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In a method for driving a liquid crystal display, a plurality of
first enabling pulses are transmitted to a first group of scan
lines in a first period of a predetermined time, respectively. A
plurality of second enabling pulses are transmitted to a sec-
ond group of scan lines in a second period of the predeter-
mined time, respectively. The pixel voltages of pixel units,
which are connected to the scan lines of the first and second
group, are different in their polarities. During the predeter-
mined time, a common voltage signal, which has different
levels in the first and second period, is transmitted to the
commorn line. A liquid crystal display applying the above
driving method is also disclosed.
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During a first period, transmitting a plurality of
first enabling pluses to a first group of the scan
lines, while a common voltage signal TN 40
corresponding to the first group of scan lines
having a first level.

During a second period, transmitting a plurality
of second enabling pluses to a second group of
scan lines, while a common voltage signal ~__

) ‘ 404
corresponding to the second group of the scan
lines having a second level.

Figure 4
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Patent
Application Serial Number 96136401, filed Sep. 28, 2007,
which is herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The invention is related to a display and a driving
method thereof, more particularly, to a LCD display and a
driving method thereof.

BACKGROUND OF THE INVENTION

[0003] FIG.11is atiming chart of signals for the line inver-
sion method adopted by the conventional liquid crystal dis-
play. FIG. 1 shows that, for all the scan lines, the polarities of
voltages applied to the data lines and the common lines are
repeatedly inverted with time in the liquid crystal display
driven by a color sequential method. In the color sequential
method, sub-frames of three primary colots, e.g., red, green,
and blue, are configured to constitute a complete frame, and
thus the driving frequency of each sub-frame is 180 Hz.
However, the scan lines on the panel of the LCD display are
switched in only a small portion of a sub-frame time (<5 ps),
and the other portion of the sub-frame time is configured to
rotate the liquid crystal molecules in specific positions to turn
on a backlight. Moreover, a scan time of a scan line needs to
be shortened in order to reduce the possibility of the liquid
crystal molecules reacting synchronically as a result of dif-
ferences between the scan times of different scan lines, which
leads to the degradation of brightness of the display panel
driven by a line-sequential mode. Therefore, the scan time for
each scan line must be shortened.

[0004] In the condition that the above scanning method is
adopted by a driving configuration of the common line volt-
age swing shown in FIG. 1, and the LCD display is operated
by aline inversion method, a common voltage on the common
lines may be incapable of inverting with time and thus result-
ing in the problem of unstable charging of a pixel unit.

[0005] For solving the aforesaid problems, in general, the
LCD display in FIG. 1 is substituted by an LCD adopted with
a frame inversion method. FIG. 2 is a timing chart of the
signals of the frame inversion method adopted by a conven-
tional LCD. FIG. 2 shows when the LCD is driven by the
color sequential method, the voltages on the scan lines, data
lines, and common lines vary with time. As shown in FIG. 2,
in the frame inversion method, the polarity of a common line
voltage inverses once between two consecutive frames such
that the common line voltage reaches a stable value before the
scan line start being switched on, and thus the stability of
charging state of the pixel unit is ensured.

[0006] However, compared with other LCDs, the flicker
problem of the LCD with the frame inversion method is more
serious. The LCD implementing a frequency of up to 300 Hz
may mitigate the flicker problem. If the reaction time of the
liquid crystal molecules can’t keep up with the frequency,
brightness degradation is inevitable.

[0007] For solving the aforesaid problem, an LCD and a
driving method thereof are provided.
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SUMMARY OF THE INVENTION

[0008] One aspect of the invention is to provide a driving
method for the LCD. In a first period of a predetermined time,
a plurality of first enabling pulses are transmitted to a first
group of scan lines during a first period of a predetermined
time, respectively. A plurality of second enabling pulses are
transmitted to a second group of scan lines during a second
period of the predetermined time, respectively. The pixel
voltages of pixel units, which are connected to the scan lines
of the first and second groups, are different in their polarities.
During the predetermined time, a common voltage signal,
which has different levels in the first and second period, is
transmitted to the common line.

[0009] Another aspect of the invention is to provide an
LCD, which includes a plurality of pixel units, a plurality of
scan lines, at least one scan driver and a plurality of common
lines. Each of scan lines is respectively connected to one of
terminals of a row of pixel units. The scan lines are divided
into a first group and a second group. The pixel voltages of the
pixels, which separately connected to the first and second
groups, are different in their polarities. In a first period of a
predetermined time, a plurality of first enabling pulses are
transmitted to a first group of scan lines in a first period of a
predetermined time, respectively. A plurality of second
enabling pulses are transmitted to a second group of scan lines
in a second period of the predetermined time, respectively.
Each common line is respectively connected to other termi-
nals of the row of the pixels. Also, a common voltage signal
on a common line is different in polarity during the first and
second period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 11is a timing chart of signals of a conventional
LCD with a line inversion method.

[0011] FIG. 2 is a timing chart of signals of a conventional
LCD with a frame inversion method.

[0012] FIG. 3 is a schematic diagram illustrating an LCD
according to an embodiment of the invention.

[0013] FIG. 4 is a flow chart of the driving method of an
LCD according to an embodiment of the invention.

[0014] FIG. 5is a timing chart of signals on the scan lines
and common lines ofthe LCD accordingto an embodiment of
the invention.

[0015] FIG. 6 is a timing chart of signals of an LCD with
both the driving method and black insertion method accord-
ing to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0016] FIG. 3 is a schematic diagram illustrating an LCD
according to an embodiment of the invention. LCD 300
includes a plurality of pixel units 302, a plurality of scan line
304a and 3045, at least one scan driver 306 and a plurality of
commor lines. Each of scan lines 3044 or 3045 is respectively
connected to a terminal of a row of pixel units. The pixel
voltages of the pixel unit 302 connected to first group of scan
lines 304q, and the pixel voltages the pixel unit 302 connected
to the second group of scan lines 3044 are different in their
polarities.

[0017] The scan driver 306 is configured to output a plural-
ity of first enabling pluses to the first group of scan lines in a
first period of a predetermined time, and output a plurality of
second enabling pluses to the second group of scan lines
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304h. A common voltage signal on each of the common lines
308 is different in polarity during the first and second period.

[0018] Moreover, a driving method for LCD is described in
other embodiments of the invention, and an exemplary flow
chart is shown in FIG. 4. FIG. 5 is a timing chart of signals on
the scan lines and common lines of the LCD according to said
embodiment of the invention. Please refer to FIG. 3, FIG. 4
and FIG. 5 with the following description.

[0019] During the first period of the predetermined time T,
aplurality of first enabling pluses are sequentially transmitted
to the first group of scan lines 304a (step 402). During the
second period T2 of the predetermined time T, a plurality of
second enabling pluses are transmitted to the second group of
scan lines 3045 (step 404). Pixel voltages of the pixel units,
which connect to the first and second group of scan lines
304a, 3045, are different in their polarities. In the predeter-
mined time T, acommon voltage signal (Vcom) is transmitted
to common lines 308, wherein the common voltage signal
508 has different levels during the first period T1 and the
second period T2. For example, during the first period T1, the
common voltage 508 is at a first level (such as a high level),
and during the second period T2, the common voltage 508 is
at a second level (such as a low level).

[0020] According to the embodiment of the invention, the
said predetermined time is a frame time or a sub-frame time.
For example, when LCD 300 is driven by the color sequential
method, i.e., acomplete frame of the LCD 300 is composed of
three sub-frames respectively associated with each of three
primary colors, the predetermined time is meant to be one
sub-frame time, where each sub-frame time is respectively
associated with one backlight color. Besides, when LCD 300
is driven with a generally method, e.g., the LCD implements
a white light source as backlight, the predetermined time T
can directly mean to be a frame time.

[0021] Further, the LCD 300 in FIG. 3 can include at least
one dummy scan line 310, which is configured to receive at
least adummy enabling pulse 504 (shown on FIG. 5) from the
scan driver 306 during the level inversion period T3 of the
common voltage signal 508. Also, the level inversion period
T3 of the common voltage signal 508 is generally between the
first period T1 and the second period T2. Thus, in the polarity
inversion period of the pixel voltage of each row of the pixel
units 302, one or aplurality of dummy scan lines is configured
to receive enabling pluses (i.e. dummy pluses 504) from the
scan driver 306. After the voltage of the common voltage
signal is stable, other enabling pluses (e.g. second enabling
pluses 506) begin to be transmitted to the corresponding scan
lines.

[0022] According to other embodiments of the invention,
the dummy enabling pulse 504 is not necessarily sent to the
panel on the layout design, and only needs the a designer of
the scan driver 306 to design the drive timing to include the
level inversion period T3. Therefore, it is not necessary to
implement a physical electronic element (such as the dummy
scan line 310). The dummy scan line 310 can be one single
scan line or a plurality of scan lines.

[0023] If the first group of scan lines 304a and the second
group of scan lines 3045 are driven in different timings, the
scan driver 306 can be deposited in the middle of the display,
and the scan lines 304a and 3045 are connected to the scan
driver respectively by the right side and the left side of the
scan driver. It should be noted that each element shown in
FIG. 3 is meant to illustrate connections between each ele-
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ment for describing characteristics of transmissions of sig-
nals, without limiting the physical layout position of each
element on the substrate.

[0024] In the embodiment shown in FIG. 3, odd scan lines
304q are classified as the first group, and even scan lines 304
are classified as a second group. Meanwhile, pixel voltages of
the pixel units 302, which connect to the first group of scan
lines 304a have one polarity, and pixel voltages of the pixel
units 302, which connect to the second group of scan lines
30454 have the another polarity. In other embodiments of the
invention, it is not necessarily to divide scan lines according
to number characteristics (odd or even) of scan lines, such as
if pixel voltages of pixel units connected to two adjacent scan
line has the same polarity, scan lines are divided according to
the polarity of pixel voltages of the pixel units.

[0025] As shown in FIG. 5, in the embodiment, the
enabling pluses are sequentially transmitted to the first and
second groups of scan lines 304a, 3045 with different scan
directions. More specifically, the odd scan lines 3044 of the
first group sequentially receive enabling pluses 502 with the
order of the first scan line, the third scan line and the fifth scan
etc. Also, the even scan lines 3044 for the second group
sequentially receive enabling pluses 502 with the order of the
160th scan line, the 158th scan line and the 156th scan line
etc. In such way, the scan sequence of the enabling pulses
begins from up to down and then from down to up in the view
of a physical configuration, therefore, the scan sequence of
the two groups of scan lines are different. However, according
to other embodiments of the invention, the enabling pulses
sequentially transmitted to the first and second groups of scan
lines 304a, 3045 with the same scan direction, i.e., scan
sequences of both the first and second group of scan lines
begin from up to down or down to up, thus the scope of the
invention is not limited to the aforesaid exemplary.

[0026] Inaddition, after transmissions for both the first and
second enabling pulses 502, 504 are finished, a backlight
source of the LCD 300 (not shown in FIG. 3) 1s switched on
during the switch-on period of the backlight source 510, such
as turning on a primary color or a white light backlight source.
[0027] The driving method as described in said embodi-
ments can be executed with a black insertion signal, for
example, inserting a black frame with a once-insertion or
sequential-insertion method, to enhance the visual perfor-
mance of the LCD.

[0028] FIG. 6 is a timing chart of signals of LCD with both
the driving method and black insertion method according to
an embodiment of the invention. As shown in FIG. 6, each
frame time is composed of three sub-frames time T, each
sub-frame time corresponds to a backlight color, i.e., only a
backlight source of a color is switched on in one sub-frame
time T. Each sub-frame time includes a first period T1 and
second period T2. It should be noted that the dummy enabling
pulse time is obviated for the sake of clarity. However, the
obviated dummy enabling pulse time is also referred to the
level inversion period T3, which is shown in FIG. 5. The level
inversion period T3, during which a voltage level of a com-
mon electrode is being inversed, is generally between the first
and second period T1, T2. Also, the scope of the invention
should not be limited to the embodiments described above.
[0029] During the first period T1, a plurality of first
enabling pulses are transmitted to the first group of scan lines,
and a plurality of second enabling pulses are transmitted to
the second group of scan lines during the second period. The
pixel voltages of the pixel units connected to the first and
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second groups of scan lines are different in their polarities,
and a common voltage signal 604 have different voltage lev-
els in the first and second period. After the backlight source is
switch on, during the first black insertion period T3, a plural-
ity of black insertion signals are sequentially transmitted to
pixel units connected to the first group of scan lines. Later,
during the second insertion period T4, a plurality of other
black insertion signals are sequentially transmitted to pixel
units connected to the second group of scan lines, i.e., before
pixel units connected to the second group of scan lines begin
to receive black insertion signals, pixel units connected to the
first group of scan lines sequentially receive black insertion
signals to display a black frame.

[0030] Beside, in other embodiments of the invention, the
black insertion signals are sequentially transmitted to the
pixel units connected to the scan lines. For example, in accor-
dance with a scan sequence beginning from up to down, the
black insertion signals are sequentially received by pixel units
connected to the scan lines, i.e., inserting a black frame.
[0031] While the present invention has been described with
respect to preferred embodiments thereof, it will be apparent
to those skilled in the art that the disclosed invention may be
modified in numerous ways and may assume many embodi-
ments other than those specifically described above. Accord-
ingly, it is intended by the appended claims to cover all
modifications of the invention that fall within the true spirit
and scope of the invention.

What is claimed is:

1. A method of driving a liquid crystal display, comprising:

transmitting a plurality of first enabling pluses respectively

to a first group of scan lines in a first period of a prede-
termined time;

transmitting a plurality of second enabling pluses respec-

tively to a second group of scan lines in a second period
of the predetermined time; and

transmitting a common voltage signal to a common line,

wherein, polarities of pixel voltages of pixel units con-

nected to the scan lines of the first and second group are
different, and levels of the common voltage signal in the
first and second period are different.

2. The method of the claim 1, wherein the predetermined
time is a frame time or a sub-frame time.

3. The method of the claim 1, wherein the predetermined
time is a sub-frame time associated with a backlight color.

4. The method of the claim 1, further comprising transmit-
ting at least one dummy enabling pulse to at least one dummy
scan line during the inversion period of the common voltage
signal.

5. The method of the claim 4, wherein the inversion period
of the common voltage signal is between the first period and
the second period.

6. The method of the claim 1, wherein at least one dummy
enabling pulse is provided during an inversion period of the
common voltage signal.

7. The method of the claim 1, wherein the first and second
enabling pulses are sequentially transmitted to the first and
second groups of scan lines respectively with the same or
different scan directions.

8. The method of the claim 1, further comprising switching
on a backlight source after transmitting the first and second
enabling pulses.
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9. The method of the claim 8, further comprising transmit-
ting a plurality of black insertion signals to the pixel units
connected to the first group of scan lines after switching on
the backlight, then transmitting other insertion signals to the
pixel units connected to the second group of scan lines.

10. The method of the claim 8, further comprising sequen-
tially transmitting black insertion signals to the pixel units
connected to the scan lines after switching on the backlight.

11. A liquid crystal display, comprising;

a plurality of pixel units;

a plurality of scan lines, each of scan lines is respectively
connected to one terminal of each row of the pixel units,
wherein the scan lines are divided into a first group and
a second group, and pixel voltages of the pixel units,
which connected to the first and second groups of scan
lines, are different in their polarities;

at least one scan driver configured to transmit a plurality of
first enabling pulses to the first group of scan lines in a
first period of the predetermined time, and transmitting a
plurality of second enabling pulses to the second group
of scan lines in a second period of the predetermined
time; and

a plurality of common lines, each of the common lines is
respectively connected to another terminal of each row
of the pixel units, and common voltage signals on the
common lines are different in polarity during the first
and second period.
12. The liquid crystal display of the claim 11, wherein the
predetermined time is a frame time or a sub-frame time.

13.The liquid crystal display of the claim 11, wherein if the
LCD 1s driven by the color sequential method, the predeter-
mined time is a sub-frame time, which is associated with a
backlight color.

14. The liquid crystal display of the claim 11, further com-
prising at least a dummy scan line, during the inversion period
of the common voltage signal, the dummy enabling pulse is
transmitted to the dummy scan line.

15. The liquid crystal display of the claim 14, wherein the
inversion period of the common voltage signal is between the
first period and the second period.

16. The liquid crystal display of the claim 11, wherein the
scan driver is configured to output at least one dummy
enabling pulse during an inversion period of the common
voltage signal.

17. The liquid crystal display of the claim 11, wherein the
scan driver is configured to sequentially output the first and
second enabling pluses to the first and second group of scan
lines respectively with the same or different scan directions.

18. The liquid crystal display of the claim 11, further com-
prising a backlight source configured to be switched on after
transmitting the first and second enabling pulses.

19. The liquid crystal display of the claim 18, wherein the
scan driver is configured to output a plurality of black inser-
tion signals to the pixel units connected to the first group of
scan lines, then output other black insertion signals to the
pixel units connected to the second group of scan lines.

20. The liquid crystal display of the claim 18, wherein the
scan driver is configured to sequentially output a plurality of
black insertion signals to the pixel units connected to the scan
lines.
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