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LIQUID CRYSTAL DISPLAY FOR WIDE VIEWING
ANGLE, AND DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] (a) Field of the Invention The present invention
relates generally to a liquid crystal display and a driving
method thereof, and more particularly to a liquid crystal
display for wide viewing angle for suppressing occurrence
of lower gray level inversion and a driving method thereof.

[0002] (b) Description of the Related Art

[0003] In general, the reason that a lower gray level
inversion occurs in TN (twisted nematic) type LCD (liquid
crystal display) is as follows. For the convenience of
description, an ECB (electrical controlled birefringence)
mode will be given. For an LCD of ECB mode, rubbing
directions of lower and upper alignment films are equal or
opposite each other, a twist angle is 0°, transmission axes of
a polarization plate and a light-detection plate are perpen-
dicular to each other, and transmission axis of the rubbing
direction has an inclination of 45° with respect to the
rubbing direction.

[0004] When each of three voltages, V1, V2, and V3
(V1<V2<V3) is applied to liquid crystal cells, liquid crystal
directors are arranged as shown in FIG. 1.

[0005] FIG. 1 is a view of liquid crystal directors depen-
dent on voltages applied to the liquid crystal cells.

[0006] As shown in FIG. 1, since a phase retardation by
the liquid crystal is decreased with increase of an application
voltage when light is perpendicular to a plane of the liquid
crystal cell array, light can not pass through the liquid crystal
cell if polarization plates are placed perpendicular to each
other at lower and upper portions of the liquid crystal cells.
In other words, the higher the voltage is, the lower the
transmission rate is.

[0007] However, when light is incident a certain inclina-
tion angle with respect to the plane of the liquid crystal cell
array, the transmission rate is decreased with gradual
decrease of the phase retardation when the application
voltage rises from V1 to V2 but is increased with gradual
increase of the phase retardation when the application volt-
age rises from V2 to V3.

[0008] 1In other words, the transmission rate is high at a
higher application voltage rather than a lower application
voltage above a certain angle. This is referred to as “gray
level inversion”, which will be explained with reference to
FIG. 2.

[0009] FIG. 2 illustrates a gray level indication according
to a prior viewing angle.

[0010] Referring to FIG. 2, a normal gray level can be
identified in the front sight of the liquid crystal panel, but an
abnormal gray level may be identified in the sight from a
position lower than the front. In other words, when the panel
is observed above a certain angle in the sight from a position
lower than the front, there is a problem of a lower gray level
inversion that it is perceived that white gray level is inverted
to black gray level and conversely.

[0011] Such a lower gray level inversion causes a problem
of narrow viewing angle that viewing angle of the liquid
crystal display becomes narrow.

Mar. 27, 2003

[0012] One approach for solving the narrow viewing angle
problem is to use a compensation film. However, this
approach is excellent in improvement effect of CR (contrast
ratio) but has a problem that gray level property is little
improved.

[0013] In addition, another approach for solving the nar-
row viewing angle problem is to use an IPS (in plane
switching) mode or a VA (vertical alignment) mode. How-
ever, this approach requires a complex process and has a
problem of poor yield.

[0014] In the other hand, a flicker occurs in the liquid
crystal display due to a swing of a common electrode voltage
or a difference of response time of the liquid crystal. These
reasons of occurrence of the flicker will be described with
reference to FIGS. 3a, 3b, and 4 of the accompanying
drawings.

[0015] Firstly, FIGS. 3a and 3b illustrate a flicker caused
by a swing of common electrode voltage generated in a prior
liquid crystal display. With reference to these figures, the
liquid crystal display with a normal white mode, which has
white gray level in case of no application of voltage to the
pixel and black gray level in case of application of voltage
to the pixel, will be described as an example.

[0016] More particularly, FIG. 3a shows pixel voltages
applied to first to fourth pixels for each frame.

[0017] Referring to FIG. 3a, although a pixel application
voltage should be applied around an ideal common electrode
voltage (Ideal Vcom), since a common electrode voltage
(Actual Veom) is shifted by a certain level at the time of
actual driving, the magnitude of the pixel voltage applied to
the first frame becomes different from that of the pixel

voltage applied to the second frame to thereby generate the
flicker.

[0018] FIG. 3b shows pixel voltages actually felt by
pixels, which are applied to the first to fourth pixels placed
spatially in FIG. 3« for each frame.

[0019] Referring to FIG. 3b, as the second and third
frames have brightness of (L-) and (H'+) in the entire screen
and the first and fourth frames have brightness of (H-) and
(L-), a brightness difference between the two brightness
produces a flicker of 15 Hz component.

[0020] FIG. 4 is a diagram of a flicker caused by a
difference of response time of the liquid crystal generated in
a prior liquid crystal display, particularly (a) is for illustrat-
ing a voltage applied to a certain pixel for each frame (7
frames shown) and a brightness level responding to the
voltage and (b) is for illustrating a voltage applied to a pixel
adjacent to the certain pixel for each frame and a brightness
level responding to the voltage.

[0021] Referring to FIG. 4, due to a difference between
response time of when a low voltage is changed to a high
voltage and that of when a high voltage is changed to a low
voltage, a flicker occurs in a portion indicated by a circle in
the entire screen when the pixels having two waveforms in
the right and left are driven on their average.

SUMMARY OF THE INVENTION

[0022] The invention provides a liquid crystal display for
wide viewing angle which is capable of suppressing the
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occurrence of the flicker and overcoming the lower gray
level inversion problem by representing brightness indicated
by more than two gray level voltages as one gray level
through an inversion method or a method by which bright-
ness pattern for each frame is optimized and time-averaged.

[0023] The invention further provides a driving method of
the liquid crystal display for wide viewing angle.

[0024] According to one embodiment of the invention, a
liquid crystal display for wide viewing angle comprises,

[0025] a timing controller for storing more than one
gray level correction values for averaging optically
brightness level corresponding to gray level data in
a memory and outputting average gray level data
reflecting the gray level correction value in associa-
tion with input of certain gray level data from the
external;

[0026] a gate driver for outputting sequentially a
predetermined scanning signal;

[0027] a data driver for receiving the average gray
level data and transforming them into predetermined
data voltages to be outputted; and

[0028] a liquid crystal panel for displaying an image
according to the data voltages when the scanning
signals are inputted.

[0029] Preferably, the timing controller outputs average
gray level data generated by averaging gray level data
corresponding to more than one sub-pixels of each of RGBs
based on the more than one gray level correction values as
the gray data corresponding to the sub pixels of each of
RGBs is applied from the external.

[0030] Preferably, the timing controller has a signal pro-
cessing unit for producing and outputting a first control
signal to be inputted to the data driver, a second control
signal to be inputted to the gate driver, and a third control
signal to be inputted to a driving voltage generating unit; and
a gray level averaging unit for outputting the average gray
level data produced by averaging gray levels of image data
from the external.

[0031] In another embodiment of the invention, a driving
method of a liquid crystal display including a plurality of
gate line, a plurality of data lines intersecting the plurality of
gate line perpendicularly, pixel electrodes formed in regions
between the gate lines and the data lines, and switching
devices connected to the gate lines, the data lines, and the
pixel electrodes, comprises the steps of: (a) receiving gray
level data for picture display from an external source of
picture signals; (b) generating average gray level data
reflecting gray level correction values corresponding to the
gray level data; (c) converting the average gray level data
into data voltages; (d) applying the data voltages to the data
lines; and (e) applying sequentially scanning signals for
output of the data voltages to the gate lines.

[0032] Preferably, the step of (b) includes (b-1) extracting
first and second gray level correction values corresponding
to the gray level data from a memory; and (b-2) generating
the average gray level data reflecting the first and second
gray level correction values.

[0033] Preferably, the first gray level correction value is a
voltage for driving the pixel electrodes at a level lower than
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the gray level data and the second gray level correction value
is a voltage for driving the pixel electrodes at a level higher
than the gray level data.

[0034] Preferably, the average gray level data in the step
of (b-2) generates a first average gray level data by sub-
tracting the first gray level correction value from the gray
level data, the generated first average gray level data being
applied when odd or even numbers of frames are driven, and
a second average gray level data by subtracting the second
gray level correction value from the gray level data, the
generated second average gray level data being applied
when odd or even number of frames are driven.

[0035] Preferably, the average gray level data in the step
of (b-2) is the first gray level correction value corresponding
to the gray level data when the odd numbers of frames are
driven and the second gray level correction value corre-
sponding to the gray level data when the even numbers of
frames are driven.

[0036] According to the liquid crystal display for wide
viewing angle and the driving method thereof, the lower
gray level inversion problem in the TN mode can be
overcome by representing brightness indicated by more than
two gray level voltages as one gray level through an inver-
sion method or a method by which brightness pattern for
each frame is optimized and time-averaged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate an
embodiment of the invention, and, together with the descrip-
tion, serve to explain the principles of the invention:

[0038] FIG. 1 illustrates an array of liquid crystal direc-
tors dependent on voltages applied to the liquid crystal cell;

[0039] FIG. 2 is a diagram of a gray level indication
according to a prior viewing angle;

[0040] FIGS. 3A and 3B illustrate a flicker caused by a
swing of common electrode voltage generated in a prior
liquid crystal display;

[0041] FIG. 4 illustrates a flicker caused by a difference of
response time of the liquid crystal generated in a prior liquid
crystal display;

[0042] FIG. 5 is a block diagram illustrating a liquid
crystal display for wide viewing angle according to an
embodiment of the present invention;

[0043] FIG. 6 is a detailed view of the timing controller of
FIG. 5;
[0044] FIGS. 7a and 7b illustrate averaging two gray

levels according to an embodiment of the present invention;

[0045] FIG. 8 shows an operation of m and m' for a
particular n on a gamma curve of FIGS. 7a and 7b;

[0046] FIGS. 9a to 9d are graphs showing optical prop-
erties of the lower gray level inversion based on viewing
angles corresponding to the values of m defined according to
the present invention;

[0047] FIG.101is a graph for illustrating gray level display
according to the present invention;
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[0048] FIGS. 11a and 115 illustrate averaging two gray
levels according to another embodiment of the present
invention;

[0049] FIG. 12 is a graph showing an operation of m and
m' for a particular n on a gamma curve of FIGS. 11a and
115.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0050] Preferred embodiments of the present invention
will be now described in detail with reference to the accom-
panying drawings.

[0051] To begin with, premised conditions on a method for
averaging more than two gray levels using a driving method
according to the present invention are as follows.

[0052] First, gray level to be averaged for each gray level
should be calculated for same measurement as gamma curve
prior to the gray level averaging.

[0053] Second, magnitude of positive and negative polari-
ties should be symmetrical without DC component during a
constant period in one pixel.

[0054] Third, brightness average should be constant in a
constant period in one pixel.

[0055] Fourth, There should be no variation of brightness
of the entire screen due to a swing of a common electrode
voltage.

[0056] Fifth, pixels with different screen brightness due to
difference of response time of liquid crystals should be
properly averaged so that an observer cannot perceive the
brightness difference.

[0057] FIG. 5 shows a liquid crystal display for wide
viewing angle according to an embodiment of the present
invention.

[0058] Referring to FIG. 5, a liquid crystal display for
wide viewing angle includes a timing controller 100 includ-
ing a gray level averaging unit 110, a gate driver 200, a data
driver 300 and a liquid crystal panel 400.

[0059] The timing controller 100 outputs gray level data
Gn' averaged based on gray level data Gn supplied to the
data driver 300.

[0060] More specifically, the timing controller 100 stores
in a memory first and second gray level correction values for
optically averaging a brightness level corresponding to gray
level data using the inversion method or a method of
optimizing and time-averaging a brightness pattern for each
frame and outputs averaged gray level data Gn'reflecting the
first and second gray level correction values in association
with a particular gray level input data Gn.

[0061] The gate driver 200 applies scan signals (or gate
ON voltages) to the liquid crystal panel 400 based on a
timing signal (not shown) from the timing controller 100 and
turns on TFTs where gate electrodes are connected to gate
lines to which the gate ON voltages are applied.

[0062] The data driver 300 converts averaged gray level
data Gn' from the timing controller 100 to data voltages and
outputs the data voltages to the liquid crystal panel 400.
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[0063] The liquid panel 400 has a plurality of gate lines
$1, 82,83, .. ., Sn for transferring the gate ON signals and
a plurality of data lines D1, D2, . . ., for transferring the data
voltages. Each of regions surrounded by the gate lines and
the data lines forms a pixel. Each of pixel includes a thick
film transistor having a gate electrode and a source electrode
connected to a corresponding gate line and a corresponding
data line, respectively, and a liquid capacitor Clc and a
storage capacitor Cst connected in parallel to a drain elec-
trode of the thick film transistor.

[0064] Although a gray level averaging unit incorporated
into the timing controller has been illustrated as an example,
it is noted that the present invention includes a stand-alone
gray level averaging unit separated from the timing control-
ler.

[0065] Now, the timing controller including the gray level
averaging unit will be in detail described with reference to
the attached drawings.

[0066] FIG. 6 shows a detailed view of the timing con-
troller of FIG. 5.

[0067] Referring to FIG. 6, the timing controller of the
present invention includes the gray level averaging unit 110,
an input processing unit 120, a clock processing unit 130 and
a signal processing unit 140.

[0068] The gray level averaging unit 110 having a data
processing unit 112 and a lookup table 114 further performs
function of averaging gray levels of the input picture data,
along with well-known functions by which data from an
external graphic controller (not shown) are frequency-di-
vided (or pre-scaled) or pushed such that the data are
conformable to a timing required by the gate driver 200 and
the data driver 300.

[0069] More specifically, the lookup table 114 stores the
first and second gray level correction values produced by
time-averaging brightness exhibited by more than two volt-
ages using the inversion method or the method of optimizing
a brightness pattern for each frame. It is preferable to store
the first and second gray level correction values designed to
be optimized to the liquid crystal panel.

[0070] The data processing unit 112 extracts the first gray
level correction value or the second gray level correction
value from the lookup table 114 based on gray level data Gn
for each of R, G and B and outputs average gray level data
Gn' or R'G'B' reflecting the extracted correction values to the
data driver 300. At that time, it is preferable that average
gray level data from the data processing unit 112 responses
to a vertical synchronization signal Vsync, a horizontal
synchronization signal Hsyne, a data enable signal DE and
a main clock MCLK.

[0071] Here, average gray level data Gn' may be outputted
through an operation for subtracting/adding the first or
second gray level correction value from/to particular gray
level data, or outputted as the first or second gray level
correction value. At that time, it is preferable that output of
average gray level data responds to the particular gray level
data for being synchronized to line inversion signals RVS or
/RVS from the signal processing unit.

[0072] The input processing unit 120 facilitates operation
in the data processing unit 112 and the signal processing unit
140 by making slight fluctuating signals from the external



US 2003/0058211 Al

graphic controller (not shown) constant. In other words, this
unit is a portion for removing variations of random input
signals, for example, variation of the number of vertical
synchronization signals within one frame period, variation
of reset period per line based on modes, or variation of the
number of clocks within 1 H period or generating a constant
output regardless of such irregular variations.

[0073] The clock processing unit 130 is a portion for
adjusting clocks such that data and clocks come into the data
driver 300 with a proper timing. This unit is a portion
required to have a minimal timing error in the timing
controller 100.

[0074] The signal processing unit 140 has counters and
decoders for generating control signals to be inputted to the
gate diver 200, the data driver 300 and a driving voltage
generation unit (not shown).

[0075] More specifically, the signal processing unit 140
directly produces various control signals, for example, a
horizontal synchronization start signal STH, a load signal
LP, a gate clock, a horizontal synchronization start signal
STV, a line inversion signal RVS or /RVS, a gate ON enable
signal CPV, ete., required by the gate diver 200, the data
driver 300 and the driving voltage generation unit based on
the input vertical synchronization signal Vsync being a
frame discrimination signal, the horizontal synchronization
signal Hsyne being a line discrimination signal, which are
inputted from the external graphic controller, and the data
enable signal DE for outputting a high level of signal only
during an interval of data output.

[0076] Particularly, the line inversion signal RVS or /RVS
is applied to the driving voltage generation unit for gener-
ating a gate ON voltage Von and a gate OFF voltage Voff to
be outputted by the gate driver 200, and the data processing
unit 112 of the gray averaging unit 110.

[0077] Here, the driving voltage generation unit generates
a common electrode voltage Vcom and an inverted common
electrode voltage/Veom inverted in phase and a gate ON
voltage Von and a gate OFF voltage Voff inverted in phase,
based on the input RVS and RVSB swing from O volt to 5
volt with 1 H period.

[0078] Although it has been illustrated that the lookup
table controller storing the gray level correction values is
incorporated into the timing controller in the above embodi-
ment, it is noted that the present invention includes a
stand-alone lookup table separated from the timing control-
ler.

[0079] FIGS. 7a and 7b illustrate averaging two gray
levels, particularly, in a ratio of 1:1 according to an embodi-
ment of the present invention. More particularly, FIG. 7a
shows a pattern of the liquid crystal panel optimal for
adopting an 1:1 average driving method of two gray levels
and FIG. 7b shows an application pattern for each frame of
the gray level voltage applied to FIG. 7a.

[0080] As shown in FIG. 74, according to the average
driving method of two gray levels according to the embodi-
ment of the present invention, gray level voltages are applied
with spatially arrayed 12x4 pixels as one unit as shown in
FIG. 7a and with, preferably, 4 frames for each temporal
frame as one unit as shown in FIG. 7b. Here, the pixels can
be pixels of each of R, G and B or can be pixel unit grouping
the RGB into one unit.

Mar. 27, 2003

[0081] In operation, when first and second frames, fifth
and sixth frames, etc., are driven, a gray level voltage Aless
than a normal gray level voltage (plotted as a broken line) is
applied to a first gate line of a first data line. When third and
fourth frames, seventh and eighth frames, etc., are driven, a
gray level voltage A higher than the normal gray level
voltage is applied to the first gate line of the first data line.

[0082] Here, the gray level voltage less than the normal
gray level voltage may a voltage corresponding to gray level
data resulted from the subtraction of a first gray level
correction value from the input gray level data n from the
external or may a voltage corresponding to the first gray
level correction value corresponding to the gray level data.

[0083] In addition, the gray level voltage higher than the
normal gray level voltage may a voltage corresponding to
gray level data resulted from the addition of a second gray
level correction value from the input gray level data n from
the external or may a voltage corresponding to the second
gray level correction value corresponding to the gray level
data.

[0084] Although it has been illustrated that the gray level
is represented by averaging two voltages for all sub pixel of
the RGB in the above embodiment, the gray level can be
represented by differentially applying voltage only for one
or two sub-pixels of the RGB.

[0085] Now, in order to implement the 1:1 average driving
method of two gray levels according to the embodiment of
the present invention, operation procedure for the first gray
level correction value m and the second gray level correction
value m' stored in the lookup table corresponding to gray
level data from the external will be described with reference
to FIG. 8.

[0086] FIG. 8 illustrates an operation of m and m' for a
particular n on a gamma curve for the liquid crystal display
for wide viewing angle as described in FIGS. 7a and 7b.
Here, the gamma curve represents a relation between each
gray level and light transmissivity and m and m' are assumed
to be the first and second gray level correction value,
respectively.

[0087] Referring to FIG. 8, designers of the liquid crystal
display obtain m and m' values by finding G(n-m) and
G(n+m'), which have a difference by Al between them, for
light transmissivity I(n) of a particular gray level G(n). Here,
Al in which gray level inversion is not generated within a
range in which visibility is not seriously affected may be
obtained while magnitude of Al is adjusted.

[0088] If full gray level is assumed to be 64 gray levels,
conditions of (I(n)+Al)>I(64) or (I(n)+AI)<I(I) can be sat-
isfied in gray levels close to white and black. At that time,
m and m' satisfying conditions of (I(n)+AI)=1(64) or (I(n)+
AD=I(I) are used. Naturally, Al in this region has values
different from those in an intermediate region.

[0089] Here, a relation among n, m and m' can be repre-
sented as the following expression.

In—m)+In+m)

) = .
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[0090] where, if full gray level of the liquid crystal
display is assumed to be 64 gray levels, n is 64 for
white gray level and I for black gray level. Also, m
and m' are the first gray level correction value and the
second gray level value, respectively, and m+m' is
preferably at least 20.

[0091] FIGS. 9a to 9d are graphs showing optical prop-
erties of the lower gray level inversion based on viewing
angles corresponding to the values of m defined according to
the present invention. Particularly, FIG. 9a is a graph
showing optical property that the lower gray level inversion
is generated at a viewing angle of 36° when m is set to ‘07,
FIG. 95 is a graph showing optical property that the lower
gray level inversion is generated at a viewing angle of 38
when mis set to ‘10°, FIG. 9¢ is a graph showing optical
property that the lower gray level inversion is generated at
a viewing angle of 56° when m is set to ‘30°, and FIG. 94
is a graph showing optical property that the lower gray level
inversion is generated above a viewing angle of 80° when m
is set to ‘50°.

[0092] Referring to FIGS. 9a to 94, it can be confirmed
that a viewing angle at which the lower gray level inversion
is generated is increased as the value of m is increased.

[0093] FIG.10is a graph for illustrating gray level display
according to the present invention.

[0094] Referring to FIG. 10, it can be confirmed that the
gray level inversion is not generated at gray level values G1'
and G2' obtained by the averaging operation of the present
invention although the gray level is generated in a portion
indicated by a circle at gray level values G1, G2 and G3
corresponding to the gray level of the conventional liquid
crystal display.

[0095] As described above, according to the embodiment
of the present invention, gray level to be averaged for each
gray level can be calculated for same measurement as
gamma curve prior to the gray level averaging. Also, it can
be confirmed that a brightness average is constant in one
pixel in a constant period by satisfying conditions that
magnitude of positive and negative polarities should be
symmetrical without DC component during a constant
period in one pixel.

[0096] In addition, since there is no variation of brightness
of the entire screen due to a swing of a common electrode
voltage, the cause of flicker generated by the swing of the
common electrode voltage can be removed. Also, since
pixels with different screen brightness due to difference of
response time of liquid crystals can be properly averaged so
that an observer cannot perceive the brightness difference,
the cause of flicker generated by the difference of the
response time of the liquid crystals can be removed.

[0097] FIGS. 11a and 115 illustrate averaging two gray
levels, particularly, in a ratio of 2:1, according to another
embodiment of the present invention. More particularly,
FIG. 11a shows a pattern of the liquid crystal panel optimal
for adopting an 2:1 average driving method of two gray
levels and FIG. 115 shows an application pattern for each
frame of the gray level voltage applied to FIG. 11a.

[0098] As shown in FIG. 11a, according to the average
driving method of two gray levels according to the embodi-
ment of the present invention, gray level voltages are applied
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with spatially arrayed 54x3 pixels as one unit as shown in
FIG. 11a and with, preferably, 6 frames for each temporal
frame as one unit as shown in FIG. 11b. Here, the pixels can
be pixels of each of R, G and B or can be pixel unit grouping
the RGB into one unit.

[0099] Particularly, as shown in FIG. 114, only half unit
having 27x3 pixels is shown in the figure. In the remaining
half unit, the gray level voltage is applied to each of frame
while pixels are altered in a manner of Al<->A2, Bl<->B2,
and Cl<->C2 (i.e., in a manner of inversion relation for
each frame).

[0100] For example, when first frame, fourth frame, etc.,
are driven, a gray level voltage Al less than a normal gray
level voltage is applied to a first gate line of a first data line.
When second and third frames, fifth and sixth frames, etc.,
are driven, a gray level voltage higher than the normal gray
level voltage is applied to the first gate line of the first data
line.

[0101] Here, the gray level voltage less than the normal
gray level voltage may a voltage corresponding to gray level
data n-m resulted from the subtraction of a first gray level
correction value m from the input gray level data n from the
external or may a voltage corresponding to the first gray
level correction value m corresponding to the gray level
data.

[0102] Now, in order to implement the 2:1 average driving
method of two gray levels according to the embodiment of
the present invention, operation procedure for the first gray
level correction value m and the second gray level correction
value m' stored in the lookup table corresponding to gray
level data from the external will be described with reference
to FIG. 12.

[0103] FIG. 12 is a graph for illustrating operation of m
and m' for a particular n on a gamma curve of FIGS. 114 and
115.

[0104] Referring to FIG. 12, as a particular gray level is
assigned, designers of the LCD calculate AIl and AI2 in
which gray level inversion is not generated within a range in
which visibility is not seriously affected while setting any m
and m' values and obtain m and m' values corresponding to
the operated AIl and AI2, respectively. At that time, the
values of Al are different one another for each gray level, but
a particular gray level has same Al

[0105] As shown in FIG. 12, m' in which gray level
inversion is not generated within a range in which visibility
is not seriously affected while adjusting the value of m' may
be obtained.

[0106] If full gray level of the liquid crystal display is
assumed to be 64 gray levels, conditions of (n+m)>64 or
(n-m’)<0 can be satisfied in gray levels close to white and
black. At that time, m and m' satisfying conditions of
(n+m)=64 or (n-m')=1 are used.

[0107] Here, a relation among n, m and m' can be repre-
sented as the following expression.

2U(n—m)+ In+m')

Iin) =
(n) 3



US 2003/0058211 Al

[0108] where, if full gray level of the liquid crystal
display is assumed to be 64 gray levels, n is 64 for
white gray level and 1 for black gray level. Also, m
and m' are the first gray level correction value and the
second gray level value, respectively, and m+m' is
preferably at least 20.

[0109] In two embodiments of the present invention
described above, although it has been illustrated to perform
a calculation through a procedure for averaging gray levels
applied to a particular pixel spatially arranged in a particular
time-variant frame and another pixel proximate to the par-
ticular pixel in order to average at least two gray levels and
store the first and second gray level correction values in a
memory, it is possible to average the gray levels applied to
a previous frame and a current frame which are variant in
time in the particular spatially arranged pixel.

[0110] Although preferred embodiments of the present
invention have been described m detail hereinabove, it
should be clearly understood that many variations and/or
modifications of the basic inventive concepts herein taught
which may appear to those skilled in the present art will still
fall within the spirit and scope of the present invention, as
defined in the appended claims.

What is claimed is:
1. A liquid crystal display for wide viewing angle, com-
prising:

a timing controller for storing a plurality of gray level
correction values for averaging optical brightness lev-
els corresponding to gray level data in a memory and
outputting average gray level data reflecting the gray
level correction values in association with input of
certain gray level data;

a gate driver for outputting sequentially predetermined
scanning signals;

a data driver for receiving the average gray level data and
transforming them into predetermined data voltages to
be outputted; and

a liquid crystal panel for displaying an image based on the
data voltages when the scanning signals are inputted.
2. The liquid crystal display of claim 1, wherein said
timing controller outputs the average gray level data gener-
ated by averaging the gray level data corresponding to a
plurality of sub-pixels of RGBs based on the plurality of
gray level correction values as the gray level data corre-
sponding to the sub-pixels of each of the RGBs are inputted.
3. The liquid crystal display of claim 1, wherein said
timing controller includes

a signal processing unit for producing and outputting a
first control signal to be inputted to the data driver, a
second control signal to be inputted to the gate driver,
and a third control signal to be inputted to a driving
voltage generating unit; and

a gray level averaging unit for outputting the average gray
level data produced by averaging gray levels of input-
ted image data.

4. The liquid crystal display of claim 3, wherein said gray
level averaging unit outputs the average gray level data in
synchronization with line inversion signals (RVS) included
in the third control signal.
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5. The liquid crystal display of claim 3, wherein said gray
level averaging unit includes

a memory for storing a first gray level correction value
and a second gray level correction value; and

a data processing unit for extracting the first or second
gray level correction value from said memory as the
gray level data of each of the RGBs are inputted and
outputting the average gray level data reflecting the first
or second gray level correction value.

6. The liquid crystal display of claim 5, wherein said data
processing unit outputs the average gray level data reflecting
the first or second gray level correction value for each of a
plurality of frames.

7. The liquid crystal display of claim 5, wherein said
memory stores the first and second gray level correction
values produced by time-averaging brightness exhibited by
more than two voltages using an inversion method.

8. The liquid crystal display of claim 5, wherein said
memory stores the first and second gray level correction
values produced by time-averaging brightness exhibited by
more than two voltages using a method of optimizing a
brightness pattern for each frame.

9. The liquid crystal display of claim 1, wherein the first
gray level correction value is a voltage value for driving
pixel electrodes of the liquid crystal panel at a level lower
than the gray level data, and the second gray level correction
value is a voltage value for driving the pixel electrodes of the
liquid crystal panel at a level higher than the gray level data.

10. The liquid crystal display of claim 1, wherein the
liquid crystal panel comprises liquid crystals of TN mode.

11. The liquid crystal display of claim 1, wherein the
liquid crystal panel comprises an increased generation angle
of the lower gray level inversion.

12. A driving method of a liquid crystal display including
a plurality of gate lines, a plurality of data lines intersecting
the plurality of gate line perpendicularly, pixel electrodes
formed in regions between the gate lines and the data lines,
and switching devices connected to the gate lines, the data
lines, and the pixel electrodes, the method comprising:

receiving gray level data for picture display from an
external source of picture signal;

generating average gray level data reflecting gray level
correction values corresponding to the gray level data;

converting the average gray level data into data voltages,
applying the data voltages to the data lines; and

applying sequentially scanning signals for output of the
data voltages to the gate lines.
13. The driving method of claim 12, wherein the step of
generating average gray level data comprises

extracting from a memory first and second gray level
correction values corresponding to the gray level data;
and

generating the average gray level data reflecting the first

and second gray level correction values.

14. The driving method of claim 13, wherein the first gray
level correction value is a voltage value for driving the pixel
electrodes at a level lower than the gray level data, and the
second gray level correction value is a voltage for driving
the pixel electrodes at a level higher than the gray level data.
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15. The driving method of claim 13, wherein the average
gray level data generates a first average gray level data by
subtracting the first gray level correction value from the gray
level data, the generated first average gray level data being
applied when odd or even numbers of frames are driven, and
a second average gray level data by subtracting the second
gray level correction value from the gray level data, the
generated second average gray level data being applied
when odd or even number of frames are driven.
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16. The driving method of claim 13, wherein the average
gray level data is the first gray level correction value
corresponding to the gray level data when the odd numbers
of frames are driven and the second gray level correction
value corresponding to the gray level data when the even
numbers of frames are driven.
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