplifier OP1, and the other end is
connected to an output terminal of the first OP amplifier OP1
through which a compensated common voltage is output. One
end ofthe 13thresistor R13 is connected to a common voltage
line from which a feedback common voltage is received, and
the other end is connected to one end of the 11th resistor R11.
The first common voltage compensator VCOMCI outputs a
left compensated common voltage vcomcL based on the sum
of the first and second feedback common voltages vcomFB1
and vcomFB2.

[0088] The relation of connection between the 21th, 22th,
and 23th resistors R21, R22, and R23 and second OP ampli-
fier OP2 included in the second common voltage compensa-
tor VCOMC2 is as follows. One end of the 21th resistor R21
is connected to a common voltage line from which a feedback
common voltage is received, and the other end is connected to
an inverting terminal (-) of the second OP amplifier OP2. One
end of the 22th resistor R22 is connected to the inverting
terminal (-) of the second OP amplifier OP2, and the other
end is connected to an output terminal of the second OP
amplifier OP2 through which a compensated common volt-
ageis output. One end ofthe 23th resistor R23 is connected to
a common voltage line from which a feedback common volt-
age is received, and the other end is connected to one end of
the 21th resistor R21. The second common voltage compen-
sator VCOMC2 outputs a right compensated common volt-
age vcomcR based on the sum of the third and fourth feedback
common voltages vcomFB3 and vcomFB4.

[0089] For instance, when the first and second common
voltages vcomFB1 and vcomFB2 are supplied, the first com-
mon voltage compensator VCOMC1 inversely compensates
the first and second feedback common voltages vcomFB1
and vcomFB2 to output the left common voltage veomL.
Likewise, the second common voltage compensator
VCOMC?2 has the compensation characteristic shown in FIG.
15. Meanwhile, the common voltage output from the com-
mon voltage generator may be supplied to the non-inverting
terminals (+) of the first and second OP amplifiers OP1 and
op2.

[0090] As explained above, the first and second exemplary
embodiments of the present invention employ a structure
which is capable of dividing a common voltage line path
VCOM PATH within a liquid crystal panel into two, receiving
a feedback common voltage from the left and right sides of a
display area by using COF (chip on film) and LOG (line on
glass), and transferring a compensated common voltage, in
order to figure out and compensate for the amount of ripple in
the common voltage of the liquid crystal panel. Also, the first
and second exemplary embodiments of the present invention
employ different compensation structures for different areas
in which different feedback common voltages are received
from the left and right sides of the display area and different
compensated common voltages are supplied.

[0091] As seen from above, the present invention provides
a liquid crystal display which minimizes signal distortions
caused by line resistance and coupling and brings about pic-
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ture quality problems such as horizontal crosstalk by enabling
optimal compensation design suited to the characteristics of
ripple in the common voltage within the liquid crystal panel

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel comprising a display area and a
non-display area;

left and right common voltage lines connected to common
voltage lines formed in the display area and located in
the non-display area on the left and right sides of the
display area; and

a common voltage compensator that receives feedback
common voltages from the left and right common volt-
age lines and outputs compensated common voltages
based on the feedback common voltages,

wherein the common voltage compensator divides the dis-
play area into a first display area and a second display
area with respect to the center of the liquid crystal panel
and performs different compensation to the first display
area and the second display area.

2. Theliquid crystal display ofclaim 1, wherein the left and
right common voltage lines formed in the non-display area on
the left and right sides of the first display area are wider than
the left and right common voltage lines formed in the non-
display area on the left and right sides of the second display
area.

3. The liquid crystal display of claim 1, wherein the com-
mon voltage compensator comprises first to fourth common
voltage compensators,

the first common voltage compensator receiving a first
feedback common voltage from the left common voltage
line formed in the non-display area on the left side of the
first display area and supplying a first compensated com-
mon voltage to the left common voltage line formed in
the non-display area on the left side of the first display
area,

the second common voltage compensator receiving a sec-
ond feedback common voltage from the left common
voltage line formed in the non-display area on the left
side of the second display area and supplying a second
compensated common voltage to the left common volt-
age line formed in the non-display area on theleft side of
the second display area,

the third common voltage compensator receiving a third
feedback common voltage from the right common volt-
age line formed in the non-display area on the right side
of the first display area and supplying a third compen-
sated common voltage to the right common voltage line
formed in the non-display area on the right side of the
first display area, and

the fourth common voltage compensator receiving a fourth
feedback common voltage from the right common volt-
age line formed in the non-display area on the right side
of the second display area and supplying a fourth com-
pensated common voltage to the right common voltage
line formed in the non-display area on the right side of
the second display area.

4. The liquid crystal display of claim 1, wherein the com-
mon voltage lines located in the non-display area on the left
and right sides of the display area are electrically connected
by a unilateral common voltage line located in the non-dis-
play area on one side of the display area.
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5. The liquid crystal display of claim 4, wherein the com-
mon voltage compensator comprises first to fourth common
voltage compensators,

the first common voltage compensator receiving a first

feedback common voltage from the unilateral common
voltage line formed in the non-display area on the left
side of the first display area and supplying a first com-
pensated common voltage to the unilateral common
voltage line formed in the non-display area on the left
side of the first display area,

the second common voltage compensator receiving a sec-

ond feedback common voltage from the left common
voltage line formed in the non-display area on the left
side of the second display area and supplying a second
compensated common voltage to the left common volt-
age line formed in the non-display area on the left side of
the second display area,

the third common voltage compensator receiving a third

feedback common voltage from the unilateral common
voltage line formed in the non-display area on the right
side of the first display area and supplying a third com-
pensated common voltage to the unilateral common
voltage line formed in the non-display area on the right
side of the first display area, and

the fourth common voltage compensator receiving a fourth

feedback common voltage from the right common volt-
age line formed in the non-display area on the right side
of the second display area and supplying a fourth com-
pensated common voltage to the right common voltage
line formed in the non-display area on the right side of
the second display area.

6. The liquid crystal display ofclaim 4, wherein the left and
right common voltage lines formed in the non-display area on
the left and right sides of the first display area are wider than
the left and right common voltage lines formed in the non-
display area on the left and right sides of the second display
area, and

the left and right common voltage lines formed in the

non-display area on the left and right sides of the second
display area comprise dummy common voltage lines
which are physically separated from the left and right
common voltage lines in the non-display area on the left
and right sides of the second display area.

7. The liquid crystal display of claim 6, wherein the com-
mon voltage compensator comprises first to fourth common
voltage compensators,

the first common voltage compensator receiving a first

feedback common voltage from the unilateral common
voltage line formed in the non-display area on the left
side of the first display area and supplying a first com-
pensated common voltage to the unilateral common
voltage line formed in the non-display area on the left
side of the first display area,

the second common voltage compensator receiving a sec-

ond feedback common voltage from the left dummy
common voltage line formed in the non-display area on
the left side of the second display area and supplying a
second compensated common voltage to the left com-
mon voltage line formed in the non-display area on the
left side of the second display area,

the third common voltage compensator receiving a third

feedback common voltage from the unilateral common
voltage line formed in the non-display area on the right
side of the first display area and supplying a third com-
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pensated common voltage to the unilateral common
voltage line formed in the non-display area on the right
side of the first display area, and

the fourth common voltage compensator receiving a fourth
feedback common voltage from the right dummy com-
mon voltage line formed in the non-display area on the
right side of the second display area and supplying a
fourth compensated common voltage to the right com-
mon voltage line formed in the non-display area on the
right side of the second display area.

8. The liquid crystal display of claim 1, wherein the com-

mon voltage compensator comprises:

first to fourth common voltage compensators each com-
prising resistors and an OP amplifier;

a first dummy resistor for electrically connecting an output
terminal of the first common voltage compensator and
an output terminal of the second common voltage com-
pensator; and

a second dummy resistor for electrically connecting an
output terminal of the third common voltage compensa-
tor and an output terminal of the fourth common voltage
compensator.

9. The liquid crystal display of claim 8, wherein the first to
fourth common voltage compensators receive feedback com-
mon voltages through common voltage feedback lines, and
supply compensated common voltages through common
voltage compensation lines, and
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the first and third common voltage feedback lines and the
first and third common voltage compensation lines are
wired to pass through source printed circuit boards each
having a data driver mounted thereon, gate printed cir-
cuit boards each having a gate driver mounted thereon,
and the non-display area on the left and right sides of the
liquid crystal panel.

10. The liquid crystal display of claim 1, wherein the com-

mon voltage compensator comprises first and second com-
mon voltage compensators each comprising resistors and an
OP amplifier,

the first common voltage compensator receiving first and
second feedback common voltages from the left com-
mon voltage line formed in the non-display area on the
left side of the first and second display areas and sup-
plying a left compensated common voltage to the left
common voltage line formed in the non-display area on
the left side of the first and second display areas, and

the second common voltage compensator receiving third
and fourth feedback common voltages from the right
common voltage line formed in the non-display area on
the right side of the first and second display areas and
supplying a right compensated common voltage to the
right common voltage line formed in the non-display
area on the right side of the first and second display
areas.
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