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LIQUID CRYSTAL DISPLAY DEVICE AND A
METHOD FOR DRIVING THEREOF

BACKGROUND

[0001] A liquid crystal display (LCD) modulates light
flow by rotating the alignment of liquid crystal molecules to
control the amount of light which enters a polarizing filter
film with a vertical (or horizontal) axis and passes through
another polarizing filter film with a horizontal (or vertical)
axis. The liquid crystal molecules are aligned between the
two polarizing filter films and the axis of the filters may be
perpendicular or parallel from each other. Here, the rotation
of the liquid crystal molecules is modulated by the electrical
setting because each liquid crystal molecule is aligned along
with an electric field which can be made by the electrical
setting for an individual pixel. Various kinds of the electrical
settings have been developed, but generally, the rotation
angle and speed are decided by the voltage level of the
electric field. Thus, the voltage decides the gray scale level
of each LCD pixel.

[0002] Generally, the voltage for the gray scale level is
called a driving or data driving voltage. FIG. 1 shows the
relationship between the driving voltage and the gray scale
level. As shown in FIG. 1, the driving voltage may have
either positive or negative polarity to display a same gray
scale because the liquid crystal may rotate to either direction
with the same manner of the light control. Usually, the
voltage which is higher than the common voltage (V0)
becomes a voltage of positive polarity, and a voltage which
is lower than V0 becomes a voltage of negative polarity.
[0003] One of the key issues with LCDs is that the rotation
speed of liquid crystal molecules is relatively slow, below
the image refresh rate (frame rate). For example, in the case
of Amorphous Silicon (a-Si) TFT-LCD, the mobility of a-Si
is approximately 0.3-0.5 (cm/Vs), which is not sufficient
when a scene is changing fast or there is a fast moving
objects on the scene (the scene is blurred or the object can
be disappeared from the scene). Usually, each LCD pixel is
modeled as a capacitor where the full rotation time of liquid
crystal molecules is considered as a full charging time of the
capacitor model. Thus, the above issue is generally known
as a “short charge time” or “short response time” of a pixel.
Also, sometimes, the voltage which is charged in the capaci-
tor model is called as a potential.

[0004] Various solutions have been developed to solve the
short charge time problem. One of the solutions is compen-
sating the charge time of the pixel by overdriving the pixel
with initial high pre-charge voltage. Here, the initial high
voltage should be higher than the real data voltage of the
target gray scale level. After the initial high pre-charge
voltage, the voltage should be modulated as the gray scale
of the pixel approaches the target level. The initial high
voltage enables the rotation of liquid crystals to be faster,
and then the voltage should be eased off as it reaches the
target gray scale level.

[0005] FIG. 2 shows a comparison of the cases where
there is a short charged pixel without the initial high
pre-charge voltage and a fully charged pixel with the initial
high pre-charge voltage. The left case of FIG. 2 shows that
the pixel is not charged enough to display the target gray
scale level due to the limited horizontal period (1H: one
horizontal period) and the characters are blurred on the
screen. On the other hand, the one on the right shows that the
pixel is charged enough to display the target scale level
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within the same horizontal period (1H) and the characters on
the screen are sharper than the left one through applying the
initial high pre-charge voltage.

[0006] However, this conventional initial high pre-charge
voltage has some disadvantages. First, the conventional
initial high pre-charge voltage requires relatively high volt-
age. Further, in the conventional initial high pre-charge
voltage, too much high voltage may cause the pixel to
display a wrong target gray scale level and the voltage needs
to be reduced before this happens. Also, a data driver with
double speed is required because the horizontal period (1H)
should be divided into a pre-charge period and a real data
period for a pixel.

[0007] Also, as shown in FIG. 3, when one color image
which is an intermediate gray scale level is displayed after
both white and black (maximum and minimum gray scale
levels) are displayed at the same frame during some period,
an “after image” occurs on a boundary between the white
and black images. The detail explanation why the after
image occurs is to be discussed below.

[0008] Therefore, exemplary objects of the present disclo-
sure involve solving the above problems by compensating
the pixel charge time with half driving speed of the con-
ventional driving method without the initial high charging
voltage. Also, an additional object of the present disclosure
is to solve the after image problem.

SUMMARY

[0009] According to at least one exemplary embodiment,
a liquid crystal display (LCD) device and a method for
driving an LCD may be shown described. Such a device and
method may enable each LCD pixel to be selectively and
concurrently charged up to an intended gray scale level at
the end of horizontal period without initial high pre-charging
voltage. Also, the device and method may enable each LCD
pixel to avoid side effects, such as an after image.

[0010] SuchaLCD device may include a plurality of LCD
pixels in a matrix: a driver that inputs a drive signal to each
LCD pixel of the plurality of LCD pixels; a controller that
controls a level and a polarity of the drive signal; and a
memory storing a plurality of corrected charge voltage
values. Further, each LCD pixel in the plurality of LCD
pixels is provided with the drive signal based on the cor-
rected charge voltage values for the corresponding LCD
pixel during the entirety of a horizontal period, and wherein
the corrected charge voltage value has a predetermined
value corresponding to a charge for an intended gray scale
level of the LCD pixel at the end of the horizontal period.
Also, in the display device, the corrected charge voltage
value has the predetermined value that of the LCD pixel to
be charged up to the intended gray scale level at the end of
the horizontal period without an over shooting of the drive
signal. Further, in the display device, the driver inputs the
drive signal to each LCD pixel in the plurality of LCD pixels
selectively. Additionally, in the display device, an absolute
value of the corrected charge voltage value is less for a
predetermined gray scale level when the polarity of the drive
signal is a negative than the absolute value of the corrected
charge when the polarity of the drive signal is a positive for
the predetermined gray scale level.

[0011] In another exemplary embodiment, the memory
may further include a plurality of look up tables having
positive corrected charge voltage values and negative cor-
rected charge voltage values of the corrected charge voltage
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values based on a polarity of a driving voltage, a pixel
location, and a temperature of the display, wherein the
controller controls the level of the drive signal depending on
an absolute value of the corrected charge voltage values.

[0012] Also, the memory may further include at least one
of a positive and negative lookup table pair having a
plurality of positive and negative corrected charge voltage
values, a plurality of starting gray scale levels from a
minimum level to a maximum level, and a plurality of target
gray scale levels from a minimum level to a maximum level.
In this exemplary embodiment, the starting gray scale level
is a gray scale level of the LCD pixel on a previous
horizontal period and the target gray scale is a gray scale
level of the LCD pixel on a current horizontal period, the
controller controls the driver to input a corrected charge
voltage value as the drive signal to the LCD pixel through
use of the positive lookup table when the polarity of the
driving signal has a positive charge and the negative lookup
table when the polarity of the driving signal has a negative
charge, at least one of the positive and negative corrected
charge voltage values in the lookup table are determined by
each starting gray scale level and each target gray scale
level, and, when the target gray scale level of the negative
lookup table is at the brightest level, the corrected charge
voltage value is a predetermined negative corrected charge
voltage value that is sufficient to avoid an after image.

[0013] In still another exemplary embodiment, when a
target gray scale of a first pixel and a second pixel is at the
brightest level, the controller may control the driver to input
a first corrected charge voltage as the drive signal to the first
pixel and to input a second corrected charge voltage as the
drive signal to the second pixel, wherein the polarity of the
drive signal is a positive for the first pixel and the polarity
of the drive signal is a negative for the second pixel, and
wherein the first pixel displays a predetermined lumines-
cence with the first corrected charge voltage and the second
pixel displays the predetermined luminescence with the
second corrected charge voltage.

[0014] In another exemplary embodiment, a method for
driving LCD may be described. Such a method may include
storing a plurality of corrected charge voltage values for
pixels in a memory; determining a pixel location; determin-
ing the corrected charge voltage value for the pixel from the
memory; and applying one of a positive or a negative
corrected charge voltage to the pixel during a horizontal
period based on the pixel location and the corrected charge
voltage value. In the method the plurality of corrected
charge voltage values can include a plurality of positive
corrected charge voltage values and a plurality of negative
corrected charge voltage values, and the negative corrected
charge voltage value and the positive corrected charge
voltage value each have a predetermined value of the pixel
to be charged up to an intended gray scale level at the end
of the horizontal period, the negative corrected charge
voltage value has an absolute value less than or equal to the
positive corrected charge voltage value for a same gray scale
level, and, when applying one of the positive or the negative
corrected charge voltage, the pixel is charged during the
entirety of the horizontal period without an over shooting of
the positive or the negative corrected charge voltage,
wherein the starting gray scale level is a gray scale level of
the LCD pixel on a previous horizontal period and the target
gray scale is the gray scale level of the LCD pixel on a
current horizontal period, wherein, when the target gray
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scale is at the brightest level, the corrected charge voltage
value is a predetermined negative corrected charge voltage
value that is sufficient to avoid an after image, and wherein
a plurality of the pixel locations are determined concurrently
and a plurality of the pre-charge values are determined
concurrently, and a plurality of positive or negative pre-
charge voltages are applied concurrently depending on an
external image source.

[0015] Also, the method may further include checking
whether a first pixel and a second pixel are to be charged to
the brightest gray scale level; determining a first corrected
charge voltage value for the first pixel and a second cor-
rected charge voltage value for the second pixel; and apply-
ing a first corrected charge voltage to the first pixel accord-
ing to the first corrected charge voltage value and a second
corrected charge voltage to the second pixel according to the
first second charge voltage value, wherein the polarity of the
first corrected charge voltage is a positive and the polarity of
the second corrected charge voltage is a negative, and
wherein the first pixel displays a predetermined lumines-
cence with the first corrected charge voltage and the second
pixel displays the predetermined luminescence with the
second corrected charge voltage.

BRIEF DESCRIPTION OF THE FIGURES

[0016] Advantages of embodiments of the present appli-
cation will be apparent from the following detailed descrip-
tion of the exemplary embodiments thereof, which descrip-
tion should be considered in conjunction with the
accompanying drawings in which like numerals indicate like
elements, in which:

[0017] FIG. 1 is a graph illustrating the relationship
between the voltage and the gray scale level;

[0018] FIG. 2 is a schematic waveforms showing a com-
parison of the cases: (1) a short charged pixel without the
initial high pre-charge voltage; and (2) a fully charged pixel
with the initial high pre-charge voltage;

[0019] FIG. 3 is a view showing an exemplary display of
the after image;

[0020] FIG. 4 shows schematic waveforms showing a
comparison of the cases where: (1) the driving of a pixel
with the conventional initial high pre-charge voltage; and (2)
the driving of a pixel with the corrected charge voltage
according to an exemplary embodiment;

[0021] FIG. 5is an exemplary block diagram showing an
LCD driving system according to an exemplary embodi-
ment;

[0022] FIG. 6 is a schematic waveforms showing a com-
parison of the cases where: (1) the target gray scales are the
intermediate level; and (2) the target gray scales are the
brightest level according to an exemplary embodiment;
[0023] FIG. 7A provides exemplary look up tables show-
ing the corrected charge voltage data as a gray scale value
as an ideal case;

[0024] FIG. 7B provides exemplary look up tables show-
ing the corrected charge voltage data as a gray scale value
as a real case;

[0025] FIG. 7C provides exemplary look up tables show-
ing the corrected charge voltage data as a gray scale value;
[0026] FIG. 7D provides exemplary look up tables show-
ing the corrected charge voltage data as a voltage value;
[0027] FIG. 8Ais a schematic view illustrating the state of
the after image;
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[0028] FIG. 8B is a schematic view illustrating the state
that the after image is solved according to an exemplary
embodiment.

DETAILED DESCRIPTION

[0029] Aspects of the invention are disclosed in the fol-
lowing description and related drawings directed to specific
embodiments of the application. Alternate embodiments
may be devised without departing from the spirit or the
scope of the invention. Additionally, well-known elements
of exemplary embodiments of the application will not be
described in detail or will be omitted so as not to obscure the
relevant details of the embodiments. Further, to facilitate an
understanding of the description discussion of several terms
used herein follows.

[0030] As used herein, the word “exemplary” means
“serving as an example, instance or illustration.” The
embodiments described herein are not limiting, but rather
are exemplary only. It should be understood that the
described embodiments are not necessarily to be construed
as preferred or advantageous over other embodiments.
Moreover, the terms “embodiments of the invention”,
“embodiments” or “invention” do not require that all
embodiments of the invention include the discussed feature,
advantage or mode of operation.

[0031] Further, many of the embodiments described
herein are described in terms of sequences of actions to be
performed by, for example, elements of a computing device.
It should be recognized by those skilled in the art that the
various sequences of actions described herein can be per-
formed by specific circuits (e.g. application specific inte-
grated circuits (ASICs)) and/or by program instructions
executed by at least one processor. Additionally, the
sequence of actions described herein can be embodied
entirely within any form of computer-readable storage
medium such that execution of the sequence of actions
enables the at least one processor to perform the function-
ality described herein. Furthermore, the sequence of actions
described herein can be embodied in a combination of
hardware and software. Thus, the various aspects of the
present application may be embodied in a number of dif-
ferent forms, all of which have been contemplated to be
within the scope of the claimed subject matter. In addition,
for each of the embodiments described herein, the corre-
sponding form of any such embodiment may be described
herein as, for example, “a computer configured to” perform
the described action.

[0032] According to an exemplary embodiment, and refer-
ring to the Figures generally, a liquid crystal display (LCD)
device and a method for driving an LCD may be provided.
According to one exemplary embodiment, the device and
the method may enable each display pixel to be selectively
and concurrently charged up to an intended gray scale level
at the end of horizontal period without initial high pre-
charging voltage. Also, the device and the method may
enable cach display pixel to avoid side effects such as an
after image. The device and the method may save the pixel
charging time in half compared to the conventional initial
high pre-charge voltage driving and may reduce the number
of drivers in half.

[0033] Turning now to exemplary FIG. 4, FIG. 4 compares
the cases of the driving pixel with the conventional initial
high pre-charge voltage driving 401; and the driving pixel
with the corrected charge voltage 402, according to an
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exemplary embodiment. As shown in FIG. 4, the corrected
charge voltage driving 402 may reduce the actual comple-
mentary voltage by applying the corrected charge voltage
408 during the entirety of the horizontal period 406 (1H)
without the initial high pre-charging voltage 403. Here, the
initial high pre-charging voltage is also known as an over
shooting of the voltage or an over-driving. The corrected
charge voltage 408 is higher than the real data voltage for the
target gray scale level 405, but lower than the initial high
voltage 403 of the conventional driving method.

[0034] Inanexemplary embodiment, the horizontal period
is the period for the pixel to be charged. Referring to
exemplary FIG. 8A, to help provide an understanding of the
horizontal period and the pixel charging mechanism, gen-
erally, the LCD pixels may be arranged in matrix where the
pixels may be connected via a data line 801 vertically and
also connected via a gate line 802 horizontally. The pixels
connected vertically by the data line 801 are charged in the
order of the data line direction. Each pixel is charged during
each corresponding horizontal period which is in sync with
the gate on signal. The gate on signal is from a gate driver
and each pixel is connected horizontally to the gate driver
via the gate line 802.

[0035] Referring back to FIG. 4, a driver (the driver may
be known as a data driver or a source driver which applies
a writing voltage on the pixels for the image) inputs the
corrected charge voltage 408 as a drive signal 404 via the
data line to each pixel selectively and the drive signal 404
may be decided by corrected charge voltage value which
stored in a memory. A controller may control the level and
the polarity of the drive signal 404 based on the absolute
value of the corrected charge voltage values in the memory.
The driver inputs the drive signal 404 as the predetermined
charge voltage value during the entirety of the horizontal
period 406 without the over shooting 407. Here, the cor-
rected charge voltage value in the memory may be prede-
termined to enable the LCD pixel to be charged up to a target
gray scale level 405 (the intended gray scale level) at the end
of the horizontal period 406. Because the horizontal period
406 does not need to be divided as a pre-charge period and
a real data period, the required data speed could be doubled
compared to the conventional initial pre-charge voltage
driving.

[0036] Turning now to FIG. 5, FIG. 5 shows a LCD
driving system 501 according to an exemplary embodiment.
According to an exemplary embodiment, the driving signal
value (corrected charge voltage value) is to be determined by
considering the desired gray scale level (the target gray
scale) as well as a polarity 502 of the driving signal voltage,
each pixel location 503 and/or a temperature 504. For
example, if the pixel location is physically close to the
driver, an absolute value of corrected charge voltage value
may be relatively small because the pixel can be charged up
to the target gray scale with only small electrical loss. Also,
if the temperature 504 is low, the absolute value of the
corrected charge voltage value may be relatively high
because the rotation speed of liquid crystal molecules are
slow under the low temperature.

[0037] Also, in an exemplary embodiment, if the polarity
502 of the driving signal voltage is positive, the polarity of
the corrected charge voltage value is positive, and if the
voltage is negative, the corrected charge voltage value is
negative. In another exemplary embodiment, the corrected
charge voltage value may be expressed as the corrected
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charge voltage data which are actually gray scale level
values. Then, the corrected charge voltage data is included
in different kinds of look up tables depending on the voltages
polarities.

[0038] In an exemplary embodiment, all data may be
stored in the memory as a set of look up tables 505. As
described above, the corrected charge voltage value may be
stored as a positive value or a negative value depending the
polarity 502 of the driving voltage. When the controller
controls the drive signal considering the corrected charge
voltage values of the memory, the controller may control the
level of the drive signal depending on an abseolute value of
the corrected charge voltage value and may control the
polarity 502 of the drive signal depending on the polarity of
the corrected charge voltage value or the polarity of the
corrected charge voltage data.

[0039] Turning now to FIG. 6, FIG. 6 compares the cases
where (i) the target gray scales are an intermediate level; and
(i) the target gray scales are the brightest level, according to
an exemplary embodiment. In particular, the left waveform
601 illustrates the state of the driving voltage (the gray scale
of input image) when a target gray scale level (Vn) is an
intermediate level, and the right waveform 602 illustrates
the state of the driving voltage when the target gray scale
level (Vn) is the brightest level (an absolute value of the
driving voltage is the highest). Also, in FIG. 6, a positive
driving voltage and a negative driving voltage are compared.
[0040] As shown on the left waveform 601, to charge a
pixel up to the target gray scale level (Vn), the target voltage
is supplemented to be the corrected charge voltage. Here, the
negative supplemental voltage 604 is less than the positive
supplemental voltage 603 because the negative driving
voltage may charge the pixel faster than the positive voltage.
In other words, the negative voltage is less than the positive
voltage in achieving the same target gray scale (Vn), so the
negative voltage can be better written in a pixel than a
positive voltage. Thus, the absolute value of the corrected
charge voltage value is relatively small if the polarity of the
drive signal is a negative compared to a case that the polarity
of the drive signal is a positive in achieving the same gray
scale. Referring to FIG. 7D, as a specific example, a data
driver applies a target gray scale of “zero” to a data line in
n-horizontal period, and then applies the target gray scale of
“768” in (n+1)-horizontal period, and then applies the target
gray scale of “768” in (n+2)-horizontal period. According to
the look up table in FIG. 7D, the absolute value of the
supplemental voltage value (a gap of voltages which are
applied to the data line by the data driver between in
(n+1)-horizontal period and in (n+2)-horizontal period) is
0.182 [v] in a case of positive polarity, while the absolute
value of the supplemental voltage value is 0.166 [v] in a case
of negative polarity (if the writing voltage is a negative
polarity, it may achieve the same target gray scale with the
less amount of supplemental voltage).

[0041] Referring back to exemplary FIG. 6, as shown on
the left waveform 601, if the target gray scale (Vn) is an
intermediate level, the real data voltage 607 may be supple-
mented with the positive supplemental voltage 603 and the
negative supplemental voltage 604 to be the corrected
charge voltage. However, as shown in right waveform 602,
if the target gray scale (Vn) is the brightest level (the highest
absolute value of the writing voltage), the real data voltage
608 may not supplemented because there is no room 605 to
supplement voltage for the corrected charge voltage. Refer-
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ring to FIG. 7D, as a specific example, a data driver applies
a target gray scale of “zero” to a data line in n-horizontal
period, then applies the target gray scale of “1023” in
(n+1)-horizontal period, and then applies the target gray
scale of “1023” in (n+2)-horizontal period. According to the
look up table in FIG. 7D, the supplemental voltage value (a
gap of voltages which are applied to the data line by the data
driver between in (n+1)-horizontal period and in (n+2)-
horizontal period) is “0” [v] in a case of positive polarity,
while the supplemental voltage value is “+0.250” [v] in a
case of negative polarity.

[0042] Referring back to exemplary FIG. 6, as shown in
the right waveform 602, in an exemplary embodiment, to
avoid an after image, a reverse supplement voltage 606 may
be applied for the negative driving input voltage to be the
corrected charge voltage, which is smaller than the real data
voltage 608. Thus, as the above example of FIG. 7D, in the
case of negative polarity, the corrected charge voltage value
is “+0.250” [v] (“+” in the negative table 702 means
“reverse” and the detail explanation is to be discussed
below).

[0043] Referring back to exemplary FIG. 3, in order to
help understanding about the cause of the after image, each
pixel which connected vertically by the data line is charged
in order along the data line direction 304 during each
corresponding horizontal period which are in sync with the
gate on signals from each gate line connected to each pixel.
In a frame of an intermediate gray scale 302, the after image
303 occurs where a gray scale arrangement of one frame is
changed from black (non-white) to white along with the data
line direction 304 in the previous frame 301. The after image
303 which occurs on a boundary between black and white
can be darker, as well as brighter. The figures illustrates the
after image 303 as brighter, but it also can be darker
depending what kind of LCD panel (normal black or white)
is used or how the gray scale number order is decided.

[0044] Referring now to exemplary FIG. 8A, the pixels
may be arranged in matrix where the pixels may be con-
nected via a data line 801 vertically (the data line direction
304) and connected via a gate line 802 horizontally (the gate
line direction 305). It may be noted that in exemplary FIGS.
8A and 8B, the pixels may be shown in a matrix and
coordinates (X, Y) may be used to identify individual or
multiple pixels. In FIG. 8A, the positive driving voltage is
applied to the pixels (1, 1-4) via the data line 801 and the
negative driving voltage is applied to the pixels (2, 1-4). As
described above, the pixels are charged by the driving
voltage in the order of the data line directions: from (1, 1)
to (1, 4) and from (2, 1) to (2, 4). The driving voltage signal
is transited from its minimum to its maximum when the
charging of pixels proceeds from the pixel (1, 2) to the pixel
(1, 3) and the pixel (2, 2) to the pixel (2, 3). Also, as
described above, the driving voltage applies writing voltage
based on the look up table of FIG. 7B. According to the look
up table in FIG. 7B, as shown value 704 (the start gray scale
is “zero” and the target gray scale is “1023™), the pixels (1,
3) and (2, 3) is not supplemented because there is no room
to supplement for the corrected charge voltage. As also
described above, the negative driving voltage may charge
the pixel faster than the positive voltage. Thus, the gray scale
levels which are actually displayed on the pixel (1, 3) and the
pixel (2, 3) are different. For example, the pixel (1, 3)
actually displays “1000” and the pixel (2, 3) actually dis-
plays “1015”. Also, it should be noted that the polarities of
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each data line may be changed in each frame. For example,
the pixel (1, 3) may be negatively charged in the next frame,
then the pixel (1, 3) may be charged as positive, then
negative and positive charging may be continued. Accord-
ingly, after many times of data writing have been performed,
a negative bias-charge may be imposed on the pixel (1, 3) as
well as the pixel (2, 3) because the polarities of the pixel (1,
3) and the pixel (2, 3) may continue to be changed.

[0045] Referring to exemplary FIG. 8B, to solve the after
image, the driver applies the corrected charge voltage to the
pixel (2, 3) with the reverse supplement gray scale. Then, the
gray scale which the pixel (2, 3) actually displays is reduced
(“1015°—1000") to be the same as the pixel (1, 3).
Accordingly, no bias-charge is imposed on the pixels (1, 3)
and the pixel (2, 3), which does not cause an after-image.

[0046] Turning now to exemplary FIGS. 7A, B, C and D,
FIGS. 7A, B, C and D show look up tables which can
contain the supplement data for the corrected charge voltage.
In an exemplary embodiment, the driver inputs the corrected
charge voltage as the drive signal to each pixel and the
voltage of the drive signal may be decided by corrected
charge voltage data which stored in a memory. Also, as
described above, all data may be stored in the memory as a
set of look up tables. The look up tables may be a gray scale
version as FIGS. 7A, B and C, of which the supplement data
for the corrected charge voltage is described as gray scale
values. Also, like FIG. 7D, the look up tables may be a
voltage version of which the corrected charge voltage data
is described as the actual voltage values. Also, in another
exemplary embodiment, the supplement data for the cor-
rected charge voltage may be substituted as the corrected
charge voltage value.

[0047] As shown in FIG. 7A, the look up tables may be a
pair of a positive lookup table 701 and a negative lookup
table 702. The positive lookup table 701 is for the driving
voltage of positive polarity and the negative lookup table
702 is for the driving voltage of negative polarity. Both the
positive and negative look up tables may have a plurality of
positive or negative data. According to an exemplary
embodiment, the controller controls the driver to input a
corrected charge voltage as the drive signal to the LCD pixel
through use of the positive lookup table 701 if the polarity
of the driving signal has a positive charge and the negative
lookup table 702 if the polarity of the driving signal has a
negative charge.

[0048] Both the positive and negative look up tables may
have starting gray scale levels and target gray scale levels
with a range from minimum level to maximum level. In the
lookup tables, each supplement data for the corrected charge
voltage or each corrected charge voltage value is determined
depending on, from which level of the start gray scale to
which level of the target gray scale, the gray scale is
transited. According to an exemplary embodiment, the start-
ing gray scale level may be a gray scale level of an LCD
pixel on a current horizontal period and the target gray scale
is a gray scale level of an LCD pixel on a next horizontal
period. Also, in another exemplary embodiment, the starting
gray scale level may be a gray scale level of an LCD pixel
on a previous horizontal period and the target gray scale is
a gray scale level of an LCD pixel on a current horizontal
period.

[0049] Exemplary FIG. 7A shows the lookup tables of an
ideal case where there are valid supplement data 703 even
though the target gray scale is a maximum or a minimum.
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However, in reality, as shown at the look up tables of FIG.
7B, if the gray scale is transited to a maxinum or a minimum
level, for example white or black, the corrected charge
voltage data 704 is zero because there is no room to
supplement voltage for next horizontal period. In particular,
with reference to the right waveforms 602 of exemplary
FIG. 6, the positive corrected charge voltage is already a
maximum in the current horizontal period, and there is no
room to supplement another corrected charge voltage for a
pixel on the next horizontal period.
[0050] To avoid the after image problem, as shown at the
negative look up table of FIG. 7C, the corrected charge
voltage is to be reduced by the reverse supplement value 705
in the case that the gray scale is transited to maximum gray
scale level. Here, the reverse supplement value 705 is
predetermined to be sufficient to avoid an after image. Also,
in an exemplary embodiment, if the target gray scale is at the
maximum (brightest) level, the controller uses the negative
lookup table to control the driver to input the reduced
corrected charge voltage which is reduced by the reverse
supplement value 705 as the drive signal.
[0051] FIG. 7D shows look up tables of the corrected
charge voltage data which is described as actual voltage
values. Unlike the gray scale version, in the voltage version,
the positive value means a voltage with a positive polarity in
the positive lookup table, but the positive value means a
voltage with a negative polarity in the negative supplemental
lookup table. Also, the negative value means a voltage with
a negative polarity in the positive lookup table, but the
negative value means a voltage with a positive polarity in the
negative lookup table. Also, the voltage version describes in
detail, as an example, how the negative corrected charge
voltage value has an absolute value less than or equal to the
positive corrected charge voltage value for a same gray scale
level.
[0052] The foregoing description and accompanying fig-
ures illustrate the principles, preferred embodiments and
modes of operation of the application. However, the inven-
tion should not be construed as being limited to the particu-
lar embodiments discussed above. Additional variations of
the embodiments discussed above will be appreciated by
those skilled in the art (for example, features associated with
certain configurations of the application may instead be
associated with any other configurations of the application,
as desired).
[0053] Therefore, the above-described embodiments
should be regarded as illustrative rather than restrictive.
Accordingly, it should be appreciated that variations to those
embodiments can be made by those skilled in the art without
departing from the scope of the invention as defined by the
following claims.
What is claimed is:
1. A liquid crystal display (LCD) device comprising:
a plurality of LCD pixels in a matrix;
a driver that inputs a drive signal to each LCD pixel of the
plurality of LCD pixels;
a controller that controls a level and a polarity of the drive
signal; and
a memory storing a plurality of corrected charge voltage
values;
wherein each LCD pixel in the plurality of LCD pixels is
provided with the drive signal based on the corrected
charge voltage values for the corresponding LCD pixel
during the entirety of a horizontal period, and
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wherein the corrected charge voltage value has a prede-
termined value corresponding to a charge for an
intended gray scale level of the LCD pixel at the end of
the horizontal period.

2. The display device of claim 1, wherein the corrected
charge voltage value has the predetermined value that of the
LCD pixel to be charged up to the intended gray scale level
at the end of the horizontal period without an over shooting
of the drive signal.

3. The display device of claim 1, wherein the driver inputs
the drive signal to each LCD pixel in the plurality of LCD
pixels selectively.

4. The display device of claim 1, wherein an absolute
value of the corrected charge voltage value is less for a
predetermined gray scale level when the polarity of the drive
signal is a negative than the absolute value of the corrected
charge when the polarity of the drive signal is a positive for
the predetermined gray scale level.

5. The display device of claim 1, wherein the memory
further comprises a plurality of look up tables having
positive corrected charge voltage values and negative cor-
rected charge voltage values of the corrected charge voltage
values based on a polarity of a driving voltage, a pixel
location, and a temperature of the display.

6. The display device of claim 5, wherein the controller
controls the level of the drive signal depending on an
absolute value of the corrected charge voltage values.

7. The display device of claim 5. wherein the memory
further comprises:

at least one of a positive and negative lookup table pair

having a plurality of positive and negative corrected
charge voltage values, a plurality of starting gray scale
levels from a minimum level to a maximum level, and
a plurality of target gray scale levels from a minimum
level to a maximum level.

8. The display device of claim 7, wherein the starting gray
scale level is a gray scale level of the LCD pixel on a
previous horizontal period and the target gray scale is a gray
scale level of the LCD pixel on a current horizontal period.

9. The display device of claim 7, wherein the controller
controls the driver to input a corrected charge voltage value
as the drive signal to the LCD pixel through use of the
positive lookup table when the polarity of the driving signal
has a positive charge and the negative lookup table when the
polarity of the driving signal has a negative charge.

10. The display device of claim 7, wherein at least one of
the positive and negative corrected charge voltage values in
the lookup table are determined by each starting gray scale
level and each target gray scale level.

11. The display device of claim 7, wherein, when the
target gray scale level of the negative lookup table is at the
brightest level, the corrected charge voltage value is a
predetermined negative corrected charge voltage value that
is sufficient to avoid an after image.

12. The display device of claim 1, wherein, when a target
gray scale of a first pixel and a second pixel is at the brightest
level, the controller controls the driver to input a first
corrected charge voltage as the drive signal to the first pixel
and to input a second corrected charge voltage as the drive
signal to the second pixel,
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wherein the polarity of the drive signal is a positive for the
first pixel and the polarity of the drive signal is a
negative for the second pixel, and

wherein the first pixel displays a predetermined lumines-
cence with the first corrected charge voltage and the
second pixel displays the predetermined luminescence
with the second corrected charge voltage.

13. A liquid crystal display (LCD) device comprising:

a plurality of LCD pixels in a matrix;

a data driver that inputs a drive signal to a plurality of data
lines connecting to each LCD pixel of the plurality of
LCD pixels; and

a controller that controls a level and a polarity of the drive
signal based on a target gray scale in a current hori-
zontal period and a target gray scale in a previous
horizontal period,

wherein, for a first LCD pixel, a target gray scale in a first
horizontal period is minimum, a target gray scale in a
second horizontal period is a middle gray scale between
maximum and minimum gray scale, and a target gray
scale is the middle gray scale in a third horizontal
period,

wherein, in a case of a positive drive signal, the data
driver inputs a first voltage in the second horizontal
period and a second voltage in the data line connected
to the first LCD pixel,

wherein, in a case of a negative drive signal, the data
driver inputs a third voltage in the second horizontal
period and a fourth voltage in the data line connected
to the first LCD pixel, and

wherein, a gap between the first voltage and the second
voltage is larger than a gap between the third voltage
and the fourth voltage.

14. A liquid crystal display (LCD) device comprising:

a plurality of LCD pixels in a matrix;

a data driver that inputs a drive signal to a plurality of data
lines connecting to each LCD pixel of the plurality of
LCD pixels; and

a controller that controls a level and a polarity of the drive
signal based on a target gray scale in a current hori-
zontal period and a target gray scale in a previous
horizontal period,

wherein, for a first LCD pixel, a target gray scale in a first
horizontal period is minimum, a target gray scale in a
second horizontal period is a maximum gray scale, and
a target gray scale is the maximum gray scale in a third
horizontal period,

wherein, in a case of a negative drive signal, the data
driver inputs a fifth voltage in the second horizontal
period and a sixth voltage in the data line connected to
the first LCD pixel, and

wherein, the fifth voltage is smaller than the sixth voltage.

15. The liquid crystal display (LCD) device of claim 14,

wherein, in a case of a positive drive signal, the driver inputs
a seventh voltage in the second horizontal period and an
eighth voltage in the data line connected to the first LCD
pixel, and the seventh voltage is equal to the eighth voltage.
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