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FIG.4
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METHOD AND APPARATUS FOR DRIVING
LIQUID DISPLAY

[0001] This application claims the benefit of Korean
Application Nos. P2001-32410 filed on Jun. 11, 2001 and
P2001-54327 filed on Sep. 5, 2001, which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display, and more particularly, to a method and apparatus for
driving a liquid crystal display. Although the present inven-
tion is suitable for a wide scope of applications, it is
particularly suitable for preventing deterioration in picture
quality.

[0004]

[0005] Generally, a liquid crystal display (LCD) controls
a light transmittance of each liquid crystal cell in accordance
with a video signal, thereby displaying a picture. An active
matrix LCD including a switching device for each liquid
crystal cell is suitable for displaying a moving picture. The
active matrix LCD uses a thin film transistor (TFT) as a
switching device.

[0006] The LCD has a disadvantage in that it has a slow
response time due to inherent characteristics of a liquid
crystal such as a viscosity and an elasticity, etc. Such
characteristics can be explained by using the following
equations (1) and (2):

T 1AV, -V @

2. Discussion of the Related Art

[0007] where T, represents a rising time when a voltage is
applied to a liquid crystal, V, is an applied voltage, Vg
represents a Freederick transition voltage at which liquid
crystal molecules begin to perform an inclined motion, d is
a cell gap of liquid crystal cells, and y represents a rotational
viscosity of the liquid crystal molecules.

T=yd* /K 2

[0008] where T; represents a falling time at which a liquid
crystal is returned into the initial position by an elastic
restoring force after a voltage applied to the liquid crystal
was turned off, and K is an elastic constant.

[0009] A twisted nematic (TN) mode liquid crystal has a
different response time due to physical characteristics of a
liquid crystal and a cell gap, etc. Typically, the TN mode
liquid crystal has a rising time of 20 to 80 ms and a falling
time of 20 to 30 ms. Since such a liquid crystal has a
response time longer than one frame interval (i.c., 16.67 ms
in the case of NTSC system) of a moving picture, a voltage
charged in the liquid crystal cell is progressed into the next
frame prior to arriving at a target voltage. Thus, due to a
motion-blurring phenomenon, a moving picture is blurred
out on the screen.
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[0010] Referring to FIG. 1, the conventional LCD cannot
express desired color and brightness. Upon implementation
of a moving picture, a display brightness BL fails to arrive
at a target brightness corresponding to a change of the video
data VD from one level to another level due to its slow
response time. Accordingly, a motion-blurring phenomenon
appears from the moving picture and a display quality is
deteriorated in the LCD due to a reduction in a contrast ratio.

[0011] In order to overcome such a slow response time of
the LCD, U.S. Pat. No. 5,495,265 and PCT International
Publication No. W099/05567 have suggested to modulate
data in accordance with a difference in data by using a
look-up table (hereinafter referred to as high-speed driving
scheme). This high-speed driving scheme allows data to be
modulated by a principle as shown in FIG. 2.

[0012] Referring to FIG. 2, a conventional high-speed
driving scheme modulates input data VD and applies the
modulated data MVD to the liquid crystal cell, thereby
obtaining a desired brightness MBL. In the high-speed
driving scheme, |V,>-V?| is increased from the above
equation (1) on the basis of a difference of the data so that
a desired brightness can be obtained in response to a
brightness value of the input data within one frame interval,
thereby rapidly reducing a response time of the liquid
crystal. Accordingly, the LCD employing such a high-speed
driving scheme compensates for a slow response time of the
liquid crystal by modulating the data value in order to
alleviate a motion-blurring phenomenon in a moving pic-
ture, thereby displaying a picture at desired color and
brightness.

[0013] Referring to FIG. 3, a conventional high-speed
driving apparatus includes a frame memory 33 connected to
a most significant bit output bus line 32, and a look-up table
34 connected to the most significant bit output bus line 32
and the frame memory 33.

[0014] The frame memory 33 stores most significant bit
data MSB during one frame interval and supplies the stored
data to the look-up table 34. Herein, the most significant bit
data MSB can be set to high-order 3 or 4 bits, but may be
set up to 5 or 6 bits if needed.

[0015] The look-up table 34 is a mapping of most signifi-
cant bit data of a current frame Fn inputted from the most
significant bit output bus line 32 and most significant bit data
of the previous frame Fn-1 inputted from the frame memory
33 into a modulation data table as shown in Table 1, thereby
outputting modulated data Mdata. Such modulated most
significant bit data Mdata are added to non-modulated least
significant bit data.

[0016] When the most significant bit data MSB are limited
to 4 bits, a look-up table in the high-speed driving scheme
is implemented by the following tables:

TABLE 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

=
)
o~
o
(=N
-
o
—
o

12 13 14 15 15 15 15
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2
TABLE 1-continued
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
3 0 0 1 3 5 6 7 8 10 11 13 14 15 15 15 15
4 0 0 1 3 4 6 7 8 9 11 12 13 14 15 15 15
5 0 0 1 2 3 5 7 8 9 11 12 13 14 15 15 15
6 0 0 1 2 3 4 6 8 9 10 12 13 14 15 15 15
7 0 0 1 2 3 4 5 7 910 11 13 14 15 15 15
& 0 0 1 2 3 4 5 6 8 10 11 12 14 15 15 15
9 0 0 1 2 3 4 5 6 7 9 11 12 13 14 15 15
0 0 0 1 2 3 4 5 6 7 8 10 12 13 14 15 15
17 0 0 1 2 3 4 5 6 7 8 9 11 13 14 15 15
2 0 0 1 2 3 4 5 6 7 8 9 10 12 14 15 15
3 0 0 1 2 3 3 4 5 6 7 8§ 10 11 13 15 15
4 0 0 1 2 3 3 4 5 6 7 8 9 11 12 14 15
5 0 0 0 1 2 3 3 4 5 6 7 8 9 11 13 15
[0017]
TABLE 2
0 16 32 48 64 8 96 112 128 144 160 176 192 208 224 240
0 0 32 48 64 80 9 112 144 160 192 208 224 240 240 240 240
16 0 16 48 64 80 96 112 128 160 192 208 224 240 240 240 240
32 0 0 32 64 80 96 112 128 160 192 208 224 240 240 240 240
48 0 0 16 48 80 96 112 128 160 176 208 224 240 240 240 240
64 ( 0 16 48 64 9 112 128 144 176 192 208 224 240 240 240
8 0 0 16 32 48 80 112 128 144 176 192 208 224 240 240 240
9% 0 0 16 32 48 64 96 128 144 160 192 208 224 240 240 240
112 0 0 16 32 48 64 80 112 144 160 176 208 224 240 240 240
128 0 0 16 32 48 64 80 96 128 160 176 192 224 240 240 240
144 0 0 16 32 48 64 80 9¢ 112 144 176 192 208 24 240 240
160 0 0 16 32 48 64 80 96 112 128 160 192 208 24 240 240
176 0 0 16 32 48 64 80 96 112 128 144 176 208 224 240 240
192 0 0 16 32 48 64 80 9¢ 112 128 144 160 192 24 240 240
208 0O 0 16 32 48 48 64 80 9% 112 128 160 176 208 240 240
24 0 0 16 32 48 48 64 80 9 112 128 144 176 192 224 240
240 0 0 0 16 32 48 48 64 8 9 112 128 144 176 208 240

[0018] In the above tables, a furthermost left column is for
a data voltage VDn-1 of the previous frame Fn-1 while an
uppermost row is for a data voltage VDn of the current frame
Fn. Table 1 is look-up table information in which the most
significant bits (i.c., 2°, 2%, 2% and 2%) are expressed by the
decimal number at. Table 2 is look-up table information in
which weighting values (i.e., 2* 2°, 2° and 2) of the most
significant 4 bits are applied to 8-bit data.

[0019] If the most significant bit data MSB are configured
by 4 bits and the most significant bit data MSB of the
previous frame Fn-1 and the most significant bit data MSB
of the current frame Fn are given as shown in FIG. 4, the
data Mdata modulated by the look-up table 34 become larger
than the most significant bit data MSB of the current frame
Fn.

[0020] However, the conventional high-speed driving
apparatus has a problem in that data values of the modulated
data Mdata become excessively larger than a real change
amount of the data even when data values of the previous
frame Fn-1 and the current frame Fn are slightly changed.

[0021] Referring to FIG. 5, a data gray level value
‘00011111 of the previous frame Fn-1 is changed into
‘00100000 at the current frame Fn. If a modulation is made
by a modulation table such as Table 1 for a high-speed
driving scheme, values of the most significant bit data are

increased to ‘00110000°. In this process, a real gray level
value difference between the previous frame Fn-1 and the
current frame Fn is only the decimal number ‘1°. In other
words, a gray level value ‘31° of the previous frame Fn-1 is
slightly changed into ‘32’ at the current frame Fn. However,
a value modulated by the modulation table using Table 1
becomes ‘48°. Thus, a picture having gray levels with a
slight change becomes to have a gray level difference of ‘17’
due to the data modulation in the conventional high-speed
driving scheme.

[0022] If a modulation is made with a value largely
different from a real gray level value, an undesirably exces-
sive voltage is applied to the liquid crystal cell. Thus, an
unnecessary bright stripe is emerged from the boundary
portion where the data is changed.

SUMMARY OF THE INVENTION

[0023] Accordingly, the present invention is directed to a
method and apparatus for driving a liquid crystal display that
substantially obviates one or more of problems due to
limitations and disadvantages of the related art.

[0024] Another object of the present invention is to pro-
vide a method and apparatus for driving a liquid crystal
display that is adaptive for preventing a deterioration of
picture quality.
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[0025] Additional features and advantages of the inven-
tion will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the invention. The objectives and other
advantages of the invention will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0026] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a method of driving a
liquid crystal display includes dividing input data into most
significant bit data and least significant bit data, detecting
changes in the most significant bit data and the least sig-
nificant bit data, comparing the change in the most signifi-
cant bit data with a first reference value, comparing the
change in the least significant bit data with a second refer-
ence value, and determining whether input data are modu-
lated in accordance with the compared results.

[0027] In the method, the detecting changes includes
delaying the most significant bit data and the least significant
bit data for a frame period, calculating a first difference
between non-delayed most significant bit data and the
delayed most significant bit data, and calculating a second
difference between non-delayed least significant bit data and
the delayed least significant bit data.

[0028] In another aspect of the present invention, a
method of driving a liquid crystal display includes dividing
input data from an input line into most significant bit data
and least significant bit data, detecting changes in the
number of bits in the most significant bit data and the Ieast
significant bit data between current and previous frames,
comparing the change in the number of bits of the most
significant bit data with a first reference value, comparing
the change in the least significant bit data with a second
reference value, modulating the input data if the change in
the most significant bit data is equal to the first reference
value and the change in the least significant bit data is
smaller than the second reference value, and supplying the
input data without a modulation if the change in the most
significant bit data is equal to the first reference value and
the change in the least significant bit data is equal to or larger
than the second reference value.

[0029] The method further includes modulating the input
data if the change in the most significant bit data is different
from the first reference value.

[0030] In another aspect of the present invention, a
method of driving a liquid crystal display includes dividing
input data from an input line into most significant bit data
and least significant bit data, determining whether current
most significant bit data are included in a first data area of
a look-up table, comparing a first difference value in the
number of bits between current least significant bit data and
previous least significant bit data with a first reference value
if the current most significant bit data are included in the first
data area of the look-up table, determining whether the
current most significant bit data are to be modulated in
accordance with the compared result of the first difference
value, determining whether the current most significant bit
data are included in a second data area of a look-up table,
comparing a second difference value in the number of bits
between the current input least significant bit data and the
previous least significant bit data with a second reference
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value if the current most significant bit data are included in
the second data area of the look-up table, and determining
whether the current most significant bit data are to be
modulated in accordance with the compared result of the
second difference value.

[0031] In the method, the determining whether current
most significant bit data are included in a first data area of
a look-up table includes subtracting the current most sig-
nificant bit data from the previous most significant bit data
if the number of bits of the current most significant bit is
greater than that of the previous most significant bit data,
and determining whether a value obtained by subtracting the
current most significant bit data from the previous most
significant bit data is ‘1°.

[0032] In the method, determining whether current most
significant bit data are included in a first data area of a
look-up table includes subtracting the previous most signifi-
cant bit data from the current most significant bit data if the
number of bits of the previous most significant bit data is
greater than that of the current most significant bit data, and
determining whether a value obtained by subtracting the
previous most significant bit data from the current most
significant bit data is ‘1°.

[0033] 1Inthe method, the current most significant bit data
are modulated if a subtracted value between the previous
least significant bit data and the current least significant bit
data is different from the first reference value.

[0034] In the method, the first reference value is ‘1 and
the second reference value is a minimum recognizable gray
level change by an observer.

[0035] Inthe method, the current most significant bit data
are not modulated if a first subtracted value between the
previous most significant bit data and the current most
significant bit data is the same as the first reference value and
if a second subtracted value between the previous least
significant bit data and the current least significant bit data
is greater than the second reference value.

[0036] In another aspect of the present invention, an
apparatus for driving a liquid crystal display includes a
frame memory delaying each of most significant bit data and
least significant bit data included in input data from an input
line, a first comparator comparing the most significant bit
data from the input line with the delayed most significant bit
data to obtain a first difference amount in the number of bits
in the most significant bit data and comparing the first
difference amount with a first reference value, a second
comparator comparing the least significant bit data from the
input line with the delayed least significant bit data to obtain
a second difference amount in the number of bits in the least
significant bit and comparing the second difference amount
with a second reference value, and a selector determining
whether the most significant bit data from the input line is to
be modulated in accordance with the compared results of the
first and second comparators.

[0037] In another aspect of the present invention, an
apparatus for driving a liquid crystal display includes a
frame memory delaying each of most significant bit data and
least significant bit data included in input data from an input
line, a first comparator comparing the most significant bit
data from the input line with the delayed most significant bit
data to obtain a first difference amount in the number of bits
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in the most significant bit data and comparing the first
difference amount with a first reference value, a second
comparator comparing the least significant bit data from the
input line with the delayed least significant bit data to obtain
a second difference amount in the number of bits in the least
significant bit data and comparing the second difference
amount with a second reference value, a modulator modu-
lating the input data, and a selector selecting one of the
modulated data and the input data from the input line in
accordance with the compared results of the first and second
comparators.

[0038] Inthe apparatus, the first reference value is ‘1° and
the second reference value is a minimum recognizable gray
level change by an observer.

[0039] The modulator modulates the most significant bit
data using a look-up table.

[0040] In the apparatus, the selector selects the modulated
input data if the first difference amount is equal to the first
reference value and the second amount is smaller than the
second reference value.

[0041] The selector selects the modulated data if the first
difference amount is different from the first reference value.

[0042] The selector selects the input data from the input
line if the first difference amount is equal to the first
reference value and the second difference amount is larger
than the second reference value.

[0043] The selector includes a gate device performing a
logical operation of output signals of the first and second
comparators, and a switching device selecting one of an
output of the modulator and the input data from the input
line in accordance with an output of the gate device.

[0044] The driving apparatus further includes a data driver
supplying the modulated data and the input data from the
input line to a liquid crystal display, a gate driver applying
a scanning signal to the liquid crystal display, and a timing
controller applying the input data to the input line and
controlling the data driver and the gate driver.

[0045] In a further aspect of the present invention, an
apparatus for driving a liquid crystal display includes a
frame memory delaying each of most significant bit data and
least significant bit data included in input data from an input
line, a first comparator subtracting the most significant bit
data from the input line from the delayed most significant bit
data and comparing the subtracted value with a first refer-
ence value, a second comparator subtracting the delayed
least significant bit data from the least significant bit data
from the input line and comparing the subtracted value with
a second reference value, a first logic device determining
whether the most significant bit data inputted from the input
line are modulated in accordance with the compared results
of the first and second comparators, a third comparator
subtracting the delayed most significant bit data from the
most significant bit data from the input line and comparing
the subtracted value with the first reference value, a fourth
comparator subtracting the least significant bit data from the
input line from the delayed least significant bit data and
comparing the subtracted value with the second reference
value, a second logic device determining whether the most
significant bit data inputted from the input line is modulated
in accordance with the compared results of the third and
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fourth comparators, a modulator modulating the most sig-
nificant bit data from the input line in accordance with a
change between the most significant bit data inputted from
the input line and the delayed most significant bit data, and
a selector selecting one of the modulated data and the input
data from the input line in accordance with output logical
values of the first and second logic devices.

[0046] In the driving apparatus, each of the first and
second logic devices is an AND gate.

[0047] The selector includes an OR gate performing a
logical sum operation of the output signals of the first and
second logic devices, and a switching device selecting one
of an output of the modulator and the input data from the
input line under control of the OR gate.

[0048] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0050]

[0051] FIG. 1 1s a waveform diagram showing a bright-
ness variation with respect to an applied data voltage accord-
ing to a conventional liquid crystal display;

[0052] FIG. 2 is a waveform diagram showing a bright-
ness variation with respect to an applied modulated data
voltage according to a conventional high-speed driving
scheme;

[0053] FIG. 3 is a block diagram showing a configuration
of a conventional high-speed driving apparatus;

[0054] FIG. 4 illustrates a modulation of most significant
bit data in the conventional high-speed driving apparatus;

[0055] FIG. 5 illustrates an excessive data modulation in
the conventional high-speed driving apparatus,

[0056] FIG. 6 is a block diagram showing a configuration
of an apparatus for driving a liquid crystal display according
to the present invention;

[0057] FIG. 7 illustrates data inputted to the data modu-
lator of FIG. 6;

[0058] FIG. 8 is a flow chart illustrating a control proce-
dure of the data modulator according to a first embodiment
of the present invention,

[0059] FIG. 9 is a detailed block diagram of the data
modulator according to the first embodiment of the present
invention;

[0060] FIG. 10 illustrates a modulating data area and a
non-modulating data area of a look-up table in a liquid
crystal display driving apparatus and method according to
the present invention;

In the drawings:
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[0061] FIG. 11 is a flow chart illustrating a control pro-
cedure of the data modulator according to a second embodi-
ment of the present invention; and

[0062] FIG. 12 is a detailed block diagram of the data
modulator according to the second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0063] Reference will now be made in detail to the illus-
trated embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0064] An apparatus for driving a liquid crystal display
(LCD) according to the present invention will be explained
with reference to FIG. 6.

[0065] The LCD driving apparatus includes a liquid crys-
tal display panel 67 having a plurality of data lines 65 and
gate lines 66 crossing each other and having TFT’s provided
at the intersections therebetween to drive liquid crystal cells
Clc. A data driver 63 supplies a data to the data lines 65 of
the liquid crystal display panel 67. A gate driver 64 applies
a scanning pulse to the gate lines 66 of the liquid crystal
display panel 67. A timing controller 61 receives digital
video data and horizontal and vertical synchronizing signals
H and V. A data modulator 62 is connected between the
timing controller 61 and the data driver 63 to modulate input
data RGB.

[0066] More specifically, the liquid crystal display panel
67 has a liquid crystal formed between two glass substrates,
and has the data lines 635 and the gate lines 66 provided on
the lower glass substrate in such a manner to perpendicularly
cross each other. The TFT provided at each intersection
between the data lines 63 and the gate lines 66 responds to
the scanning pulse to the data through the data lines 65 to the
liquid crystal cell Cle. To this end, a gate electrode of the
TFT is connected to the gate lines 66 while a source
electrode thereof is connected to the data lines 65. The drain
electrode of the TFT is connected to a pixel electrode of the
liquid crystal cell Cle.

[0067] The timing controller 61 rearranges the digital
video data supplied from a digital video card (not shown).
The RGB data rearranged by the timing controller 61 is
supplied to the data modulator 62. Further, the timing
controller 61 generates timing signals, such as a dot clock
Dclk, a gate start pulse GSP, a gate shift clock GSC (not
shown), an output enable/disable signal, and a polarity
control signal using horizontal and vertical synchronizing
signals H and V to control the data driver 63 and the gate
driver 64. The dot clock Dclk and the polarity control signal
are applied to the data driver 63 while the gate start pulse
GSP and the gate shift clock GSC are applied to the gate
driver 64.

[0068] The gate driver 64 includes a shift register sequen-
tially generating a scanning pulse, that is, a gate high pulse,
in response to the gate start pulse GSP and the gate shift
clock GSC applied from the timing controller 61, and a level
shifter shifting a voltage of the scanning pulse into a level
suitable for driving the liquid crystal cell Cle. The TFT is
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turned on in response to the scanning pulse to apply video
data through the data lines 65 to the pixel electrode of the
liquid crystal cell Cle.

[0069] The data driver 63 is supplied with red (R), green
(G), and blue (B) modulated data RGB Mdata modulated by
the data modulator 62 and receives the dot clock Dcelk from
the timing controller 61. The data driver 63 latches the red
(R), green (G), and blue (B) modulated data RGB Mdata in
synchronization with the dot clock Dclk and thereafter
converts the latched data into analog data to apply through
the data lines 65 line by line. Further, the data driver 63 may
apply a gamma voltage corresponding to the modulated data
to the data line 65.

[0070] The data modulator 62 compares the most signifi-
cant bit data MSB and the least significant bit data LSB at
each of the previous frame Fn-1 and the current frame Fn to
detect a gray level change of the input data. The data
modulator 62 determines a modulation of the data in accor-
dance with a magnitude of the detected gray level change.

[0071] The RGB data inputted to the data modulator 62
has an expressible gray level range of 0 to 255 and has 8 bits
as shown in FIG. 7. A modulation algorithm of the data
modulator 62 will be described in conjunction with FIG. 8.

[0072] At each of the previous frame Fn—1 and the current
Frame Fn, the most significant bit data MSB are 4 bits of b4
to b7 and the least significant bit data LSB are 4 bits of b0
to b3. The most significant bit data MSB of the previous
frame Fn-1 are ‘a’ while the least significant bit data LSB
thereof are ‘c’. The most significant bit data MSB of the
current frame Fn are ‘b’ while the least significant bit data
LSB are ‘d’.

[0073] FIG. 8 shows a control procedure of the data
modulator according to a first embodiment of the present
invention.

[0074] Referring to FIG. 8, the data modulator 62 (shown
in FIG. 6) detects a difference in the number of bits between
the most significant data ‘b’ and ‘a’, that is, a gray level
change (ie., [b-a|) from the current frame Fn and the
previous frame Fn-1. Also, the data modulator 62 detects a
difference in the number of bits between the least significant
data ‘d’and ‘¢’ (i.e.,|d-c|) from the current frame Fn and the
previous frame Fn-1.

[0075] Instep 81,the data modulator 62 determines a data
value change of the most significant bit data ‘b’ and ‘a’ from
the current frame Fn and the previous frame Fn-1. If the
most significant bit data ‘a’ and ‘b’ are not changed in the
data value (ie., b-a=0) or the number of changing bits is
more than two (i.¢., |b-2|>1) the data modulator 62 performs
step 83 to modulate the data using a look-up table such as
Table 1.

[0076] Otherwise, if the bit number of the most significant
bit data ‘a” and ‘b’ having a data value change is one (i.e.,
[b-a|=1 at step 81) the data modulator 62 determines the
number of bits in which data values of the least significant
bit data ‘d’ and ‘¢’ are changed from the current frame Fn
and the previous frame Fn-1 at step 82. If a difference in the
gray level value between the least bit data ‘d’” and ‘c’ at the
current frame Fn and the previous frame Fn-1 is smaller
than a desired reference value ‘k’, the data modulator 62
modulates the input data using the look-up table at step 83.
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Otherwise, if a difference in the gray level value between the
less bit data ‘d” and ‘c’ at the current frame Fn and the
previous frame Fn-1 is larger than a desired reference value
‘k’, the data modulator 62 does not modulate the input RGB
data and performs the procedure at step 84. Herein, ‘k’ is a
minimum recognizable gray level change between frames by
an observer. For example, ‘k’ may be ‘12’ in consideration
of the bit number of the least significant bit data LSB. Such
a reference value ‘k’ of the least significant bit data ‘¢’ and
‘d’ may be changed depending on the bit number of the least
significant bit data ‘¢’ and ‘d’ and a visual recognition
characteristic by an observer.

[0077] As aresult, the data modulator 62 carries out a data
modulation using a gray level value change of the least
significant bit data LSB when the number of bits changing
at the most significant bit data ‘a’ and ‘b’ is larger than 1°.
Also, the data modulator 62 carries out a data modulation
when the number of bits changing at the most significant bit
data ‘a’ and ‘b’ is ‘1’ and when the number of bits changing
at the least significant bit data ‘c’ and ‘d’ is smaller than the
desired reference value ‘k’. On the other hand, the data
modulator 62 bypasses the input data into the data driver 32
without a data modulation when the number of bits changing
at the most significant bit data ‘a” and ‘b’ is ‘1’ and when the
number of bits changing at the least significant bit data ‘c’
and ‘d’ is larger than the desired reference value ‘k’.

[0078] Referring to FIG. 9, a data modulator 62 according
to a first embodiment of the present invention includes a
frame memory 91 receiving RGB data from the timing
controller 61. A look-up table 95 modulates the most sig-
nificant bit data MSB. A multiplexor (MUX) 96 selects one
of modulated most significant bit data mb and non-modu-
lated most significant bit data ‘b’. A first comparator 92, a
second comparator 93, and an OR gate 94 are connected
between the frame memory 91 and the MUX 96.

[0079] More specifically, the frame memory 91 is con-
nected to a most significant bit output bus line 97 and a least
significant bit output bus line 98 of the timing controller 61
to store the most significant bit data MSB and the least
significant bit data LSB inputted from the timing controller
61 during one frame interval. The frame memory 91 supplies
the stored most significant bit data MSB to the look-up table
95 and the second comparator 93 and supplies the least
significant bit data L.SB to the first comparator 92 every
frame.

[0080] The look-up table 95 modulates the most signifi-
cant bit data MSB of the current frame Fn by using the
following equations in accordance with a change between
the most significant bit data ‘b’ of the current frame Fn
inputted from the most significant bit bus output line 97 of
the timing controller 61 and the most significant bit data ‘a’
of the previous frame Fn-1 inputted from a most significant
bit bus output line 101 of he frame memory 91.

VDn<VDn-1-MVDn<VDn (@)
VDn<VDn-1—-MVDn=VDn (i)
VDn>VDn-1-MVDn>VDn (iif)
[0081] In the above equations, VDn-1 represents a data

voltage of the previous frame, VDn is a data voltage of the
current frame, and MVDn represents a modulated data
voltage.
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[0082] The first comparator 92 calculates a difference
value between the least significant bit data ‘d’ of the current
frame Fn inputted from the least significant bit bus output
line 98 of the timing controller 61 and the least significant
bit data ‘c’ of the previous frame Fn-1 inputted from a least
significant bit output bus line 102 of the frame memory 91.
Further, the first comparator 92 compares a difference
between the least significant bit data ‘c’ and ‘d’ of the
previous frame Fn-1 and the current frame Fn with the
reference value ‘k’. If a difference value between the least
significant bit data ‘¢’ and ‘d’ of the previous frame Fn-1
and the current frame Fn is less than the reference value ‘k’,
the first comparator 92 applies high logic ‘1” to a first input
terminal of the OR gate 94. Otherwise, if a difference value
between the least significant bit data ‘c’ and ‘d’ of the
previous frame Fn-1 and the current frame Fn is larger than
the reference value ‘k’, the first comparator 92 applies low
logic ‘0’ to the first input terminal of the OR gate 94.

[0083] The second comparator 93 calculates a difference
value between the most significant bit data ‘b’ of the current
frame Fn inputted from the most significant bit output bus
line 97 of the timing controller 61 and the most significant
bit data ‘a’ of the previous frame Fn-1 inputted from the
most significant bit output bus line 101 of the frame memory
91. Further, the second comparator 93 compares a difference
between the most significant bit data ‘a’ and ‘b’ of the
previous frame Fn-1 and the current frame Fn with ‘1°. If a
difference value between the most significant bit data ‘a’ and
‘b’ of the previous frame Fn-1 and the current frame Fn is
not ‘17, the second comparator 93 applies high logic ‘1’ to
a second input terminal of the OR gate 94. Otherwise, if a
difference value between the most significant bit data ‘a’ and
‘b’ of the previous frame Fn-1 and the current frame Fn is
‘1’, the second comparator 93 applies low logic ‘0’ to the
second input terminal of the OR gate 94.

[0084] The OR gate 94 is connected between the MUX 96
and the first and second comparators 92 and 93 to perform
a logical sum operation of output signals of the first and
second comparators 92 and 93 and control the MUX 96 in
accordance with the resultant value. When a difference value
of the most significant data ‘a’ and ‘b’ after the logical sum
operation is not ‘1°, the OR gate 94 outputs high logic 1°.
Otherwise, when a difference value of the most significant
value ‘a’ and ‘b’ is ‘1°, the OR gate 94 selects high logic ‘1’
or low logic ‘0’ depending on a change amount of the least
significant bit data ‘c’ and ‘d’. If a difference value of the
most significant bit data ‘2’ and ‘b’ is ‘1’ and a difference
value of the least significant bit data ‘c’ and ‘d’ is less than
the reference value ‘k’, the OR gate 94 outputs high logic
‘1’. On the other hand, if a difference value of the most
significant bit data ‘a’ and ‘b’ is ‘1’ and a difference value of
the least significant bit data ‘c’ and ‘d’ is larger than the
reference value ‘k’, the OR gate 94 outputs low logic ‘0.

[0085] The MUX 96 is supplied with the most significant
bit data mb modulated by the look-up table 95 and the most
significant bit data inputted via the most significant bit
output bus line 97 of the timing controller 61, that is, the
non-modulated most significant bit data b. The MUX 96 is
controlled by an output signal of the OR gate 94 to select one
of the modulated most significant bit data mb and the
non-modulated most significant bit data ‘b’. If an output
signal of the OR gate 94 has high logic ‘1°, the MUX 96
outputs the most significant bit data mb modulated by the
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look-up table 95. If an output signal of the OR gate 94 has
low logic 0’, the MUX 96 outputs the non-modulated most
significant bit data ‘b’. Accordingly, when a difference value
of the most significant bit data ‘a’ and ‘b’ is not ‘1’ or when
the above-mentioned difference value is ‘1° and a difference
value of the least significant bit data ‘c’ and ‘d’ is less than
the reference value ‘k’, the MUX 96 outputs the modulated
most significant bit data mb. On the other hand, when a
difference value of the most significant bit data ‘a’ and ‘b’ is
‘1’ and a difference value of the least significant bit data ‘c’
and ‘d’ is larger than the reference value ‘k’, the MUX 96
outputs the non-modulated most significant bit data ‘b’.

[0086] The most significant bit data mb or ‘b’ and the least
significant bit data ‘d’ outputted from the data modulator 62
are combined with each other and then applied to the data
driver 63.

[0087] Since a data modulation and a data bypass are
selected on the basis of a real data change amount as
mentioned above, the look-up table may be classified into a
modulating data area and a non-modulating data area as
shown in FIG. 10 depending on the real data change
amount. In order to display a picture at a natural gray level,
data included in the first and fourth data area S1 and S4 in
FIG. 10 should be modulated on the basis of the above
equations (i) to (iif) while the second and third data areas S2
and S3 should be bypassed without a modulation process.
Accordingly, a process for selecting the modulating data
area or the non-modulating data area is required.

[0088] FIG. 11 shows a control procedure of the data
modulator 62 according to a second embodiment of the
present invention.

[0089] Hereinafter, such a control procedure of the data
modulator will be described in conjunction with the look-up
table of FIG. 10.

[0090] Referring to FIG. 11, the data modulator 62
(shown in FIG. 6) subtracts the most significant bit data ‘b’
of the current frame Fn from the most significant bit data ‘a’
of the previous frame Fn-1. Subsequently, the data modu-
lator 62 determines whether a value obtained by subtracting
the most significant bit data ‘b’ of the current frame Fn from
the most significant bit data ‘a’ of the previous frame Fn-1
is ‘17 at step S111.

[0091] If a value obtained by subtracting the most signifi-
cant bit data ‘b’ of the current frame Fn from the most
significant bit data ‘a’ of the previous frame Fn-1 is ‘1” at
step S111, the data modulator 62 determines whether a value
obtained by subtracting the least significant bit data ‘c’ of the
previous frame Fn-1 from the least significant bit data ‘d’ of
the current frame Fn is larger than the reference value ‘k’ at
step S112. In other words, if it is determined that current
input data are included in the first and second data areas S1
and S2 at which data inputted at the current frame Fn are
smaller than data inputted at the previous frame Fn-1 at step
S111, the data modulator 62 performs step S112.

[0092] If it is determined that a value obtained by sub-
tracting the least significant bit data ‘c’ of the previous frame
Fn-1 from the least significant bit data ‘d’ of the current
frame Fn is less than the reference value ‘k’ at step S112, the
data modulator 62 modulates the current input data using the
look-up table at step S113. In other words, step S112
determines whether the current input data are included in the
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first data area S1 of the look-up table at which the data
inputted at the current frame Fn are smaller than the data
inputted at the previous frame Fn-1. Also, it determines
whether a value obtained by subtracting the least significant
bit data ‘c’ of the previous frame Fn-1 from the least
significant bit data ‘d’ of the current frame Fn is less than the
reference value ‘k’.

[0093] If it is determined that a value obtained by sub-
tracting the least significant bit data ‘c’ of the previous frame
Fn-1 from the least significant bit data ‘d’ of the current
frame Fn is larger than the reference value ‘k’ at step S112,
the data modulator 62 bypasses the current input data into
the output line without a modulation using the look-up table
at step S114. In other words, if the current input data are
included in the second area S2 at which the data inputted at
the current frame Fn are smaller than the data inputted at the
previous frame Fn-1 and are larger than the reference value
‘k’ at step S112, the data modulator 62 bypasses the current
input data.

[0094] If a value obtained by subtracting the most signifi-
cant bit data ‘b’ of the current frame Fn from the most
significant bit data ‘a’ of the previous frame Fn-1 is not ‘1,
that is, if the current input data are not smaller than the data
at the previous frame Fn-1, the data modulator 62 performs
step S115. At step 115, the data modulator 62 subtracts the
most significant bit data ‘a’ of the previous frame Fn-1 from
the most significant bit data ‘b’ of the current frame Fn.
Subsequently, the data modulator 62 determines whether a
value obtained by subtracting the most significant bit data ‘a’
of the previous frame Fn-1 from the most significant bit data
‘b’ of the current frame Fn is ‘1°.

[0095] If a value obtained by subtracting the most signifi-
cant bit data ‘a’ of the previous frame Fn-1 from the most
significant bit data ‘b’ of the current frame Fn is ‘17 at step
S115, the data modulator 62 determines whether a value
obtained by subtracting the least significant bit data ‘d’ of the
current frame Fn from the least significant bit data ‘c’ of the
previous frame Fn-1 is larger than the reference value ‘k’ at
step S116. In other words, if it is determined that the current
input data are included in the third and fourth data areas S3
and S4 at which the data inputted at the current frame Fn are
larger than the data inputted at the previous frame Fn-1 at
the step S115, the data modulator 62 performs step S116.

[0096] If a value obtained by subtracting the most signifi-
cant bit data ‘a’ of the previous frame Fn-1 from the most
significant bit data ‘b’ of the current frame Fn is not 1’ at
step S115, the data modulator 62 performs step S117.

[0097] If it is determined that a value obtained by sub-
tracting the least significant bit data ‘d” of the current frame
Fn from the least significant bit data ‘c’ of the previous frame
Fn-1 is larger than the reference value ‘k’ at step S116, the
data modulator 62 bypasses the current input data to the
output line without a modulation using the look-up table at
step S114. In other words, step S116 determines whether the
current input data are included in the third data area S3 of the
look-up table at which the data inputted at the current frame
Fn are larger than the data inputted at the previous frame
Fn-1 and are larger than the reference value ‘k’.

[0098] If it is determined that a value obtained by sub-
tracting the least significant bit data ‘d’ of the current frame
Fn from the least significant bit data ‘c’ of the previous frame



US 2002/0196218 Al

Fn-1 is less than the reference value ‘k’ at step S116, the
data modulator 62 modulates the current input data using the
look-up table at step 117. In other words, if the current input
data are included in the fourth area S4 at which the data
inputted at the current frame Fn are larger than the data
inputted at the previous frame Fn-1 and are less than the
reference value ‘k’ at step S116, the data modulator 62
modulates the current input data.

[0099] Referring to FIG. 12, the data modulator 62
according to a second embodiment of the present invention
includes a frame memory 121 receiving RGB data from the
timing controller 61. Alook-up table 129 modulates the most
significant bit data MSB. A multiplexor (MUX) 130 selects
one of modulated most significant bit data mb and non-
modulated most significant bit data ‘b’. First to fourth
comparators 122 to 125, first and second AND gates 126 and
127, and an OR gate 128 are connected between the frame
memory 121 and the MUX 130.

[0100] More specifically, the frame memory 121 is con-
nected to a most significant bit output bus line 132 and a
least significant bit output bus line 131 of the timing
controller 61 to store the most significant bit data MSB and
the least significant bit data LSB inputted from the timing
controller 61 during one frame interval. Further, the frame
memory 12 supplies the stored most significant bit data
MSB to the look-up table 129 and the first and third
comparators 122 and 124, and supplies the least significant
bit data L.SB to the second and fourth comparators 123 and
125 every frame.

[0101] The look-up table 129 modulates the most signifi-
cant bit data MSB of the current frame Fn by using the above
equations in accordance with a change between the most
significant bit data ‘b’ of the current frame Fn inputted from
the most significant bit bus output line 132 of the timing
controller 61 and the most significant bit data ‘a’ of the
previous frame Fn—1 inputted from a most significant bit bus
output line 134 of the frame memory 121.

[0102] The first comparator 122 receives the most signifi-
cant bit data ‘a’ of the previous frame Fn-1 from the most
significant output bus line 134 of the frame memory 121. At
the same time, it receives the most significant bit data ‘b’ of
the current frame Fn from the most significant bit output bus
line 132 of the timing controller 61. The first comparator 122
calculates a value in which the most significant bit data ‘b’
of the current frame Fn is subtracted from the most signifi-
cant bit data ‘a’ of the previous frame Fn-1 and compares
the calculated value with ‘1°. If a value obtained by sub-
tracting the most significant bit data ‘b’ of the current frame
Fn from the most significant bit data ‘a’ of the previous
frame Fn-1 is ‘1°, the first comparator 122 applies high logic
‘1’ to a first input terminal of the first AND gate 126.
Otherwise, if a value obtained by subtracting the most
significant bit data ‘b’ of the current frame Fn from the most
significant bit data ‘a’ of the previous frame Fn-1 is not ‘17,
the first comparator 122 applies low logic ‘0’ to the first
input terminal of the first AND gate 126.

[0103] The second comparator 123 receives the least sig-
nificant bit data ‘¢’ of the previous frame Fn-1 from the least
significant output bus line 133 of the frame memory 121. At
the same time, it receives the least significant bit data ‘d’ of
the current frame Fn from the least significant bit output bus
line 131 of the timing controller 61. The second comparator
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123 calculates a value in which the least significant bit data
‘c’ of the previous frame Fn-1 is subtracted from the least
significant bit data ‘d’ of the current frame Fn and compares
the calculated value with the reference value k. If a value
obtained by subtracting the least significant bit data ‘c’ of the
previous frame Fn-1 from the least significant bit data ‘d’ of
the current frame Fn are larger than the reference value ‘k’,
the second comparator 123 applies high logic ‘1’ to a second
input terminal of the first AND gate 126. Otherwise, if a
value obtained by subtracting the least significant bit data ‘c’
of the previous frame Fn-1 from the least significant bit data
‘d’ of the current frame Fn is less than the reference value
‘k’, the second comparator 123 applies low logic ‘0’ to the
second input terminal of the first AND gate 126.

[0104] The first AND gate 126 performs a logical opera-
tion of two signals inputted from the first and second
comparators 122 and 123. If the output signals of the first
and second comparators 122 and 123 have high logic ‘1°,
that is, if it is determined that current input data are included
in the second data area S2 of the look-up table, the first AND
gate 126 generates an output signal having high logic ‘1°. If
an output signal of the first comparator 122 has low logic 07,
the first AND gate 126 generates an output signal having low
logic ‘0’ regardless of a logical value of an output signal of
the second comparator 123. On the other hand, if an output
signal of the first comparator 122 has high logic ‘1’ and an
output signal of the second comparator 123 has low logic
‘0’, that is, if it is determined that the current input data are
included in the first data area S1 of the look-up table, the first
AND gate 126 generates an output signal having low logic
‘0.

[0105] The third comparator 124 receives the most sig-
nificant bit data ‘a’ of the previous frame Fn-1 from the most
significant output bus line 134 of the frame memory 121. At
the same time, it receives the most significant bit data ‘b’ of
the current frame Fn from the most significant bit output bus
line 132 of the timing controller 61. The third comparator
124 calculates a value in which the most significant bit data
‘a’ of the previous frame Fn-1 is subtracted from the most
significant bit data ‘b’ of the current frame Fn and compares
the calculated value with ‘1°. If a value obtained by sub-
tracting the most significant bit data ‘a’ of the previous frame
Fn-1 from the most significant bit data ‘b’ of the current
frame Fn is ‘1°, the third comparator 124 applies high logic
‘1’ to a first input terminal of the second AND gate 127.
Otherwise, if a value obtained by subtracting the most
significant bit data ‘a’ of the previous frame Fn-1 from the
most significant bit data ‘b’ of the current frame Fn is not ‘17,
the third comparator 124 applies low logic ‘0’ to the first
input terminal of the second AND gate 127.

[0106] The fourth comparator 125 receives the least sig-
nificant bit data ‘¢’ of the previous frame Fn-1 from the least
significant output bus line 133 of the frame memory 121. At
the same time, it receives the least significant bit data ‘d” of
the current frame Fn from the least significant bit output bus
line 131 of the timing controller 61. The fourth comparator
125 calculates a value in which the least significant bit data
‘d’ of the current frame Fn is subtracted from the least
significant bit data ‘¢’ of the previous frame Fn-1 and
compares the calculated value with the reference value ‘k’.
If a value obtained by subtracting the least significant bit
data ‘d’ of the current frame Fn from the least significant bit
data ‘¢’ of the previous frame Fn-1 is larger than the
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reference value ‘k’, the fourth comparator 125 applies high
logic ‘1’ to a second input terminal of the second AND gate
127. Otherwise, if a value obtained by subtracting the least
significant bit data ‘d’ of the current frame Fn from the least
significant bit data ‘¢’ of the previous frame Fn-1 is less than
the reference value ‘k’, the fourth comparator 125 applies
low logic ‘0’ to the second input terminal of the second AND
gate 127.

[0107] The second AND gate 127 performs a logical
operation of two signals inputted from the third and fourth
comparators 124 and 125. If the output signals of the third
and fourth comparators 124 and 125 have high logic ‘1°, that
is, if it is determined that the current input data are included
in the third data area S3 of the look-up table, the second
AND gate 127 generales an output signal having high logic
‘1. If an output signal of the third comparator 124 has low
logic ‘0’, the second AND gate 127 generates an output
signal having low logic ‘0’ regardless of a logical value of
an output signal of the fourth comparator 125. On the other
hand, if an output signal of the third comparator 124 has high
logic ‘1’ and an output signal of the fourth comparator 125
has low logic ‘0’, that is, if it is determined that the current
input data are included in the fourth data area S4 of the
look-up table, the second AND gate 127 generates an output
signal having low logic ‘0’.

[0108] The OR gate 128 is connected between the MUX
130 and the first and second AND gates 126 and 127 to
perform a logical sum operation of output signals of the first
and second AND gates 126 and 127 and control the MUX
130 in accordance with the resultant value. When a logical
value of at least one of the output signals of the first and
second AND gates 126 and 127 after the logical sum
operation is ‘1°, the OR gate 128 outputs high logic ‘1°. In
other words, when the current input data are included in the
second data area S2 or the third data area S3 of the look-up
table, the OR gate 128 generates an output signal having
high logic ‘1°. On the other hand, if the output signals of the
first and second AND gates 126 and 127 have low logic ‘0’
that is, when the current input data are included in the first
data area S1 or the fourth data area S4 of the look-up table,
the OR gate 128 outputs an output signal having low logic
‘0.

[0109] The MUX 130 is supplied with the modulated most
significant bit data mb modulated by the look-up table 129
and the most significant bit data MSB inputted through the
most significant bit output bus line 132 of the timing
controller 61, that is, the non-modulated most significant bit
data ‘b’. The MUX 130 is controlled by an output signal of
the OR gate 128 to select one of the modulated most
significant bit data mb and the non-modulated most signifi-
cant bit data ‘b’. If an output signal of the OR gate 130 has
high logic ‘1°, the MUX 130 outputs the non-modulated
most significant bit data ‘b’. If an output signal of the OR
gate 128 has low logic ‘0°, the MUX 130 outputs the
modulated most significant bit data mb modulated by the
look-up table 129. Accordingly, when it is determined that
the current input data are included in the second and third
data areas S2 and S3 of the look-up table, the MUX 130
selects the non-modulated most significant bit data ‘b’. On
the other hand, when it is determined that the current input
data are included in the first and fourth data areas S1 and $4,
the MUX 130 selects the modulated most significant bit data
mb.
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[0110] The most significant bit data ‘b’ or mb selected by
using the MUX 130 in this manner is combined with the
least significant bit data ‘d’ bypassed through the least
significant bit output bus line 131 of the timing controller 61
to be applied to the data driver 63.

[0111] As described above, in the present invention, only
the most significant bit data MSB are selected for a modu-
lation in order to reduce the size of the look-up table.
Alternatively, although the size of the look-up table is
slightly enlarged, both the most significant bit data MSB and
the least significant bit data LSB may be selected for a
modulation.

[0112] As described above, according to the present inven-
tion, a data modulation is performed based on a change in
each most significant bit data and least significant bit data at
the previous frame and the current frame to prevent a
deterioration of the picture quality. Furthermore, a judgment
as to whether current input data to be modulated is accu-
rately made in the present invention.

[0113] The data modulator shown in FIG. 6 may be
installed at the earlier stage of the timing controller to
modulate the data inputted to the timing controller. Also, the
data modulator may be implemented by other means, such
as a software and a microprocessor for carrying out this
software, rather than a look-up table.

[0114] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
method and apparatus for driving the liquid display of the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A method of driving a liquid crystal display, compris-
ing:
dividing input data into most significant bit data and least
significant bit data,

detecting changes in the most significant bit data and the
least significant bit data;

comparing the change in the most significant bit data with
a first reference value;

comparing the change in the least significant bit data with
a second reference value; and

determining whether the input data are modulated in
accordance with the compared results.
2. The method according to claim 1, wherein the detecting
changes includes:

delaying the most significant bit data and the least sig-
nificant bit data for a frame period;

calculating a first difference between non-delayed most
significant bit data and the delayed most significant bit
data; and

calculating a second difference between non-delayed least
significant bit data and the delayed least significant bit
data.
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3. A method of driving a liquid crystal display, compris-
ing:
dividing input data from an input line into most significant
bit data and least significant bit data;

detecting changes in the number of bits of the most
significant bit data and the least significant bit data
between current and previous frames;

comparing the change in the number of bits of the most
significant bit data with a first reference value;

comparing the change in the least significant bit data with
a second reference value;

modulating the input data if the change in the most
significant bit data is equal to the first reference value
and the change in the least significant bit data is smaller
than the second reference value; and

supplying the input data without a modulation if the
change in the most significant bit data is equal to the
first reference value and the change in the least signifi-
cant bit data is equal to or larger than the second
reference value.

4. The method according to claim 3, further comprising:

modulating the input data if the change in the most
significant bit data is different from the first reference
value.

5. The method according to claim 3, wherein the data
modulating the input data includes modulating the most
significant bit data.

6. The method according to claim 3, wherein the first
reference value is ‘1°.

7. A method of driving a liquid crystal display, compris-
ing:

dividing input data from an input line into most significant
bit data and least significant bit data;

determining whether current most significant bit data are
included in a first data area of a look-up table;

comparing a first difference value in the number of bits
between current least significant bit data and previous
least significant bit data with a first reference value if
the current most significant bit data are included in the
first data area of the look-up table;

determining whether the current most significant bit data
are to be modulated in accordance with the compared
result of the first difference value;

determining whether the current most significant bit data
are included in a second data area of a look-up table;

comparing a second difference value in the number of bits
between the current input least significant bit data and
the previous least significant bit data with a second
reference value if the current most significant bit data
are included in the second data area of the look-up
table; and

determining whether the current most significant bit data
are to be modulated in accordance with the compared
result of the second difference value.
8. The method according to claim 7, wherein the deter-
mining whether current most significant bit data are included
in a first data area of a look-up table includes,
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subtracting the current most significant bit data from the
previous most significant bit data if the number of bits
of the current most significant bit is greater than that of
the previous most significant bit data; and

determining whether a value obtained by subtracting the
current most significant bit data from the previous most
significant bit data is <1°.
9. The method according to claim 7, wherein determining
whether current most significant bit data are included in a
first data area of a look-up table includes,

subtracting the previous most significant bit data from the
current most significant bit data if the number of bits of
the previous most significant bit data is greater than that
of the current most significant bit data; and

determining whether a value obtained by subtracting the
previous most significant bit data from the current most
significant bit data is ‘1°.

10. The method according to claim 7, wherein the current
most significant bit data are modulated if a subtracted value
between the previous least significant bit data and the
current least significant bit data is different from the first
reference value.

11. The method according to claim 7, wherein the first
reference value is ‘1.

12. The method according to claim 7, wherein the second
reference value is a minimum recognizable gray level
change by an observer.

13. The method according to claim 7, wherein the current
most significant bit data are not modulated if a first sub-
tracted value between the previous most significant bit data
and the current most significant bit data is the same as the
first reference value and if a second subtracted value
between the previous least significant bit data and the
current least significant bit data is greater than the second
reference value.

14. An apparatus for driving a liquid crystal display,
comprising:

a frame memory delaying each of most significant bit data
and least significant bit data included in input data from
an input line;

a first comparator comparing the most significant bit data
from the input line with the delayed most significant bit
data to obtain a first difference amount in the number of
bits in the most significant bit data and comparing the
first difference amount with a first reference value;

a second comparator comparing the least significant bit
data from the input line with the delayed least signifi-
cant bit data to obtain a second difference amount in the
number of bits in the least significant bit and comparing
the second difference amount with a second reference
value; and

a selector determining whether the most significant bit
data from the input line is to be modulated in accor-
dance with the compared results of the first and second
comparators.

15. An apparatus for driving a liquid crystal display,

comprising;

a frame memory delaying each of most significant bit data
and least significant bit data included in input data from
an input line;
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a first comparator comparing the most significant bit data
from the input line with the delayed most significant bit
data to obtain a first difference amount in the number of
bits in the most significant bit data and comparing the
first difference amount with a first reference value;

a second comparator comparing the least significant bit
data from the input line with the delayed least signifi-
cant bit data to obtain a second difference amount in the
number of bits in the least significant bit data and
comparing the second difference amount with a second
reference value;

a modulator modulating the input data; and

I3

selector selecting one of the modulated data and the
input data from the input line in accordance with the
compared results of the first and second comparators.

16. The apparatus according to claim 15, wherein the first
reference value is ‘1.

17. The apparatus according to claim 15, wherein the
second reference value is a minimum recognizable gray
level change by an observer.

18. The apparatus according to claim 15, wherein the
modulator modulates the most significant bit data using a
look-up table.

19. The apparatus according to claim 15, wherein the
selector selects the modulated input data if the first differ-
ence amount is equal to the first reference value and the
second difference amount is smaller than the second refer-
ence value.

20. The apparatus according to claim 15, wherein the
selector selects the modulated data if the first difference
amount is different from the first reference value.

21. The apparatus according to claim 15, wherein the
selector selects the input data from the input line if the first
difference amount is equal to the first reference value and the
second difference amount is larger than the second reference
value.

22. The apparatus according to claim 15, wherein the
selector includes,

a gate device performing a logical operation of output
signals of the first and second comparators; and

a switching device selecting one of an output of the
modulator and the input data from the input line in
accordance with an output of the gate device.

23. The apparatus according to claim 14, further com-

prising:

a data driver supplying the modulated data and the input
data from the input line to a liquid crystal display;

a gate driver applying a scanning signal to the liquid
crystal display; and

a timing controller applying the input data to the input line
and controlling the data driver and the gate driver.
24. The apparatus according to claim 15, further com-
prising:

a data driver supplying the modulated data and the input
data from the input line to a liquid crystal display;
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a gate driver applying a scanning signal to the liquid
crystal display; and

a timing controller applying the input data to the input line
and controlling the data driver and the gate driver.
25. An apparatus for driving a liquid crystal display,
comprising;

a frame memory delaying each of most significant bit data
and least significant bit data included in input data from
an input line,

a first comparator subtracting the most significant bit data
from the input line from the delayed most significant bit
data and comparing the subtracted value with a first
reference value;

a second comparator subtracting the delayed least signifi-
cant bit data from the least significant bit data from the
input line and comparing the subtracted value with a
second reference value;

a first logic device determining whether the most signifi-
cant bit data inputted from the input line are modulated
in accordance with the compared results of the first and
second comparators;

a third comparator subtracting the delayed most signifi-
cant bit data from the most significant bit data of the
input line and comparing the subtracted value with the
first reference value;

a fourth comparator subtracting the least significant bit
data from the input line from the delayed least signifi-
cant bit data and comparing the subtracted value with
the second reference value;

a second logic device determining whether the most
significant bit data inputted from the input line is
modulated in accordance with the compared results of
the third and fourth comparators;

a modulator modulating the most significant bit data from
the input line in accordance with a change between the
most significant bit data inputted from the input line
and the delayed most significant bit data; and

a selector selecting one of the modulated data and the
input data from the input line in accordance with output
logical values of the first and second logic devices.

26. The driving apparatus according to claim 24, wherein

each of the first and second logic devices is an AND gate.

27. The driving apparatus according to claim 24, wherein

the selector includes,

an OR gate performing a logical sum operation of the
output signals of the first and second logic devices; and

a switching device selecting one of an output of the
modulator and the input data from the input line under
control of the OR gate.
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