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7) ABSTRACT

Data (gray scale levels of source driver output) of two lines
are compared between an actually charged line and a pre-
charged line for which actual charging and pre-charging are
carried out, respectively, during the same horizontal period.
Based on the result of comparison, a pre-charged period of
the pre-charged line is adjusted by adjusting a pulse width of
a gate driver output. In this way, the pre-charge period is
reduced and thereby overcharge is avoided in pixels which
are likely to be overcharged by the pre-charging.
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LIQUID CRYSTAL DISPLAY AND LIQUID
CRYSTAL DISPLAY DRIVING METHOD

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 61408/
2004 filed in Japan on Mar. 4, 2004, the entire contents of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display that carries out “gate-jumping two-pulse-driving.”

BACKGROUND OF THE INVENTION

[0003] In recent years, a resolution of TFT (Thin Film
Transistor) liquid crystal displays is getting finer and finer.
In this environment surrounding the TFT liquid crystal
display, the available charge time for pixels, which can be
regarded as a kind of a capacitor, is getting shorter. Such
conditions often lead to situations where a sufficient amount
of charge necessary for intended gray scale display cannot
be obtained. The liquid crystal display also has a drawback
that response speed is slow.

[0004] One method to solve such problems is to supply a
gate driver output not only to the TFTs of a line being
charged but also to the TFTs of the line two lines ahead of
the target line, so as to pre-charge a liquid crystal pixel of the
line two lines ahead of the target line prior to actual charging
(hereinafter referred to as “gate-jumping two pulse driv-
ing”), as disclosed in Japanese Laid-Open Patent Publication
134293/1985 (Tokukaisho 60-134293, published on Jul. 17,
1985). Further, in Japanese Laid-Open Patent Publication
232651/1998 (Tokukaihei 10-232651, published on Sep. 2,
1998), it is proposed to delay a start timing of transmitting
a gate output according to rounding of a source driver output
in the “gate-jumping two pulse driving.”

[0005] Applying this method, it is possible to compensate
for inadequate charging resulting from the improved reso-
lution of the TFT liquid crystal display and the higher
driving frequency. A response speed of the TFT liquid
crystal display can also be improved.

[0006] However, in the “gate-jumping two pulse driving,”
the conventional structures mentioned above have a problem
of uneven gray scale display due to overcharging. A specific
example of this is explained below.

[0007] As shown in FIG. 8, in the conventional “gate-
jumping two pulse driving,” exactly the same charge is
supplied to the actually charged line and pre-charged line,
when pre-charging is carried out on TFT liquid crystal pixels
by jumping one line from the actually charged line. This is
because an actually charged pixel and a pre-charged pixel
both lie on the same source line, which makes it impossible
to charge a pixel of the actually charged line with the data
of an intended gray scale level, and at the same time
pre-charge a pixel of the pre-charged line on the same source
line with data of a similar gray scale level.

[0008] When the gray scale display intended for the actu-
ally charged line has a gray scale level that requires a higher
charge voltage than a gray scale level of the gray scale
display intended for the pre-charged line two lines before the
actually charged line, the pre-charging inevitably over-
charges a liquid crystal pixel of the pre-charged line more
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than the intended level, as illustrated in FIG. 9. Note that, in
a gate one pulse mode in which each pixel is charged only
by actual charging without carrying out pre-charging, each
line can be charged according to an intended gray scale
level, and no overcharge occur. As such, normal gray scale
level display is possible.

[0009] In the “gate-jumping two pulse driving,” the over-
charged line by the pre-charging needs to attain an intended
charge level in the actual charge period by discharging the
excess charge gained by the pre-charging. However, in
reality, due to the ON characteristics of the TFT, it is not
always possible to discharge the excess charge. As a result,
the resulting gray scale display becomes look nearly the
same as the one displayed in the previous line two lines
before, i.e., a gray scale level completely different from the
intended level is displayed.

[0010] Because of these problems, the “gate-jumping two
pulse driving” has not come into practical use, though it is
effective in improving a resolution and response speed of the
TFT liquid crystal display in TFT liquid crystal driving.

SUMMARY OF THE INVENTION

[0011] It is an object of the invention to provide a liquid
crystal display that can carry out “gate-jumping two pulse
driving,” which is effective in preventing uneven gray scale
display caused by overcharge in pre-charging, and in
improving a resolution and response speed of the liquid
crystal display.

[0012] To accomplish the object above, the present inven-
tion provides a liquid crystal display in which actual charg-
ing for a current line and pre-charging for a subsequent line
of the current line are carried out during one horizontal
period, and the liquid crystal display includes: a pre-charge
period adjusting section for comparing data respectively
applied to the actually charged line and the pre-charged line
which are charged in the same horizontal period, and adjust-
ing a pre-charge period of the pre-charged line based on a
result of the comparison.

[0013] As mentioned above, in a driving method in which
actual charging for a current line and pre-charging for a
subsequent line (any line following the actually charged
line) are carried out during one horizontal period, a pixel is
charged twice by pre-charging and actual charging. Though
the driving method is effective in improving a resolution and
response speed of the liquid crystal display in TFT liquid
crystal driving, it can cause uneven gray scale display by the
overcharge due to pre-charging.

[0014] To solve the problem, in the structure mentioned
above, data respectively applied to the actually charged line
and the pre-charged line which are charged in the same
horizontal period are compared (a charge level of pre-
charging and a charge level of actual charging are compared
with respect to the same pixel), and a pre-charge period of
the pre-charged line is adjusted based on the result of
comparison. To be precise, the adjustment of a pre-charge
period reduces the pre-charge period and thereby avoid
overcharge in pixels which are likely to be overcharged by
pre-charging. This effectively improves a resolution and
response speed of the liquid crystal display while preventing
uneven gray scale display caused by overcharge due to
pre-charging.
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[0015] To accomplish the object mentioned above, the
present invention provides a liquid crystal display in which
actual charging of a current line and pre-charging of a
subsequent line of the actually charged line are carried out
during one horizontal time, wherein two kinds of clock
signals, a first clock signal for setting an actual charge period
for each line, and a second clock signal for setting a
pre-charge period for each line, are used to drive a gate line,
and wherein a pulse width of the second clock signal is
adjusted for every driving of a gate line, so as to bring about
a corresponding change in the pre-charge period.

[0016] With the structure mentioned above, the charge
period is controlled by using different gate clock signals for
the actually charge line and pre-charged line of the same
horizontal period. Thus, the amount of charge for the actu-
ally charged pixel and pre-charged pixel connected to the
same source line can be independently controlled without
increasing the number of source lines. This is effective in
improving a resolution and response speed of the liquid
crystal display while preventing uneven gray scale display
caused by overcharge due to pre-charging.

[0017] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a timing chart representing a driving
method of a liquid crystal display in one embodiment of the
present invention.

[0019] FIG. 2 is a block diagram schematically showing
a structure of the liquid crystal display.

[0020] FIG. 3 is a block diagram schematically showing
a structure of a LCD timing controller of the liquid crystal
display.

[0021] FIG. 4 is a diagram comparing lines in the LCD
timing controller.

[0022] FIG. 5 is a diagram illustrating how GCK2 is
generated in the LCD timing controller.

[0023] FIG. 6 is a timing chart representing operation
timings of the LCD timing controller.

[0024] FIG. 7 is a waveform diagram representing opera-
tion timings of the LCD timing controller.

[0025] FIG. 8 is a timing chart representing an operation
of conventional “gate-jumping two pulse driving.”

[0026] FIG. 9 is a diagram illustrating a principle by
which a problem of a conventional “gate-jumping two pulse
driving” is caused

DESCRIPTION OF THE EMBODIMENTS

[0027] An exemplary embodiment of the present inven-
tion is explained below referring to the attached drawings.
First, referring to FIG. 2, an exemplary system structure of
a liquid crystal display embodying the present invention is
explained.

[0028] As illustrated in FIG. 2, a liquid crystal display
embodying the present invention includes a liquid crystal
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display panel 10, a gate driver 20, a source driver 30, an
LCD timing controller 40, and a power supply circuit block
50.

[0029] The liquid crystal display panel 10 is a regular TFT
liquid crystal display panel in which a plurality of gate lines
and source lines are disposed intersecting each other, and a
pixel is connected through TFT at each intersection of gate
lines and source lines. Note that, in FIG. 2, the gate lines,
source lines, TFTs and pixels are omitted from the liquid
crystal display panel 10.

[0030] The gate driver 20 provides a scanning signal to a
gate of each TFT through the gate lines. The source driver
30 provides a data signal to the pixels through the source
lines and TFTs. The gate driver 20 and the source driver 30
can be used to drive a larger number of gate lines or source
lines by connecting a plurality of drivers in a cascade
connection.

[0031] The LCD timing controller 40 receives LCD input
signals, including GSP (a gate start pulse signal), GCK1 (a
gate clock signal), SSP (a source start pulse signal), SCK (a
source clock signal) and a data signal. The LCD timing
controller 40 outputs GSP and GCK1 to the gate driver 20.
The LCD timing controller outputs SSP, SCK and a data
signal to the source driver 30. Further, the LCD timing
controller 40 generates GCK2 (a gate clock signal) using the
data signal, and outputs GCK2 to the gate driver 20.

[0032] The power supply circuit block 50 supplies input
power for GD (gate driver) to the gate driver 20, and input
power for SD (source driver) to the gate driver 30.

[0033] The liquid crystal display carries out “gate-jump-
ing two pulse driving” using GCK1 and GCK2 which are
supplied to the gate driver 20. Here, GCK1 is a clock signal
for controlling a gate output for a target line being actually
charged. As with a conventional GCK, the GCK1 is a pulse
signal with a constant cycle. GCK2 is also a clock signal for
controlling a gate output for a target line being pre-charged.

[0034] The liquid crystal display controls the duty of a
pre-charge period by making the pulse width of GCK2
variable for each target line, so as to prevent the conven-
tional overcharge that occurs in a pre-charge period.

[0035] Referring to FIG. 1, a basic principle of a driving
method of the liquid crystal display is explained below. In
FIG. 1, the driving method is explained by considering only
one particular source line.

[0036] In FIG. 1, the GD output n indicates an output
pulse to an nth gate line. For each GD output, a pulse period
for actual charging is set by GCK1, and a pulse period for
pre-charging is set by GCK2.

[0037] InFIG. 1, the SD output is an output for the source
line of concern, and provides a gray scale display level to
each pixel. Each pulse in the SD output corresponds to a
gray scale display level of a pixel connected to the gate line
being actually charged. Note that, the pulses shown in FIG.
1 correspond to only the second to fifth gate lines (lines 2 to
5), and pulses corresponding to other lines are omitted.

[0038] The following considers an actual charging period
(t2) for the second gate line. In this actual charging period,
pre-charging is carried out for the forth gate line at the same
time. The pre-charging for the forth gate line is carried out
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at a voltage corresponding to a gray scale display level of a
pixel connected to the second gate line.

[0039] Comparing the charge voltage of pre-charging
(pulse voltage of SD output in t2) for the forth gate line and
the charge voltage of actual charging (pulse voltage of SD
output in t4) of the forth gate line, the charge voltage for
pre-charging is higher. It is apparent from this that over-
charge will result if the pre-charging for the forth gate line
were carried out at the same maximum duty as in the actual
charging.

[0040] To prevent such overcharging in pre-charging, in
the liquid crystal display of the present embodiment, the
duty of the pre-charging pulse in the GD output for the forth
line is adjusted. Namely, during time t2 in which pre-
charging is carried out for the forth line, a pulse width of
GCK2 for setting a pre-charge period is shortened. (Note
that, FIG. 1 illustrates pulses only for the forth and fifth gate
lines (lines 4 to §), and pulses for other lines are omitted.)
This prevents overcharge due to pre-charging, even when
the charge voltage for pre-charging is higher than the charge
voltage for actual charging.

[0041] The following considers the fifth gate line. Com-
paring the charge voltage of pre-charging (pulse voltage of
SD output in time t3) and the charge voltage of actual
charging (pulse voltage of SD output in time t5), the charge
voltage of actual charging is higher. In this case, it is
unnecessary to shorten the pre-charge period, because over-
charging does not occur even when the pre-charging is
carried out at the same maximum duty as in the actual
charging (it is possible to carry out pre-charging at the
maximum duty).

[0042] Tt should be noted, however, that this applies when
only one particular source line is considered. Namely, in an
actual liquid crystal display, there are multiple source lines
intersecting each gate line. (Multiple pixels are connected to
each gate line.) Therefore, when pre-charging is carried out
at the maximum duty for a certain gate line, it is perfectly
possible that overcharging occurs in a pixel connected to a
certain source line while it does not occur in pixels of other
source lines. In this case, it is necessary to adjust the duty of
a pre-charge period so as to prevent overcharging in all
pixels. In other words, pre-charging can be carried out at the
maximum duty only when the following relation is satisfied
by all pixels connected to a certain gate line:

(actual charge voltage)Z(pre-charge voltage).

[0043] By adjusting the duty of a pre-charge period to
prevent overcharge in all pixels, the pre-charge period also
becomes shorter in pixels in which overcharging does not
occur even at the maximum duty. However, even in such
pixels, pre-charging helps to achieve the supposed voltage
faster, even though the extent of the effect may differ from
one pixel to another. Therefore, the “gate-jumping two pulse
driving” is effective in providing better resolution and
improving response speed.

[0044] Next, referring FIGS. 3 and §, a method to gen-
erate GCK2 in the LCD timing controller 40 is explained.

[0045] As illustrated in FIG. 3, the LCD timing controller
40 includes a line memory 41 for two lines, a memory gray
scale comparing section 42, a gray scale difference register
43, a GCK2-generating section 44, and a GCK2-generating
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LUT 45 (Look Up Table). The line memory 41, the memory
gray scale comparing section 42, the gray scale difference
register 43 are provided in two sets, one for the odd-
numbered lines and one for the even-numbered lines.

[0046] In the LCD input signals that are input into the
LCD timing controller 40, the data signal is written in the
line memory 41 for data of one line. Here, data signals for
odd-numbered lines are written in the line memory 41 for
odd-numbered lines, and data signals for even-numbered
lines are written in the line memory 41 for even-numbered
lines. Because the line memory 41 has a storage area for two
lines, a data signal of the latest line and a data signal of the
line two lines before are always stored in each of the line
memories 41 for odd-numbered lines and even-numbered
lines. This makes it possible to compare data of the two
lines.

[0047] The comparison of the data signal of the latest line
and the data signal of the line two lines before is carried out
in the memory gray scale comparing section 42. The opera-
tion of comparing data is explained as follows, referring to
FIG. 4. In FIG. 4, it is assumed that a line memory 1 stores
a data signal of the line two lines before, and that a line
memory 2 stores a data signal of the latest line. Further, for
simplicity, one line is assumed to have six data (six source
lines intersect one gate line).

[0048] In the memory gray scale comparing section 42,
the difference between data (a gray scale level) of the line
two lines before and data (a gray scale level) of the latest line
on the same source line is calculated. A difference of gray
scale data is calculated for all source lines. In the example
illustrated in FIG. 4, the difference values corresponding to
the source lines of addresses 0 to 3 are 0 or less. Thus, in
these source lines, the amount of charge stored in the latest
gate line storing the data signal is greater for the gray scale
level of the actual charging than for the gray scale level of
the pre-charging. This means that overcharging will not
oceur in the pre-charged line.

[0049] On the other hand, difference values corresponding
to the source lines of addresses 4 and 5 are 190 and 254. In
these source lines, the amount of charge stored in the latest
gate line storing the data signal is less for the gray scale level
of the actual charging than for the gray scale level of the
pre-charging. Further, because the difference value 254
corresponding to the source line of address 5 is greater, the
maximum overcharge caused by pre-charging carried out at
the maximum duty occurs at the pixel corresponding to the
source line of address 5. The difference value that causes the
maximum overcharge is stored in the gray scale difference
register 43.

[0050] To explain more specifically, between two gate
lines, the memory gray scale comparing section 42 carries
out pixel-wise comparison of gray scales on the same source
line. The comparison is carried out successively from the
first address to the last address. The difference in gray scale
level calculated by comparison for the first address is stored
in the gray scale difference register 43. The differences in
gray scale level of the subsequent addresses are compared
one after another with the gray scale difference currently
stored in the gray scale difference register 43. When the
compared value is greater than the stored gray scale differ-
ence, the stored value in the gray scale difference register 43
is updated. In this way, at the end of comparison of the gray
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scale levels for all addresses or all source lines, the largest
gray scale level difference in the compared two lines is
stored in the gray scale difference register 43.

[0051] When the comparison of gray scale levels between
the compared two lines is finished, the GCK2-generating
section 44 sets a pulse width of GCK2, so as to prevent
overcharging in a pre-charge period of a target line. This is
carried out by using the overcharge-causing maximum dif-
ference value stored in the gray scale difference register 43,
and the GCK2-generating LUT 45. Referring to FIG. §, a
setting method is explained below.

[0052] As is illustrated in FIG. 5, the GCK2-generating
LUT 45 stores stored values of the register (that is, over-
charge-causing maximum difference values stored in the
gray scale difference register 43), and reset timings of
GCK2, respectively corresponding to each other. The GCK2
reset timing is given, for example, according to the clock
count in a reference clock.

[0053] In the GCK2 generated in the GCK2-generating
section 44, a charge time (pulse period) for each gate line is
set using a horizontal synchronous signal HS and a reference
clock. To be more precise, the reference clock starts count-
ing (horizontal counter) in response to an input of a hori-
zontal synchronous signal, and a start point of a GCK2 pulse
(GCK2 SET point) is set when the counter reaches a
predetermined count (a fixed value).

[0054] The end point of the GCK2 pulse (GCK2 RESET
point) is set using a GCK2 reset timing read from the
GCK2-generating LUT4S. In the example illustrated in
FIGS. 4 and 5, the count value for the GCK2 reset timing
is b, because the overcharge-causing maximum difference
value stored in the gray scale difference register 43 is 254.

[0055] Note that, in the foregoing operation of the GCK2-
generating section 44, the start point of the GCK2 pulse is
fixed and the end point is variable. On the other way around,
it also works to make the start point variable and the end
point fixed.

[0056] As understood by the explanation above, pre-
charging for a given gate line is carried out at the same time
as the actual charging for the line two lines before. However,
at this time, the duration of the pre-charge period cannot be
determined until data for the pre-charged line is supplied.
Referring to FIGS. 6 and 7, the following describes opera-
tion timings of the respective processes carried out by the
LCD timing controller 40.

[0057] First, during a time period in which data for line 1
is input to the LCD timing controller 40, the data for line 1
is written in the line memory 41 for odd-numbered lines (in
one of the line memory spaces for two lines). During a time
period in which data for line 2 is input, the data for line 2 is
written in the line memory 41 for even-numbered lines.

[0058] Next, during a time period in which data for line 3
is input to the LCD timing controller 40, the data for line 3
is written in the line memory 41 for odd-numbered lines (in
the other line memory space in which the data for line 1 is
not written). At the same time, the data for line 3 is compared
with the data for line 1 that has been already stored.
Accordingly, at the time when the writing of the data for line
3 in the line memory 41 is finished, the gray scale difference
register 43 is storing the overcharge-causing maximum
difference value obtained by the comparison of the data for
line 1 and the data for line 3.
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[0059] Inthe same way, during a time period in which data
for line 4 is input to the LCD timing controller 40, the data
for line 4 is written in the line memory 41 for even-
numbered lines, and the data for line 2 and the data for line
4 are compared.

[0060] Further, during a time period in which the data for
line 4 is written in the LCD timing controller 40, GCK1 for
carrying out actual charging to line 1, and GCK2 for
carrying out pre-charging to line 3 are output to the gate
driver, and the line 1 data stored in the line memory 41 is
output to the source driver. At this time, a pulse width of
GCK2 for carrying out pre-charging to line 3 can be deter-
mined because the difference value obtained by the com-
parison of the data for line 1 and data for line 3 has already
been stored in the gray scale difference register 43.

[0061] By repeating these processes in order, the “gate-
jumping two pulse driving” of the present invention can be
carried out. For lines 1 and 2, pre-charge is carried out
during the actual charge periods of the last two lines of a
preceding frame.

[0062] As described above, in a liquid crystal display of
the present embodiment, actual charging for a current line
and pre-charging for a subsequent line of the current line are
carried out during one horizontal period, and the liquid
crystal display includes: a pre-charge period adjusting sec-
tion for comparing data respectively applied to the actually
charged line and the pre-charged line which are charged in
the same horizontal period, and adjusting a pre-charge
period of the pre-charged line based on a result of the
comparison.

[0063] As mentioned above, in a driving method in which
actual charging for a current line and pre-charging for a
subsequent line (any line following the actually charged
line) are carried out during one horizontal period, a pixel is
charged twice by pre-charging and actual charging. Though
the driving method is effective in improving a resolution and
response speed of the liquid crystal display in TFT liquid
crystal driving, it can cause uneven gray scale display by the
overcharge due to pre-charging.

[0064] To solve the problem, in the structure mentioned
above, data respectively applied to the actually charged line
and the pre-charged line which are charged in the same
horizontal period are compared (a charge level of pre-
charging and a charge level of actual charging are compared
with respect to the same pixel), and a pre-charge period of
the pre-charged line is adjusted based on the result of
comparison. To be precise, the adjustment of a pre-charge
period reduces the pre-charge period and thereby avoid
overcharge in pixels which are likely to be overcharged by
pre-charging. This effectively improves a resolution and
response speed of the liquid crystal display while preventing
uneven gray scale display caused by overcharge due to
pre-charging.

[0065] The liquid crystal display may be adapted to
include: a storing section for storing data supplied to a
current line, and holding the data until there is an input of
data to a subsequent line which is pre-charged at the same
time as the actual charging of the current line; a comparing
section for comparing, based on the stored data in the storing
section, data respectively applied to the actually charged line
and the pre-charged line which are charged in the same
horizontal period; and a setting section for reducing the
pre-charge period so as to prevent overcharge in all pixels of
the pre-charged line, when a result of comparison by said
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comparing section finds that a greater charge is required for
a pixel on the actually charged line than for a pixel on the
pre-charged line.

[0066] Further, the liquid crystal display may be adapted
so that the comparing section compares data between pixels
of the same source line for all pixels of the two lines being
compared, and detects a pixel in which a charge level of the
actual charging exceeds a charge level of the pre-charging
with a greatest level difference; and the setting section sets
a pre-charge period based on a setting parameter, which is a
pre-charge period setting parameter corresponding to the
level difference detected by said comparing section and is
read from a table which stores the level difference, and, the
setting parameter in a corresponding manner beforehand.

[0067] With the foregoing structure, the pre-charge period
adjusting means can be specifically implemented.

[0068] Further, in a liquid crystal display of the present
embodiment, actual charging of a current line and pre-
charging of a subsequent line of the actually charged line are
carried out during one horizontal time, wherein two kinds of
clock signals, a first clock signal for setting an actual charge
period for each line, and a second clock signal for setting a
pre-charge period for each line, are used to drive a gate line,
and wherein a pulse width of the second clock signal is
adjusted for every driving of a gate line, so as to bring about
a corresponding change in the pre-charge period.

[0069] With the structure mentioned above, the charge
period is controlled by using different gate clock signals for
the actually charge line and pre-charged line of the same
horizontal period. Thus, the amount of charge for the actu-
ally charged pixel and pre-charged pixel connected to the
same source line can be independently controlled without
increasing the number of source lines. This is effective in
improving a resolution and response speed of the liquid
crystal display while preventing uneven gray scale display
caused by overcharge due to pre-charging.

[0070] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:

1. A liquid crystal display in which actual charging of a
current line and pre-charging of a subsequent line of the
actually charged line are carried out during one horizontal
period,

said liquid crystal display comprising:

a pre-charge period adjusting section for comparing data
respectively applied to the actually charged line and the
pre-charged line which are charged in the same hori-
zontal period, and adjusting a pre-charge period of the
pre-charged line based on a result of the comparison.

2. The liquid crystal display as in claim 1, wherein the

pre-charge period adjusting section includes:

astoring section for storing data supplied to a current line,
and holding the data until there is an input of data to a
subsequent line which is pre-charged at the same time
as the actual charging of the current line;
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a comparing section for comparing, based on the stored
data in the storing section, data respectively applied to
the actually charged line and the pre-charged line which
are charged in the same horizontal period; and

a setting section for reducing the pre-charge period so as
to prevent overcharge in all pixels of the pre-charged
line, when a result of comparison by said comparing
section finds that a greater charge is required for a pixel
on the actually charged line than for a pixel on the
pre-charged line.

3. The liquid crystal display as in claim 2,

wherein said comparing section compares data between
pixels of the same source line for all pixels of the two
lines being compared, and detects a pixel in which a
charge level of the pre-charging exceeds a charge level
of the actual charging with a greatest level difference,
and

wherein said setting section sets a pre-charge period based
on a selting parameter, which is a pre-charge period
setting parameter corresponding to the level difference
detected by said comparing section and is read from a
table which stores the level difference and the setting
parameter in a corresponding manner beforehand.

4. A liquid crystal display in which actual charging of a
current line and pre-charging of a subsequent line of the
actually charged line are carried out during one horizontal
time,

wherein two kinds of clock signals, a first clock signal for
setting an actual charge period for each line, and a
second clock signal for setting a pre-charge period for
each line, are used to drive a gate line, and

wherein a pulse width of the second clock signal is

adjusted for every driving of a gate line, so as to bring

about a corresponding change in the pre-charge period.

5. A driving method of a liquid crystal display in which

actual charging of a current line and pre-charging of a

subsequent line of the actually charged line are carried out
during one horizontal time,

said driving method comprising the step of:

comparing data respectively applied to the actually
charged line and the pre-charged line which are charged
in the same horizontal period, and adjusting a pre-
charge period of the pre-charged line based on a result
of the comparison.

6. A driving method of a liquid crystal display in which
actual charging of a current line and pre-charging of a
subsequent line of the actually charged line are carried out
during one horizontal time,

said driving method comprising the steps of:

driving a gate line by using two kinds of clock signals, a
first clock signal for setting an actual charge period for
each line, and a second clock signal for setting a
pre-charge period for each line; and

adjusting a pulse width of the second clock signal for
every driving of a gate line, so as to bring about a
corresponding change in the pre-charge period.

L S S T



THMBW(EF)

patsnap
BRERSENERERENRN G E

US20050195671A1 NI (»&E)B 2005-09-08

US11/070240 RiEH 2005-03-03

#RERE(FEFRN)AGE) HEMINORU
i (E R AGR) HEMINORU

HAHRBHEIRAE) EEHRAatt

FRI& B A
RAAN
IPCH %S

CPCH¥S

L5
H 2T SR
SAERGERE

BEGF)

HEARRKFEHIE , EXEGFERELMATBL 2 B LRFRLVE
& (RIS ERMEHNESR ) , EMARL LD BIHITRERR BT
. ETHRER , B BTN R H HN P RER B RFE
BANTA LR, UXFAR , BD THFTERER , NT#% T ER
REHMAELTBNBETHI TR,

TAGUCHI MINORU

TAGUCHI, MINORU

G02F1/133 G09G3/20 G09G3/36 G11C7/00

GO02F1/13306 G02F1/1362 G09G3/3648 G09G2320/0252 G09G3/3688 G09G2310/0251 G09G2320
/0233 G09G3/3677

2004061408 2004-03-04 JP

US7486264

Espacenet USPTO

LINE 1 LINE 2 LINE 3 LINE
Gekt ML L orver LI e
i
|

]

GsP L

GD OUTPUT 1 N 7

GD OUTPUT 2

GD OUTPUT 3 N
GD OUTPUT 4
GD OUTPUT 5 N
LINE 2 LINE 3 LINE 4 LINE 5
sooutPUT — 1
GCK2 I_FNE j4 LINE 5 ;
-+-PRE-CHARGING &8 8y

P cmwirer mirimmnin


https://share-analytics.zhihuiya.com/view/b577d728-7a3d-46a5-8edd-b7c48d5333bb
https://worldwide.espacenet.com/patent/search/family/034909234/publication/US2005195671A1?q=US2005195671A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050195671%22.PGNR.&OS=DN/20050195671&RS=DN/20050195671

