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7) ABSTRACT

Disclosed is an LCD and driving method thereof. The
present invention comprises a data gray signal modifier for
receiving gray signals from a data gray signal source, and
outputting modification gray signals by consideration of
gray signals of present and previous frames; a data driver for
changing the modification gray signals into corresponding
data voltages and outputting image signals; a gate driver for
sequentially supplying scanning signals; and an LCD panel
comprising a plurality of gate lines for transmitting the
scanning signals; a plurality of data lines, being insulated
from the gate lines and crossing them, for transmitting the
image signals; and a plurality of pixels, formed by an area
surrounded by the gate lines and data lines and arranged as
a matrix pattern, having switching elements connected to the
gate lines and data lines.
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LIQUID CRYSTAL DISPLAY AND A DRIVING
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a Liquid Crystal
Display (LCD) and a driving method thereof. More specifi-
cally, the present invention relates to an LCD and a driving
method for providing compensated data voltage in order to
improve a response time of the liquid crystal.

[0003] (b) Description of the Related Art

(a) Field of the Invention

[0004] As personal computers (PC) and televisions have
recently become lighter in weight and slimmer in thickness,
lighter and slimmer display devices have also been in great
demands. Accordingly, flat panel type displays such as an
LCD instead of a cathode ray tube (CRT) have been devel-
oped.

[0005] 1In the LCD, a liquid crystal layer having anisotro-
pic permittivity is injected between two substrates of a
panel, and the light transmittivity of the panel is controlled
by applying and controlling the electric field. Desired
images are obtained in such a manner. An LCD is one of the
most commonly used portable flat panel display devices. In
particular, the thin film transistor liquid crystal display
(TFT-LCD) employing the TFT as a switching element is
most widely used.

[0006] As more TFT-LCDs have been used as display
devices of computers and televisions, it becomes increas-
ingly important to implement moving pictures on the TFT-
LCD. However, conventional TFT-LCDs have a relatively
slow response speed. So it is difficult to implement moving
pictures on the conventional TFT-LCD. To solve the prob-
lem of the slow response speed, different type of TFT-LCD
that uses the optically compensated band (OCB) mode or
ferro-electric liquid crystal (FLC) has been developed.

[0007] However, the structure of the conventional TFT-
LCD panel must be modified to use the OCB mode or the
FLC.

SUMMARY OF THE INVENTION

[0008] Tt is an object of the present invention to enhance
the response speed of the liquid crystal by modifying the
liquid crystal driving method without modifying the struc-
ture of the TFT-LCD.

[0009] In one aspect of the present invention, an LCD
comprises: a data gray signal modifier for receiving gray
signals from a data gray signal source, and outputting
modification gray signals by considering gray signals of
present and previous frames; a data driver for changing the
modification gray signals into corresponding data voltages
and outputting image signals; a gate driver for sequentially
supplying scanning signals; and an LCD panel comprising a
plurality of gate lines for transmitting the scanning signals;
a plurality of data lines, being insulated from the gate lines
and crossing them, for transmitting the image signals; and a
plurality of pixels, formed by an area surrounded by the gate
lines and data lines and arranged as a matrix pattern, having
switching elements connected to the gate lines and data
lines.
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[0010] The data gray signal modifier comprises: a frame
storage device for receiving the gray signals from the data
gray signal source, storing the gray signals during a single
frame, and outputting the same; a controller for controlling
writing and reading the gray signals of the frame storage
device; and a data gray signal converter for considering the
gray signals of a present frame transmitted by the data gray
signal source and the gray signals of a previous frame
transmitted by the frame storage device, and outputting the
modification gray signals.

[0011] The LCD further comprises: a combiner for receiv-
ing the gray signals from the data gray signal source,
combining the gray signals to be synchronized with the
clock signal frequency with which the controller is synchro-
nized, and outputting the combined gray signals to the frame
storage device and the data gray signal converter; and a
divider for dividing the gray signals output by the data gray
signal converter so as to be synchronized with the frequency
with which the gray signals transmitted by the data gray
signal source are synchronized.

[0012] In another aspect of the present invention, in an
LCD driving method comprising a plurality of gate lines; a
plurality of data lines being insulated from the gate lines and
crossing them; and a plurality of pixels, formed by an area
surrounded by the gate lines and data lines and arranged as
a matrix pattern, having switching elements connected to the
gate lines and data lines, an LCD driving method comprises:
(a) sequentially supplying scanning signals to the gate lines;
(b) receiving image signals from an image signal source, and
generating modification image signals by considering image
signals of present and previous frames; and (c) supplying
data voltages corresponding to the generated modification
image signals to the data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] 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:

[0014] FIG. 1 shows an equivalence circuit of an LCD
pixel;
[0015] FIG. 2 shows data voltages and pixel voltages

supplied by a prior driving method;

[0016] FIG. 3 shows a light transmission rate of the LCD
according to a conventional driving method;

[0017] FIG. 4 shows a modeled relation between the
voltage and permittivity of the LCD;

[0018] FIG. 5 shows a method for supplying the data
voltage according to a first preferred embodiment of the
present invention,

[0019] FIG. 6 shows a light transmission rate of the LCD
when supplying the data voltage according to the first
preferred embodiment of the present invention;

[0020] FIG. 7 shows a light transmssion rate of the LCD
when supplying the data voltage according to a second
preferred embodiment of the present invention;

[0021] FIG. 8 shows an LCD according to the preferred
embodiment of the present invention;
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[0022] FIG. 9 shows a data gray signal modifier according
to the preferred embodiment of the present invention;

[0023] FIG. 10 shows a conversion table according to the
first preferred embodiment of the present invention;

[0024] FIG. 11 shows a data gray signal modifier accord-
ing to a second embodiment of the present invention;

[0025] FIG. 12 conceptually shows an operation of the
data gray signal modifier according to the first preferred
embodiment of the present invention shown in FIG. 11,

[0026] FIG. 13 conceptually shows an operation of the
data gray signal modifier according to the second preferred
embodiment of the present invention shown in FIG. 11

[0027] FIG. 14 shows a data gray signal modifier accord-
ing to a third embodiment of the present invention;

[0028] FIGS. 15(a) to 15(c) show a conversion process of
the modified gray data computed according to the third
preferred embodiment of the present invention; and

[0029] FIG. 16 shows a waveform diagram for comparing
the conventional voltage supply method with that according
to the preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] In the following detailed description, only the
preferred embodiment of the invention has been shown and
described, simply by way of illustrating of the best mode
contemplated by the inventor(s) of carrying out the inven-
tion. As will be realized, the invention is capable of modi-
fication in various obvious respects, all without departing
from the invention. Accordingly, the drawings and descrip-
tion are to be regarded as illustrative in nature, and not
restrictive.

[0031] The LCD comprises a plurality of gate lines which
transmit scanning signals, a plurality of data lines which
cross the gate lines and transmit image data, and a plurality
of pixels which are formed by regions defined by the gate
lines and data lines, and are interconnected through the gate
lines, data lines, and switching elements.

[0032] Each pixel of the LCD can be modeled as a
capacitor having the liquid crystal as dielectric material, that
is, a liquid crystal capacitor. FIG. 1 shows an equivalence
circuit of the pixel of the LCD.

[0033] As shown, the LCD pixel comprises a TFT 10
having a source electrode connected to a data line D, and a
gate electrode connected to a gate line S, a liquid crystal
capacitor C, connected between a drain electrode of the TFT
10 and a common voltage V., and a storage capacitor C,,
connected to the drain electrode of the TFT 10.

[0034] When a gate ON signal is supplied to the gate line
Sn to turn on the TFT 10, the data voltage V, supplied to the
data line is supplied to each pixel electrode (not illustrated)
via the TFT 10. Then, an electric field corresponding to a
difference between the pixel voltage Vp supplied to the pixel
electrode and the common voltage V. is supplied to the
liquid crystal (shown as the liquid crystal capacitor in FIG.
1) so that the light permeates the TFT with a transmission
corresponding to a strength of the electric field. At this time,
the pixel voltage V, is maintained during one frame period.
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The storage capacitor C,, is used in an auxiliary manner so
as to maintain the pixel voltage V, supplied to the pixel
electrode.

[0035] Since the liquid crystal has anisotropic permittivity,
the permittivity depends on the directions of the liquid
crystal. That is, when a direction of the liquid crystal
changes as the voltage is supplied to the liquid crystal, the
permittivity also changes, Accordingly, the capacitance of
the liquid crystal capacitor (which will be referred to as the
liquid crystal capacitance) also changes. After the liquid
crystal capacitor is charged while the TFT is turned ON, the
TFT is then turned OFF. If the liquid crystal capacitance
changes, the pixel voltage V, at the liquid crystal also
changes, since Q=CV.

[0036] For example, in a normally white mode twisted
nematics (TN) LCD, when zero voltage is supplied to the
pixel, the liquid crystal capacitance C(0V) becomes € | A/d,
where €, represents the permittivity when the liquid crystal
molecules are arranged in parallel the LCD substrate, that is,
when the liquid crystal molecules are arranged in the direc-
tion perpendicular to the direction of the light. * A’ represents
the area of the LCD substrate, and ‘d’ represents the distance
between the substrates. If the voltage for implementing a full
black is set to be 5V, when the 5V voltage is supplied to the
liquid crystal, the liquid crystal is arranged in the direction
perpendicular to the substrate, and therefore, the liquid
crystal capacitance C(5V) becomes €,A/d. Since €,~€,>0 in
the case of the liquid crystal used in the TN mode, the more
the pixel voltage sis upplied to the liquid crystal, the greater
becomes the liquid crystal capacitance.

[0037] The amount of charge necessary for making the
n-th frame full black is C(5V)x5V. However, let’s assume
that the (n-1)th frame is full white (V,_,=0V). Then, the
liquid crystal capacitance becomes C(0V) since the liquid
crystal has not yet responded during the TFI’s turn ON
period. Hence, even when the n-th frame supplies 5V data
voltage Vd to the pixel, the actual amount of the charge
provided to the pixel becomes C(0V)x5V, and since
C(0V)<C(5V), the pixel voltage below 5V (e.g., 3.5V) is
actually supplied to the liquid crystal, and the full black is
not implemented. Further, when the (n+1)th frame supplies
5V data voltage V4 so as to implement the full black, the
amount of the charge actually provided to the liquid crystal
becomes C(3.5V)x5V. Accordingly, the voltage V,, actually
supplied to the liquid crystal ranges between 3.5V and 5V.
After repeating the above-noted process, the pixel voltage
Vp reaches a desired voltage after a few frames.

[0038] The above-noted description will now be described
with respect to gray levels. When a signal (a pixel voltage)
supplied to a pixel changes from a lower gray to a higher
gray (or from a higher gray to a lower gray), the gray level
of the present frame reaches the desired gray level after a
few frames. It is because the gray level of the present frame
is affected by the gray level of the previous frame. In a
similar manner, the permittivity of the pixel of the present
frame reaches a desired value after a few frames since the
permittivity of the pixel of the present frame is affected by
that of the pixels of the previous frame.

[0039] If the (n—-1)th frame is full black, that is, the pixel
voltage V is 5V, and the n-th frame supplies 5V data voltage
so as to implement the full black, the amount of the charge
corresponding to C(5V)x5V is charged to the pixel since the
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liquid crystal capacitance is C(5V), and accordingly, the
pixel voltage V, of the liquid crystal becomes 5V.

[0040] Therefore, the pixel voltage V,, actually supplied to
the liquid crystal is determined by the data voltage supplied
to the present frame as well as the pixel voltage V,, of the
previous frame.

[0041] FIG. 2 shows the data voltages and pixel voltages
supplied by a conventional driving method.

[0042] As shown, the data voltage V4 corresponding to a
target pixel voltage V., is conventionally supplied for each
frame without regarding the pixel voltage V, of the previous
frame. Hence, the actual pixel voltage V, supplied to the
liquid crystal becomes lower or higher than the target pixel
voltage by the liquid crystal capacitance corresponding to
the pixel voltage of the previous frame, as described above.
Hence, the pixel voltage V,, reaches the target pixel voliage
after a few frames.

[0043] FIG. 3 shows a transmission rate of the LCD
according to the conventional driving method.

[0044] As shown, since the actual pixel voltage becomes
lower than the target pixel voltage, the transmission rate
reaches the target transmission rate after a few frames even
when the response time of the liquid crystal is within one
frame.

[0045] In the preferred embodiment of the present inven-
tion, a picture signal S, of the present frame is compared
with a picture signal S__; of a previous frame so as to
generate a modification signal S,' and the modified picture
signal S, is supplied to each pixel. Here, the picture signal
S, represents the data voltage in the case of analog driving
methods. However, since binary gray codes are used to
control the data voltage in digital driving methods, the actual
modification of the voltage supplied to the pixel is per-
formed by the modification of the gray signal.

[0046] First, if the picture signal (the gray signal or data
voltage) of the present frame is identical with the picture
signal of the previous frame, the modification is not per-
formed.

[0047] Second, if the gray signal (or the data voltage) of
the present frame is higher than that of the previous frame,
a modified gray signal (data voltage) higher than the present
gray signal (data voltage) is output, and if the gray signal (or
the data voltage) of the present frame is lower than that of
the previous frame, a modified gray signal (data voltage)
lower than the present gray signal (data voltage) is output.
At this time, the modification degree is proportional to the
difference between the present gray signal (data voltage) and
the gray signal (data voltage) of the previous frame.

[0048] A method for modifying the data voltage according
to a preferred embodiment will now be described.

[0049] FIG. 4 shows a model exhibiting the relationship
between the voltage and permittivity of the LCD.

[0050] As shown, the horizontal axis represents the pixel
voltage. The vertical axis represents a ratio between the
permittivity e(v) at a certain level of pixel voltage v and the
permittivity e, when the liquid crystal is arranged in parallel
with the substrate; that is, when the liquid crystal lines
perpendicular to the permeating direction of the light.
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[0051] The maximum value of e(v)/e,, that is, €, /€55 1S
assumed to be 3, V,, tobe 1V, and V__ to be 4V. Here, the
V,, and V. respectively represent the pixel voltages of the
full white and full black (or vice versa).

[0052] When the capacitance of the storage capacitor
(which will be referred to as the storage capacitance) is set
to be identical to an average value <C;> of the liquid crystal
capacitance, and the area of the LCD substrate and distance
between the substrates are respectively set to be ‘A’ and ‘d’,
the storage capacitance C,, can be expressed as Equation 1.

Co=<Cy>=(45)(e,+2€ ) (A/d)=(34)-(e :A/d)=(35)-CO
[0053] where CO=€,-A/d.

[0054] Referring to FIG. 4, e(v)/e, can be expressed as
Equation 2.

Equation 1

(Ve =(5)(2V+1)
[0055] Since total capacitance C(V) of the LCD is the sum
of the liquid crystal and the storage capacitance, the capaci-
tance C(V) can be expressed in Equation 3 from Equations
1 and 2.
C(V)=C+Cy=e(V)"(A/d)+(35)CO=("5):(b 2V+1)CO+
(A CO=(%)(V43)-CO
[0056] Since the charge Q supplied to the pixel is pre-
served, the following Equation 4 is established.

Equation 2

Equation 3

O0=C(V, 1) Vo=C(Vp)V; Equation 4

[0057] where V_ represents the data voltage (or, an
absolute value of the data voltage of an inverting
driving method) to be supplied to the present frame,
C(V,_1) represents the capacitance corresponding to
the pixel voltage of the previous frame (that is,
(n-1)th frame), and C(V,) represents the capacitance
corresponding to the actual voltage V; of the pixel of
the present frame (that is, n-th frame).

[0058] Equation 5 can be derived from Equations 3 and 4.
C(Vy ) Va=C(V) V= () (Vg #3) V,=(%3)- (Ve+3)-V;  Equation 5
[0059] Hence, the actual pixel voltage VI can be expressed

as Equation 6.

V= (3 T )2

Equation 6

[0060] As clearly expressed in Equation 6, the actual pixel
voltage V;is determined by the data voltage V, supplied to
the present frame and the pixel voltage V__; supplied to the
previous frame.

[0061] If the data voltage supplied in order for the pixel
voltage to reach the target voltage V at the n-th frame is set
to be V', the data voltage V' can be expressed as Equation
7 from Equation 5.

(Vo #3) Vo' =(Vat3)V, Equation 7

[0062] Hence, the data voltage V' can be expressed as
Equation 8.
Vi3 Vo= Va1 Equati
I = Vo= . quation 8
Vi Vo1 +3 Vo= Vot Vo +3 "
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[0063] As noted-above, when supplying the data voltage
V' obtained by the Equation 8 by the consideration of the
target pixel voltage V, of the present frame and the pixel
voltage V _, of the previous frame, the pixel voltage can
directly reach the target pixel voltage V.

[0064] Equation 8 is derived from FIG. 4 and a few
assumptions, and the data voltage V' applied to the general
LCD can be expressed as Equation 9.

|an|=‘Vn‘+f(|Vn|_|Vn—1|)

[0065] where the function f is determined by the
characteristics of the LCD. The function f has the
following characteristics.

[0066] That is f=0when |V ||V, _,|, >0 when [V |~V _ /],
and f<0 when |V |V _,|.

[0067] A method for supplying the data voltage according
to a first preferred embodiment of the present invention will
now be described.

Equation 9

[0068] FIG. 5 shows the method for supplying the data
voltage.
[0069] As shown in the first preferred embodiment, the

data voltage V,' modified by the formula considering the
target pixel voltage of the present frame and the pixel
voltage (data voltage) of the previous frame is supplied, and
the pixel voltage V, reaches the target voltage. In other
words, when the target voltage of the present frame is
different from the pixel voltage of the previous frame, the
voltage higher (or lower) than the target voltage of the
present frame is supplied as the modified data voltage so as
to reach the target voltage level at the first frame, and after
this, the target voltage is supplied as the data voltage at the
following frames. This improves the response speed of the
liquid crystal.

[0070] At this time, the modified data voltage (charges) is
determined by considering the liquid crystal capacitance
determined by the pixel voltage of the previous frame. That
is, the charge Q is supplied by considering the pixel voltage
level of the previous frame so as to directly reach the target
voltage level at the first frame.

[0071] FIG. 6 shows a permittivity of the LCD in the case
of supplying the data voltage according to the first preferred
embodiment of the present invention. As shown, since the
modified data voltage is supplied according to the first
preferred embodiment, the permittivity directly reaches the
target permittivity.

[0072] In a second preferred embodiment, a modified
voltage V' a little higher than the target voltage is supplied
the pixel voltage. As shown in FIG. 7, the permittivity
becomes lower than the target permittivity before a half of
the response time of the liquid crystal, but after this, the
permittivity becomes overcompensated compared to the
target value so that the average permittivity becomes equal
to the target permittivity.

[0073] Tt is now described an LCD according to a pre-
ferred embodiment of the present invention.

[0074] FIG. 8 shows an LCD according to the preferred
embodiment of the present invention. The LCD according to
the preferred embodiment uses a digital driving method.
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[0075] As shown, the LCD comprises an LCD panel 100,
a gate driver 200, a data driver 300 and a data gray signal
modifier 400.

[0076] A plurality of gate lines S1, S2, . . ., Sa for
transmitting gate ON signals, and a plurality of data lines
D1,D2,. .., Dn for transmitting the modified data voltages
are formed on the LCD panel 100. An area surrounded by the
gate lines and data lines forms a pixel, and the pixel
comprises TFTs 110 having a gate electrode connected to the
gate line and having a source electrode connected to the data
line, a pixel capacitor C1 connected to a drain electrode of
the TFT 110, and a storage capacitor C,,.

[0077] The gate driver 200 sequentially supplies the gate
ON voltage to the gate lines so as to turn on the TFT having
a gate electrode connected to the gate line to which the gate
ON voltage is supplied.

[0078] The data gray signal modifier 400 receives n-bit
data gray signals G, from a data gray signal source (e.g., a
graphic signal controller), and outputs the m-bit modified
data gray signals G,' after considering the m-bit data gray
signals of the present and previous frames. At this time, the
data gray signal modifier 400 can be a stand-alone unit or
can be integrated into a graphic card or an LCD module.

[0079] The data driver 300 converts the modified gray
signals G_' received from the data gray signal modifier 400
into corresponding gray voltages (data voltages) so as 1o
supply the same to the data lines.

[0080] FIG. 9 shows a detailed block diagram of the data
gray signal modifier 400 of FIG. 8.

[0081] As shown, the data gray signal modifier 400 com-
prises a combiner 410, a frame memory 420, a controller
430, a data gray signal converter 440 and a divider 450. The
combiner 410 receives gray signals from the data gray signal
source, and converts the frequency of the data stream into a
speed that can be processed by the data gray signal modifier
400. For example, if 24-bit data synchronized with the 65
MHz frequency are transmitted from the data gray signal
source and the processing speed of the components of the
data gray signal modifier 400 is limited within 50 MHz, the
combiner 410 combines the 24-bit gray signals into 48-bit
gray signals G, two by two and then transmits the same to
the frame memory 420.

[0082] The combined gray signals G, output the previous
gray signals G_,_; stored in a predetermined address to the
data gray signal converter 440 according to a control process
by the controller 430 and concurrently stores the gray
signals G, transmitted by the combiner 410 in the above-
noted address. The data gray signal converter 440 receives
the present frame gray signals G, output by the combiner
and the previous frame gray signals G__, output by the
frame memory 420, and generates modified gray signals G,/
by processing the gray signals of the present and previous
frames.

[0083] The divider 450 divides 48-bit modified data gray
signals G' from the data gray signal converter 440 and
outputs 24-bit modified gray signals G,'.

[0084] In the preferred embodiment of the present inven-
tion, since the clock frequency synchronized to the data gray
signal is different from that for accessing the frame memory
420, the combiner 410 and the divider 450 are needed, but
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in the case the clock frequency synchronized to the data gray
signal is identical with that for accessing the frame memory
420, the combiner 410 and the divider 450 are not needed.

[0085] Any digital circuits that satisfy the above-defined
equation 9 can be manufactured as the data gray signal
converter 440.

[0086] Also, in the case a lookup table is made and stored
in a read only memory (ROM), the gray signals can be
modified by accessing the lookup table.

[0087] Since the modified gray voltage V' is not only
proportional to the difference between the data voltage V_,
of the previous frame and the V of the present frame but
also depends on their respective absolute values, the lookup
table makes the circuit simpler compared to the computation
process.

[0088] In order to modify the data voltage according to the
preferred embodiment of the present invention, a dynamic
range wider than the actually used gray scale range must be
used. In the analog circuits, this problem can be solved using
high voltage integrated circuits, but in the digital circuit, the
number of the grays is restricted. For example, in the 6-bit
gray case, a portion of the 64 gray levels has to be assigned
not for the actual gray representation but for the modified
voltage. That is, a portion of the gray level should be
assigned for modification of the voltage, and hence the
number of the grays to be represented is reduced.

[0089] In order to prevent the reduction of the number of
the grays, a truncation concept can be introduced. For
example, it is assumed that the voltage from 0 to 8V is
necessary when the liquid crystal is activated at voltage from
1 to 4V and a modification voltage is considered. At this
time, when dividing the voltage having the range from 0 to
8V into 64 levels in order to perform a full modification, the
number of the grays which can be actually represented
becomes about 30 at most. Therefore, in the case the range
of the voltage becomes 1 to 4V and the modified voltage V'
becomes greater than 4V, the number of the grays can be
reduced if truncating all the modification voltages to 4V.

[0090] FIG. 10 shows a configuration of the lookup table
using the concept of the truncation according to the pre-
ferred embodiment of the present invention.

[0091] In the preferred embodiments of the present inven-
tion, the LCD driven by a digital method is described, and
also the present invention can be applied to the LCD driven
by an analog method.

[0092] 1In this case, a data gray signal modifier that func-
tions corresponding to the data gray signal modifier as
described in FIG. 8 is needed, and this data gray signal
modifier can be implemented using an analog circuit that
satisfies the equation 9.

[0093] As described above, the pixel voltage reaches the
target voltage level as the data voltage is modified and the
modified data voltage is provided to the pixels. Therefore,
the configuration of the TFT LCD panel does not have to be
changed and the response time of the liquid crystal can be
improved.

[0094] FIG. 11 shows a detailed block diagram of the data
gray signal modifier 400 according to a second preferred
embodiment of the present invention.
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[0095] As shown, the data gray signal modifier 400 com-
prises a frame memory 460, a controller 470 and a data gray
signal converter 480, and receives n-bit gray signals of the
respective red (R), green (G) and blue (B) from the data gray
signal source. Therefore, the total number of bits of the gray
signals transmitted to the data gray signal converter 480
becomes (3xn) bits. Here, a skilled person can make either
the (3xn)-bit gray signals be concurrently supplied to the
data gray signal modifier 480 from the data gray signal
source, or make the respective n-bit R, G and B gray signals
be sequentially supplied to the same.

[0096] Referring to FIG. 11, the frame memory 460 fixes
the bit of the gray signal to be modified. The frame memory
460 receives m bits of the n-bit R, G and B gray signals from
the data gray signal source, stores the same in predetermined
addresses corresponding to the R, G and B, and outputs the
same to the data gray signal converter 480 after a single
frame delay. That is, the frame memory 460 receives the
m-bit gray signals G, of the present frame and outputs m-bit
gray signals G,_; of the previous frame.

[0097] The data gray signal converter 480 receives (n-m)
bits of the present frame G, which are passed through
without modification, m bits of the present frame received
for modification, and m bits of the previous frame G,_;
delayed by the frame memory 460, and then generates the
modified gray signals G,' by considering the m bits of the
present and previous frames.

[0098] The above-noted description will now be further
provided, with reference to FIG. 12.

[0099] FIG. 12 conceptually shows an operation of the
data gray signal modifier according to the first preferred
embodiment of the present invention. It is assumed that the
R, G and B gray signals transmitted to the data gray signal
modifier 400 from the data gray signal source are respec-
tively 8-bit signals.

[0100] Two bits (bits of the present frame) starting from
the LSB among 8-bit gray signals transmitted to the data
gray signal modifier 400 are not modified, and they are input
to the data gray signal converter 480. The remaining 6 bits
of the present frame are input to the data gray signal
converter 480 for modification and concurrently stored in
predetermined addresses of the frame memory 460.

[0101] Here, since the frame memory 460 stores the bit of
the present frame during a single frame period and then
outputs the same, 6-bit gray signals of the previous frame are
output to the data gray signal converter 480.

[0102] The data gray signal converter 480 receives 6-bit R
gray signals of the present frame and 6-bit R gray signals of
the previous frame, generates modified gray signals consid-
ering the 6-bit R gray signals of the previous and present
frames, adds the generated 6-bit gray signals and the 2-bit
LSB gray signals of the present frame, and outputs finally
modified 8-bit gray signals G_'.

[0103] Inthe same manner as with the R gray signals, the
data gray signal converter 480 outputs modified 8-bit G and
B gray signals considering the 6-bit gray signals of the
present and previous frames. The 8-bit modified gray signals
are converted into corresponding voltages by a data driver
and supplied to the data lines.
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[0104] Here, the 6-bit R, G and B gray signals are stored
in the established addresses of the frame memory 460. A
skilled person can use a single frame memory 460 to assign
the addresses for covering the R, G and B, or use three frame
memories for the respective R, G and B to function as a
single frame.

[0105] Through the description referred to in FIG. 12,
when 8-bit gray signals are input from the data gray signal
source, the prior frame memory stores 8-bit R, G and B gray
signals in the case of SXGA (1,280x1,024), and therefore at
least 30 Mb memories are necessary, but the frame memory
460 according to the preferred embodiment of the present
invention only stores 6-bit gray signals, thereby reducing
memory capacity needed.

[0106] Here, the less the number of the bits of the gray
signals stored in the frame memory 460 becomes, the less
capacity of the frame memory 460 becomes necessary.

[0107] An operation of the data gray signal modifier
according to the second preferred embodiment will now be
described.

[0108] FIG. 13 conceptually shows an operation of the
data gray signal modifier according to the second preferred
embodiment of the present invention. For easy understand-
ing, the data gray signal modifier is designed using one
frame memory and one data gray signal converter. However,
the number of the frame memories and the data gray signal
converters can be changed according to grades of the LCD
panels, the bit number of the gray signals, and designer’s
intention. For example, three memories for configuring the
frame memory and the data gray signal converter can be
used to process R, G and B.

[0109] A skilled person can configure the frame memory
by using first and second memories for processing reading
and writing processes corresponding to the respective R, G
and B gray signals so as to enhance data processing speed.

[0110] That 1s, when the gray signals are sequentially
input to the frame memory, odd-numbered gray signals are
stored in the first memory, and even-numbered gray signals
are stored in the second memory, and when the odd-
numbered gray signals are stored in the first memory, the
second memory reads the first memory, and when the
even-numbered gray signals are stored in the second
memory, the first memory reads the second memory so that
the data can be written/read to and from the frame memory
within a shorter time.

[0111] InFIG.13, the configuration of the data gray signal
modifier 400 is similar to that of the first preferred embodi-
ment. However, the data gray signal modifier 400 of the
second preferred embodiment is different from the first
preferred embodiment because the data gray signal modifier
400 of the second preferred embodiment reduces the bit
number of the output gray signals compared to the bit
number of the input gray signals. An operation of the data
gray signal modifier 400 will now be described.

[0112] When the 8-bit R, G and B gray signals are
provided by the data gray signal source, the lower 3 bits of
the 8-bit R gray signals are not modified and are passed
though the dotted line in the figure, and the remaining 5 bits
of the present frame are input to the data gray signal
converter 480 and the frame memory 460.
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[0113] The 5-bit R gray signals of the present frame input
to the frame memory 460 are stored in predetermined
addresses and then output at the next frame, and 5-bit R gray
signals of the previous frame are output to the data gray
signal converter 480. The data gray signal converter 480
then receives the 5-bit R gray signals of the present and
previous frames G, and G,_,, generates the modified gray
signals G,' proportional to the differences between the gray
signals of the present and previous frames, and outputs the
same. At this time, the modified R gray signals G ' are 8-bit
signals obtained by an addition of the modified 5 bits and the
unmodified 3 bits.

[0114] Two bits of the 8-bit G gray signals are passed via
the dotted line, and remaining 6-bit gray signals G, are input
to the data gray signal converter 480 and the frame memory
460. Here, the frame memory 460 stores the 6-bit G gray
signals of the present frame in a predetermined address, and
outputs the 6-bit G gray signals of the previous frame G__;.
Therefore, the data gray signal converter 480 outputs the
modified gray signals G,' using the 6-bit G gray signals of
the present and previous frames. At this time, the modified
G gray signals G,' are obtained by an addition of the
modified 6 bits and unmodified 2 bits.

[0115] Finally, 3 bits of the 8-bit B gray signals are passed
via the dotted line, and remaining 5-bit gray signals G, are
input to the data gray signal converter 480 and the frame
memory 460. Here, the frame memory 460 stores the 5-bit
G gray signals of the present frame in a predetermined
address and outputs the 5-bit G gray signals of the previous
frame G,_;. Hence, the data gray signal converter 480
outputs modified gray signals G,' by using the 5-bit G gray
signals of the present and previous frames. At this time, the
modified G gray signals G,' are 8 bits obtained by an

n

addition of the modified 5 bits and unmodified 3 bits.

[0116] As described above, it is preferable that the passed
bits among the 8-bit R, G and B gray signals start from the
LSB, and a skilled person in the art can change the number
of the passed bits. Hence, the skilled person in the art can
change the capacity and number of the frame memories and
modify the data gray signal converter.

[0117] A digital circuit that satisfies Equation 9 can be
manufactured as the data gray signal converter 480 accord-
ing to the preferred embodiment, or a look-up table is made
and then stored into a read only memory (ROM), and
accessed to modify the gray signals. Since the modified data
voltage V' is not only proportional to the difference between
the data voltage V,_; of the previous frame and the data
voltage V, of the present frame, but is also dependent on
absolute values of the data voltages, the look-up table makes
the configuration of the circuit simpler than the computation.

[0118] Referring to FIGS. 12 and 13, an example in
which an LCD panel is the SXGA (1,280x1,024) type and
8-bit gray signals are supplied, will now be described.

[0119] Conventionally, in this case, the frame memory
requires at least 30 Mb. The data gray signal converter
requires 512 Kbx6 when processing two R, G and B pixels
per one clock from the controller 470. And it requires 512
Kbx3 when processing one R, G and B pixel per one clock
signal.

[0120] In detail, when processing two pixels per clock
signal, the data gray signal modifier 400 receives 48-bit
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signals. Since the bus size of the memory is configured as
x4, x8, x16 and x32, the 48-bit bus is configured using three
16-bit wide memories.

[0121] However, since only the bits from the LSB to the
i-th bit (i=1, 2, . . ., n-1) among the n bits are modified and
the remaining parts are not modified in the preferred
embodiment of the present invention, the capacity of the
frame memory and the data gray signal converter can be
reduced.

[0122] For example, when n=8 and i=2, since six MSBs
are to be modified and the remaining two bits do not have to
be modified, the frame memory only needs 1,280x1,024x6
bits=22.5 Mb. Since the data gray signal converter can use
six bits instead of an 8-bit gray table memory (512 Kb), the
size is greatly reduced to 24 Kb in the case of one pixel per
clock signal, and reduced to 6x24 Kb in the case of two
pixels per clock signal.

[0123] In the preferred embodiment, a number of modi-
fication bits are omitted when modifying the gray signals
since human eyes are not as sensitive to moving pictures as
to still pictures. Therefore, it is desirable to omit modifica-
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[0127] As described above, an image signal modification
circuit for improving the response speed of the liquid crystal
is shown in FIGS. 9 and 11.

[0128] Particularly, in order to reduce the cost of the image
signal modification circuit, the gray signals except a portion
of the LSB are modified, and this algorithm is simple and

easy to apply.

[0129] However, in the case of modifying four bits of the
8-bit gray, such quantization may cause two problems.

[0130] Tt is assumed that DCC modification value 168
(10101000) gray level (G,) maximizes the response speed,
when 208 (11010000) gray level (G,_;) changes to 192
(11000000) gray level (G,). A modification of the full 8 bits
generates no problem. However, a modification of MSB 4
bits so as to reduce the cost cannot provide a room for the
value 168 in the lookup table. Instead, the value of 176
(10110000) or 160 (10100000) is input to the lookup table.
That is, modification errors are generated as much as the
omitted LSB bits. This can generate a greater problem in the
following interval.

TABLE 1

Gn-1

Gn’ 1

16 32 48 64 80 96

112 128 144 160 176 192 208 224 240 255

Gn 32 33 33 32 30 28 26 24 22 20 16 12 9 9 9 0 0 0

tion bits up to the number where the human eyes cannot
discern the variation of the gray signals of the moving
pictures.

[0131] In this interval, the bits are modified gradually.
Configuring this interval using only 4 bits, it becomes as
follows.

TABLE 2

Gn-1

Gn’ 0

16 32 48 54 80 96 112 128 144 160 176 192 208 224 240 255

Gn 32 32 32 32 32 32 32 32 16 16 16 16 16 0 0 0 0 0

[0124] Since human eye has different sensitivities with
respect to R, G and B, it is desirable to differently omit the
number of modification bits with respect to the gray signals
of the corresponding color. In other words, human eyes are
most sensitive to green and least sensitive to blue. Thus, it
is desirable that the number of modification bits ‘i’ be in the
order of GER=B.

[0125] According to the present invention, the data volt-
age is modified and the modified data voltage is supplied to
the pixels so that the pixel voltage reaches the target voltage
level. Hence, the response speed of the liquid crystal can be
improved without changing the configuration of the TFT-
LCD panel.

[0126] Further, since only ‘m’ bits out of n-bit gray signals
are used, the number and capacity of the memory necessary
for modifying the data voltage can be reduced, thereby
increasing yield of the panels and reducing the cost.

[0132] The second problem is as follows.

[0133]
modification value be 176 gray level when the 208 gray level
is switched to the 192 gray level. Then, 176 or 175 gray level
must be provided to obtain a maximum liquid crystal

Like the previous example, it is assumed that a

response speed when the 207 gray level is switched to the
192 gray level.

[0134] However, when modifying only 4 bits, since the
MSB 4 bits of 207 (11001111) is identical with that of 192
(11000000), the modification is not performed and the 192
is output.

[0135] Particularly, in moving pictures, 209 and 207 gray
levels are distributed on a uniform screen of about 208 gray
level. Thus, although the difference of gray level 1 between
the 208 and 207 gray levels may exaggerate the display
defects, as the compensation difference widens.
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[0136] These problems are referred to as the quantization
errors. As the number of the omitted LSBs increases the
quantization errors become serious.

[0137] An LCD for reducing the quantization errors will
now be described.

[0138] FIG. 14 shows a data gray signal modifier accord-
ing to a third embodiment of the present invention. The same
portions compared to FIG. 9 will be assigned with identical

reference numerals and no further description will be pro-
vided.

[0139] Referring to FIG. 14, the data gray signal converter
460 of the data gray signal modifier comprises a lookup table
462 and a calculator 464.

[0140] As the combiner 410 provides MSB 4-bit gray data
G_[0:3] of the present frame and MSB 4-bit gray data
G_,_;[0:3] of the previous frame, the values f, a and b stored

in the lookup table are extracted and provided to the calcu-
lator 464.

[0141] The calculator 464 receives the LSB 4-bit gray data
G_[4:7] of the present frame from the combiner 410, the
LSB 4-bit gray data G,,_,[4:7] of the previous frame from
the frame memory 420, the variables f, a and b to modity the
moving pictures from the lookup table. Then it performs a
predetermined computation and outputs first modified gray
data G_,[0:7] to the divider 450.

[0142] The first modified 36-bit gray data provided to the
divider 450 are divided, and the modified 24-bit gray data
G,' are output to the data driver 300.

[0143] In the preferred embodiments of the present inven-
tion as shown in FIG. 8, the LCD driven by a digital method
is described, and also the present invention can be applied to
the LCD driven by an analog method.

[0144] According to a second preferred embodiment of the
present invention, reduction of the quantization errors will
now be described in detail.

[0145] First, if the total gray levels are set to be x bits, the
MSB y bits of the x bits are modified using the gray lookup
table and the remaining z bits, that is (x-y) bits are modified
by computation.

[0146]
y=4.

[0147] For ease of explanation, the following will be
defined. [A]n is a multiple of the maximum 2" not greater
than A. For example, [207],=[206],=[205],= . . . =[193],=
[192],=192.

[0148] In other words, [A], is a value representing that n
of the LSBs in A are all zeros. On the otherhand, _[A]is a
value representing that m of the MSBs in A are all zeros. And
LAl is a value representing that n of the LSBs and m of the
MSBs in A are all zeros. When a mapping according to the
gray lookup table for modification is set to be f(G,, G,_,),
the modification of the present invention is as follows.

An example will now be described when x=8 and
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GI’L = f([Gn]4a [Gn—l]4) + a([Gn]zb [anl ]4) )

Gn Gn
Lo 16,4 161104 5

Equation 10

[0149]

[0150] According to the equation 10, the quantization
errors can be reduced by using the gray lookup table.

[0151]

Al ([Gn]zv [Gn71]4)=Gn'([Gn]4, [Gn—1]4)
a([Gy]4[Gn11)=G1 [Galat16,[Gn11)-Gr' (Guls

where a and b are positive integers.

The f, a and b are given as follows.

n-1l4,
b([Gn]47 [Gn71]4)=Gn'([Gn]4! [Gn—1]4)_Gn'([Gn]4! [anl]
4+16)
[0152] It is assumed that a gray lookup table for modifi-
cation is obtained as shown in Table 3.
TABLE 3
Gn-1
Gn' 64 30
Gn 128 140 136
144 160 158

[0153] For example, if it is set that [G,],=128 and
[G,_.J4=64, then it becomes that f{[G,],[G,_,],)=140,
a([G,]4[Gn_114)=160-140=20, and b([G, L,[G,_,],)=140-
136=4. However, these values are not fixed and may be
adjusted so that the values in the 16x16 interval can be
approximated with minimal errors.

[0154] For example, when approximating the case of
G_=144 and G,__,=80 by using the equation 10, Gn'=140+
20x16/16-4x16/16=156. the value is different from the
actually measured value 158. This error can be ignored, but
if the error becomes greater, the error of the values in the
16x16 interval can be minimized by precisely adjusting the
values of f, a and b.

[0155] An exceptional case is a block of [G,],=[G,_;],- In
this case, since G,'=G, must be sustained valid, f=[G_], is
fixed and the values of a and b are adjusted according to the
states. If G_=G,_; in the equation 10, to satisfy G,'=G,.

[0156] Following is an example to describe the modified
gray data computed using the equation 10.

[0157] Let’s assume that a previous gray data G,_; is a 72
gray level and a present gray data G is a 136 gray level. The
gray lookup table of the table 3 does not have the above-
noted gray data. Thus, these values must be obtained by a
predetermined computation as shown in FIG. 15().

[0158] That is, since f(G,],[G,_;1.)=((1361,[72],), it is
satisfied that £(128,04)=140, a(G,],,[G,_,]1,)=160-140=20
and b((G,],[G,_,],)=140-136=4.

[0159] Hence, when putting the values in the equation 10,
it becomes that G, '=140+20x(136-128)/16-4x(72-64)/16=
148.
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[0160] Also, in order to reduce the number of the bits
stored in the lookup table, equation 11 can be used.

G:L = f/ + [Gn]4 ta ([Gn]4s [Gn71]4)'

G, 4G,
“[1 - D (G G- “[1 - ]

Equation 11

[0161] where it is defined that £=f((G,],,[G,_1]s)-
[G,]., and a and b are positive integers.

[0162] Following is an example to describe the modified
gray data computed using the equation 11.

[0163] Like the previous example, lets assume that a
previous gray data G,,_; is a 72 gray level and a present gray
data G, is a 136 gray level. Since the gray lookup table of
the table 3 does not have the above-noted gray data, these
values must be obtained by a predetermined computation as
shown in FIG. 15(b).

[0164] That is, '=f([(G,].[G_11)-{G.]=([136]4[ 72])-
128=1(128,64)-128=140-128=12,  a"([G,],.[G,_1],)=2'(
[G, ]G, 1)+2"=4+16=20 and b([G,],{G,_,],)=4.

[0165] Hence, when putting the values in the equation 11,

it becomes that G,'=128+12+20x(136-128)/16-4x(72-64)/
16=148.

[0166] In order to reduce the number of the bits stored in
the lookup table, equation 12 can also be used.

G, = f'(Gala, [Gpat 1)+ Gy 0+ ([Goly, (Gt 1)
4[Gn} o .. @

Equation 12

[0167] where it is defined that f'=f-G_, and the value
a' is an integer, and the value b is a positive integer.

[0168] That is, it becomes that a'([G,4,[G,_11.)=a((G, s
[Gaal)-2"
[0169] An example will be described in order to describe

the modified gray data computed using the equation 12.

[0170] Let’s assume that a previous gray data G,_ is a 72
gray level and a present gray data G, is a 136 gray level.
Since the gray lookup table of the table 3 does not have the
above-noted gray data, these values must be obtained by a
predetermined computation as shown in FIG. 15(b).

[0171] That is, since K[G,],[G,,1)=[([136]{72])~
f(128,64)=140, it is satisfied that f=f([G_],,[G,_,].)-G =
140-128=12, G,=136, a'(G,L,[G,_,])=a-16=4 and
b([GolalGs])=4

[0172] Hence, when putting the values in the equation 12,
it becomes that G, '=132+12+4x(136-128)/16-4x(72-64)/
16=148.

[0173] In this case, since the value of a' becomes smaller,
the number of the bits assigned to (-16)a’ can be reduced,
but a' can be negative number in some intervals, and
accordingly, an additional sign bit must be assigned.

[0174] As described above, the size of the lookup table for
the modified gray data decreases in the order of equation 10,
equation 11 and equation 12, but the logic complication
increases on the contrary.
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[0175] The above examples describe modifications of 8
bits.
[0176] However, all the 8-bit data may not be stored when

the capacity of the frame memory or the number of input/
output pins should be reduced.

[0177] Forexample, since dimensions of a DRAM include
x4, x8, x16 and x32, the dimension of x32 should be used
S0 as to store 24-bit color information of the respective R, G
and B, but it costs a lot. Instead of the dimension of x32, a
dimension of x16 can be used, and 5-bit R, 6-bit G and 5-bit
G can only be stored. The gray values cn be modified as
follows.

[0178] That is, in the case of 6 bits, the modification gray
values are output as follows.

G, = (Gl [Gomt L) + @ UGy [Grmr 1)

G, ) G, )2
4[16} b (G (G Ty 4]»

Equation 13

[0179] where[G,], represents that zeros are provided
to all the LSB 4 bits of G, and [G,_, ], represents
that zeros are provided to all the LSB 4 bits of G,_;,
and ,[G, ] represents that zeros are provided to all the
MSB 4 bits of G,, and the values of a and b are
positive integers, and ,[G,]>>2 functions such that
binary data of the computed ,[G_] are shifted in the
right direction by 2 bits, and as a result, it functions
as divided by 2°.

[0180] Also, in the case of 5 bits, the gray values are
modified as follows.

G, = f'([Gy, [Goi 1) +a- ([Goly. (Gt 1y)-

G, ) G, )3
“[16] BGly, (Gl 2]»

Equation 14

[0181] where it is defined that [G,], represents that
zeros are provided to all the LSB 4 bits of G, and
[G, L, represents that zeros are provided to all the
LSB 4 bits of G__;, and [G,] represents that zeros
are provided to all the MSB 4 bits of G, and the
values of a and b are positive integers, and ,[G_]>>3
functions such that binary data of the computed
4G, ] are shifted in the right direction by 3 bits, and
as a result, it functions as divided by 2°.

[0182] According to the resolution of the display, the pixel
frequency may increase, rendering the high speed compu-
tation difficult. In such a case, the gray data G, of the present
frame can be modified omitting some L.SBs. When modi-
fying respective 6 bits of G, and G__,, the conversion is as
follows.

G, = /UGy, [Goi 1) + @+ ([Gola, [Gri 1) - Equation 15
Gn]))2 G2
% _b'([Gn]4‘ [Gn71]4)' @
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[0183] As described above, a gray lookup table of p bits is
used, and in the case of modifying only g-bit Gn and r-bit
Gn-1, it is as follows (q, r>p.)

G;L = f([Gn]S—pa [anl]iﬁ—p:‘ +a- ([Gn]S—pa [anl ]8—;;)' Equa[jon 16
[Gals NEB-g)
i b Gy (Ot p)-
PGl N8 =)
2(r-p)

[0184] An operation of an LCD having a function of a
moving picture modification will now be described.

[0185] As described above, in order to eliminate the
lagging in moving pictures, image signals G, of a frame are
modified compared to the image signals G__, of a previous
frame and using the equations 17 through 20.

Gn,=Gn! if Gn=Gn—1
G,>Gp,if G>Gy
G,'<Gp,if Gy<Gyy
Gn‘_Gn Gn_Gn—l

[0186] When the image signals provided by the present
frame are identical to those of the previous frame, no
modification is necessary as shown in Equation 17. When
the present gray signal (or gray voltage) becomes higher
than the previous one, the modification circuit raises the
present gray (or gray voltage) and outputs the same as shown
in Equation 18, and when the present gray signal (or gray
voltage) becomes lower than the previous one, the modifi-
cation circuit lowers the present gray (or gray voltage) and
outputs the same as shown in Equation 19. At this time,
states of the modification are proportional to the difference
between the present gray (or gray voltage) and the previous
one as shown in the equation 20.

[0187] By the above-described modification process, the
response speed of the LCD panel becomes faster based on
the following reasons.

[0188] First, desired voltage is supplied. if 5V is supplied
to liquid crystal cells, the actual 5V is supplied to the cells.
When the liquid crystal reacts to the electric field and the
direction of the director of the liquid crystal is changed, the
capacitance also changes. Accordingly, the voltage different
from the previous one is supplied to the liquid crystal.

[0189] Even when the response speed of the liquid crystal
falls within one frame (16.7 ms, @60 Hz), the conventional
AMLCD driving method does not provide accurate voltages
because of the above-noted mechanism, but the voltage
between the previous and present voltages. Accordingly, the
actual response speed of the LCD panel is delayed more than
one frame.

[0190] By modifying signals, desired oltages are supplied
and rendering correct response. Overcompensations correct
the transmission errors the liquid crystal respond to the
electric field.

[0191] Second, the response time of the liquid crystal
material generally becomes faster as the voltage varies a lot.
For example, when rising, the response speed is faster when
the voltage switches from 1V to 3V than when switching
from 1V to 2V. When falling, the response speed is faster
when the voltage switches from 3V to 1V than when
switching from 3V to 2V.

Equation 17
Equation 18
Equation 19
Equation 20

Nov. 8, 2001

[0192] This tendency is preserved in most cases even
though there are some differences depending on the liquid
crystal or the driving modes of the LCD. In the twisted
nematic mode, the response speed becomes 15 times faster
when rising and the response speed becomes 1.5 times
fasterwhen failing, as the voltage difference widens.

[0193] Third, when the response time of the liquid crystal
exceeds the period of one frame (16.7 ms), the response time
can be shortened within one frame period by a forced
traction method. Let’s assume that a response time of a
liquid crystal is 30 ms when the voltage changea from 1V to
2V. In other words, in order to obtain the transmission
corresponding to 2V, it takes 30 ms when 2V voltage is
supplied.

[0194] When it is assumed that a time for the identical
liquid crystal to reach 3V from 1V is also 30 ms (in most
cases, the time is shorter), the liquid crystal reaches its target
transmission corresponding to 2V before 30 ms. That is,
when supplying 3V in order to obtain desired transmission
corresponding to 2V, the liquid crystal reaches its target
transmission corresponding to 2V in a time period shorter
than 30 ms.

[0195] When continuously supplying 3V, the liquid crystal
reaches 3V. Accordingly, the accessive voltage is cut off
when the voltage reaches 2V, and then 2V is supplied. Then,
the liquid crystal reaches 2V in a time period shorter than 30
ms. Atime to cut off the voltage, that is, to switch the voltage
is when the frame is switched. Therefore, if the voltage of
the liquid crystal reaches 2V after a single frame (16.7 ms),
3V voltage is supplied for one frame and switched to 2V at
a subsequent frame, effectively achieving the response time
of 16.7 ms. In this case, the transmission errors during the
response time (e.g., 16.7 ms) of the liquid crystal can be set
off using the compensation method.

[0196] According to the above-noted embodiment of the
present invention, the pixel voltage can reach the target
voltage level by modifying the data voltage and supplying
the modified data voltage to the pixels. Hence, the response
speed of the liquid crystal can be improved without modi-
fying the configuration of the TFT LCD panel.

[0197] Also, in the case of driving the LCD and particu-
larly in the case of implementing the moving pictures, the
size of the gray lookup table of the image signal modifica-
tion circuit that enhances the response speed of the liquid
crystal can be reduced and the quantization errors can be
removed.

[0198] While this invention has been described in connec-
tion with what is presently considered to be the most
practical and preferred embodiment, it is to be understood
that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

What is claimed is:
1. A liquid crystal display (LCD), comprising:

a data gray signal modifier for receiving gray signals from
a data gray signal source, and outputting modification
gray signals by considering gray signals of present and
previous frames;

a data driver for changing the modification gray signals
into corresponding data voltages and outputting image
signals;
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a gate driver for sequentially supplying scanning signals;
and

an LCD panel comprising a plurality of gate lines for
transmitting the scanning signals; a plurality of data
lines, insulated from and crossing the gate lines, for
transmitting the image signals; and a plurality of pixels,
formed by an area surrounded by the gate lines and the
data lines and arranged as a matrix pattern, having
switching elements connected to the gate lines and data
lines.

2. The LCD of claim 1, wherein the data gray signal

modifier comprises:

a frame storage device for receiving the gray signals from
the data gray signal source, storing the gray signals for
a period of one frame, and outputting the same;

a controller for controlling writing and reading the gray
signals of the frame storage device; and

a data gray signal converter for considering the gray
signals of a present frame transmitted by the data gray
signal source and the gray signals of a previous frame
transmitted by the frame storage device, and outputting
the modification gray signals.

3. The LCD of claim 2, wherein a clock signal frequency
synchronized with the gray signal provided by the data gray
signal source is identical with that synchronized with the
controller.

4. The LCD of claim 2, wherein a clock signal frequency
synchronized with the gray signal provided by the data gray
signal source is different from that synchronized with the
controller.

5. The LCD of claim 4, wherein the LCD further com-
prises:

a combiner for receiving the gray signals from the data
gray signal source, combining the gray signals to be
synchronized with the clock signal frequency with
which the controller is synchronized, and outputting the
combined gray signals to the frame storage device and
the data gray signal converter; and

a divider for dividing the gray signals output by the data
gray signal converter so as to be synchronized with the
frequency with which the gray signals transmitted by
the data gray signal source are synchronized.

6. The LCD of claim 2, wherein the data gray signal
converter modifies the gray signals so as to output a modi-
fication data voltage V' that satisfies the following equation

|Vn,=|Vn|+f(‘Vn‘_|anl|)

where the data voltage of the present frame is set tobe V
and that of the previous frame to be V__;.

7. The LCD of claim 6, wherein the data gray signal
converter uses a digital circuit to output modified gray
signals that satisfy the above-noted equation.

8. The LCD of claim 2, wherein the data gray signal
converter comprises a storage device for storing a lookup
table for writing modification gray signals corresponding to
the gray signals of the present and previous frames.

9. The LCD of claim 8, wherein when the modification
gray signal is greater than a first voltage, the lookup table
sets the modification gray signal as the first voltage, and

11

Nov. 8, 2001

when the modification gray signal is less than a second
voltage, the lookup table sets the modification gray signal as
the second voltage.

10. The LCD of claim 1, wherein the data gray signal
modifier receives n-bit gray signals with respect to red R,
green G and blue B signals from the data gray signal source,
and outputs modification gray signals by considering the
m-bit gray signals of the present and previous frames among
n-bit gray signals.

11. The LCD of claim 10, wherein the data gray signal
modifier comprises:

a frame storage device for receiving the m-bit gray signals
from the data gray signal source, storing the gray
signals during a single frame, and outputting the same;

a controller for controlling writing and reading the gray
signals of the frame storage device; and

a data gray signal converter for considering the m-bit gray
signals of a present frame transmitted by the data gray
signal source and the gray signals of a previous frame
transmitted by the frame storage device, and generating
and outputting the modification gray signals.

12. The LCD of claim 11, wherein the number ‘m’
represents remaining bits obtained by substracting bits from
the least significant bit (LSB) to ‘i’ (i=0, 1, . . ., n-1) among
the ‘n’ bits of the gray signals.

13. The LCD of claim 11, wherein the number ‘m’
changes according to R, G and B.

14. The LCD of claim 13, wherein the number ‘m’ is the
biggest with respect to B.

15. The LCD of claim 13, wherein the number ‘m’ is the
smallest with respect to G.

16. The LCD of claim 11, wherein the data gray signal
converter receives unmodified (n-m) bits among the n-bit
gray signals received from the data gray signal source, adds
the received (n-m) bits to the gray signals generated by
considering the gray signals of the present and previous
frames, and generates n-bit modification gray signals.

17. The LCD of claim 11, wherein the frame storage
device comprises:

a first frame storage device that writes outputs of the m-bit
odd-numbered gray signals of the data gray signal
source and reads outputs of the m-bit even-numbered
gray signals; and

a second frame storage device that reads the outputs of the
m-bit odd-numbered gray signals of the data gray
signal source and writes the outputs of the m-bit
even-numbered gray signals.

18. The LCD of claim 11, wherein the data gray signal
converter modifies the gray signals so as to output a modi-
fication data voltage V' that satisfies the following equation

GARLAN AR AN

where the data voltage of the present frame is set to be V,
and that of the previous frame to be V_,.

19. The LCD of claim 18, wherein the data gray signal
converter uses a digital circuit to output modified gray
signals that satisfy the above-noted equation.

20. The LCD of claim 11, wherein the data gray signal
converter comprises a storage device for storing a lookup
table for writing modification gray signals corresponding to
the gray signals of the present and previous frames.
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21. The LCD of claim 20, wherein when the modification
gray signal is greater than a first voltage, the lookup table
sets the modification gray signal as the first voltage, and
when the modification gray signal is less than a second
voltage, the lookup table sets the same as the second voltage.

22. The LCD of claim 1, wherein the data gray signal
modifier receives x-bit gray data with respect to R, G and B
from the data gray signal source and performs a first
modification on a predetermined MSB bits of the respective
x-bit gray data of the present and previous frames by using
the lookup table, performs a second modification on respec-
tive remaining bits of the gray data of the present and
previous frames via a predetermined computation, and out-
puts modification gray data via the first and second modi-
fications.

23. The LCD of claim 22, wherein the data gray signal
modifier comprises:

a frame storage device for receiving the x-bit gray data
from the data gray signal source, storing the gray data
for a period of one frame, and outputting the same;

a controller for controlling writing and reading the gray
data of the frame storage device; and

a data gray signal converter for considering the x-bit gray
data of a present frame transmitted by the data gray
signal source and the gray data of a previous frame
transmitted by the frame storage device, generating
modification gray data and outputting the same to the
data driver.

24. The LCD of claim 23, wherein the data gray signal

converter comprises:

a lookup table for respectively receiving MSB y-bit data
of the x-bit data of the previous and present image data,
and outputting variables (f, a, b) for a modification of
moving pictures; and

a calculator for respectively receiving LSB z-bit data of
the x-bit data of the previous and present image data,
receiving the variables (f, a, b) and outputting the
modified gray data.

25. The LCD of claim 24, wherein the modified gray data

G,' are obtained using an equation:

y[Gx]
22

G, = f(G],, [Goot]) + al[ Gyl [Grt])-

y[Gn]

)
2z

b([Gn]p [anl }z) :

where z=x-y, [G,], represents that zeros are provided to
all the LSB z bits of Gn, [G,_,], represents that zeros
are provided to all the LSB z bits of G, [G,]
represents that zeros are provided to all the MSB y bits
of Gn, and a and b are positive integers.

26. The LCD of claim 24, wherein the modified gray data
G,' are obtained using an equation:

y[Gx]

—b-
2z

G;L =f+ [Gul, + @ ([Gp]..[Gn1])-
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-continued
LG

(Gl 1Grt))

where z=x-y, f=f([(G,],, [G,_;],)-[G,],, and [G, ], repre-
sents that zeros are provided to all the LSB z bits of G,
and [G,_, ], represents that zeros are provided to all the
LSB z bits of G,_; and ,[G,] represents that zeros are
provided to all the MSB y bits of G_, and a and b are
positive integers.

27. The LCD of claim 24, wherein the modified gray data

G,' are obtained using an equation:

(Gl

z

G; = f/ + ([Gn]p [anl]z) +G,+d '([Gn]z-[anl]z)'

[Gn]

(6ol 16t 1)

where z=x-y, f'=f-G_, and [G,], represents that zeros are
provided to all the LSB z bits of G, and [G,_,],
represents that zeros are provided to all the LSB z bits
of G,_,, and [G,] represents that zeros are provided to
all the MSB y bits of G, and the value a' is an integer,
and the value b is a positive integer.
28. The LCD of claim 25, wherein if a-b=16 in the case
of [G,],=[G,_,],, the condition of G_'=G,_, is satisfied.
29. The LCD of claim 27, wherein if a-=b=0 in the case of
[G,,=[G,_1],, the condition of G,'=G,_; is satisfied.
30. A liquid crystal display (LCD), comprising:

an LCD panel comprising a plurality of gate lines for
transmitting scanning signals; a plurality of data lines,
insulated from and crossing the gate lines, for trans-
mitting data voltages; and a plurality of pixels, formed
by an area surrounded by the gate lines and data lines
and arranged as a matrix pattern, having switching
elements connected to the gate lines and data lines;

a gate driver for sequentially supplying the scanning
signals to the gate lines;

a data gray signal modifier for receiving a data voltage
from a data voltage source, and outputting a modifica-
tion data voltage by considering data voltages of
present and previous frames; and

a data driver for supplying the modification data voltages
output by the data gray signal modifier to the data lines.

31. The LCD of claim 30, wherein the data gray signal
modifier modifies the gray signals so as to output a modi-
fication data voltage V' that satisfies the following equation

|an|=|Vn|+ﬂ|Vn|_|Vn—1|)

where the data voltage of the present frame is set to be V.
and that of the previous frame to be V_;.

32. In a liquid crystal display (LCD) comprising a plu-
rality of gate lines; a plurality of data lines being insulated
from and corssing the gate lines; and a plurality of pixels,
formed by an area surrounded by the gate lines and data lines
and arranged as a matrix pattern, having switching elements
connected to the gate lines and data lines, an LCD driving
method, comprising step of:
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(a) sequentially supplying scanning signals to the gate
lines;

(b) receiving image signals from an image signal source,
and generating modification image signals by consid-
ering image signals of present and previous frames; and

(c) supplying data voltages corresponding to the gener-
ated modification image signals to the data lines.

33. The LCD driving method of claim 32, wherein the
image signals are identified as analog voltages.

34. The LCD driving method of claim 32, wherein the
image signals are identified as digital gray signals.

35. The LCD driving method of claim 34, wherein step (b)
comprises:

delaying the image signals transmitted from the image
signal source by as long as a period of a single frame;

generating modification image signals by considering the
image signals of the present frame received from the
image signal source and the delayed image signals of
the previous frame.
36. The LCD driving method of claim 32, wherein the
modification image signals satisfy the following equation

Vo =Vl Vel VasD

where the data voltage of the present frame is set tobe V
and that of the previous frame to be V__;.

37. The LCD driving method of claim 35, wherein in step
(b), a lookup table for writing modification image signals
corresponding to the image signals of the previous and
present frames is searched and the modification image
signals are generated.

38. The LCD driving method of claim 37, wherein when
the modification image signals are greater than a first
voltage, the lookup table sets the modification image signals
as the first voltage, and when the modification image signals
are less than a second voltage, the lookup table sets the
modification image signals as the second voltage.

39. In a liquid crystal display (LCD) comprising a plu-
rality of gate lines; a plurality of data lines being insulated
from and crossing the gate lines; and a plurality of pixels,
formed by an area surrounded by the gate lines and data lines
and arranged as a matrix pattern, having switching elements
connected to the gate lines and data lines, an LCD driving
method comprising steps of:

(a) sequentially supplying scanning signals to the gate
lines;

(b) receiving n-bit gray signals from a data gray signal
source, and gencrating modification gray signals by
considering respective m-bit gray signals of present and
previous frames among the n-bit gray signals; and

(c) supplying data voltages corresponding to the gener-
ated modification gray signals to the data lines.
40. The LCD driving method of claim 39, wherein step (b)
comprises:

(b-1) delaying the m-bit gray signals among the n-bit gray
signals transmitted from the data gray signal source by
as long as a period of a single frame;

(b-2) generating first m-bit modification gray signals by
considering the m-bit gray signals of the present frame
received from the data gray signal source and the m-bit
delayed gray signals of the previous frame; and
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(b-3) adding the unmodified and passed (n-m) bits to the
first m-bit modification gray signals, and generating
second n-bit modification gray signals.

41. The LCD driving method of claim 40, wherein the
number ‘m’ represents remaining bits obtained by substract-
ing bits from the least significant bit (LSB) to ‘i’ (i=0,
1, ..., n-1) among the n-bit gray signals.

42. The method of claim 41, wherein the number ‘m’
varies according to a red signal (R), signal green (G) and a
blue signal (B).

43. The method of claim 42, wherein the blue signal (B)
has the biggest number ‘m’.

44. The method of claim 42, wherein the green signal (G)
has the smallest number ‘m’.

45. The method of claim 39, wherein the modification
gray signal satisfies the following equation

V=l Vol 4IVal- Vo i)

where the data voltage of the present frame is set to be V.
and that of the previous frame to be V__;.

46. The method of claim 40, wherein in step (b-2), a
look-up table that writes modification gray signals corre-
sponding to the respective m-bit gray signals of previous and
present frames is searched and first modification gray signals
are then generated.

47. The method of claim 46, wherein when the modifi-
cation gray voltage is higher than a first voltage, the lookup
table sets the modification data voltage as the first voltage,
and when the modification data voltage is lower than the
second voltage, the lookup table sets the modification data
voltage as the second voltage.

48. In a liquid crystal display (LCD) comprising a plu-
rality of gate lines; a plurality of data lines insulated from
and crossing the gate lines; and a plurality of pixels, formed
by an area surrounded by the gate lines and data lines and
arranged as a matrix pattern, having switching elements
connected to the gate lines and data lines, an LCD driving
method, comprising steps of:

(a) sequentially supplying scanning signals to the gate
lines;

(b) receiving x-bit image gray data from an outer image
signal source;

(c) delaying the image gray data by a single frame;

(d) extracting variables to modify the moving pictures
from the lookup table by using MSB y bits of a
single-frame delayed digital gray data and MSB vy bits
of the digital gray data received at the present frame;

(¢) computing LSB (x-y) bits of the single-frame delayed
digital gray data, LSB (x-y) bits of the digital gray data
received at the present frame, and the variables
extracted from the (d); and

(f) supplying the data voltage corresponding to the modi-
fied gray data to the data line.

49. The LCD driving method of claim 48, wherein the
modified gray data G,' is obtained according to an equation:

y[Gnl

w

G;L =f+ [Galys [Gr1]) + @ (Gl [Grt 1) -




US 2001/0038372 Al

-continued

Gy
(Gl (Gt 1) y[z—z]

where z=x-V, [G,], represents that zeros are provided to
all the LSB z bits of Gn, [G,_, ], represents that zeros
are provided to all the ILSB z bits of G,_;, [G,]
represents that zeros are provided to all the MSB y bits
of G, and a and b are positive integers.
50. The LCD driving method of claim 48, wherein the
modified gray data G,' are obtained using an equation:

4 ' I }’[Gﬂ]
Gy = [ +1Gal, + @ (Gl [Gr] ) 5 — b
Gy
([Ga],- [Gumt1)- )[21 ]

where z=x-y, f=f([G,],.[G,_;1,)-[G,],, and [G,], repre-
sents that zeros are provided to all the LSB z bits of G,
and [G,_, ], represents that zeros are provided to all the
LSB z bits of G,_,, and ,[G, ] represents that zeros are
provided to all the MSB y bits of G, and a and b are
positive integers.

51. The LCD driving method of claim 48, wherein the

modified gray data G,' are obtained using an equation:

y[Gn]

2z

—b-

G, = [ +(Gul,, [Guot]) + G+ &+ ([Gal [Grmt 1)+

where z=x-y, '=f-G_, and [G,_], represents that zeros are
provided to all the LSB z bits of G_, and [G,_,],
represents that zeros are provided to all the LSB z bits
of G, 4, and JG,] represents that zeros are provided to
all the MSB y bits of G, and the value a'is an integer,
and the value b is a positive integer.

52. The LCD driving method of claim 49, wherein if
a-b=16 in the case of [G,],=[G,_],, the condition of
G '=G, , is satisfied.

53. The LCD driving method of claim 51, wherein if
a-b=0 in the case of [G,],=[G, ,],, the condition of G '=
G,_, is satisfied.

54. In a liquid crystal display (LCD) comprising a plu-
rality of gate lines; a plurality of data lines insulated from
and crossing the gate lines; and a plurality of pixels, formed
by an area surrounded by the gate lines and data lines and
arranged as a matrix pattern, having switching elements
connected to the gate lines and data lines, an LCD driving
apparatus, comprising:

vl

adata gray signal modifier for receiving x-bit gray signals
from a data gray signal source, performing a first
modification on predetermined MSBs of respective
x-bit gray data of the present and previous frames by
using a lookup table, performing a second modification
on respective remaining bits of gray data of the present
and previous frames via a predetermined computation,
and outputting modification gray signals via the first
and second modifications;
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a data driver for changing the modification gray signals
output from the data gray signal modifier into data
voltages corresponding to the modification gray data
and outputting image signals to the data lines; and

a gate driver for sequentially supplying scanning signals
to the gate lines.
55. The LCD driving apparatus of claim 54, wherein the
data gray signal modifier comprises:

a frame storage device for receiving the x-bit gray data
from the data gray signal source, storing the gray data
for a period of a single frame, and outputting the same;

a controller for controlling writing and reading the gray
data of the frame storage device; and

a data gray signal converter for considering the x-bit gray
data of a present frame transmitted by the data gray
signal source and the x-bit gray data of a previous
frame transmitted by the frame storage device, gener-
ating the modification gray data and outputting the
idufucatuib grat data to the data driver.

56. The LCD driving apparatus of claim 55, wherein the

data gray signal converter comprises:

a lookup table for respectively receiving MSB y-bit data
of the x-bit image data of the previous and present
frames, and outputting variables (f, a, b) for a modifi-
cation of moving pictures; and

a calculator for respectively receiving LSB z-bit data of
the x-bit data of the previous and present image data,
receiving the variables (£, a, b) and outputting the
modified gray data.

57. The LCD driving apparatus of claim 56, wherein the

modified gray data G,' are obtained using the subsequent
equation:

S ,16,]

G, = £+ (Gl 1G]+ 6([G, ) (G} 5= ~ b
(6]
(AN~

where z=x-y, [G,], represents that zeros are provided to
all the LSB z bits of Gn, [G,_,], represents that zeros
are provided to all the LSB z bits of G,_;, [G,]
represents that zeros are provided to all the MSB y bits
of G, and a and b are positive integers.
58. The LCD driving apparatus of claim 56, wherein the
modified gray data G_' are obtained using the subsequent
equation:

o J[G,]
Gy = +1Go), +a-(1Gu) G ])- = = -
v Gn
(1G], [Go-11)- “[21 ]

where it is defined that z=x-y, '={{[G,L.[G,_1]1)-{G.],,
and [G,], represents that zeros are provided to all the
LSB z bits of G, and [G,_,], represents that zeros are
provided to all the LSB z bits of G and [G,]

n-12
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represents that zeros are provided to all the MSB y bits
of G, and the values a and b are positive integers.
59. The LCD driving apparatus of claim 56, wherein the
modified gray data G,' are obtained using the subsequent
equation:

S , 1G]
Gy = f (Gl [Gori 1)+ G 4 - (G LGt ) 225 = b
1G]
(AR R~
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where it is defined that z=x-vy, {'=f-G_, and [G_], repre-
sents that zeros are provided to all the LSB z bits of G,
and [G,_, ], represents that zeros are provided to all the
LSB z bits of G,_;, and ,[G, ] represents that zeros are
provided to all the MSB y bits of G, and the value a'
is an integer, and the value b is a positive integer.
60. The LCD of claim 57, wherein if a~b=16 in the case
[G,1=[G,_,],. the condition that G, '=G,__, is satisfied.
61. The LCD of claim 59, wherein if a-b=0 in the case
[G,1=[G,_.],, the condition that G,'=G__, is satisfied.
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