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LIQUID CRYSTAL DISPLAY DEVICE
HAVING CONTROLLING CIRCUIT FOR
ADJUSTING COMMON VOLTAGE

FIELD OF THE INVENTION

[0001] The present invention relates to liquid crystal dis-
play (LCD) devices that can adjust common voltages, and
more particularly to an LCD device having a controlling unit
for adjusting the common voltage.

BACKGROUND

[0002] Because LCD devices have the advantages of port-
ability, low power consumption, and low radiation, they have
been widely used in various portable information products
such as notebooks, personal digital assistants (PDAs), video
cameras, and the like. Furthermore, LCD devices are consid-
ered by many to have the potential to completely replace
cathode ray tube (CRT) monitors and televisions.

[0003] Referring to FIG. 4, a typical LCD device 10
includes a gate driving circuit 11, a data driving circuit 12, and
a liquid crystal panel 101. The gate driving circuit 11 is
configured for providing a plurality of scanning signals to the
liquid crystal panel 101. The data driving circuit 12 is con-
figured for receiving image data from an external source, and
providing a plurality of gray scale voltages to the liquid
crystal panel 101 accordingly.

[0004] The liquid crystal panel 101 includes a plurality of
parallel scanning lines 13, a plurality of parallel data lines 14,
a plurality of thin film transistors (TFTs) 15, a plurality of
sub-pixel electrodes 151, and a plurality of common elec-
trodes 152. The gate lines 13 and the data lines 14 cross each
other and cooperatively define a plurality of sub-pixels 16
arranged in a matrix. The liquid crystal panel 101 also
includes a layer of liquid crystal spanning the entire matrix.
The liquid crystal contains liquid crystal molecules.

[0005] The TFTs 15 are arranged in a matrix respectively
corresponding to the sub-pixels 16. FEach TFT 15 includes a
gate electrode (not labeled) connected to the corresponding
gate line 13, a source electrode (not labeled) connected to the
corresponding data line 14, and a drain electrode (not labeled)
connected to a corresponding sub-pixel electrode 151. Each
sub-pixel electrode 151 is opposite to a corresponding com-
mon electrode 152. All the common electrodes 152 are sub-
stantially connected to a common voltage source (not
labeled), which has a predetermined common voltage applied
thereto.

[0006] The sub-pixels 16 includes a plurality of red sub-
pixels (R), a plurality of green sub-pixels (G), and a plurality
of blue sub-pixels (B), which are arranged in a pattern of
repeating RGB sequences in each row of the matrix.

[0007] Generally, when the LCD device 10 displays
images, the common electrode layer 14 has the predetermined
common voltage applied thereto, and the sub-pixel electrode
17 has a gray scale voltage applied thereto. Thus, an electric
field is generated in the area of the liquid crystal molecules at
each sub-pixel 16. A transmittance of light passing through
the liquid crystal molecules is adjusted by controlling the
strength of the electric field. Thereby, the desired transmit-
tances of light obtained at all the sub-pixels 16 cooperatively
produces an image viewed by a user of the LCD device 10.
[0008] Referring to FIG. 5, this is a schematic diagram of
part of a testing image 30 for the LCD device 10. At each
sub-pixel 16, the liquid crystal molecules in the electrical
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field are twisted such that light rays are allowed to pass
through the sub-pixel 16. When the gray scale voltage is
greater than the common voltage, the direction of the electri-
cal field is from the sub-pixel electrode 151 to the common
electrode 152, and the sub-pixel 16 has a positive polarity (+).
Conversely, when the gray scale voltage is less than the com-
mon voltage, the direction of the electrical field is from the
common electrode 152 to the sub-pixel electrode 151, and the
sub-pixel 16 has a negative polarity (=). Moreover, when
absolute values of the gray scale voltages applied to the sub-
pixel electrodes 151 of two sub-pixels 16 are the same, and
the gray scale voltages only differ in polarity, the gray scales
of the two sub-pixels 16 are assumed to be the same. The
liquid crystal panel 10 is a normal white mode panel. That is,
the greater the gray scale voltage applied, the less the amount
of light rays that can pass through the corresponding sub-
pixel 16. When the gray scale voltage is great enough, the
light rays cannot pass through the corresponding sub-pixel
16.

[0009] As shown in FIG. 5, each small square represents a
sub-pixel 16. Each sub-pixel 16 has a polarity different from
the polarity of the two adjacent sub-pixels 16 in the same row,
and different from the polarity of the two adjacent sub-pixels
16 in the same column. Furthermore, squares that are not
hatched represent sub-pixels 16 that have no light passing
therethrough. When the testing image 30 is displayed, in the
first row of sub-pixels 16, there are eight sub-pixels 16 having
positive polarity that no light rays can pass through and ten
sub-pixels 16 having negative polarity that no light rays can
pass through. Therefore, among the sub-pixels 16 in the first
row that having no light rays passing through, an amount of
the sub-pixels 16 having positive polarity is greater than an
amount of the sub-pixels 16 having negative polarity. When
the gray scale voltages are applied to the sub-pixels 16 in the
first row which have no light rays passing therethrough, the
gray scale voltages applied to the corresponding sub-pixel
electrodes 151 are liable to drag down the common voltage of
the first row of sub-pixels 16 due to a coupling effect. Thus,
actual common voltages of the common electrodes 152 cor-
responding to the first row of sub-pixels 16 are slightly less
than the predetermined common voltage.

[0010] Accordingly, the actual common voltages corre-
sponding to other common electrodes 152 are dragged down
or up immediately the gray scale voltages are applied to the
corresponding sub-pixel electrodes 151, thereby generating
common voltage variations.

[0011] Because the actual common voltages are not equal
to the predetermined common voltage, the testing image 30
may be impaired by a so-called crosstalk phenomenon. That
is, the testing image 30 may be visibly flawed. Further, when
ordinary images are displayed, crosstalk may also occur when
actual common voltages are not equal to the predetermined
common voltage.

[0012] Whatisneeded, therefore,is an LCD device thatcan
overcome the above-described deficiencies.

SUMMARY

[0013] An exemplary liquid crystal display device includes
a liquid crystal panel configured for displaying images
according to external image data. The liquid crystal panel
comprising a plurality of sub-pixel regions and a controlling
circuit. The sub-pixel regions are arranged regularly, each of
the sub-pixel regions having either a positive polarity or a
negative polarity when displaying images. The controlling
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circuitis configured to adjust acommon voltage applied to the
liquid crystal panel according to a relationship between varia-
tions of the common voltage and polarity information of at
least a plurality of the sub-pixel regions during operation of
the liquid crystal display device.

[0014] 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

[0015] FIG. 1 is essentially an abbreviated circuit diagram
of an LCD device according to an exemplary embodiment of
the present invention, the LCD device including a controlling
circuit.

[0016] FIG.2isaschematic view of part of a testing image
displayed by the LCD device of FIG. 1.

[0017] FIG. 3 is a diagram of the controlling circuit of FIG.
1

[0018] FIG. 4 is essentially an abbreviated circuit diagram
of a conventional LCD device.

[0019] FIG.5isaschematic view of part of a testing image
displayed by the LCD device of F1G. 4.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0020] Referring to FIG. 1, an LCD device 20 according to
an exemplary embodiment is shown. The LCD device 20
includes a liquid crystal panel 201, a gate driving circuit 21, a
data driving circuit 22, and a controlling circuit 27.

[0021] The liquid crystal panel 201 includes a plurality of
scanning lines 23 parallel to each other, a plurality of data
lines 24 parallel to each other and orthogonal to the scanning
lines 23, a plurality of thin film transistors (TFTs) 25, a
plurality of pixel electrodes 251, and a plurality of common
electrodes 252 opposite to the pixel electrodes 251, respec-
tively. The TFTs 25 are arranged in the vicinity of points of
intersection of the scanning lines 23 and data lines 24. The
common electrodes 252 are substantially connected to the
controlling circuit 27. A predetermined common voltage
from a common voltage source is applied to the common
electrodes 252. The liquid crystal panel 201 also includes a
layer of liquid crystal spanning the entire matrix. The liquid
crystal contains liquid crystal molecules.

[0022] Each TFT 25 includes a gate electrode (not labeled)
connected to one corresponding scanning line 23, a source
electrode (not labeled) connected to one corresponding data
line 24, and a drain electrode (not labeled) connected to one
corresponding pixel electrode 251.

[0023] The gate driving circuit 21 is configured for provid-
ing a plurality of scanning signals to the scanning lines 23.
The datadriving circuit 22 is configured for receiving external
digital signals, converting the digital signal into analog sig-
nals, and applying the analog signals to the data lines 24. The
controlling circuit 27 is configured for receiving the external
digital signals, and adjusting the common voltage applied to
the common electrodes 252 according to the external digital
signals.

[0024] A minimum area defined by adjacent two scanning
lines 23 and adjacent two data lines 24 is defined as a sub-
pixel region 26. Each sub-pixel region 26 corresponds to a
TFT 25 and a pixel electrode 251. The sub-pixel regions 26
are arranged in a matrix.
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[0025] When the LCD device 20 displays images, at each
sub-pixel region 26, the common electrode 252 has the pre-
determined common voltage applied thereto, and the pixel
electrode 27 has a gray scale voltage applied thereto. Thus, an
electric field is generated in the area of the liquid crystal
molecules. A transmittance of light passing through the liquid
crystal molecules is adjusted by controlling the strength of the
electric field. Thereby, the desired transmittances of light
obtained at all the sub-pixel regions 26 cooperatively pro-
duces an image viewed by a user of the LCD device 20.

[0026] The liquid crystal molecules in the electrical field
are twisted such that light rays are allowed to pass through.
When the gray scale voltage is greater than or equal to the
common voltage, the direction of the electrical field is from
the pixel electrode 251 to the common electrode 252, and the
sub-pixel region 26 has a positive polarity (+). Conversely,
when the gray scale voltage is less than the common voltage,
the direction of the electrical field is from the common elec-
trode 252 to the pixel electrode 251, and the sub-pixel region
26 has a negative polarity (-). Moreover, when absolute val-
ues of the gray scale voltages applied to the pixel electrodes
251 of two sub-pixel regions 26 are the same, and the gray
scale voltages only differ in polarity, the gray scales of the two
pixels 16 are assumed to be the same. The liquid crystal panel
201 is a normally white mode panel. That is, the greater the
gray scale voltage applied, the less the amount of light rays
that can pass through the corresponding sub-pixel region 26.
When the gray scale voltage is great enough, the light rays
cannot pass through the corresponding sub-pixel region 26.

[0027] Referring to FIG. 2, this is a schematic view of part
of a testing image 40 for the LCD device 20. Each small
square represents a sub-pixel region 26. The sub-pixel regions
26 include a plurality of red sub-pixel regions (R), a plurality
of green sub-pixel regions (G), and a plurality of blue sub-
pixel regions (B). The sub-pixel regions 26 in each row of the
matrix are arranged in a pattern of repeating RGB sequences,
and the sub-pixel regions 26 in each column of the matrix
display a same color of red, green or blue. In FIG. 2, “+”
represents a positive polarity and “~” represents a negative
polarity. Furthermore, squares that are not hatched represent
pixels 16 that have no light passing therethrough.

[0028] Referring also to FIG. 3, a schematic diagram of the
controlling circuit 27 is shown. The controlling circuit 27
includes a receiving unit 271, an analyzing unit 272, and an
adjusting unit 273 connected in series. The receiving unit 271
is configured for receiving the external digital image data, and
outputting corresponding voltage signals. The analyzing unit
272 is configured for calculating polarity information of the
sub-pixel regions 26 in each row according to the voltage
signals. The adjusting unit 273 is configured for adjusting the
common voltage applied to the common electrodes 252
according to the polarity information.

[0029] The receiving unit 271 includes a memory 281, and
a digital to analog converter (DAC) 282. The analyzing unit
272 includes a subtracter 283, a comparator 284, and a cal-
culator 285. The adjusting unit 273 includes a look-up table
(LUT) 286 and a modulator 287.

[0030] Thememory 281 receives the external digital image
signals, and stores the received digital signals. The DAC 282
converts the digital signals to corresponding voltage signals,
and sends the voltage signals to the subtracter 283.

[0031] The subtracter 283 stores the value of the predeter-
mined common voltage and subtracts the value of the prede-
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termined common voltage from the values of voltage signals
respectively. The absolute values of the results are defined as
comparing voltages.

[0032] The comparator 284 compares the comparing volt-
ages to a black image voltage. When the comparing voltage is
equal to or greater than the black image voltage, the corre-
sponding sub-pixel regions 26 have no light rays passing
through.

[0033] The calculator 285 calculates polarity information
relating to the polarities of the sub-pixel regions 26 in each
row which have no light rays passing therethrough. Taking the
first row of the testing image 40 as an example, an amount of
the sub-pixel regions 26 that having no light rays passing
through and having positive polarities is eight, and an amount
of the sub-pixel regions 26 that having no light rays passing
through and having negative polarities is ten, thus the polarity
information of the sub-pixel regions 26 in the first row is
8+(-10)=-2. The polarity information of each other row is
calculated in a same way, and is stored in the adjusting unit
273. The polarity information for each row substantially cor-
responds to a voltage variation of the common voltage of the
corresponding row.

[0034] The LUT 286 includes a pre-stored relationship
between voltage variations and polarity information. The
relationship can be measured and generated during a stage in
the manufacture of the LCD device 20. The LUT 286 receives
polarity information from the calculator 285, and sends cor-
responding voltage variations to the modulator 287. The
modulator 287 adjusts the common voltage applied to the
common electrodes 252 according to the voltage variation,
and the gray scale voltages are applied to the sub-pixel
regions 26 simultaneously. That is, an actual common voltage
of the common electrode 252 at each sub-pixel region 26 is
adjusted in accordance with the voltage variation. For
example, if the common voltage applied to the common elec-
trode 252 is understood to ordinarily be slightly dragged up
due to the coupling effect, the modulator 287 applies a nega-
tive voltage corresponding to the variation of the dragging up
in order to cancel out the common voltage variation.

[0035] Because the controlling circuit 27 ofthe LCD device
20 can adjust the common voltage applied to the common
electrode 252, common voltage variation or ripple can be
reduced or even eliminated. Accordingly, image crosstalk of
the LCD device 20 can be reduced or even eliminated.
[0036] Itis believed that the present embodiments and their
advantages will be understood from the foregoing descrip-
tion, and it will be apparent that various changes may be made
thereto without departing from the spirit and scope of the
invention or sacrificing all of its material advantages, the
examples hereinbefore described merely being preferred or
exemplary embodiments of the invention.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal panel configured for displaying images
according to external image data, the liquid crystal panel
comprising a plurality of sub-pixel regions arranged in a
regular array, each of the sub-pixel regions having either
apositive polarity ora negative polarity when displaying
images; and

a controlling circuit configured for adjusting a common
voltage applied to the liquid crystal panel;

wherein the controlling circuit is configured to adjust the
common voltage applied to the liquid crystal panel
according to a relationship between variations of the
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common voltage and polarity information of at least a
plurality of the sub-pixel regions during operation of the
liquid crystal display device.

2. The liquid crystal display device of claim 1, wherein the
controlling circuit comprises a receiving unit, an analyzing
unit, and an adjusting unit connected in series, the receiving
unit being configured for receiving the external digital image
data and outputting corresponding voltage signals, the ana-
lyzing unit being configured for calculating out polarity infor-
mation of the sub-pixels in each row according to the voltage
signals, the adjusting unit being configured for adjusting the
common voltage applied to the common electrodes according
to the polarity information.

3. The liquid crystal display device of claim 2, wherein the
receiving unit comprises a memory and a digital to analog
converter connected to the memory, the memory being con-
figured for receiving the external image data and the digital to
analog converter being configured for converting the image
signals to voltage signals.

4. The liquid crystal display device of claim 3, wherein the
analyzing unit comprises a subtracter, a comparator, and a
calculator, the subtracter being configured for subtracting the
value of the common voltage from the values of the voltage
signals, respectively, the comparator being configured for
comparing said subtracting results to a predetermined black
image voltage which is defined as a voltage corresponding to
a black image, and the calculator being configured for calcu-
lating polarity information of the sub-pixels in each row
according to the comparing results.

5. The liquid crystal display device of claim 4, wherein the
adjusting unit 273 comprises a look-up table and a modulator,
the look-up table being configured sending a corresponding
voltage variation to the modulator on receiving the polarity
information.

6. The liquid crystal display device of claim 5, wherein the
relationship of the voltage variation and polarity information
are pre-stored in the look-up table.

7. The liquid crystal display device of claim 2, wherein the
liquid crystal panel further comprises a plurality of scanning
lines parallel to each other, a plurality of data lines parallel to
each other and orthogonal to the scanning line, adjacent two
scanning lines and adjacent two data lines cooperatively
defining one sub-pixel region, the sub-pixel regions being
formed in a matrix.

8. The liquid crystal display device of claim 7, wherein the
liquid crystal panel further comprises a plurality of thin film
transistors arranged at vicinity of intersection of the scanning
lines and the data lines, a plurality of pixel electrodes corre-
sponding to the thin film transistors, and a plurality of com-
mon electrodes corresponding to the pixel electrodes, each
sub-pixel region corresponding to one thin film transistor and
one pixel electrode.

9. The liquid crystal display device of claim 8, wherein
each thin film transistor comprises a gate electrode connected
to one corresponding scanning line, a source electrode con-
nected to one corresponding data line, and a drain electrode
connected to one corresponding pixel electrode.

10. The liquid crystal display device of claim 9, wherein
the gate lines are parallel to each other, the data lines are
parallel to each other, and the gate lines intersect with the data
lines to define a plurality of pixel units that each comprises a
thin film transistor and a pixel electrode.

11. The liquid crystal display device in claim 5, wherein
each of the thin film transistors comprises a gate electrode
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connected to a corresponding gate line, a source electrode
connected to a corresponding data line, and a drain connected
to a corresponding pixel electrode.

12. The liquid crystal display device of claim 7, further
comprising a gate driving circuit configured for providing a
plurality of scanning signals to the scanning lines, and a data
driving circuit configured for receiving the external image
data and providing a plurality of corresponding gray scale
voltages to the data lines.

13. A liquid crystal display device comprising:

a liquid crystal panel comprising:

a plurality of scanning lines parallel to each other;

a plurality of data lines parallel to each other and
orthogonal to the scanning lines, the scanning lines
and the data lines cooperatively defining a plurality of
sub-pixels arranged in a matrix;

aplurality of thin film transistors arranged in the vicinity
of intersections of the scanning lines and the data
lines, respectively;

a plurality of pixel electrodes corresponding to the thin
film transistors respectively, the common electrodes
capable of being provided with a common voltage;
and

a plurality of common electrodes opposite to the pixel
electrodes, respectively;

agate driving circuit configured for providing a plurality of

scanning signals to the scanning lines;

adata driving circuit configured for providing a plurality of

gray scale voltages to the pixel electrodes via the data

lines and the thin film transistors; and

a controlling circuit configured for adjusting the common

voltage applied to the common electrodes;

wherein the controlling circuit is capable of adjusting the

common voltage applied to the liquid crystal panel

according to a relationship between variations of the

common voltage and polarity information of at least a

plurality of the sub-pixels during operation of the liquid

crystal display device.
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14. The liquid crystal display device of claim 13, wherein
the controlling circuit comprises a receiving unit, an analyz-
ing unit, and an adjusting unit connected in series, the receiv-
ing unit being configured for receiving the external digital
image data and outputting corresponding voltage signals, the
analyzing unit being configured for calculating polarity infor-
mation of the sub-pixels in each row according to the voltage
signals, the adjusting unit being configured for adjusting the
common voltage applied to the common electrodes according
to the polarity information.

15. The liquid crystal display device of claim 14, wherein
the receiving unit comprises a memory and a digital to analog
converter connected to the memory, the memory being con-
figured for receiving the external image data and the digital to
analog converter being configured for converting the image
signals to voltage signals.

16. The liquid crystal display device of claim 15, wherein
the analyzing unit comprises a subtracter, a comparator, and a
calculator, the subtracter being configured for subtracting the
value of the common voltage from the values of the voltage
signals, respectively, the comparator being configured for
comparing said subtracting results to a predetermined black
image voltage which is defined as a voltage corresponding to
a black image, and the calculator being configured for calcu-
lating polarity information of the sub-pixels in each row
according to the comparing results.

17. The liquid crystal display device in claim 16, wherein
the adjusting unit comprises a look-up table and a modulator,
the look-up table being configured for sending a correspond-
ing voltage variation to the modulator on receiving the polar-
ity information.

18. The liquid crystal display device in claim 17, wherein
the relationship of the voltage variation and polarity informa-
tion are pre-stored in the look-up table.

19. The liquid crystal display device in claim 14, wherein
each two adjacent scanning lines and each two adjacent data
lines cooperatively define one sub-pixel region of the matrix.
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