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LIQUID CRYSTAL DISPLAY AND A
DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a Liquid Crystal Display
(LCD) and a driving method thereof. More specifically, 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.

(b) Description of the Related Art

As personal computers (PCs) and televisions have
recently become lighter in weight and slimmer in thickness,
lighter and slimmer display devices have also been in great
demand. Accordingly, flat panel type displays such as LCDs
rather than cathode ray tubes (CRTS) are being developed.

In an LCD, a liquid crystal layer having anisotropic
permittivity is injected between two substrates of a panel,
and light transmittivity of the panel is controlled by applying
and controlling an electric field to obtain desired images. 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 switch-
ing element is most widely used.

As more TFT-LCDs have been used as display devices of
computers and televisions, it has become increasingly
important to enable display of moving pictures on the
TFT-LCD. However, conventional TFT-LCDs have a rela-
tively slow response speed, so it is difficult to enable moving
pictures thereon. To solve the problem of slow response
speed, a different type of TFT-LCD that uses an optically
compensated band (OCB) mode or ferro-electric liquid
crystal (FLC) materials has been developed.

However, the structure of the conventional TFT-LCD
panel must be modified to use the OCB mode or the FLC
materials. The Korean patent application No. 2000-5442
discloses a “Liquid crystal display and method thereof” to
enhance the response speed of the LCD by modifying the
liquid crystal driving method without modifying the struc-
ture of the TFT-LCD.

No. 2002-5442 generates a compensation data voltage by
considering data voltages of present and previous frames,
and provides the compensation data voltage to a data line of
the LCD panel so that the pixel voltage becomes the target
level immediately, and thereby the response quality is
enhanced. The compensation data voltage is determined
according to a dynamic capacitance and a response speed of
the liquid crystal.

However, the dynamic capacitance and the response
speed vary according to temperature. For example, when the
temperature increases, the capacitance of liquid crystal
decreases and the response speed of liquid crystal increases.
Conversely, when the temperature decreases, the capaci-
tance of the liquid crystal increases and the response speed
decreases.

No. 2002-5442 compensates data voltage based on a
predetermined compensation value with respect to a specific
temperature, but parameters for setting the compensation
value according to temperature vary as described above.
Accordingly, over compensation occurs when a present
temperature is higher than the specific temperature, and
under compensation occurs when the present temperature is
lower than the specific temperature, so correct data voltage
compensation cannot be performed.

In an environment for displaying a moving picture rather
than a PC graphics environment displaying a character or a
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still image, over-compensation of the data voltage is difficult
to see, and the more the over-compensation occurs, the
better the quality of the moving picture becomes.

FIG. 1 shows an example of compensating the moving
picture in the prior art.

When the under compensation is performed by compen-
sating the moving picture of a rectangular shape according
to the prior art regardless of temperature, as shown in (a) of
FIG. 1, a response time becomes slower than one frame
time, so an afterimage occurs. When the over compensation
is performed, as shown in (b) of FIG. 1, an artifact in which
an edge of an object is exaggeratedly displayed occurs.

However, some viewers prefer a smooth picture that
occurs when response speed of the LCD is low because of
the under-compensation, and some viewers prefer an over-
compensated picture in which an edge of an object is
distinctly seen.

The prior art is deficient in that adaptive compensation is
not performed because the data voltage is modified based on
a fixed compensation voltage regardless of various param-
eters such as temperature, taste of a user, and environment.

SUMMARY OF THE INVENTION

The invention adaptively enhances the response speed of
liquid crystal according to various parameters.

The invention further determines a compensation data
voltage according to various parameters such as tempera-
ture, taste of a user, and environment to achieve the most
suitable data voltage compensation when compensating the
data voltage in consideration of the data voltage of the
present frame and the data voltage of the previous frame
together.

In one aspect of the present invention, an LCD comprises:
an LCD panel comprising a plurality of gate lines for
transmitting scanning signals, a plurality of data lines that
are insulated from and that cross the gate lines for trans-
mitting image signals, and a plurality of pixels that are
formed in an area surrounded by the gate lines and the data
lines and that are arranged as a matrix pattern and that have
switching elements connected to the gate lines and data
lines; a data gray signal modifier for receiving gray signals
from a data gray signal source, and for outputting modifi-
cation gray signals by considering gray signals of present
and previous frames according to modification parameters;
a gate driver for sequentially supplying the scanning signals;
and a data driver for changing the modification gray signals
into corresponding data voltages and outputting the image
signals, wherein the modification parameter is at least one
among a temperature, an image quality selected by a user,
and an environment of the LCD.

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.

The data gray signal converter comprises: a storage
device for storing a modification value to modify the data
gray signal according to a plurality of modification param-
eters; a LUT (look-up table) selector for setting an ID of a
LUT for selecting a LUT from the storage device and a
coefficient value for converting modification values of the
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selected LUT based on the modification parameter; a LUT
converter for reading the LUT corresponding to the ID from
the storage device, converting the modification values of the
read LUT according to the coefficient value, and outputting
the converted LUT. a modification parameter input unit for
reading modification values corresponding to gray signals of
present and previous frames from the selected LUT or the
converted LUT, and generating the modification gray signals
based the modification values.

Wherein each compensation value of a LUT is Gy, the
present frame gray signal G, matching with G;; is expressed
as G, =(i-1)x2*, and the previous frame gray signal G, _,
matching with G, is expressed as G,,_ =(-1)x2%>.

Also, wherein the LUT converter modifies the compen-
sation value G;; of the selected LUT so as to produce a
compensation value G,; corresponding to the present tem-
perature that satisfies the following equation when the
present temperature does not correspond to the predeter-
mined temperature:

Gy'=Gyta(Gy=Gi)HB(Gy=G (GG *+ . . .

where G,=(i-1)x2%7, and a, f, and y are parameters for
compensating the difference between the present tempera-
ture and the predetermined temperature.

The data gray signal converter comprises: a look-up table
(LUT) for outputting variables (f, a, and b) compensating a
moving image by considering the x-bit gray signal of a
present frame transmitted by the data gray signal source and
the y-bit gray signals of a previous frame transmitted by the
frame storage device; and a calculator for generating and
outputting the modification gray signals using the data gray
signal of a previous frame, the z-bit LSB of the x-bit gray
signal of a present frame, and variables f, a, and b.

Wherein the LUT converter modifies the variables a and
b that satisfy the following equation according to the
selected LUT when the present temperature does not corre-
spond to the predetermined temperature:

={Gisrir1 +¥(Giarj— Gisriv) + BGirrj = Giarivt)* + .0 } =
{Gii + Gy = G + PGy = G + .. }

={Gii + UG o1 = Gi) + B(Gi oy = G + ... ) =
{Gi + oGy = Ga) + flGy = Gi) + ... }

aij = Gi1,j — Gy

aj =Gl ;-G

= [Girriet + AGirrj = Givrin) + B(Girrj = Girrin)* + ... ]

= =[G +a[Gy — Gi) + B(Gy = Gy + ... ]

=284 ala; - 28y 4
Blay - 257 x{a; - 287 +2(Gyj - Gi)f + ...

bij = Gjjy1 — Gyj, and

W, =Gl - G

=[Gy + (G jy1 — Gi) + B(Gijr1 — Gi) + ... ]

= —[Gy + Gy - Gi) + Gy = i) + ... ]

= afy + Pbilby + 2AGy — G + ...

wherein the modified gray data G, are obtained using the
equation
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G, =

y[Gnl

/Gl
2z 74

S Gales (Gt 1) + al[Gr,s [Grt]) - 5

=[Gl [Cu-1])-

where z is the bit number of the LSBs, [G,,]), represents
the MSB of G,,, [G, ], represents the MSB OF G,,_, and ,[G,,]
represents the LSB of G,,.

The LCD further comprises: a combiner for receiving the
gray signals from the data gray signal source, combining the
gray signals to be synchronized with the clock signal fre-
quency 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.

In another aspect of the present invention, a liquid crystal
display (LCD) comprises a plurality of gate lines, a plurality
of data lines being insulated from and crossing the gate lines,
and a plurality of pixels formed in an area surrounded by the
gate lines and data lines and arranged as a matrix pattern and
having switching elements connected to the gate lines and
data lines, an LCD driving method, comprising the steps of:
(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, wherein the modification
parameter is at least one among a temperature, an image
quality selected by a user, and an environment of the LCD.

The step for generating modification image signals, com-
prises the steps of: generating modification image signals
based on a conversion table which has modification values
matching with the previous frame image signal and the
present image signal; and generating a new conversion table
by converting the modification values generated in advance
according to the modification parameter when the conver-
sion table corresponding to the modification parameter is not
existed, and generating the modification image signals based
on the new conversion table.

It is desirable that the converting of the conversion table
is performed during the data blank period.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 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:

FIG. 1 shows an example of modifying a moving picture
in a conventional liquid crystal display;.

FIG. 2 shows an equivalence circuit of an LCD pixel;
FIG. 3 shows a modeled relation between voltage and
permittivity of the LCD;

FIG. 4 shows a method for supplying data voltage accord-
ing to a preferred embodiment of the present invention;

FIG. 5 shows a light transmission rate of an LCD when
supplying data voltage according to the preferred embodi-
ment of the present invention;

FIG. 6 shows a conversion table according to the pre-
ferred embodiment of the present invention;
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FIG. 7 shows an LCD according to the preferred embodi-
ment of the present invention;

FIG. 8 shows a data gray signal modifier according to the
preferred embodiment of the present invention; and

FIG. 9 shows a data gray signal converter according to a
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following detailed description, an embodiment of
the invention has been shown and described, simply by way
of illustrating the best mode contemplated by the inventor(s)
of carrying out the invention. As will be realized, the
invention is capable of modification in various obvious
respects, all without departing from the invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature, and not restrictive.

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 which are interconnected through
the gate lines, data lines, and switching elements.

Each pixel of the LCD can be modeled as a capacitor
having the liquid crystal as a dielectric material, that is, a
liquid crystal capacitor. FIG. 2 shows an equivalence circuit
of the pixel of the LCD.

As shown in FIG. 2, an 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.

When a gate ON signal is supplied to the gate line S, to
turn on the TFT 10, the data voltage V, supplied to the data
line D,, is supplied to each pixel electrode (not illustrated)
via the TFT 10. Then, an electric field corresponding to a
difference between the pixel voltage V,, supplied to the pixel
electrode and the common voltage V_,,, is supplied to the
liquid crystal (shown as the liquid crystal capacitor in FIG.
2) so that 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.
The storage capacitor C,, is used in an auxiliary manner so
as to maintain the pixel voltage V,, supplied to the pixel
electrode.

The liquid crystal has anisotropic permittivity, the per-
mittivity depending on the direction the liquid crystal is
aligned. 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.

For example, in a normally white mode twisted nematic
(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 with the LCD substrate, that is, when
the liquid crystal molecules are arranged in the direction
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
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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 is supplied to the liquid crystal, the greater the
liquid crystal capacitance becomes.

The amount of charge necessary for making the n-th
frame full black is C(5V)x5V. However, if it is assumed 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 TFT’s turn ON period.
Hence, even when the n-th frame supplies 5V data voltage
V, 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 V,
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 for a few frames, the pixel voltage V,
reaches a desired voltage.

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. This 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.

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
liquid crystal capacitance is C(5V), and accordingly, the
pixel voltage V,, of the liquid crystal becomes SV. 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.

In one embodiment of the present invention, a picture
signal G,, of the present frame is compared with a picture
signal G,,_; of a previous frame so as to generate a modifi-
cation signal G,', and the modified picture signal G,' is
supplied to each pixel. Here, the picture signal G,, represents
the data voltage in the case of an analog driving method, but
the picture signal G,, represents the gray signal in the case
of a digital driving method. Accordingly, the actual modi-
fication of the voltage supplied to the pixel is performed by
the modification of the gray signal in the digital driving
method.

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 performed.

Second, if the picture signal of the present frame is higher
than that of the previous frame, a modified picture signal that
is higher than the present picture signal is output, and if the
picture signal of the present frame is lower than that of the
previous frame, a modified picture signal that is lower than
the present picture signal is output. At this time, the modi-
fication degree is proportional to the difference between the
present picture signal and the picture signal of the previous
frame. Also, the modification degree varies according to
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modification parameters such as the present temperature, the
taste of the viewer, and the environment.

A method for modifying the data voltage of the picture
signal according to a preferred embodiment will now be
described.

FIG. 3 shows a model exhibiting the relationship between
voltage and permittivity of the LCD.

As shown, the horizontal axis represents the pixel voltage.
The vertical axis represents a ratio between the permittivity
€(v) at a certain level of pixel voltage v and the permittivity
€, when the liquid crystal is arranged in parallel with the
substrate: that is, when the liquid crystal lines are perpen-
dicular to the permeating direction of the light.

The maximum value of e(v)/e |, that is, €,/€, is assumed
to be 3, V,, is assumed to be 1V, and V.. is assumed to be
4V. Here, V,, and V,,,, respectively represent the pixel
voltages of the full white and full black (or vice versa).

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.

C=<Cp=(1/3)(e;+2¢, )-(A/d)=(5/3)-(e . -4/d)=(5/3)
-C0 Equation 1
where CO=¢-A/d.

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

e(v)/e, =(1/3)-(27+1)

Since total capacitance C(V) of the LCD is the sum of the
liquid crystal and the storage capacitances, the capacitance
C(V) can be expressed in Equation 3 from Equations 1 and

Equation 2

CV)=Ci+Cqg=e(v)-(A/d)+(5/3)-CO Equation 3

=(1/3)-@2V +1)-CO+(5/3)-CO

=(2/3)-(V+3)-C0

Since the charge Q supplied to the pixel is preserved, the
following Equation 4 is established.

= _1) V= . juation
CV ) V,=C(Vp-Vy Equation 4

Equation 5 can be derived from Equations 3 and 4.

CVa) Vu=CV Vr(2I3) (Vo 143y V,=(2/3)(V+3)
7 Equation 5
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,,_,) represents the capaci-
tance 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, nth frame).
Referring to Equation 5, the actual pixel voltage V .can be
expressed as Equation 6.
V=(=3+mt;epmri; [9+ditalVmedinfbeginitalnendital-

reset(italV medinfbeginitaln-enditallreset+

beginbold3endbold)rixmx)/2 Equation 5

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.
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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.

Ve #3) V' =(V#3)V, Equation 7
Hence, the data voltage V' can be expressed as Equation

8.

Vs V, =V,
V/: n+. n: n+ n n ’l

Vn,1+3' Vo1 +3 ’

Equation 8

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,,.

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.

IV, =1V, (W, -1V, ) Equation 9

where the function f is determined by the characteristics
of'the LCD. The function f has the following characteristics:

f=0 when IV,HV,_,I; £>0 when IV,>IV,_,I, and f<0
when IV, I<IV,_|I.

FIG. 4 shows the method for supplying the data voltage
according to the preferred embodiment of the present inven-
tion. FIG. 5 shows a permittivity of the LCD in the case of
supplying the data voltage.

As shown in FIG. 4, 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 so that 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.

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.

As shown in FIG. 5, since the modified data voltage is
supplied according to the preferred embodiment, the per-
mittivity directly reaches the target permittivity at the
present frame.

On the other hand, a modified voltage V,' that is a little
higher than the target voltage can be supplied as the pixel
voltage. FIG. 6 shows a permittivity of the LCD in this case.
As shown in FIG. 6, 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 over
compensated compared to the target value so that the aver-
age permittivity becomes equal to the target permittivity.

Particularly, the preferred embodiment of the present
invention generates a modified voltage V,' considering the
target pixel voltage of the present frame and the pixel
voltage (data voltage) of the previous frame, and the modi-
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fied voltage V,; adaptively changes according to the com-
pensation parameters such as temperature.

For the modification of the data voltage, digital circuits
manufactured to satisfy the equation 9 at each temperature
can be used. Also, after look-up tables (which will be
referred as LUT) having compensation values by tempera-
ture are made and stored in a ROM, the data voltage (picture
signal) can be modified based on the compensation value
read by accessing the LUT. Actually, a modified data voltage
V! depends on the difference between the data voltage V,,_,
of the previous frame and the data voltage V,, of the present
frame as well as [V, | and [V, _,I. If the LUT is made, it is
advantageous in that a circuit is implanted more simply than
through calculation processing.

Therefore, the preferred embodiment of the present inven-
tion makes a plurality of LUTs having compensation values
by temperature to generate a data voltage to satisfy the
equation 9, selects a LUT among the plurality of LUTs
according to the present temperature of the LCD, and then
performs a modification of data voltage, that is, a modifi-
cation of a gray signal, based on the selected LUT. However,
it is difficult to make LUTs for all temperatures and also to
store all LUTs in a storage medium such as a ROM.

In the preferred embodiment of the present invention, a
plurality of LUTs of the predetermined temperatures are
made, and then when a measured temperature does not
correspond to the predetermined temperatures, a new com-
pensation value according to the measured temperature is
generated by converting the compensation value of the LUT
according to the following method, so as to enhance the
efficiency of the data voltage modification.

The method for converting the LUT will now be
described.

When the present temperature does not correspond to one
of the predetermined temperatures that the LUT has previ-
ously made, for example, when each of the predetermined
temperatures that the LUT has previously made are 25° C.,
40° C., and 0° C., respectively, and the present temperature
is 20° C., the LUT conversion is performed as follows.

It will be assumed that each compensation value within a
LUT is represented by G,;. For example, when a gray signal
is 8-bits, if the MSB (most significant bit) y-bit among 8-bit
gray signals is stored in the LUT, G, can be expressed as
Equation 10.

G;=G,

where G,=(i-1)x2%, G,_,=(j-1)x2%~

For example, if the LUT is made of compensation values
represented as MSB 4-bits among 8-bit gray signals,
G,5=G,;' (G,=1x16=16, G,_,=2x16=32), and accordingly,
G,, represents a compensation value when a gray of the
present frame is 16 and a gray of the previous frame is 32.

Each compensation value of the LUT is matched with a
gray of the present frame and a gray of the previous frame
as above-noted, and the matched value depends on how
many bits among the total bits of a gray signal are used.

FIG. 6 shows an example of a LUT according to the
preferred embodiment of the present invention. The LUT
shown in FIG. 6 corresponds to the case of storing a MSB
4-bit among 8-bits of a gray signal.

It will be assumed that G,; of the LUT is represented as
equation 10. If the present temperature does not correspond
to one of the predetermined temperatures, each G,; of the
LUTs corresponding to the predetermined temperature of
which the difference from the present temperature is the
smallest among a plurality of the predetermined tempera-
tures is converted as equation 11.

Equation 9

— 2 4 .
G=Gy+Gy=G)+B(Gy= G +Y(Gy=G) ™+ . .. Equation 9

where G,,=(i-1)x2%.
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Such o, B, and y of each term of equation 11 are factors
for compensating the difference between the present tem-
perature and the predetermined temperature. When the
present temperature is lower than the predetermined tem-
perature, a factor such as o is set to be larger than 1 so that
a greater degree of compensation is performed. When the
present temperature is higher than the predetermined tem-
perature, the factor such as o. is set to be smaller than 1 so
that a lesser degree of compensation is performed.

For example, when only the first term in equation 11 is
used (that is, f=y=. .. =0), and if much compensation is
required because the present temperature is lower than the
predetermined temperature, the compensation is performed
as a>1. If small compensation is reduced because the
present temperature is higher than the predetermined tem-
perature, the compensation is performed as a<l1.

Compensation factors such as o, f§, and y can be changed
according to a taste of a user who prefers an over compen-
sated image or an under compensated image. Also, compen-
sation factors can be changed based on whether the present
displayed image is mostly a static-graphics image or a
dynamic image.

If compensation values for the MSB y-bit are stored in the
LUT as well as coeflicients for compensation of the LSB
(least significant bit), the coeflicients may be changed with
compensation values. That is, if all the bits of the gray signal
are x-bits, MSB y-bits of x-bits are modified by using a LUT,
and the remaining L.SB z-bits (that is, X-y bits) of the x-bits
are modified by a calculation.

Modified gray data are generated by calculating param-
eters (f, a, b) provided from the LUT according to the gray
signal of the previous frame and the MSB y-bit of the x-bit
gray signal of the present frame, as well as the LSB z-bit
of the x-bits gray signal of the present frame, where f=(G,,,
G,,_,) and is a compensation value corresponding to the gray
signal of the previous frame and the gray signal of the
present frame, and a and b are integers and represent the
difference between the compensation value of the present
pixel and the compensation values of the neighboring cell.

The gray data modified by considering the LUT satisfies
the following Equation

Equation 12

YIG,]
2z

G, = f(Gul» [Gumt]) +

YIG,]

a((Golos Gt ))-

= U([Guly, [Gnt])-

where 7 is the bit number of the LSBs, [G], represents the
MSB of G, [G,,], represents the MSB of G,,_; and ,[G,]
represents the LSB of G,,.

When [G,,],32 [G,,_,],, if a-b=16, then G',=G,,_,. Also, if
a'-b=0, then G',=G,,_,.

As above-noted, if coeflicients a and b are required for
calculation, coeflicients according to the present temperature
are obtained based on the LUT of the predetermined tem-
perature, as follows.

=A{Girrir1 + A(Gisr,j — Givrinl) + Equation 13

B(Gis,j— GistjstP + .}
—{Gi + UGy = Gi) + BGy = Gi)* + ...}

aj = Giv,j = Gy,

;v ’
a; = Giyyj— Gyjs
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-continued

= [Girrin1 + (Giiyj = Giri) +
BGiarj = Giin) + ... ]
= —[Gy +a[Gy - Gi) + B(Gy — G + ... ]
=28y ala; — 287y 4

Blay =257y xday =257 +2(Gy = Gi)Y + ...

{Gii + (G jor = Git) + B(Gijor = G + ... } = Equation 14
{Gii + al(Gyj = i) + PGy = G + ...}
={Gii + UG o1 — Gi) + P(Gijr1 — G + ... ) —
{Gii + oGy = Gi) + B(Gy = Gi) + ...}
bij = Gij, — Gy, and
bfj = ij+1 - ij,
=[Gi + a(Gijr1 = Gi) + B(Giju = Gi) + ... ]
—[Gii + a(Gy = Gi) + Gy =G + .. ]
= afy + Pbiiby + 2 Gy — Gi)f + ...
by = Gy - Gy Equation 14
by = G = Gy

={Gii + (G jo1 — Gi) + P(Gijr — G + -} =
{Gii + oGy = Gi) + B(Gy = G + -}

= af; + Bhitby + 2(Gy — G + -

That is, if the cell which is located in the i row and the j
column of the LUT corresponding to the predetermined
temperature is read, Gy, a,, and bl.j' can be calculated.

As described above, when the measured temperature does
not correspond to a plurality of predetermined temperatures,
the LUT conversion is performed by using the LUT corre-
sponding to the predetermined temperature of which the
difference from the present temperature is smallest, and then
the modified LUT suitable to the present temperature is
generated.

For example, when the first LUT to the nth LUT accord-
ing to the plurality of predetermined temperatures are gen-
erated in advance and the first LUT is set as default, if the
difference between the present measured temperature and
the predetermined temperature of the first LUT is lower than
the predetermined value, the modification of the gray signal
is performed based on the first LUT as described above.
However, if the difference between the present measured
temperature and the predetermined temperature of the first
LUT is larger than the predetermined value, the modification
is performed by selecting a LUT corresponding to the
predetermined temperature of which the difference from the
present measured temperature is lower than the predeter-
mined value. At this time, it is desirable that the LUT
corresponding to the predetermined temperature that has the
smallest difference from the present temperature is selected.

An LCD according to a preferred embodiment of the
present invention will now be described.
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FIG. 7 shows an LCD according to the preferred embodi-
ment of the present invention. The LCD according to the
preferred embodiment uses a digital driving method.

As shown in FIG. 7, the LCD according to the preferred
embodiment of the present invention comprises an LCD
panel 100, a gate driver 200, a data driver 300, and a data
gray signal modifier 400.

A plurality of gate lines S1, S2, . . ., Sn 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 C, connected to a drain electrode of the TFT 110,
and a storage capacitor C,,.

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.

The data gray signal modifier 400 receives n-bit data gray
signals G,, from a data source (e.g., a graphic signal con-
troller), 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 it can be integrated
into a graphic card or an LCD module.

The data driver 300 converts the modified gray signals G,
received from the data gray signal modifier 400 into corre-
sponding gray voltages (data voltages) so as to supply the
same to the data lines.

FIG. 8 shows a detailed block diagram of the data gray
signal modifier 400 of FIG. 7.

As shown, the data gray signal modifier 400 comprises 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
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 a 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 to 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.

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 store 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 from the combiner 410 and the
previous frame gray signals G,,_, output from the frame
memory 420, and generates modified gray signals G,,' by
processing the gray signals of the present and previous
frames.

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,.

In the preferred embodiment of the present invention,
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
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.
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FIG. 9 shows a detailed block diagram of the data gray
signal converter 440 of FIG. 8.

As shown in FIG. 9, the data gray signal converter 440
comprises a LUT storage unit 441, a calculator 443, a
modification parameter input unit 444, a LUT selector 445,
and a LUT converter 446.

The LUT storage unit 441 includes the plurality of the
LUT, to LUTn that have values for modifying the gray signal
by the plurality of predetermined temperatures.

The modification parameter input unit 444 receives
parameters for determining how many modifications of the
gray signal will be performed, selecting a LUT, and chang-
ing compensation values of the selected LUT, and provides
the same to the LUT selector 445. That is, temperature data
from a sensor for measuring the present temperature of the
LCD, image quality selecting data according to the user’s
taste output from a keyboard or a button, and environment
data (i.e. whether the LCD displays static graphics or
moving graphics). These data are digital signals and can be
inputted to the modification parameter input unit 444 in
parallel or serially. Also, these data are inputted to the
modification parameter input unit 444 as an analog signal,
and can then be converted to a digital signal.

The LUT selector 445 selects a suitable LUT and deter-
mines a coeflicient value for performing a LUT conversion
according to the modification parameter such as the tem-
perature data, the image quality selecting data, and the
environment data from the modification parameter input unit
444. That is, the LUT selector 445 determines a LUT ID and
values of compensation coefficients (a, f3, . . . ) by consid-
ering what LUT is selected and how many changes of the
compensation value according to the modification param-
eters will be performed.

The LUT selector 445 can be embodied as the simple type
of LUT as shown in the following Table 1 when a number
of the compensation coeflicients is small, and it can be
embodied so as to calculate the compensation coefficients
using an algorithm when the number of compensation
coefficients is large.

TABLE 1
LUT ID a B
0 0 0.75 -0.025
1 0 1 0
2 0 1.25 0.025
3 1 0.75 -0.025
4 1 1 0
5 1 1.25 0.025
6 2 0.75 ~0.025
7 2 1 0

The LUT converter 446 reads a LUT corresponding to the
ID from the LUT selector 445 and from the LUT storage unit
441.

When the compensation coeflicients for obtaining modi-
fied values by modifying the value of the LUT are provided
from the LUT selector 445, the LUT converter 446 obtains
a compensation value of a LUT suitable for the present
temperature by modifying each value of the LUT provided
from the LUT storage unit 441 as in the above modification
method based on the compensation coefficient. The LUT
obtained by the LUT converter 446 is used as a modification
LUT 442 for outputting a modified gray signal G, consid-
ering gray signals of the previous frame and the present
frame.
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The modification LUT 442 provides a compensation
value matched to the present frame gray signal G,, from the
combiner 410 and the previous frame gray signal G,,_; to a
calculator 443. The calculator 443 generates the modified
gray signal G,, by performing a calculation based on the
compensation value, and transmits the same to the divider
450.

When a modification for the MSB y-bit as well as a
modification for the LSB z-bit is made in a LUT, the
calculator 443 generates a modified gray signal G,,' by
performing a calculation using the LSB 4-bit of the present
frame gray signal G,, from the combiner 410, the LSB 4-bit
of the previous frame gray signal G,,_, from the frame
memory 420, and parameters f, a, and b for compensating a
moving picture from the compensation LUT 442, and out-
puts the same to the divider 450.

The 48-bit modified gray signal G, is divided by the
divider 450 and is output to the data driver 300 as a 24-bit
modified gray signal G,,. It is desirable that such LUT
conversion is performed during a data blank period.

In the above-described embodiments, the modification
values which correspond to the gray signals of the present
frame and the previous frame in a LUT by temperatures can
be at least two. The modification values may be selected
according to the taste of a user or the using environment with
the selected modification value being modified as described
above.

Also, the plurality of LUTs or the LUT selector may be
varied according to the product, and the modification values
and the coeflicients may be implanted in various ways. For
example, the plurality of LUTs or the LUT selector can be
embodied as a storage service. In this case, the interface with
the outside is not needed and a space occupied by LUTs or
the LUT selector is small compared with the case of being
implanted as an SRAM. It is advantageous in that the
problem ratio becomes low, but a new data gray signal
modifier may be designed when many liquid crystal param-
eters are changed.

The plurality of LUTs or the LUT selector can be embod-
ied as a type of external ROM. In this case, the data gray
signal modifier reads data from the external ROM whenever
needed. Generally, it is desirable that the data gray signal
modifier reads data from the external ROM in power-up.
However, when the data gray signal modifier made of a chip
has not enough space suitable for storing all of the LUTs, the
data gray signal modifier reads the LUT that is designated as
a default, and it can then read LUTs one by one if need be.
At this time, various models of the liquid crystal devices can
be adapted, but an interface with an external ROM is needed
and the possibility of problems increases because of an
increment of components.

Also, it is possible that the modification values of the
plurality of LUTs or the LUT selector are received through
a graphics signal. In this case, a protocol for transmitting the
graphics signal is needed. Data for informing that an input-
ted signal is not a signal to be displayed, but rather that it is
a LUT and a modification value according to the LUT, or
data for informing that some parts among the inputted signal
correspond to the compensation coeflicient, or data for
informing that some parts among the inputted signal corre-
spond to the data for the LUT, and so on, are needed. It is
desirable that the order for inputting these data is fixed
between a transmitter and a receiver.

A method for inputting the LUT and the compensation
coeflicients through a graphics signal is embodied as fol-
lows.
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For example, the data can be transmitted in a display
blank period in a liquid crystal device including an LCD
module. Also, it is possible that a user pushes a LUT-setting
button after operating specific software in a computer envi-
ronment so as to transmit these data. At this time, the
software may be a bit-map indicator in which the informa-
tion comprising the LUT or LUT selector is stored according
a specific rule.

When compensation data of the LUT and compensation
coeflicients are provided as a type of bit-map, it is possible
that the compensation may be changed according to various
models, users may easily change the compensation data
using software, and an interface with an external device is
not needed, thereby reducing a problem ratio.

According to the above-noted embodiment of the present
invention, the most suitable data voltage is provided accord-
ing to the modification parameter such as the temperature.
As a result, the pixel voltage can reach the target voltage
level immediately and then the response speed of the liquid
crystal can be improved without changing the panel con-
struction of the TFT_LCD.

While the present disclosure has been described in con-
nection 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:

an LCD panel comprising a plurality of gate lines for
transmitting scanning signals, a plurality of data lines
that cross the gate lines for transmitting image signals,
and a plurality of pixels that are arranged in a matrix
and have switching elements connected to the gate lines
and the data lines;

a data gray signal modifier that receives gray signals from
an external device, and modifies gray signals of a
present frame based on gray signals of present and
previous frames and at least a modification parameter
including a temperature, an image quality selected by a
user, and an environment of the LCD;

a gate driver sequentially applying the scanning signals to
the gate lines; and

a data driver that converts the modified gray signals into
data voltages and applies the data voltages to the data
lines,

wherein the data gray signal modifier includes a look-up
table (LUT) for a reference value of the at least a
modification parameter, the LUT has modification val-
ues for modifying gray signals, and each modification
value of the LUT is represented by G, the present
frame gray signal G,, matching with G, is expressed as
G,=(i-1)x2%, and the previous frame gray signal
G_, matching with G, is expressed as G,_,=(j-1)x2%.

2. The LCD of claim 1, wherein the data gray signal
modifies the modification value G,; of the LUT so as to
produce a modified modification value G,;. corresponding to
a first value of the at least a modification parameter different
from the reference value that satisfies:

Gy'=Gt GG )+P(G =G * (G~ G+ . .,

where G,=(1-1)x2*7, and @, B, and y are modification
coefficients compensating the difference between the first
value and the reference.

3. The LCD of claim 2, wherein the data gray signal
modifier sets the value of the modification coefficient to be
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greater than one when the first value is lower than the
reference value, and sets the value of the modification
coefficient to be less than one when the first value is higher
than the reference value.

4. The LCD of claim 3, wherein the modification param-
eter is transmitted from the external device as a gray signal
during a data blank period.

5. A method for driving a liquid crystal display (LCD), the
LCD having a plurality of gate lines, a plurality of data lines
insulated from and crossing the gate lines, and a plurality of
pixels formed in an area surrounded by the gate lines and
data lines and arranged as a matrix pattern arid having
switching elements connected to the gate lines and data
lines, the method comprising:

(a) sequentially supplying scanning signals to the gate

lines;

(b) receiving image signals from an image signal source,
and generating modification image signals from image
signals of present and previous frames in accordance
with one or more modification parameters; and

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

wherein the one or more modification parameters are at
least one of a temperature, an image quality selected by
a user, and an environment of the LCD, and

wherein the generation of the modification image signals
comprises:

selecting one of a plurality of conversion tables contain-
ing modification values matching with the previous
frame image signal and the present image signal for
different values of the one or more modification param-
eters,

wherein the generation of modification image signals
further comprises;

generating a new conversion table by converting the
modification values of the selected conversion table
according to a particular value of the one or more
modification parameters, and generating the modifica-
tion image signals based on the new conversion table.

6. The method of claim 5, wherein the image signals are
identified as digital gray signals.

7. The method of claim 5, wherein the generation of the
new conversion table is performed during a data blank
period.

8. A liquid crystal display (LCD), comprising:

an LCD panel comprising a plurality of gate lines for
transmitting scanning signals, a plurality of data lines
that cross the gate lines for transmitting image signals,
and a plurality of pixels that are arranged in a matrix
and have switching elements connected to the gate lines
and the data lines:

a data gray signal modifier that receives gray signals from
an external device, and modifies gray signals of a
present frame (“present gray signals) based on gray
signals of present and previous frames and at least a
modification parameter including a temperature, an
image quality selected by a user, and an environment of
the LCD;

a gate driver sequentially applying the scanning signals to
the gate lines; and

a data driver that converts the modified array signals into
data voltages and applies the data voltages to the data
lines,

wherein the data gray signal modifier includes a storage
device including a plurality of look-up tables (LUT) for
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different values of the at least a modification parameter,
each LUT storing modification values for modifying
gray signals,

wherein the data array signal modifier further comprises:

an LUT selector selecting one of the plurality of LUT
based on a value of the at least a modification param-
eter; and

a modified signal generator that reads modification values
corresponding to gray signals of present and previous
frames from the selected LUT and generates the modi-
fied gray signals based on the modification values,

wherein the LUT selector generates a coefficient value for
converting modification values of the selected LUT
based on a value of the at least a modification param-
eter, the data gray signal modifier further comprises an
LUT converter converting modification values of the
selected LUT based on the coeflicient value to generate
a modified LUT, and the modified signal generator
reads modification values corresponding to gray signals
of present and previous frames from the selected LUT
or the modified LUT and generates the modified gray
signals based upon the modification values.

9. The LCD of claim 8, 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:

W, =1V, 4+ F (V17 ])

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

10. The LCD of claim 8, wherein the data gray signal
modifier further comprises a frame memory for storing gray
signals for one frame and outputs the stores gray signals as
the gray signals of a previous frame (“previous gray sig-
nals”).

11. The LCD of claim 10, further comprising a controller
controlling writing and reading the gray signals of the frame
memory.

12. The LCD of claim 11, wherein the controller operates
in synchronization with a clock frequency of the gray signals
inputted from the external device.

13. The LCD of claim 11, wherein the controller operates
asynchronous from a clock frequency of the gray signals
inputted from the external device.

14. The LCD of claim 13, wherein the LCD further
comprises:

a combiner combining the gray signals to be synchronized
with a clock signal frequency with which the controller
is synchronized, and outputting the combined gray
signals to the frame memory and the data gray signal
converter; and

a divider for dividing the gray signals output by the data
gay signal modifier so as to be synchronized with a
frequency with which the gray signals transmitted by
the external device are synchronized.

15. A liquid crystal display (LCD), comprising:

an LCD panel comprising a plurality of gate lines for
transmitting scanning signals, a plurality of data lines
that cross the gate lines for transmitting image signals,
and a plurality of pixels that are arranged in a matrix
and have switching elements connected to the gate lines
and the data lines;

a data gray signal modifier that receives a plurality of
pairs of gray signals, each pair of gray signals including
a gray signal of a present frame (“present gray signal”)
and a gray signal of a previous frame (“previous gray
signal”), and modifies the present gray signals based on
the pairs of gray signals and at least a modification
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parameter including a temperature, an image quality
selected by a user, and an environment of the LCD;

a gate driver applying the scanning signals to the gate
lines; and

a data driver that converts the modified gray signals into
data voltages and applies the data voltages to the data
lines,

wherein each of the present and the previous gray signals
includes most significant bit (MSB) and least signifi-
cant bit (LSB) and the data gray signal modifier
includes at least a look-up table storing modification
variables as function of pairs of MSBs of present and
previous gray signals and a calculator generating the
modified gray signals based on the modification vari-
ables and the LSB of the present gray signals,

wherein the modification variables include first variable
(f) related to each pair of MSBs and second and third
variables (a and b) representing the difference between
values of the first variable related to adjacent pairs of
MSBs.

16. The LCD of claim 15, wherein the modified gray

signal G, for a present gray signal G,, and a previous gray
signal G,,_, is given by,

G, =

n

(Gl
2z

y[Gnl

FGnlys [Ga1]) + al[Grl, [Grt]) - 0B

=[Gyl [Gr11)-

where z is the bit number of the LSBs, [G, ], represents the
MSB of G,, [G,], represents the MSB of G,,_,, and ,[G,]
represents the LSB of G,,.
17. The LCD of claim 16, wherein a and b are positive
integers.
18. A liquid crystal display (LCD), comprising:
an LCD panel comprising a plurality of gate lines for
transmitting scanning signals, a plurality of data lines
that cross the gate lines for transmitting image signals,
and a plurality of pixels that are arranged in a matrix
and have switching elements connected to the gate lines
and the data lines:
a data gray signal modifier that receives a plurality of
pairs of gray signals, each pair of gray signals including
a gray signal of a present frame (“present gray signal™)
and a gray signal of a previous frame (“previous gray
signal”), and modifies the present gray signals based on
the pairs of gray signals and at least a modification
parameter including a temperature, an image quality
selected by a user, and an environment of the LCD;
a gate driver applying the scanning signals to the gate
lines; and
a data driver that converts the modified gray signals into
data voltages and applies the data voltages to the data
lines,
wherein each of the present and the previous gray signals
includes most significant bit (MSB) and least signifi-
cant bit (LSB) and the data gray signal modifier
includes at least a look-up table storing modification
variables as function of pairs of MSBs of present and
previous gray signals and a calculator generating the
modified gray signals based on the modification vari-
ables and the LSB of the present gray signals,
wherein the at least a look-up table includes a plurality of
look-up tables (LUT) for different values of the at least
a modification parameter,
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wherein the data gray signal modifier further comprises:

an LUT selector that selects one of the plurality of LUT
and generates a coefficient value for converting modi-
fication variables of the selected LUT based on a value
of the at least a modification parameter; and

an LUT converter converting modification variables of
the selected LUT based on the coefficient value to
generate a modified LUT, and

wherein the calculator calculates values of the modified
gray signals from the modification variables corre-
sponding to MSBs of present and previous gray signals
from the selected LUT or the modified LUT and LSBs
of the present gray signals,

wherein the modification variables include a first variable
(f) related to each pair of MSBs and second and third
variables (a and b) representing the difference between
values of the first variable related to adjacent pairs of
MSBs.

19. The LCD of claim 18, wherein the modified gray

signal G, for a present gray signal G, and a previous gray
signal G,,_, is given by,

G =

»[Gl
2z

Gl
22

S (Gnl,s [Gral) + a([Grl,, [Ga]) - = b([Gr],, [Gr1])-

where z is the bit number of the LSBs, [G,,], represents the
MSB of G,,, [G, ], represents the MSB of Gn-1 and y[G, ] repre-
sents the LSB of G,,.
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20. The LCD of claim 19, wherein the converted second
variable (a,') of the second variable (a,;) and the converted
third variable (b,) of the third variable (b,) satisfy the
following equations:

aij = Givlj = Gy,

;v ,
a; =Gy = Gy,

= [Gisrivt + AGirr,j — Gist, jo1) +

PGy, — Gi+1,j+1)2 +..]
= —[Gyi + o[Gy - Gi) + B(Gy - Gi)* + ... ]

=28y ala; - 280y 4

Plag — 257 x{a; — 257 + 2Gy - Gl + ...,

by = Gi jo1 — Gy, and

by =G ju1 = Gy
=[Gy + (G jr1 = Gi) + B(Gijo1 — Gi)* + ... ]
~[Gii + a(Gy = Gi) + PGy = G + ... ]

= aby + Bbiiby + 2Gy - G + ...
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