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LIQUID CRYSTAL DISPLAY WITH
COUPLING LINE FOR ADJUSTING
COMMON VOLTAGE AND DRIVING
METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal dis-
play (LCD) capable of suppressing crosstalk by adjusting a
common voltage, and to a driving method for suppressing
crosstalk of the LCD.

GENERAL BACKGROUND

[0002] A typical LCD has the advantages of portability, low
power consumption, and low radiation. Therefore, the LCD
has been widely used in various portable information prod-
ucts, such as notebooks, personal digital assistants (PDAs),
video cameras, and the like. Furthermore, the LCD is consid-
ered by many to have the potential to completely replace
cathode ray tube (CRT) monitors and televisions.

[0003] FIG. 8 is a schematic, side cross-sectional view of
certain components of a typical LCD. The LCD 10 includes a
color filter substrate 11, a thin film transistor (TFT) substrate
12 positioned generally opposite to the color filter substrate
11, a liquid crystal layer 13 sandwiched between the two
substrates 11, 12, and a common electrode layer 15 located
between the color filter substrate 11 and the liquid crystal
layer 13.

[0004] Referring also to FIG. 9, this is a schematic, abbre-
viated diagram of certain components of a drive circuit of the
LCD 10. The drive circuit 20 includes a plurality of data lines
23 that are parallel to each other and that each extend along a
first direction, a plurality of gate lines 24 that are parallel to
each other and that each extend along a second direction
orthogonal to the first direction, a plurality of pixel units (not
labeled) defined by the intersecting data lines 23 and gate
lines 24, a data driver 21 configured for driving the data lines
23, and a gate driver 22 configured for driving the gate lines
24. The data lines 23 and the gate lines 24 are located at the
TFT substrate 12 of the LCD 10.

[0005] Each pixel unit includes a TFT 25, a pixel electrode
26, and a pixel capacitor 27. A gate electrode (not labeled) of
the TFT 25 is connected to a corresponding gate line 24. A
source electrode (not labeled) of the TFT 25 is connected to a
corresponding data line 23. A drain electrode (not labeled) of
the TFT 25 is connected to the pixel electrode 26. One elec-
trode (not labeled) of the pixel capacitor 27 is connected to the
pixel electrode 26, and the other electrode (not labeled) of the
pixel capacitor 27 is electrically connected to the common
electrode layer 15.

[0006] Referring also to FIG. 10, this is an abbreviated
timing chart illustrating operation of the gate driver 22 of the
LCD 10. The gate driver 22 applies a plurality of gate signals
G1-Gn to the gate lines 24. Each of the gate signals is a
voltage pulse signal. During each frame time T1, one gate
signal is applied to the gate lines 24, one by one in turn. That
is, atany given time during the frame time T1, only one of the
gate lines 24 has a gate signal applied thereto. The period of
time that each gate line 24 has a gate signal applied thereto is
defined as T2. During the time T2 when the corresponding
gateline 24 has a gate signal applied thereto, the transistors 25
connected to the gate line 24 are turned on. The data driver 21
applies a plurality of data signals to the data lines 23. Each
data signal is transmitted to the pixel electrode 26 via a
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corresponding turned-on TFT 25. Thereby, the corresponding
pixel unit displays a gray level according to the data signal.

[0007] Referring also to FIG. 11, this is an abbreviated
timing chart illustrating operation of the data driver 21 of the
LCD 10. Line “Vd” (the solid line) represents a waveform
output by the data driver 21 during the period T2. “Vcom1”
(shown as the dashed line) represents the common voltage
applied to the common electrode layer 15. “R”, “G”, “B”
respectively represent data voltages of red (R), green (G), and
blue (B) data signals corresponding to red, green, and blue
pixel units. The data voltages of the red, green, and blue data
signals have a positive polarity and a negative polarity relative
to the common voltage Vcoml1. In particular, if the data volt-
ages of the red, green, and blue data signals are greater than
the common voltage, the red, green, and blue data signals
have a positive polarity. If the data voltages of the red, green,
and blue data signals are less than the common voltage, the
red, green, and blue data signals have a negative polarity. As
indicated in FIG. 11, a total voltage value of the data signals
having the positive polarity is less than a total voltage value of
the data signals having the negative polarity.

[0008] Parasitic capacitors (not shown) exist between the
pixel electrodes 26 and the common electrode layer 15. Data
signals applied to the pixel electrodes 26 can influence the
common voltage via the parasitic capacitors. For example, if
the total voltage value of the data signals having the positive
polarity is less than the total voltage value of the data signals
having the negative polarity, the applied common voltage
Veoml is pulled down to a reduced common voltage
“Veom2”, as shown in FIG. 12. That is, the data voltages
having the positive polarity are in effect increased in magni-
tude, and the data voltages having the negative polarity are in
effect reduced in magnitude. This causes so-called crosstalk
between the data lines 23 of the LCD 10.

[0009] Whatis needed, therefore, is a liquid crystal display
that can overcome the above-described deficiencies, and a
method for driving a liquid crystal display that can overcome
the above-described deficiencies.

SUMMARY

[0010] In an exemplary embodiment, a liquid crystal dis-
play includes a plurality of data lines, a data driver configured
for driving the data lines, a coupling line crossing the data
lines, a common electrode layer, and a common voltage gen-
erator configured for applying common voltages to the com-
mon electrode layer. The common voltage generator is con-
nected to the coupling line. When the data driver applies a
plurality of data signals to the data lines, the data signals
generate an influence signal at the coupling line. The common
voltage generator adjusts the common voltages applied to the
common electrode layer according to the influence signal.
[0011] Other novel features and advantages will become
more apparent from the following detailed description when
taken in conjunction with the accompanying drawings. In the
drawings, all the views are schematic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1is aside cross-sectional view of certain com-
ponents of a liquid crystal display according to a firstembodi-
ment of the present invention, the liquid crystal display
including a drive circuit (not visible).
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[0013] FIG. 2 is an abbreviated diagram of certain compo-
nents of the drive circuit of the liquid crystal display of FIG.
1, the drive circuit including a common voltage generator.
[0014] FIG. 3 is a circuit diagram of the common voltage
generator of FIG. 2.

[0015] FIG. 4 is an abbreviated diagram of certain compo-
nents of a drive circuit of a liquid crystal display according to
a second embodiment of the present invention.

[0016] FIG. 5 is aside cross-sectional view of certain com-
ponents of a liquid crystal display according to a third
embodiment of the present invention, the liquid crystal dis-
play including a drive circuit (not visible).

[0017] FIG. 6 is an abbreviated diagram of certain compo-
nents of the drive circuit of FIG. 5, the drive circuit including
a common voltage generator.

[0018] FIG. 7 is a circuit diagram of the common voltage
generator of F1G. 6.

[0019] FIG. 81s aside cross-sectional view of certain com-
ponents of a conventional liquid crystal display, the liquid
crystal display including a drive circuit (not visible).

[0020] FIG. 9 is an abbreviated diagram of certain compo-
nents of the drive circuit of FIG. 8, the drive circuit including
a gate driver and a data driver.

[0021] FIG. 10 is an abbreviated timing chart illustrating
operation of the gate driver of FIG. 9.

[0022] FIG. 11 is an abbreviated timing chart illustrating
operation of the data driver of FIG. 9, showing data voltages
relative to a common voltage of the liquid crystal display.
[0023] FIG. 12 is similar to FIG. 10, but showing the com-
mon voltage of the liquid crystal display pulled down by
parasitic capacitance.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] Reference will now be made to the drawings to
describe preferred and exemplary embodiments in detail.
[0025] FIG. 1 is a schematic, side cross-sectional view of
certain components of an LCD 30 according to a first embodi-
ment of the present invention. The LCD 30 includes a color
filter substrate 31, a TFT substrate 32 positioned generally
opposite to the color filter substrate 31, a liquid crystal layer
33 sandwiched between the two substrates 31, 32, and a
common electrode layer 34 located between the color filter
substrate 31 and the liquid crystal layer 33. The common
electrode layer 34 is a transparent layer, and is made of
indium tin oxide (ITO) or indium zine oxide (1Z0). In the
illustrated embodiment, the common electrode layer 34 is
divided into a first region 341 and a second region 343.
[0026] Referring also to FIG. 2, this is a schematic, abbre-
viated diagram of certain components of a drive circuit 40 of
the LCD 30. The drive circuit 40 includes a plurality of data
lines 43 that are parallel to each other and that each extend
along a first direction, a plurality of gate lines 44 that are
parallel to each other and that each extend along a second
direction orthogonal to the first direction, a plurality of pixel
units (not labeled) defined by the intersecting data lines 43
and gate lines 44, a coupling line 45 parallel to the gate lines
44 and orthogonal to the data lines 43, a data driver 41 con-
figured for driving the data lines 43, a gate driver 42 config-
ured for driving the gate lines 44, and a common voltage
generator 46. The data lines 43 and the gate lines 44 are
located at the TFT substrate 32 of the LCD 30.

[0027] The gate lines 44 are divided into a first group (not
labeled) and a second group (not labeled). The first and sec-
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ond groups of gate lines 44 respectively correspond to the first
and second regions 341, 343 of the common electrode layer
34. In the illustrated embodiment, the gate lines 44 are suc-
cessively labeled as G1, . . . Gm, Gm+1, . . ., Gn, where
1=m=n-1 and m and n are positive integers. The gate lines
44 labeled from G1 to Gm are defined as the first group, and
the gate lines 44 labeled from Gm+1 to Gn are defined as the
second group. The coupling line 45 is located at the TFT
substrate 32, between the gate lines 44 and the data driver 41.
Each of the data lines 43 and the coupling line 45 define a
coupling capacitor (not shown) therebetween.

[0028] The common voltage generator 46 includes a first
input terminal 461, a first output terminal 462, and a second
output terminal 463. One terminal of the coupling line 45 is
grounded. The other terminal of the coupling line 45 is con-
nected to the first input terminal 461 of the common voltage
generator 46. The first output terminal 462 of the common
voltage generator 46 is electrically connected to the first
region 341 of the common electrode layer 34. The second
output terminal 463 of the common voltage generator 46 is
electrically connected to the second region 343 of the com-
mon electrode layer 34. Thereby, the common voltage gen-
erator 46 applies common voltages to the first and the second
regions 341, 343 of the common electrode layer 34, respec-
tively.

[0029] Each pixel unit includes a TFT 47, a pixel electrode
48, and a pixel capacitor 49. A gate electrode (not labeled) of
the TFT 47 is connected to a corresponding gate line 44. A
source electrode (not labeled) of the TFT 47 is connected to a
corresponding data line 43. A drain electrode (not labeled) of
the TFT 47 is connected to the pixel electrode 48. When the
pixel unit is at the first group of gate lines 44, one electrode
(not labeled) of the pixel capacitor 49 is connected to the pixel
electrode 48, and the other electrode (not labeled) of the pixel
capacitor 49 is electrically connected to the first region 341 of
the common electrode layer 34. When the pixel unit is at the
second group of gate lines 44, one electrode (not labeled) of
the pixel capacitor 49 is connected to the pixel electrode 48,
and the other electrode (not labeled) of the pixel capacitor 49
is electrically connected to the second region 343 of the
common electrode layer 34.

[0030] Referring also to FIG. 3, this is a circuit diagram of
the common voltage generator 46. The common voltage gen-
erator 46 further includes a second input terminal 460, a first
feedback unit (not labeled), and a second feedback unit (not
labeled). The first feedback unit includes a first resistor 464, a
second resistor 465, and a first comparator 466. A negative
input terminal of the first comparator 466 is connected to the
first input terminal 461 via the first resistor 464. A positive
input terminal of the first comparator 466 is connected to the
second input terminal 460. An output terminal of the first
comparator 466 is connected to the first output terminal 462
of the common voltage generator 46. The second resistor 465
is connected between the negative input terminal and the
output terminal of the first comparator 466.

[0031] The second feedback unit includes a third resistor
467, a fourth resistor 468, and a second comparator 469. A
negative input terminal of the second comparator 469 is con-
nected to the first input terminal 461 via the third resistor 467.
A positive input terminal of the second comparator 469 is
connected to the second input terminal 460. An output termi-
nal of the second comparator 469 is connected to the second
output terminal 463 of the common voltage generator 46. The
fourth resistor 465 is connected between the negative input



US 2008/0291146 Al

terminal and the output terminal of the second comparator
469. In the present embodiment, the first, second, third, and
fourth resistors 464, 465, 467, 468 are adjustable.

[0032] In operation, a reference voltage is applied to the
second input terminal 460 of the common voltage generator
46. The gate driver 42 applies gate signals to the gate lines 44.
Thereby, the corresponding TFTs 47 connected to the gate
lines 44 are turned on. The data driver 41 applies data signals
to the data lines 43. The data signals are transmitted to the
pixel electrodes 48 via the turned-on TFTs 47. Simulta-
neously, the data signals applied to the data lines 43 generate
an influence signal at the coupling line 45 via the coupling
capacitors. The influence signal is transmitted to the first
input terminal 461 of the common voltage generator 46. The
influence signal is applied to the negative input terminal of the
first comparator 466 via the first resistance 464. If the voltage
level of the influence signal is less than that of the reference
voltage, the voltage output by the first comparator 466 is
increased. As a result, the common voltage applied to the first
region 341 of the common electrode layer 34 is increased.
Conversely, if the voltage level of the influence signal is
greater than that of the reference voltage, the voltage output
by the first comparator 466 is decreased. As a result, the
common voltage applied to the first region 341 of the com-
mon electrode layer 34 is decreased.

[0033] Similarly, the influence signal is applied to the nega-
tive input terminal of the second comparator 469 via the third
resistance 467. If the voltage level of the influence signal is
lower than that of the reference voltage, the voltage output by
the second comparator 469 is increased. As a result, the com-
mon voltage applied to the second region 343 of the common
electrode layer 34 is increased. Conversely, if the voltage
level of the influence signal is greater than that of the refer-
ence voltage, the voltage output by the second comparator
469 is decreased. As a result, the common voltage applied to
the second region 343 of the common electrode layer 34 is
decreased.

[0034] As detailed above, the drive circuit 40 of the LCD 30
includes the coupling line 45 and the common voltage gen-
erator 46. The data signals applied to the data lines 43 gener-
ate a coupling signal at the coupling line 45. According to the
coupling signal, the common voltage generator 46 adjusts
common voltages applied to the common electrode layer 46.
As a result, any crosstalk that may occur between the data
lines 43 is suppressed or even eliminated altogether.

[0035] Furthermore, in the present embodiment, the first,
second, third, and fourth resistors 464, 465, 467, 468 are
adjustable resistors. By adjusting the resistances of the first,
second, third, and fourth resistors 464, 465, 467, 468, the
common electrode generator 46 can apply two different com-
mon voltages to the first and second regions 341, 343 of the
common electrode layer 34. As a result, a difference in the
common voltage between the first and second regions 341,
343, caused by the resistance of the common electrode layer
34, is reduced.

[0036] FIG. 4 is a schematic, abbreviated diagram of cer-
tain components of a drive circuit 50 of an LCD according to
a second embodiment of the present invention. The drive
circuit 50 has a structure similar to that of the drive circuit 40.
However, the drive circuit 50 includes a first coupling line 551
and a second coupling line 553. The first and second coupling
lines 551, 553 are located at two opposite sides of a TFT
substrate (not shown), and are orthogonal to data lines (not
labeled). Gate lines (not labeled) of the drive circuit 50 are
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located at the TFT substrate, between the first and second
coupling lines 551, 553. One terminal of the first coupling line
551 is grounded, and the other terminal of the first coupling
line 551 is connected to an input terminal (not labeled) of a
common voltage generator (not labeled). One terminal of the
second coupling line 553 is grounded, and the other terminal
of the second coupling line 553 is connected to the input
terminal of the common voltage generator.

[0037] By using the first and second coupling lines 551,
553, an influence signal generated by data signals is more
precise. Therefore, the common voltage generator can pre-
cisely adjust the common voltage according to the influence
signal.

[0038] FIG. 5is a schematic, side cross-sectional view of
certain components of an LCD 60 according to a third
embodiment of the present invention. The LCD 60 has a
structure similar to that of the LCD 30. However, a common
electrode layer 64 is divided into a first region 641, a second
region 643, and a third region 645.

[0039] Referring also to FIG. 6, this is a schematic, abbre-
viated diagram of certain components of a drive circuit 70 of
the LCD 60. The drive circuit 70 has a structure similar to that
of the drive circuit 40. However, a common voltage generator
66 includes an input terminal (not labeled). a first output
terminal 662, a second output terminal 663, and a third output
terminal 664. The first, second, and third output terminals
662, 663, 664 are respectively connected to the first, second,
and third regions 641, 643, 645.

[0040] Thedrive circuit 70 includes a first coupling line 651
and a second coupling line 653. The first and second coupling
lines 651, 653 are located at two opposite sides of a TFT
substrate (not shown), and are orthogonal to data lines (not
labeled). One terminal of the first coupling line 651 is
grounded, and the other terminal of the first coupling line 651
is connected to an input terminal (not labeled) of a common
voltage generator 66. One terminal of the second coupling
line 653 is grounded, and the other terminal of the second
coupling line 653 is connected to the input terminal of the
common voltage generator 66.

[0041] Gate lines (not labeled) of the drive circuit 70 are
located at the TFT substrate, between the first and second
coupling lines 651, 653. The gate lines are divided into a first
group (not labeled), a second group (not labeled), and a third
group (not labeled), corresponding to first, second, and third
regions 641, 643, 645, respectively. Electrodes of pixel
capacitors (not labeled) of pixel units (not labeled) located at
the first, second, and third gate line groups are electrically
connected to the corresponding first, second, and third
regions of the common electrode layer 64.

[0042] Referring also to FIG. 7, this is a circuit diagram of
the common voltage generator 66. The common voltage gen-
erator 66 includes three feedback units (not labeled). Output
terminals of the three feedback units are respectively con-
nected to the first, second, and third output terminals 662,
663, 664 of the common voltage generator 66.

[0043] It is to be further understood that even though
numerous characteristics and advantages of the present
embodiments have been set out in the foregoing description,
together with details of the structures and functions of the
embodiments, the disclosure is illustrative only; and that
changes may be made in detail, especially in matters of shape,
size, and arrangement of parts within the principles of the
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invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are
expressed.

What is claimed is:

1. A liquid crystal display, comprising:

a plurality of data lines;

a data driver configured for driving the data lines;

a coupling line crossing the data lines;

a common electrode layer; and.

acommon voltage generator configured for applying com-

mon voltages to the common electrode layer, and con-
nected to the coupling line;

wherein when the data driver applies a plurality of data

signals to the data lines, the data signals generate an
influence signal at the coupling line, and the common
voltage generator adjusts the common voltages applied
to the common electrode layer according to the influence
signal.

2. The liquid crystal display of claim 1, further comprising
a thin film transistor substrate, the data lines and the coupling
line being located at the thin film transistor substrate.

3. The liquid crystal display of claim 1, further comprising
a plurality of gate lines parallel to each other and orthogonal
to the data lines, the coupling line being parallel to the gate
lines and being located between the data driver and the plu-
rality of gate lines.

4. The liquid crystal display of claim 3, further comprising
another coupling line crossing the data lines, a plurality of
coupling capacitors being defined between the another cou-
pling line and the data lines.

5. The liquid crystal display of claim 4, wherein the plu-
rality of gate lines is located between the two coupling lines.

6. The liquid crystal display of claim 1, wherein one ter-
minal of the coupling line is grounded and the other terminal
of the coupling line is connected to the common voltage
generator.

7. The liquid crystal display of claim 3, wherein the com-
mon electrode layer defines a plurality of regions.

8. The liquid crystal display of claim 7, wherein the plu-
rality of regions is two regions.

9. The liquid crystal display of claim 7, wherein the com-
mon electrode generator comprises a plurality of feedback
units, the feedback units being electrically connected to the
regions of the common electrode layer respectively, the feed-
back units respectively adjusting common voltages applied to
the regions according to the influence signal.

10. The liquid crystal display of claim 9, wherein the plu-
rality of feedback units is two feedback units.

11. The liquid crystal display of claim 9, wherein each of
the feedback units comprises a comparator, a first resistor, and
a second resistor, the comparator comprising a positive input
terminal, a negative input terminal, and an output terminal,
the positive input terminal capable of receiving a reference
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voltage, the negative input terminal receiving the influence
signal via the first resistor, the output terminal being electri-
cally connected to the corresponding region of the common
electrode layer, the second resistor being connected between
the negative input terminal and the output terminal.

12. The liquid crystal display of claim 7, wherein the gate
lines and the data lines cooperatively define a plurality of
pixel units, each pixel unit comprising a thin film transistor, a
pixel electrode, and a pixel capacitor, a gate electrode of the
thin film transistor being connected to a corresponding gate
line, a source electrode of the thin film transistor being con-
nected to a corresponding data line, a drain electrode of the
thin film transistor being connected to the pixel electrode.

13. The liquid crystal display of claim 12, wherein one
electrode of the pixel capacitor is connected to the pixel
electrode, and the other electrode of the pixel capacitor is
electrically connected to a corresponding region of the com-
mon electrode layer.

14. The liquid crystal display of claim 1, wherein the cou-
pling line together with the data lines cooperatively define a
plurality of coupling capacitors therebetween, the data sig-
nals generating the influence signal at the coupling line via the
coupling capacitors.

15. A method for driving a liquid crystal display, the
method comprising:

applyinga plurality of data signals to data lines of the liquid

crystal display;

generating an influence signal according to the data sig-

nals, wherein the influence signal is applied to a cou-
pling line crossing the data lines; and

adjusting common voltages of the liquid crystal display

according to the influence signal via a common voltage
generator.

16. The method of claim 15, wherein the common voltage
generator comprises a plurality of feedback units, the liquid
crystal display comprises a common electrode layer includ-
ing a plurality of regions, and the feedback units respectively
adjust the common voltages of the regions according to the
influence signal.

17. The method of claim 16, wherein each feedback unit
comprises a comparator, and the comparator receives the
influence signal and a reference voltage and adjusts a com-
mon voltage of the corresponding region of the common
electrode layer of the liquid crystal display.

18. The method of claim 17, wherein if the voltage level of
the influence signal is greater than that of the reference volt-
age, the common voltage output by the comparator is
decreased.

19. The method of claim 17, wherein if the voltage level of
the influence signal is lower than that of the reference voltage,
the common voltage output by the comparator is increased.

k ok ok k%
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