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LIQUID CRYSTAL DISPLAY HAVING
COMMON VOLTAGE COMPENSATING
CIRCUIT AND DRIVING METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal dis-
play (LCD) having a common voltage compensating circuit.
The present invention also relates to a method for driving the
LCD.

GENERAL BACKGROUND

[0002] LCDs are widely used in various information prod-
ucts, such as notebooks, personal digital assistants, video
cameras, and the like.

[0003] FIG. 6 is an abbreviated circuit diagram of a con-
ventional LCD. The LCD 100 includes a liquid crystal panel
101, a scanning circuit 102, and a data circuit 103. The liquid
crystal panel 101 includes n rows of parallel scanning lines
110 (where n is a natural number), m columns of parallel data
lines 120 perpendicular to the scanning lines 110 (where m is
also a natural number), and a plurality of pixel units 140
cooperatively defined by the crossing scanning lines 110 and
datalines 120. The scanning lines 110 are electrically coupled
to the scanning circuit 102, and the data lines 120 are electri-
cally coupled to the data circuit 130.

[0004] Each pixel unit 140 includes a thin film transistor
(TFT) 141, a pixel electrode 142, and a common electrode
143. A gate electrode of the TFT 141 is electrically coupled to
a corresponding one of the scanning lines 110, and a source
electrode of the TFT 141 is electrically coupled to a corre-
sponding one of the data lines 120. Further, a drain electrode
of the TFT 141 is electrically coupled to the pixel electrode
142. The common electrodes 143 of all the pixel units 140 are
electrically coupled together and further electrically coupled
to a common voltage generating circuit (not shown). In each
pixel unit 140, liquid crystal molecules (not shown) are dis-
posed between the pixel electrode 142 and the common elec-
trode 143, so as to cooperatively form a liquid crystal capaci-
tor 147.

[0005] In operation, the common electrodes 143 receive a
common voltage signal from the common voltage generating
circuit. The scanning circuit 102 provides a plurality of scan-
ning signals to the scanning lines 110 sequentially, so as to
activate the pixel units 140 row by row via switching the
corresponding TFTs 141 on. The data circuit 103 provides a
plurality of data voltage signals to the pixel electrodes 142 of
the activated pixel units 140 via the corresponding data lines
120. Thereby. the liquid crystal capacitors 147 of the activated
pixel units 140 are charged. After the charging process, an
electric field is generated between the pixel electrode 142 and
the common electrode 143 in each pixel unit 140. The electric
field drives the liquid crystal molecules to control light trans-
mission of the pixel unit 140, such that the pixel unit 140
displays a particular color (red, green, or blue) having a
corresponding gray level. The electric field is maintained by
the liquid crystal capacitor 147 during the so-called current
frame period, and accordingly the gray level of the color is
maintained during the current frame period.

[0006] In particular, the LCD 100 employs a dot inversion
system to drive the liquid crystal molecules, such that the
liquid crystal molecules can be protected from decay or dam-
age. FIG. 7 schematically illustrates a series of polarity pat-
terns of a matrix of 4x4 pixel units 140 of the liquid crystal
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panel 101 of the LCD 100 employing the dot inversion sys-
tem. Other pixel units 140 of the liquid crystal panel 101 have
a similar polarity arrangement.

[0007] As shown in FIG. 7, the polarity of each pixel unit
140 is opposite to the polarity of every directly adjacent pixel
unit 140, and is the same as the polarity of every diagonally
adjacent pixel unit 140. Thatis, the polarities of the pixel units
140 positioned in odd columns of the matrix are the same in
each row, and are opposite to the polarities of the pixel units
140 positioned in even columns of the matrix. Moreover, the
polarity of each pixel unit 140 is reversed once in every frame
period.

[0008] In the LCD 100, each pixel unit 140 employs a
capacitor structure (i.e. the liquid crystal capacitor 147) to
retain the gray level of the color. In addition, a plurality of
parasitic capacitors usually exists in the pixel unit 140. Due to
aso-called capacitor coupling effect, when the corresponding
data voltage signal changes, an electrical potential of the
common electrode 143 may be coupled and shift from the
common voltage signal. Because the pixel units 140 are acti-
vated and receive the data voltage signals row by row, the
electrical potentials of the common electrodes 143 of the
activated row of pixel units 140 are liable to be pulled up or
pulled down simultaneously and thereby have undesired val-
ues. Moreover, because the common electrodes 143 of the
activated row of pixel units 140 are electrically coupled
together, the undesired values of the electrical potentials are
the same.

[0009] For example, when each of the data voltage signals
corresponding to the pixel units 140 positioned in odd col-
umns has a positive polarity, and a sum of such data voltage
signals is greater than that corresponding to the pixel units
140 positioned in even columns, the data voltage signals may
cooperatively pull up the electrical potentials of all the com-
mon electrodes 143 of the activated row of pixel units 140.
The shift of the electrical potential of the common electrode
143 may further bring on a change of the electric field
between the pixel electrode 142 and the common electrode
143 in each pixel unit 140. Thereby, the gray level of the color
displayed by the pixel unit 140 is apt to change, and accord-
ingly a so-called color shift phenomenon may be generated.
Thus the display quality of the LCD 100 may be somewhat
unsatisfactory. Such deficiencies may also exist when the
LCD 100 employs a line inversion system to drive the liquid
crystal molecules.

[0010] What is needed is to provide an LCD and a driving
method thereof that can overcome the above-described defi-
ciencies.

SUMMARY

[0011] In one aspect, a liquid crystal display includes a
liquid crystal panel having a plurality of pixel units, a com-
mon voltage generating circuit, and a common voltage com-
pensating circuit. The common voltage compensating circuit
receives display signals, and compares odd-column display
signals of said display signals with even-column display sig-
nals of said display signals, so as to provide a compensating
signal. The common voltage generating circuit generates a
common voltage signal according to the compensating signal,
and outputs the common voltage signal to the pixel units.

[0012] In another aspect, a method for driving a liquid
crystal display includes: providing a liquid crystal panel hav-
ing a plurality of pixel units; receiving display signals corre-
sponding to the pixel units; providing a common voltage
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compensating circuit; comparing odd-column display signals
of said display signals with even-column display signals of
said display signals via the common voltage compensating
circuit to provide a compensating signal; providing a com-
mon voltage generating circuit, generating a common voltage
signal according to the compensating signal via the common
voltage generating circuit; and outputting the common volt-
age signal to the pixel units.

[0013] Other novel features and advantages will become
more apparent from the following detailed description when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 11is an abbreviated circuit diagram of an LCD
according to an exemplary embodiment of the present inven-
tion, the LCD including a common voltage compensating
circuit.

[0015] FIG. 2 is block diagram of the common voltage
compensating circuit of the LCD of FIG. 1.

[0016] FIG. 3 is flow chart of an exemplary driving method
for driving the LCD of FIG. 1, the driving method including
steps S1~S8.

[0017] FIG.4isaflow chart of detailed processes of step S3
of the method of FIG. 3.

[0018] FIG.51isaflow chart of detailed processes of step S4
of the method of FIG. 3.

[0019] FIG. 6 is an abbreviated circuit diagram of a con-
ventional LCD capable of employing a dot inversion system
to drive liquid crystal molecules thereof, the LCD including a
plurality of pixel units.

[0020] FIG. 7 schematically illustrates a series of polarity
patterns of a matrix of 4x4 pixel units of the LCD of FIG. 6,
when the LCD employs the dot inversion system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] Reference will now be made to the drawings to
describe preferred and exemplary embodiments of the
present invention in detail.

[0022] FIG. 1is an abbreviated circuit diagram of an LCD
according to an exemplary embodiment of the present inven-
tion. The LCD 300 can employ either a dot inversion system
or a line inversion system to drive liquid crystal molecules
thereof. The LCD 300 includes a liquid crystal panel 301, a
scanning circuit 302, a data circuit 303, a timing controller
304, and a common voltage generating circuit 305.

[0023] The liquid crystal panel 301 includes n rows of
parallel scanning lines 310 (where n is a natural number), n
rows of parallel common lines 330 alternately arranged with
the scanning lines 310, m columns of parallel data lines 320
perpendicular to the scanning lines 310 and the common lines
330 (where m is also a natural number), and a plurality of
pixel units 340 cooperatively defined by the crossing scan-
ning lines 310 and data lines 320. Thus, the pixel units 340 are
arranged in a matrix having n rows and m columns. The
scanning lines 310 are electrically coupled to the scanning
circuit 302. The data lines 320 are electrically coupled to the
data circuit 303. The common lines 330 are electrically
coupled to the common voltage generating circuit 305.
[0024] Each pixel unit 340 includes a TFT 341, a pixel
electrode 342, acommon electrode 343, and a storage capaci-
tor 348. A gate electrode of the TFT 341 is electrically
coupled to a corresponding one of the scanning lines 310, and
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a source electrode of the TFT 341 is electrically coupled to a
corresponding one of the data lines 320. Further, a drain
electrode of the TFT 341 is electrically coupled to the pixel
electrode 342. The common electrode 343 is opposite to the
pixel electrode 342, with a plurality of the liquid crystal
molecules (not shown) sandwiched therebetween, so as to
cooperatively form a liquid crystal capacitor 347. One end of
the storage capacitor 348 is electrically coupled to the pixel
electrode 342, and the other end of the storage capacitor 348
is electrically to a corresponding one of the common lines
330.

[0025] The timing controller 304 includes a receiving unit
307, a timing control unit 308, and a common voltage com-
pensating circuit 306. The receiving unit 307 is configured to
receive display signals for driving the pixel units 340. The
display signals include odd-column display signals and even-
column display signals. In this description, odd-column dis-
play signals refer to display signals corresponding to the pixel
units 340 positioned in odd columns of the matrix, and even-
column display signals refer to display signals corresponding
to the pixel units 340 positioned in even columns of the
matrix. The timing control unit 308 is configured to control
the driving timing of the scanning circuit 302 and the data
circuit 303. The common voltage compensating circuit 306 is
configured to provide a compensating signal for the common
voltage generating circuit 305.

[0026] Referring also to FIG. 2, the common voltage com-
pensating circuit 306 includes a data separator 382, a first
memory 383, a second memory 384. a data processor 385,
and a look up table (LUT) 386.

[0027] The data separator 382 is configured to separate the
odd-column display signals from the even-column display
signals. The first memory 383 and the second memory 384 are
both electrically coupled to the data separator 382. The LUT
386 includes a plurality of compensating signals stored
therein. Each of the compensating signals corresponds to a
digital control signal provided by the data processor 385.

[0028] The data processor 385 includes a first port 371, a
second port 372, a third port 373, a fourth port 374, and a fifth
port 375. The first port 371 and the second port 372 are
electrically coupled to the first memory 383 and the second
memory 384 respectively. The third port 373 is used to receive
apolarity control signal that is generated in the timing control
unit 308 according to an address of the corresponding pixel
unit 340. The fourth port 374 is electrically coupled to the
LUT 386, and is used to read a corresponding compensating
signal from the LUT 386. The fifth port 375 serves as an
output port of the common voltage compensating circuit 306,
and is used to output the compensating signal read by the data
processor 375 to the common voltage generating circuit 305.

[0029] Intypical operation, the LCD 300 can be driven via
a driving method summarized in FIG. 3. The driving method
includes: step S1, receiving display signals; step S2, separat-
ing the odd-column display signals from the even-column
display signals; step S3, comparing and analyzing the odd-
column display signals with the even-column display signals
according to a predetermined calculation; step S4, generating
a compensating signal based on a result of the calculation;
step S5, providing a reference voltage signal; step S6, adjust-
ing the reference voltage signal according to the compensat-
ing signal, so as to generate acommon voltage signal; step 37,
providing scanning signals and data voltage signals; and step
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S8, driving the pixel units to display images via cooperation
of the scanning signals, the data voltage signals, and the
common voltage signal.

[0030] Instep S1, the display signals are received from an
external circuit (not shown) by the receiving unit 307 of the
timing controller 304. Each of the display signals corresponds
to a respective pixel unit 340, and can be an 8-bit digital
signal. Such 8-bit digital signal corresponds to 256 gray lev-
els. For example, if the 8-bit digital signal is 00000000, it
corresponds to the first gray level indicating that a brightness
of the corresponding color is lowest. If the 8-bit digital signal
is 11111111, it corresponds to the 256th gray level indicating
that a brightness of the corresponding color is greatest.
[0031] In step S2, the display signals are separated and
distributed to the first memory 383 and the second memory
384 by the data separator 382. In detail, firstly, the data
separator 382 receives the display signals from the receiving
unit 307; secondly, the data separator 382 separates odd-
column display signals from even-column display signals;
and thirdly, the data separator 382 outputs the odd-column
display signals to the first memory 383, and outputs the even-
column display signals to the second memory 384.

[0032] In step S3, the odd-column display signals and the
even-column display signals are compared and analyzed by
the data processor 385 via calculation. The calculation pro-
cess can be carried out via software pre-programmed in the
data processor 385. Referring to FIG. 4, step S3 can for
example include: sub-step S31, reading the odd-column dis-
play signals and the even-column display signals from the
first memory 383 and the second memory 384 respectively;
sub-step S32, adding the odd-column display signals (e.g.,
8-bit digital signals) and the even-column display signals
(e.g., 8-bit digital signals) respectively to obtain a first accu-
mulated value and a second accumulated value; and sub-step
S33, subtracting the second accumulated value from the first
accumulated value to obtain a calculation result.

[0033] Instep S4, the compensating signal is generated by
the data processor 385 according to the calculation result.
Referring to FIG. 5, step S4 includes: sub-step S41, receiving
a polarity control signal; sub-step S42, generating a digital
control signal based on the polarity control signal and the
calculation result; sub-step S43, providing a plurality of com-
pensating signals; and sub-step S44, selecting a correspond-
ing compensating signal according to the digital control sig-
nal.

[0034] Indetail, in sub-step S41, the polarity control signal
corresponds to a selected one of the pixel units 340 positioned
in odd columns of the matrix, and is received from the timing
control unit 308 via the third port 373 of the data processor
385. In sub-step S42, the digital control signal is generated by
the data processor 375 by combining the polarity control
signal with the calculation result. In sub-step S43, the com-
pensating signals are provided by the LUT 386. In sub-step
S44, the corresponding compensating signal is selected by the
third port 374 of the data processor 385 by reading from the
LUT 386.

[0035] Instep S5, the reference voltage signal is provided
by the common voltage generating circuit 305. In particular,
the reference voltage signal can be provided by the common
voltage generating circuit 305. For example, a variable resis-
tor (not shown) and a fixed resistor (not shown) electrically
coupled in series can be provided in the common voltage
generating circuit 305. A free end of the variable resistor has
a power voltage signal applied thereto, and a free end of the
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fixed resistor is grounded. The variable resistor is predeter-
mined to have a desired resistance, and thereby the power
voltage signal is divided by the variable resistor and the fixed
resistor. With this configuration, the reference voltage signal
can be obtained from a node between the variable resistor and
the fixed resistor.

[0036] In step S6, the reference voltage signal is adjusted
by the common voltage generating circuit 305 under the
control of the compensating signal. In particular, if the com-
pensating signal represents that the polarity control signals
corresponding to the odd-column display signals are positive
and the calculation result is also positive, or represents that
such polarity control signals are negative and the calculation
result is also negative, the compensating signal controls the
common voltage generating circuit 305 to pull down the
reference voltage signal. If the compensating signal repre-
sents that the polarity control signals corresponding to the
odd-column display signals are positive and the calculation
result is negative, or represents that such polarity control
signals are negative and the calculation result is positive, the
compensating signal controls the common voltage generating
circuit 305 to pull up the reference voltage signal. Moreover,
the difference between the primary reference voltage and the
adjusted reference voltage is determined by a value of the
calculation result. The adjusted reference voltage signal then
serves as the common voltage signal, and is outputted to the
common lines 330 and the common electrodes 343.

[0037] InstepS7, the scanning signals and the data voltage
signals are respectively provided by the scanning circuit 302
and the data circuit 303. In detail, the scanning circuit 302
receives a timing control signal, and accordingly generates a
plurality of scanning signals. The data circuit 303 receives the
display signals and the polarity control signals, and accord-
ingly generates a plurality of data voltage signals.

[0038] In step S8, the scanning circuit 302 outputs the
scanning signals to the scanning lines 310 sequentially, so as
to activate the pixel units 340 row by row via switching the
corresponding TFTs 341 on. The data circuit 303 outputs the
data voltage signals to the corresponding activated pixel units
340 via the data lines 320 and the corresponding TFTs 341.
Thereby, the liquid crystal capacitors 347 in the activated row
of pixel units 340 are charged. An electric field is generated
between the pixel electrode 332 and the common electrode
333 in each pixel unit 340 after the charging process. The
electric field drives the liquid crystal molecules of the pixel
unit 340 to control the light transmission of the pixel unit 340,
such that the pixel unit 340 displays a particular color (e.g.,
red, green, or blue) having a corresponding gray level. The
aggregation of colors displayed by all the pixel units 340
simultaneously constitutes an image viewed by a user of the
LCD 300.

[0039] Inthe LCD 300, the common voltage compensating
circuit 306 is employed and provides a compensating signal
for the common voltage generating circuit 305. The compen-
sating signal controls the common voltage generating circuit
305 to adjust the reference voltage signal, so as to generate a
common voltage signal. Thereby, any shift of the common
voltage due to a capacitor coupling effect is compensated via
the voltage adjustment, and the electric field between the
pixel electrode 342 and the common electrode 343 of each
pixel unit 340 can be stable during the current frame period.
Accordingly, the gray level of the color displayed by the pixel
unit 340 is also stable. Therefore any color shift phenomenon
that might be otherwise induced because of the capacitor
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coupling effect is diminished or even eliminated, and the
display quality of the LCD 300 is improved.

[0040] In alternative embodiments, the common voltage
compensating circuit 306 of the LCD 300 can be a separate
circuit from the timing controller 304, or can be integrated
into the common voltage generating circuit 305.

[0041] It is to be further understood that even though
numerous characteristics and advantages of preferred and
exemplary embodiments have been set out in the foregoing
description, together with details of structures and functions
associated with the embodiments, the disclosure is illustrative
only, and changes may be made in detail (including in matters
of arrangement of parts) within the principles of the 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 liquid crystal panel comprising a plurality of pixel units;

a common voltage generating circuit; and

a common voltage compensating circuit;

wherein the common voltage compensating circuit

receives display signals, and compares odd-column dis-
play signals of said display signals with even-column
display signals of said display signals so as to provide a
compensating signal, and the common voltage generat-
ing circuit generates a common voltage signal according
to the compensating signal and outputs the common
voltage signal to the pixel units.

2. The liquid crystal display as claimed in claim 1, wherein
the liquid crystal panel further comprises a plurality of liquid
crystal molecules at the pixel units, and employs a selected
one of a dot inversion system and a line inversion system to
drive the liquid crystal molecules.

3. The liquid crystal display as claimed in claim 1, wherein
the common voltage compensating circuit comprises a data
separator, which is configured to separate the odd-column
display signals from the even-column display signals.

4. The liquid crystal display as claimed in claim 3, wherein
the common voltage compensating circuit further comprises
a first memory and a second memory, and the first memory
and the second memory are electrically coupled to the data
separator, and are respectively configured to store the odd-
column display signals and the even-column display signals.

5. The liquid crystal display as claimed in claim 1, wherein
the common voltage compensating circuit further comprises
a data processor, and the comparison between the odd-col-
umn display signals and even-column display signal is carried
out by the data processor according to a predetermined cal-
culation.

6. The liquid crystal display as claimed in claim 5, wherein
the common voltage compensating circuit further comprises
a look up table, the look up table comprises a plurality of
compensating signals stored therein, and each of the compen-
sating signals corresponds to a digital control signal gener-
ated by the data processor.

7. The liquid crystal display as claimed in claim 6, wherein
the data processor further comprises a port configured for
receiving a polarity control signal, and the data processor
generates the digital control signal according to a combina-
tion of the polarity control signal with a result of the calcula-
tion.
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8. The liquid crystal display as claimed in claim 7, wherein
the compensating signal is provided by the data processor via
reading the look up table according to the digital control
signal.

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

providing a liquid crystal panel having a plurality of pixel

units;

receiving display signals corresponding to the pixel units;

providing a common voltage compensating circuit;

comparing odd-column display signals of said display sig-
nals with even-column display signals of said display
signals via the common voltage compensating circuit to
provide a compensating signal;

providing a common voltage generating circuit;

generate a common voltage signal according to the com-

pensating signal via the common voltage generating
circuit; and

outputting the common voltage signal to the pixel units.

10. The method for driving a liquid crystal display as
claimed in claim 9, further comprising: providing a data sepa-
rator in the common voltage compensating circuit; and sepa-
rating odd-column display signals from even-column display
signals via the data separator.

11. The method for driving a liquid crystal display as
claimed in claim 10, further comprising: providing a first
memory and a second memory in the common voltage com-
pensating circuit; and distributing the odd-column display
signals and the even-column display signals to the first
memory and the second memory respectively.

12. The method for driving a liquid crystal display as
claimed in claim 9, further comprising: providing a data pro-
cessor in the common voltage compensating circuit, wherein
the odd-column display signals are compared with the even-
column display signals by the data processor according to a
predetermined calculation.

13. The method for driving a liquid crystal display as
claimed in claim 9, wherein the comparing of the odd-column
display signals with the even-column display signals com-
prises: adding the odd-column display signals to obtain a first
accumulated value; adding the even-column display signals
to obtain a second accumulated value; and subtracting the
second accumulated value from the first accumulated value to
obtain a calculation result.

14. The method for driving a liquid crystal display as
claimed in claim 13, wherein the comparing of the odd-
column display signals with the even-column display signals
further comprises: receiving a polarity control signal; gener-
ating a digital control signal based on a combination of the
polarity control signal with the calculation result; providing a
plurality of compensating signals; and selecting a corre-
sponding compensating signal according to the digital control
signal.

15. The method for driving a liquid crystal display as
claimed in claim 14, wherein the plurality of compensating
signals are provided by a look up table.

16. The method for driving a liquid crystal display as
claimed in claim 14, wherein the generating of a common
voltage signal comprises: generating a reference voltage sig-
nal via the common voltage generating circuit; and adjusting
the reference voltage signal according to the compensating
signal to obtain the common voltage signal.

17. The method for driving a liquid crystal display as
claimed in claim 16, wherein the reference voltage is pulled
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down when the calculation result and the polarity control
signals corresponding to the odd-column display signals are
both positive, and when the calculation result and the polarity
control signals corresponding to the odd-column display sig-
nals are both negative.

18. The method for driving a liquid crystal display as
claimed in claim 16, wherein the reference voltage is pulled
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up when the polarity control signals corresponding to the
odd-column display signals are positive and the calculation
result is negative, and when the polarity control signals cor-
responding to the odd-column display signals are negative
and the calculation result is positive.
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