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7) ABSTRACT

The present invention relates to a method and an apparatus
for driving liquid crystal display device capable of reducing
electromagnetic interference by minimizing the number of
transitions of data.

An apparatus for driving a liquid crystal display device
according to the present includes: a timing controller receiv-
ing data from an exterior; an encoding block in the timing
controller comparing current pixel data with each of previ-
ous pixel data delayed by one line from the current pixel and
former pixel data that precedes by one pixel from the current
pixel data to produce modified data so as to minimize the
number of transitions for each bit; a data driver supplying a
video signal to data lines; and a decoding block in the data
river recovering the modified data to the current pixel data.

28
<3 Dpes
TIMING
CONTROLLER 32 l
, | data 18~pit [
ENCODING | |~ Rev-y DECODING| DATA 24
BLOCK | | REV-X BLOCK | DRIVER |
30 -
G
A ‘TFTCI ICst i |22
aes | E =
e
D
R
|
26~ V ~ DL
E
R




Patent Application Publication Jun. 16, 2005 Sheet 1 of 9 US 2005/0128175 Al

< N
|
<
= |
o \o
— _
[/}]
X 8
< *—i o
a =2 ..J
e
= !
&
- Qf
c . ©
1_< ni. ™4 »
A Q @ O<C—w DE—>wol
Ow °l &
=+  p— (
Ll_.._l \ o o ©
! 1l @)
s o= 0]
20
ECE
EE
®)
O
X :
B
w )
o) >5
> -
\

n>NEHEWZ




US 2005/0128175 Al

Patent Application Publication Jun. 16, 2005 Sheet 2 of 9

]
| 3
a0~ A ~9
_
Y
e
a S0
o)L . 3
1
Jo 1ISOT X141
el . ._. \4 p1
9 Y
—, HITTOHINOD _
Y3AIHA Y1VG | A38 || 3dow . 10d
- " 30°A'H
f 1q Eﬁmn. HITIOHLINOD
ONINIL
soag L T SaAT
A0 ol
14V d3i1viay

¢ Ol

B>NEFWS




US 2005/0128175 Al

Patent Application Publication Jun. 16, 2005 Sheet 3 of 9

¢ ™

.

Y
3
1a A 92
_
H
d g
TREA 5| S99
1
v

B

pe-

H3AIHA
vivd

b Hmowﬁ.wﬂmw. |

0g
MO0 X=A34 MOO1d
ONI023q A-AJYH ONIJOONI
— 1q-gT eep ‘
_‘, =6 _ HITIOHINOD
<55 ONIWIL
8z~




US 2005/0128175 Al

Patent Application Publication Jun. 16, 2005 Sheet 4 of 9

4

Blep

X-A34

A-A34

HOLYHINID
viva aNg viva ONg
7
< 9 HOLVHVINOD ONg| | (W' L-w)elep
1 | H38WNN NOILISNVHL V1vd aNg HO.LVHINID wm
Y TYNSIS TOHLINOD -
v . . ONg . (uweiep
d TVYNDIS TOHLINOD ONZ 7
09
1 mv\l\ -
m . HOLvHINTD
? v1iva ISt v1iva ISt
7
m - . 96 HOLVHVJWOO 1S |
HIGWNN NOILISNYHL Yiva 1St HOLVY3INID 7 (u'w)erep
T¥NDIS TOHLNOD cs
, 151 ]
IYNDIS TOHLNOD 1S1 ¢m
or (1-u‘wjeep
v~ [C !
_ vy 2y

v old

magL



US 2005/0128175 Al

Patent Application Publication Jun. 16, 2005 Sheet 5 of 9

HOLVHINID

G 9l

vivd
\
Blep - - Vivd ONZ
. HITTOHINOD TYNEHS JOHINOD ANZ
X-A3Y HOLVHANTD el , VIvVO IST
X—-A3d4H
> TYNDIS TOHLINOD 1S |
z2
A—ATH mowmmwmzmw | ‘Holvavawos | UFEWNN NOLISNVEL VIVa GNz
*GIEAAN NOILSNVEL VIva 1St
05 0l



Patent Application Publication Jun. 16, 2005 Sheet 6 of 9 US 2005/0128175 Al

FIG.6

1ST DATA 80 78

data(m,n-1) )D——
‘. 82
data(m—1,n) | ﬁ/ﬁ—




US 2005/0128175 Al

Patent Application Publication Jun. 16, 2005 Sheet 7 of 9

T Y

AHOW3IN

Z2LL” (l-u'wyerep oL
ol [ mva_ [ 1ava
L | €eep AH3A0D3H (U'I—w)elep  LAY13d ANg
3 V1iva |
oLL— ﬁ Bjep
3 i
1 | H3Ld3aANI
3 | \WH<D HITIOHLINOD| A-A3Y
S 801 | . 1dvd
) elep _ vy AV13A 1St =0
e * “moh<m<m§nmvﬁ X~A3Y ol 8
| L
7 —7 X—A3d
901 201
F1s



Patent Application Publication Jun. 16, 2005 Sheet 8 of 9 US 2005/0128175 Al

FIG.8

data{m ,n-1)

120‘ :
data(m-1,n) . “)jé
data ) v




US 2005/0128175 Al

Patent Application Publication Jun. 16, 2005 Sheet 9 of 9

v.iva 40
1Nd1ino

v.iva 40

7
991S

NOILVH3IN3ID

am_,m_m_,mﬂs_ v.1VQa a3ISIA0N 4o
40 1Nd1No 1Nd1iNo ZO__WW_M\./Z“
4 7
951§ 854S

{IONVHO
X=A3Y_.
¥S1S

LNdNI
A-AJH ‘X-A3Y ‘eiEp

0S1S

6'Old

V1vQa a3idIigon
40 NOISHIANI

4
¢91S



US 2005/0128175 Al

APPARATUS AND METHOD OF DRIVING LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. P2003-90394, filed on Dec. 11, 2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] This invention relates to a liquid crystal display
device, and more particularly, to an apparatus and a method
of driving liquid crystal display device capable of reducing
electromagnetic interference (EMI) by minimizing the num-
ber of data transitions.

1. Field of the Invention

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display (LCD) controls
light transmittance of liquid crystal cells in accordance with
video signals to thereby display a picture. Such devices have
been implemented in an active matrix LCD having a switch-
ing device for each cell. They have been used as a display
device, such as a monitor for a computer, office equipments,
a cellular phone and the like. The switching device for the
active matrix LCD device employs a thin film transistor
(TET).

[0006] FIG. 1 schematically illustrates a related art appa-
ratus for driving an LCD device.

[0007] Referring to FIG. 1, the related art LCD driving
apparatus includes: a liquid crystal display panel 2 having a
plurality of liquid crystal cells Clc arranged in a matrix at the
crossings of data lines DL and gate lines GL; a data driver
4 for applying data signals to the data lines; a gate driver 6
for applying scanning signals to the gate lines GL; and a
timing controller 8 for controlling the data driver 4 and the
gate driver 6 using synchronizing signals H, V and DE
supplied from a system 10.

[0008] The liquid crystal display panel 2 includes the
liquid crystal cells Clc arranged in a matrix at the crossings
between the data lines DL and the gate lines GL. A thin film
transistor TFT provided at each liquid crystal cell Cle
applies a data signal from the data lines DL to the liquid
crystal cell Clc in response to a scanning signal from the gate
lines GL. Further, each liquid crystal cell Clc is provided
with a storage capacitor Cst. The storage capacitor Cst
constantly keeps a voltage of the liquid crystal cell Cle.

[0009] The data driver 4 converts digital video data R, G
and B into analog gamma voltages (i.e., data signals) cor-
responding to values of gray levels in response to a data
control signal DCS from the timing controller 8, and applies
the analog gamma voltages to the data lines DL.

[0010] The gate driver 6 sequentially applies a scanning
pulse to the gate lines GL inresponse to a gate control signal
GCS from the timing controller § to select each horizontal
line of the liquid crystal display panel 2 to which the data
signals are applied.

[0011] The system 10 applies vertical/horizontal signals V
and H, clock signals DCLK and a data enable signal DE to
the timing controller 8.
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[0012] The timing controller 8 generates the data control
signals DCS and the gate control signals GCS for controlling
the gate driver 6 and the data driver 4 using the vertical/
horizontal synchronizing signals V and H and the clock
signal DCLK input from the system 10. The timing control-
ler 8 recovers the data supplied from the system 10 as
parallel data to apply the recovered parallel data to the data
driver 4.

[0013] As described above, the timing controller 8 sup-
plies data for one pixel unit. For example, data for one pixel
unit may be 18-bit data: 6-bits for each color red (R), green
(G), and blue (B). The timing controller 8 in this example
provides the data to the data driver 4 by using 18 data lines,
one for each bit. However, when the data of one pixel unit
is supplied from the timing controller 8 to the data driver 4,
then significant electromagnetic interference (EMI) occurs
during the transition of data.

TABLE 1
R[0:5] G[0:5] B[0:5]
Pn 000000 000000 000000
Pn + 1 11111 11111 11111
[0014] For instance, as illustrated in Table 1, if all of the

current pixel data Pn have ‘0’ bits and all of following pixel
data Pn+1 have ‘1’ bits, then a data transition occurs at every
bit, thereby creating significant EMI. Furthermore, this
phenomenon becomes more serious as the size and resolu-
tion of the liquid crystal panel 2 is increased. For example,
if 24-bit data (8-bit for each of R, G and B) is used for the
data of one pixel unit, even more EMI occurs as the number
of bits transmitted from the timing controller 8 to the data
driver 4 increases.

[0015] Thus, a driving apparatus as illustrated in FIG. 2
has been proposed in the related art in order to prevent the
generation of the EMI.

[0016] FIG. 2 schematically illustrates an LCD driving
apparatus according to another embodiment of a related art.
In FIG. 2, constituent elements having the same functions as
those of FIG. 1 will have the same reference numerals as
those of FIG. 1 and therefore detailed explanations therefor
will be omitted for the sake of simplicity.

[0017] Referring to FIG. 2, the related art LCD driving
apparatus includes: a liquid crystal display panel 2 having a
plurality of liquid crystal cells Clc arranged in a matrix at the
crossings of data lines DL and gate lines GL; a data driver
4 for applying data signals to the data lines; a gate driver 6
for applying scanning signals to the gate lines GL; and a
timing controller 12 for controlling the data driver 4 and the
gate driver 6 using synchronizing signals H, V and DE
supplied from a system 10.

[0018] The timing controller 12 generates the data control
signals DCS and the gate control signals GCS for controlling
the gate driver 6 and the data driver 4 using the vertical/
horizontal synchronizing signals V and H and the clock
signal DCLK input from the system 10. The timing control-
ler 12 recovers the data supplied from the system 10 as
parallel data to apply the recovered parallel data to the data
driver 4. Further, the timing controller 12 includes a mode
controller 14 for minimizing the number of data transitions.
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[0019] The mode controller 14 compares a data transition
state of the next pixel data to be supplied to the data driver
4 with that of current pixel data being supplied to the data
driver 4. That is, the mode controller 14 compares each bit
of the next pixel data Pn+1. with each bit of the current pixel
data Pn to detect the number of data transitionss such as
‘0—1’ or ‘10’ and inverts or does not invert the data to be
output pursuant to the number of the detected data transi-
tions.

[0020] Substantially, the mode controller 14 calculates the
number of data transitions and determines whether the
number of the calculated data transitions exceeds a threshold
value, for example, 9 bits being a half of 18 bits of a total
transmitted quantity. Furthermore, whenever the data tran-
sition quantity exceeds the threshold value, the mode con-
troller 14 inverts logical values of a mode control signal
REV and the next pixel data to be supplied to supply the
inverted logical values to the data driver 4.

TABLE 2

Data transition  Signal

R[0:5] G[0:5] B[0:5] quantity REV

Pn 000000 000000 000000 0 low
Pn+1 111111 111111 111111 16 high
Pn+2 000000 000000 000000 16 low
Pn+3 001101 111111 001110 12 high
Pn +4 001101 000000 001110 6 high

[0021] For instance, as illustrated in Table 2, if all of the
current pixel data Pn have ‘0’ bits and all of the next pixel
data Pn+1 have ‘1’ bits, then 16 data transitions occurred. In
this case, because the data transition becomes more than the
threshold value (that is, 9), the logical value of the mode
control signal REV is inverted and the next pixel data Pn+1
has a data string of ‘000000 000000 000000°. At this time,
the data driver 4 inverts the data Pn+1 inverts in response to
the mode control signal REV to generate a data string of
ST11111 111111 111111°, that is, the original data is recov-
ered).

[0022] As described above, the related art LCD driving
apparatus compares the current pixel data with the next pixel
data and inverts or does not invert the data to be output.
Accordingly, it is possible to prevent the generation of high
EMI. However, because the related art LCD driving appa-
ratus performs the simple comparison of the current pixel
data and the next pixel data to invert or not invert the data,
there is a limit to reduce the number of data transitions. In
other words, the related art has a limit to reduce the EMI.

SUMMARY OF THE INVENTION

[0023] Accordingly, it is an advantage of the present
invention to provide an apparatus and a method of driving
liquid crystal display capable of reducing an electromagnetic
interference (EMI) by minimizing the number of transitions
of data.

[0024] In order to achieve these and other advantages of
the invention, an apparatus for driving a liquid crystal
display device according to the present invention includes:
a timing controller for receiving data from an exterior; an
encoding block, installed in the timing controller, for com-
paring current pixel data with each of previous pixel data
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which is delayed by one line from the current pixel data and
former pixel data which is preceded by one pixel from the
current pixel data to produce modified data so as to minimize
the number of transitions for each bit; a data driver for
supplying a video signal to data lines; and a decoding block,
installed in the data driver, for recovering the modified data
to the current pixel data.

[0025] The encoding block supplies an inverted or a
non-inverted horizontal control signal to the decoding block
in response to the comparison result of the current pixel data
with the previous pixel data, and wherein the encoding block
supplies an enabled or a disabled vertical control signal to
the decoding block in response to the number of transitions
for each bit.

[0026] The encoding block includes: a memory block for
sequentially storing the pixel data corresponding to at least
one line of the current pixel data as the previous pixel data;
a vertical control block for comparing the previous pixel
data stored in the memory block with the current pixel data
to generate a first data so as to minimize the number of
transitions for each bit; a horizontal control block for
comparing the current pixel data with the former pixel data
to generate a second data so as to minimize the number of
transitions for each bit; and an output part for generating the
modified data by using any one of the first data supplied
from the vertical control block and the second data supplied
from the horizontal control block.

[0027] The memory block has two line memories, each
line memory storing the data supplied from the exterior and
supplying the stored data to the vertical control block.

[0028] The vertical control block includes: a first com-
parator for comparing the current pixel data with the previ-
ous pixel data to check whether or not the number of
transitions for each bit is more than a predetermined thresh-
old value, and for supplying a modification control data if it
is checked that the number of transitions for each bit is more
than the threshold value and for supplying a maintaining
control signal otherwise; a first data generator for generating
the first data by inverting or not inverting the current pixel
data under a control of the first comparator and for gener-
ating a first data transition number corresponding to the
number of transitions for each bit between the first data and
the previous pixel data; and a first control signal generator
for generating a first control signal representative of the
inversion or the non-inversion of the first data under a
control of the first comparator.

[0029] The predetermined threshold value is sct to a half
of the numbers of overall bits in the pixel data.

[0030] The first data generator, in response to the modi-
fication control data, inverts the current pixel data to gen-
erate the first data.

[0031] The first data generator, in response to the main-
taining control signal, provides the current pixel data as the
first data to the output part.

[0032] The first control signal generator generates the first
control signal in an enabled state when receiving the modi-
fication control signal and wherein the first control signal
generator generates the first control signal in a disabled state
when receiving the maintaining control signal.



US 2005/0128175 Al

[0033] The horizontal control block includes: a second
comparator for comparing the current pixel data with the
former pixel data to check whether or not the number of
transitions for each bit is more than a predetermined thresh-
old value, and for supplying a modification control data if it
is checked that the number of transitions for each bit is more
than the threshold value, and otherwise, for supplying a
maintaining control signal; a second data generator for
generating the second data by inverting or non-inverting the
current pixel data under a control of the second comparator
and for generating a second data transition number corre-
sponding to the number of transitions for each bit between
the second data and the former pixel data; and a second
control signal generator for generating a second control
signal representative of the inversion or the non-inversion of
the second data under a control of the second comparator.

[0034] The second data generator inverts the current pixel
data to generate the second data when receiving the modi-
fication control data.

[0035] The second data generator, when receiving the
maintaining control signal, provides the current pixel data as
the second data to the output part.

[0036] The second control signal generator generates the
second control signal in an enabled state when receiving the
modification control signal and wherein the second control
signal generator generates the second control signal in a
disabled state when receiving the maintaining control signal.

[0037] The output part includes: a third comparator for
comparing the first data transition number with the second
data transition number to produce a first comparison control
signal if the first data transition number is larger than the
second data transition number and, otherwise, to produce a
second comparison control signal; a controller for receiving
the first control signal, the second control signal, the first
data, the second data and any one of the first comparison
control signal and the second comparison control signal; a
vertical control signal generator for generating the vertical
control signal under a control of the controller; a horizontal
control signal generator for generating the horizontal control
signal under a control of the controller; and a data generator
for the modified data under a control of the controller.

[0038] The controller controls the vertical control signal
generator to generate the vertical control signal in a disabled
state when receiving the first comparison control signal.

[0039] The controller controls the vertical control signal
generator to generate the vertical control signal in an
enabled state when receiving the second comparison control
signal.

[0040] The controller controls the horizontal control sig-
nal generator to invert the horizontal control signal when
receiving the second comparison control signal in an
enabled state, and, otherwise, the controller controls the
horizontal control signal generator to maintain the horizontal
control signal as a non-inverted state.

[0041] The controller generates the second data as a
modified data when receiving both of the first comparison
control signal and the disabled second control signal.

[0042] The controller generates the second data as the
modified data when receiving both of the first comparison
control signal and the enabled second control signal.
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[0043] The controller generates the modified data by using
the data generator if the second comparison control signal is
provided to the controller.

[0044] The controller supplies the first data to the data
generator when receiving the second comparison control
signal.

[0045] The data generator includes: a first exclusive-OR
gate for performing an exclusive-OR operation on the first
data and the previous pixel data; and a second exclusive-OR
gate for performing an exclusive-OR operation on the output
of the first exclusive-OR gate and the former pixel data.

[0046] The controller generates the output of the second
exclusive-OR gate as the modified data.

[0047] The decoding block includes: a fourth comparator
for checking whether the horizontal control signal is
inverted or not to produce a third comparison control signal
if it is checked that the horizontal control signal is inverted,
and, otherwise, to generate a fourth comparison control
signal; a decoding controller for receiving any one of the
third comparison control signal and the fourth comparison
control signal, the vertical control signal and the modified
data; a data inverter for inverting the modified data under a
control of the decoding controller; a data recovery part for
recovering the modified data under a control of the decoding
controller; and a selector for selectively outputting any one
of the modified data from the decoding controller, the
inverted modified data from the data inverter and the recov-
ered data from the data recovery part, under a control of the
decoding controller.

[0048] The apparatus for driving the liquid crystal display
device further includes: a first delay part, installed in any one
input terminal of two input terminals in the fourth compara-
tor, for delaying the horizontal control signal by a time
interval during which one pixel data is supplied; a second
delay part for delaying the modified data by one pixel to
supply the delayed data to the data recovery part; and a
memory for sequentially storing the output data from the
selector by at least one line to supply the stored data to the
data recovery part.

[0049] The decoding controller provides the modified data
to the selector and controls the selector to output the
modified data when receiving the fourth comparison control
signal and the vertical control signal in a disabled state.

[0050] The decoding controller provides the modified data
to the data inverter and controls the selector to output the
inverted modified data when receiving the third comparing
control signal and the vertical control signal in a disabled
state.

[0051] The decoding controller recovers the data by using
the data recovery part when receiving the enabled vertical
control signal.

[0052] The decoding controller provides the inverted
modified data to the data recovery part when receiving the
third comparison control signal, and wherein the decoding
controller provides the modified data to the data recovery
part when receiving the fourth comparison control signal.

[0053] The decoding controller includes: a first exclusive-
OR gate for performing an exclusive-OR operation on the
inverted modified data or the modified data and the former
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pixel data; and a second exclusive-OR gate for performing
an exclusive-OR operation on the output of the first exclu-
sive-OR gate and the previous pixel data.

[0054] The recovered data from the second exclusive-OR
gate is provided to the selector and the controller controls the
selector so as to output the recovered data from the selector.

[0055] The decoding block is installed in the data driver
and supplies the recovered data to a plurality of data
integrated circuits.

[0056] The decoding block is installed in each of data
integrated circuits included in the data driver.

[0057] A method of driving a crystal display device
according to the present invention includes: comparing
current data with previous pixel data, which is delayed by
one line from the current pixel data and with former pixel
data, which is preceded by one pixel from the current pixel
data, to produce a modified data so as to minimize the
number of transitions for each bit; transmitting the modified
data from a timing controller to a data driver; and recovering
the transmitted modified data.

[0058] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0060] These and other advantages of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0061] FIG.1 is a schematic configuration representing an
LCD driving apparatus of a related art;

[0062] FIG. 2 is a schematic configuration representing an
LCD driving apparatus according to the other embodiment
of a related art;

[0063] FIG. 3 is a configuration representing an LCD
driving apparatus according to the present invention;

[0064] FIG. 4 is a block diagram representing an encoding
block illustrated in FIG. 3;

[0065] FIG. 5 is a block diagram representing an output
part illustrated in FIG. 4;

[0066] FIG. 6 is a circuit diagram representing a generator
illustrated in FIG. 5;

[0067] FIG. 7 is a block diagram representing a decoding
block illustrated in FIG. 3;

[0068] FIG. 8 is a circuit diagram representing a data
recovery part illustrated in FIG. 7; and

[0069] FIG. 9 is flow chart representing an operating
process of the decoding block illustrated in FIG. 7.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0070] Reference will now be made in detail to the
embodiments of the present invention, examples of which
are illustrated in the accompanying drawing.

[0071] Hereinafter, the embodiments of the present inven-
tion will be described in detail with reference to FIGS. 3 to
9.

[0072] FIG. 3 is a configuration representing an LCD
driving apparatus according to the present invention.

[0073] Referring to FIG. 3, an LCD driving apparatus of
the present invention includes: a liquid crystal display panel
22 having a plurality of liquid crystal cells Clc arranged in
a matrix at the crossings of data lines DL and gate lines GL;
a data driver 24 for applying data signals to the data lines
DL; a gate driver 26 for applying scanning signals to the gate
lines GL; and a timing controller 28 for controlling the data
driver 24 and the gate driver 26 using synchronizing signals
supplied from an external system.

[0074] The liquid crystal display panel 22 includes the
liquid crystal cells Cle arranged in a matrix at the crossings
between the data lines DL and the gate lines GL. A thin film
transistor TFT provided at each liquid crystal cell Clc
applies a data signal from the data lines DL to each of the
liquid crystal cell Cle in response to a scanning signal from
the gate lines GL. Further, the liquid crystal cell Clc is
provided with a storage capacitor Cst. The storage capacitor
Cst maintains a substantially constant voltage for the liquid
crystal cell Cle.

[0075] The data driver 24 converts digital video data R, G
and B into analog gamma voltages (i.c., the data signals)
corresponding to values of gray levels in response to a data
control signal DCS from the timing controller 28, and
applies the analog gamma voltages to the data lines DL. To
this end, the data driver 24 includes a decoding block 32.
The decoding block 32 receives a vertical control signal
REV-Y, a horizontal control signal REV-X and a modifica-
tion data to recover the modification data to an original data
by using the vertical control signal REV-Y and the horizon-
tal control signal REV-X. A detailed explanation on the
decoding block 32 will be described later.

[0076] The gate driver 26 sequentially applies a scanning
pulse to the gate lines GL in response to a gate control signal
GCS from the timing controller 28 to thereby select a
horizontal line of the liquid crystal display panel 22 to which
the data signal is supplied.

[0077] The timing controller 28 generates the data control
signal DCS and the gate control signal GCS for controlling
the gate driver 26 and the data driver 24 by using the
synchronizing signals provided from the external system. In
addition, the timing controller 28 changes the data supplied
from the external system to apply the changed data to the
data driver 24. The timing controller 28 includes an encod-
ing block 30 for minimizing the number of transitions of
current pixel data to be transmitted, by using a previous
pixel data which is delayed by one line from the current
pixel data and a former pixel data which is preceded by one
pixel from the current pixel data.

[0078] The encoding block 30 generates a modified data
s0 as to minimize the number of transitions of the present
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pixel data by a unit of bit by using the previous pixel data
and the former pixel data, and supplies the modified data to
the decoding block 32. Since the encoding block 30 gener-
ates the modified data by using the previous pixel data and
the former pixel data, it is possible to reduce the number of
transitions of the current pixel data in comparison with the
related art.

[0079] To this end, the encoding block 30 includes a
memory block 40, a vertical control block 46, a horizontal
block 48 and an output part 50 as illustrated in FIG. 4.

[0080] The memory block 40, including two line memo-
ries 42 and 44, stores the current pixel data corresponding to
a current horizontal line and supplies the previous pixel data
corresponding to a previous horizontal line stored therein to
the vertical control block 46.

[0081] The vertical control block 46 compares the previ-
ous pixel data ‘data(m,n-1)’ supplied from the memory
block 40 with a currently input pixel data ‘data(m,n)’ (ic.,
the current pixel data), to generate a first control signal, a
first data transition number and a first data.

[0082] The horizontal control block 48 compares the
former pixel data (i.c., the modified data ‘data’) from the
output part 50 with the current pixel data data(m,n) to
generate a second control signal, a second data transition
number and a second data.

[0083] The output part 50 generates the modified data
(data), the vertical control signal REV-Y and the horizontal
control signal REV-X by using the first control signal, the
first data transition number and the first data supplied from
the vertical control block 46, and the second control signal,
the second data transition number and the second data
supplied from the horizontal control block 48. The modified
data, the vertical control signal REV-Y and the horizontal
control signal REV-X generated from the output part 50 are
then supplied to the decoding block 32 of the data driver 24.

[0084] First of all, operations performed by the vertical
control block 46 and the horizontal control block 48 will be
described in detail with reference to Table 3.

[0085] In Table 3, a reference numeral “data(m, n-1)”
represents the previous pixel data which is delayed by one
line from the current pixel data (i.e., the previous pixel data)
and a reference numeral “data(m, n)” represents the current
pixel data. Further, a reference numeral “data(m-1, n)”
represents the former pixel data which is preceded by one
pixel from the current pixel data, i.e., the former pixel data.

TABLE 3-continued
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A third case

a fourth case

data(m, n - 1) 000011111000011111  000011111000011111
data(m, n) 111110000111110000  000011111000011110
a first control signal enable disable

a first transition number 2 1

a first data 000001111000001111  000011111000011110
data(m - 1, n) 111111111000001000  000011111111111000
a second control signal  enable disable

a second transition 8 6

number

a second data 000001111000001111  000011111000011110

TABLE 3

a first case a second case
data(m, n - 1) 000011111000011111  000011111000011111
data(m, n) 110011111111011111  110011111111011111
a first control signal disable disable
a first transition number 5 5
a first data 110011111111011111  110011111111011111
data(m - 1, n) 110011111111011110  001100000000100001
a second control signal  disable enable
a second transition 1 1
number
a second data 110011111111011111  001100000000100000

[0086] Referring to Table 3, the operations of the vertical
control block 46 and the horizontal control block 46 are
classified into four cases, each of which will be described as
follows.

[0087] In a first case, a first comparator 52 in the vertical
control  block 46  receives a  data  string
‘000011111000011111°, which is the previous pixel data
data(m, n-1) and a data string ‘110011111111011111°,
which is the current pixel data data(m, n). The first com-
parator 52 calculates the number of transitions of the pre-
vious pixel data data(m, n-1) and the current pixel data
data(m, n) to determine whether the calculated transition
number exceeds a threshold value (e.g., 9 being a half of
overall bit numbers). In the first case, because the calculated
transition number of the previous pixel data data(m, n-1)
and the current pixel data data(m, n) is ‘5°, the first com-
parator 52 determines that transition number does not
exceed the threshold value. Therefore, the first comparator
52 supplies a maintaining control signal to a first control
signal generator 54 and a first data generator 56 in the
vertical control block 46.

[0088] The first data generator 56, in response to the
maintaining control signal from the first comparator 52,
supplies the data string ‘110011111111011111°, which is the
current pixel data data(m, n), as a first data to the output part
50. Also, the first data generator 56 supplies a signal
corresponding to ‘5’, which represents the bit transition
number of the first data and the previous pixel data data(m,
n-1), as a first data transition number to the output part 50.

[0089] In addition, the first control signal generator 54, in
response to the maintaining control signal from the first
comparator 52, supplies a disable signal notifying that the
first data does not invert the output part 50.

[0090] In the first case, a second comparator 58 in the
horizontal control block 48 receives a data string
‘110011111111011111°, which is a current pixel data data(m,
n) and a data string of ‘110011111111011110°, which is the
former pixel data data(m-1, n). The second comparator 58
calculates the number of transitions of the current pixel data
data(m, n) and the former pixel data data(m-1, n) to deter-
mined whether the calculated transition number exceeds the
threshold value. In this case, because the calculated transi-
tion number of the current pixel data data(m, n) and the
former pixel data data(m-1, n) is ‘1, the second comparator
58 determines whether the number of transitions does not
exceed the threshold value. Therefore, the second compara-
tor 58 supplies a maintaining control signal to a second
control signal generator 60 and a second data generator 62
in the horizontal control block 48.
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[0091] The second data generator 62, in response to the
maintaining control signal from the second comparator 58,
supplies a data string of ‘110011111111011111°, which is the
current pixel data data(m, n), as a second data to the output
part 50. Also, the second data generator 62 supplies a signal
corresponding to ‘1°, which represents the bit transition
number of the second data and the former pixel data data(m-
1, n), as a second data transition number to the output part
50.

[0092] In addition, the second control signal generator 60,
in response to the maintaining control signal from the
second comparator 58, supplies a disable signal, notifying
that the first data does not inverted, to the output part 50.
That is, in the first case, the first data, the first transition
number, the first control signal, the second control signal, the
second transition number and the second data are set up as
illustrated in Table 3.

[0093] In a second case, a first comparator 52 in the
vertical control block 46 receives a data string
‘000011111000011111°, which is the previous pixel data
data(m, n-1) and a data string of ‘110011111111011111°,
which is the current pixel data data(m, n). The first com-
parator 52 calculates the number of transitions of the pre-
vious pixel data data(m, n-1) and the current pixel data
data(m, n) to determine whether the calculated transition
number exceeds the threshold value. In the second case,
because the number of transitions of the previous pixel data
data(m, n-1) and the current pixel data data(m, n) is ‘5°, the
first comparator 52 determines that the number of transitions
does not exceed the threshold value. According to this, the
first comparator 52 supplies a maintaining control signal to
a first control signal generator 54 and a first data generator
56 in the vertical control block 46.

[0094] The first data generator 56, in response to the
maintaining control signal from the first comparator 52,
supplies the data string ‘110011111111011111°, which is the
current pixel data data(m, n), as a first data to the output part
50. Also, the first data generator 56 supplies a signal
corresponding to ‘5°, which represents the bit transition
number of the first data and the previous pixel data data(m,
n-1), as a first data transition number to the output part 50.

[0095] In addition, the first control signal generator 54, in
response to the maintaining control signal from the first
comparator 52, supplies a disable signal notifying that the
first data is not inverted, to the output part 50.

[0096] In the second case, a second comparator 58 in the
horizontal control block 48 receives a data string
110011111111011111°, which is a current pixel data data(m,
n) and a data string ‘001100000000100001°, which is a
former pixel data data(m-1, n). The second comparator 58
calculates the transition number of the current pixel data
data(m, n) and the former pixel data data(m-1, n) to deter-
mined whether the calculated transition number exceeds a
threshold value. In this case, because the calculated transi-
tion number of the current pixel data data(m, n) and the
former pixel data data(m-1, n) is ‘16, the second compara-
tor 58 determines that the transition number exceed the
threshold value. Therefore, the second comparator 58 sup-
plies a modification control signal to a second control signal
generator 60 and a second data generator 62 in the horizontal
control block 48.

[0097] The second data generator 62, in response to the
modification control signal from the second comparator 58,
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supplies the data string ‘001100000000100000°, which the
current pixel data data(m, n) is inverted, as a second data to
the output part 50. Also, the second data generator 62
supplies a signal corresponding to ‘1°, which represents the
bit transition number of the second data and the former pixel
data data(m-1, n), as a second data transition number to the
output part 50.

[0098] In addition, the second control signal generator 60,
in response to the modification control signal from the
second comparator 58, supplies an enable signal notifying
that the second data is inverted, to the output part 50. That
is, in the second case, the first data, the first transition
number, the first control signal, the second control signal, the
second transition number and the second data are set up as
illustrated in Table 3.

[0099] In a third case, a first comparator 52 in the vertical
control  block 46  receives a  data  string
‘000011111000011111°, which is the previous pixel data
data(m, n-1) and a data string ‘111110000111110000°,
which is the current pixel data data(m, n). The first com-
parator 52 calculates the number of transitions of the pre-
vious pixel data data(m, n-1) and the current pixel data
data(m, n) to determine whether the calculated transition
number exceeds a threshold value. In the third case, because
the number of transitions of the previous pixel data data(m,
n-1) and the current pixel data data(m, n) is ‘16°, the first
comparator 52 determines that transition number exceeds
the threshold value. Therefore, the first comparator 52
supplies a modification control signal to a first control signal
generator 54 and a first data generator 56.

[0100] The first data generator 56, in response to the
modification control signal from the first comparator 52,
supplies the data string ‘000001111000001111°, which the
present pixel data ‘111110000111110000” is inverted, as a
first data to the output part 50. Also, the first data generator
56 supplies a signal corresponding to ‘2’, which represents
the bit transition number of the first data and the previous
pixel data data(m, n-1), as a first data transition number to
the output part 50.

[0101] In addition, the first control signal generator 54, in
response to the modification control signal from the first
comparator 52, supplies an enable signal notifying that the
first data is inverted to the output part 50.

[0102] In the third case, a second comparator 58 in the
horizontal control block 48 receives a data string of
‘111110000111110000°, which is a current pixel data
data(m, n) and a data string of ‘111111111000001000°,
which is a former pixel data data(m-1, n). The second
comparator 58 calculates the number of transitions of the
current pixel data data(m, n) and the former pixel data
data(m-1, n) to determined whether the calculated transition
number exceeds a threshold value. In this case, because the
calculated transition number of the current pixel data
data(m, n) and the former pixel data data(m-1, n) is “10’, the
second comparator 58 determines that the number of tran-
sitions exceeds the threshold value. Therefore, the second
comparator 58 supplies a modification control signal to a
second control signal generator 60 and a second data gen-
erator 62 in the horizontal control block 48.

[0103] The second data generator 62, in response to the
modification control signal from the second comparator 58,
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supplies the data string ‘000001111000001111°, which the
current pixel data data(m, n) is inverted, as a second data to
the output part 50. Also, the second data generator 62
supplies a signal corresponding to ‘8°, which represents the
bit transition number of the second data and the former pixel
data data(m-1, n), as a second data transition number to the
output part 50.

[0104] In addition, the second control signal generator 60,
in response to the modification control signal from the
second comparator 58, supplies an enable signal notifying
that the second data is inverted to the output part 50. That is,
in the third case, the first data, the first transition number, the
first control signal, the second control signal, the second
transition number and the second data are set up as illus-
trated in Table. 3.

[0105] In a fourth case, a first comparator 52 in the vertical
control  block 46  receives a  data  string
‘000011111000011111°, which is the previous pixel data
data(m, n-1) and a data string ‘000011111000011110°,
which is the present pixel data. The first comparator 52
calculates the number of transitions of the previous pixel
data data(m, n-1) and the current pixel data data(m, n) to
determine whether the calculated transition number exceeds
a threshold value. In the fourth case, because the number of
transitions of the previous pixel data data(m, n-1) and the
current pixel data data(m, n) is ‘1°, the first comparator 52
determines that transition number does not exceed the
threshold value. Therefore, the first comparator 52 supplies
a maintaining control signal to a first control signal genera-
tor 54 and a first data generator 56.

[0106] The first data generator 56, in response to the
maintaining control signal from the first comparator 352,
supplies the data string ‘000011111000011110°, which is the
current pixel data data(m, n), as a first data to the output part
50. Also, the first data generator 56 supplies a signal
corresponding to ‘1°, which represents the bit transition
number of the first data and the previous pixel data data(m,
n-1), as a first data transition number to the output part 50.

[0107] In addition, the first control signal generator 54, in
response to the maintaining control signal from the first
comparator 52, supplies a disable signal notifying that the
first data does not invert the output part 50.

[0108] In the fourth case, a second comparator 58 of the
horizontal control block 48 receives a data string
‘000011111000011110°, which is a current pixel data
data(m, n) and a data “000011111111111000°, which is the
former pixel data data(m-1, n). The second comparator 58
calculates the transition number of the current pixel data
data(m, n) and the former pixel data data(m-1, n) to deter-
mine whether the calculated transition quantity exceeds the
threshold value. In this case, because the calculated transi-
tion number of the current pixel data data(m, n) and the
former pixel data data(m-1, n) is ‘6°, the second comparator
58 determines that the number of transitions does not exceed
the threshold value. Therefore, the second comparator 58
supplies a maintaining control signal to a second control
signal generator 60 and a second data generator 62 in the
horizontal control block 48.

[0109] The second data generator 62, in response to the
maintaining control signal from the second comparator 58,
supplies the data string ‘000011111000011110°, which is the
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current pixel data data(m, n), as a second data to the output
part 50. Also, the second data generator 62 supplies a signal
corresponding to ‘6, which represents the bit transition
number of the second data and the former pixel data data(m-
1, n), as a second data transition number to the output part
50.

[0110] In addition, the second control signal generator 60,
in response to the maintaining control signal from the
second comparator 58, supplies a disable signal notifying
that the first data does not inverted to the output part 50. That
is, in the fourth case, the first data, the first transition
number, the first control signal, the second control signal, the
second transition number and the second data are set up as
illustrated in Table. 3.

[0111] In the first to the fourth cases, an operation on the
output part 50 will be described in detail with reference to
Table 4.

TABLE 4

a flrst case a second case
a first data 110011111111011111 110011111111011111
a second data 110011111111011111 001100000000100000
REV-Y disable disable
REV-X maintaining inverting
data 110011111111011111 001100000000100000

a third case a fourth case
a first data 000001111000001111 000011111000011110
a second data 000001111000001111 000011111000011110
REV-Y enable enable
REV-X inverting maintaining
data 111101111000011000 000011111111111001
[0112] In Table 4, a reference numeral “REV-Y” repre-

sents a vertical control signal, a reference numeral “REV-X”
represents a horizontal control signal, and a reference
numeral “data” represents a modified data. Herein, the
vertical control signal REV-Y, the horizontal control signal
REV-X and the modified data are supplied to the decoding
block 32.

[0113] The operation on the output part 50 will be
described in detail with reference to Tables 3, 4 and 5. First
of all, the output part 50 includes: a comparator 70 for
comparing the first data transition number and the second
data transition number; and a controller 72 for controlling a
REV-Y generator 74, a REV-X generator 76 and a data
generator 78 by using a comparing control signal from the
comparator 72, the first control signal, the first data, the
second control signal and the second data.

[0114] In a first case, the comparator 70 of the output part
50 receives the first data transition number and the second
data transition number. The comparator 70 compares the first
data transition number with the second data transition num-
ber to generate to comparison control signal and then
supplies the comparison control signal to the controller 72.
In the first case, the second data transition number is low.
Therefore, the comparator 70 provides the comparison con-
trol signal representing that the second data transition num-
ber is low for example, a first comparison control signal, to
the controller 72.

[0115] The controller 72 receives the first comparison
control signal, the first control signal, the second control
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signal, the first data and the second data. The controller 72,
in response to the first comparison control signal, controls
the REV-Y generator 74 so as to supply a disabled vertical
control signal REV-Y. Accordingly, the REV-Y generator 74
supplies the disabled vertical control signal REV-Y to the
decoding block 32. Substantially, when the first comparison
control signal is provided from the comparator 70, the
REV-Y generator 74 usually supplies the disabled vertical
control signal REV-Y to the decoding block 32 under a
control of the controller 72.

[0116] Furthermore, the controller 72 controls the REV-X
generator 76 in response to the second control signal. In the
first case, because the second control signal is in a disabled
state as denoted in Table 3, the controller 72 controls the
REV-X generator 76 to maintain a former horizontal control
signal REV-X. Accordingly, the REV-X generator 76 sup-
plies a horizontal control signal REV-X having a polarity,
e.g., logical low or logical high, identical to that of the
former horizontal control signal REV-X to the decoding
block 32. Substantially, when the second control signal is in
a disable state, the controller 72 controls the REV-X gen-
erator 76 so as to maintain a former horizontal control signal
REV-X. However, when the second control signal is in an
enabled state, the controller 72 controls the REV-X genera-
tor 76 so as to invert a former horizontal control signal
REV-X.

[0117] Meanwhile, if the first comparison control signal is
supplied, the modified data (data) is selected as the second
data. In other words, the second data is supplied, as the
modified data, to the decoding block 32. Herein, if the
comparison is made between former pixel data data(m-1, n)
and the modified data (data), it can be known that only one
bit is transited therebetween. Thus, the present invention is
capable of minimizing the EMI.

[0118] In a second case, the comparator 70 receives the
first data transition number and the second data transition
number. The comparator 70 compares the first data transition
number and the second data transition number to generate a
comparison control signal and then supplies the comparison
control signal to the controller 72. In the second case,
because the second data transition number is low, the
comparator 70 supplies the first comparison control signal
corresponding thereto to the controller 72.

[0119] The controller 72, receiving the first comparison
control signal, controls the REV-Y generator 74 so as to
supply a disabled vertical control signal REV-Y. Accord-
ingly, the REV-Y generator 74 supplies the disabled vertical
control signal REV-Y to the decoding block 32. Further-
more, the controller 72 controls the REV-X generator 76 so
as to invert a former horizontal control signal REV-X in
response to the enabled second control signal. Accordingly,
the REV-X generator 76 supplies the horizontal control
signal REV-X, inverted to the former horizontal control
signal REV-X, to the decoding block 32.

[0120] Meanwhile, if the first comparison control signal is
supplied, the modified data (data) is selected as the second
data. In other words, the second data is supplied, as the
modified data (data), to the decoding block 32. Herein, if the
comparison is made between former pixel data data(m-1, n)
and the modified data (data), it can be known that only one
bit is transited. Thus, the present invention is capable of
minimizing the EMI.
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[0121] In a third case, the comparator 70 receives the first
data transition number and the second data transition num-
ber. The comparator 70 compares the first data transition
number and the second data transition number to generate a
comparison control signal and then supplies the comparison
control signal to the controller 72. In the third case, because
the first data transition number is low, the comparator 70
supplies the second comparison control signal correspond-
ing thereto to the controller 72.

[0122] The controller 72, receiving the second comparison
control signal, controls the REV-Y generator 74 so as to
supply an enabled vertical control signal REV-Y. Accord-
ingly, the REV-Y generator 74 supplies the enabled vertical
control signal REV-Y to the decoding block 32. Substan-
tially, when the controller 72 receives the second compari-
son control signal, that is, when the first data transition
number is small, the controller 72 controls the REV-Y
generator 74 so as to supply the enabled vertical control
signal REV-Y. Furthermore, the controller 72 controls the
REV-X generator 76 so as to invert a former horizontal
control signal REV-X in response to the enabled second
control signal. Accordingly, the REV-X generator 76 sup-
plies the horizontal control signal REV-X, inverted to the
former horizontal control signal REV-X, to the decoding
block 32.

[0123] Meanwhile, if the second comparison control sig-
nal is supplied to the controller 72, then the controller 72
generates a modified data (data) by using the data generator
78. To this end, the data generator 78 includes two Exclu-
sive-OR (hereinafter, exclusive-OR is XOR) gates 80 and 82
as illustrated in FIG. 6. The first XOR gate 80 receives the
first data and the previous pixel data data(m, n-1). The
second XOR gate 82 receives an output of the first XOR gate
80 and the former data data(m-1, n).

[0124] In operation, if the second comparison control
signal is supplied to the controller 72, then the controller 72
supplies the first data to the first XOR gate 80. Then, the first
XOR gate 80 performs an Exclusive-OR operation on the
first data of ‘000001111000001111° and the previous pixel
data data(m, n-1) of ‘000011111000011111". Then the first
XOR gate 80 outputs a data string of
000010000000010000°. The output of the XOR gate 80 is
input to the XOR gate 82 in which an Exclusive-OR
operation is performed on the former pixel data data(m-1, n)
of “1111111110000010000’ and the output of the XOR gate
80. Then, the second XOR gate 82 outputs a data string of
‘111101111000011000°. Herein, if the comparison is made
between former pixel data data(m-1, n). and the modified
data, it can be known that only two bits are transited
therebetween. Accordingly, the present invention is capable
of minimizing the EML In particular, in the third case, in
case of the related art, eight bits are transited since the
second data is output as the modified data. However, in case
of the present invention, since only two bits are transited, the
present invention is capable of reducing the EMI in com-
parison with the related art.

[0125] Ina fourth case, the comparator 70 receives the first
data transition number and the second data transition num-
ber. The comparator 70 compares the first data transition
number and the second data transition number to generate a
comparison control signal and then supplies the comparison
control signal to the controller 72. In the fourth case, because
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the first data transition number is low, the comparator 70
supplies the second comparison control signal correspond-
ing thereto to the controller 72.

[0126] The controller 72, receiving the second comparison
control signal, controls the REV-Y generator 74 so as to
supply an enabled the vertical control signal REV-Y.
Accordingly, the REV-Y generator 74 supplies the enabled
vertical control signal REV-Y to the decoding block 32.
Also, the controller 72, receiving the second control signal,
controls the REV-X generator 76 so as to maintain a former
horizontal control signal REV-X. Accordingly, the REV-X
generator 76 supplies the horizontal control signal REV-X,
identical to the former horizontal control signal, to the
decoding block 32.

[0127] Meanwhile, if the second comparison control sig-
nal is supplied to the controller 72, then the controller 72
generates a modified data by using the data generator 78. In
operation, firstly, if the second comparison control signal is
supplied to the controller 72, the controller 72 supplies the
first data to the first XOR gate 80. Then, the first XOR gate
80 performs an Exclusive-OR operation on the first data of
‘000011111000011110° and the previous pixel data data(m,
n-1) of ‘000011111000011111". At this time, the first XOR
gate 80 outputs a data string of ‘000000000000000001°. The
output of the XOR gate 80 is input to the XOR gate 82 in
which an Exclusive-OR operation is performed on the
former pixel data data(m-1, n) of ‘000011111111111000’
and the output of the XOR gate 80. Then, the second XOR
gate 82 outputs a data string of ‘000011111111111001°.
Herein, the output of the second XOR gate 82 is supplied as
the modified data to the decoding block 32. Herein, if the
comparison is made between former pixel data data(m-1, n)
and the modified data, it can be known that only one bit is
transited. Accordingly, the present invention is capable of
minimizing the EMI. In particular, in the fourth case, in case
of the related art, six bits are transited since the second data
is output as the modified data. However, in case of the
present invention, since only one bit is transited, the present
invention is capable of reducing the EMI in comparison with
the related art.

[0128] Meanwhile, the vertical control signal REV-Y, the
horizontal control signal REV-X and the modified data
transmitted from the encoding block 30 are supplied to the
decoding block 32. The decoding block 32 recovers the
modified data (data) to an original data by using the vertical
control signal REV-Y and the horizontal control signal
REV-X.

[0129] To this end, the decoding block 32 includes: a first
delay part 100 for delaying the horizontal control signal
REV-X by a unit of one pixel, a comparator 102 for
comparing the horizontal control signal REV-X supplied
from the encoding block 30 with the delayed horizontal
control signal REV-X-1 from the first delay part 100; a
controller 106 for receiving a comparison control signal
from the comparator 102, and the vertical control signal
REV-Y and the modified data (data); a second delay part 104
for delaying the modified data (data) by a unit of one pixel;
a data inverter 108 for inverting the modified data under a
control of the controller 106; a data recovery part 110 for
recovering the modified data (data) to the original data under
a control of the controller 106; and a selector 114 for
selecting any one of the modified data (data) supplied from
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the controller 106, the inverted modified data (data) supplied
from the data inverter 108 and the recovered data (data3 )
supplied from the data recovery part 110.

[0130] The decoding block 32 further includes a memory
112 for storing the recovered data from the selector 114 by
a unit of one line.

[0131] The operation of the decoding block will be
explained in detail with reference to Tables 3 and 4. First, in
the first case, the controller 106 receives a disabled vertical
control signal REV-Y. Also, the controller 106 receives a
third comparison control signal notifying that the horizontal
control signal REV-X from the comparator 102 is maintain-
ing the same polarity. That is, in the first case, because the
horizontal control signal REV-X is maintained with its
polarity identical to that of the previous horizontal control
signal, the delayed horizontal control signal REV-X supplied
from the delay part 100 and the horizontal control signal
REV-X supplied from the encoding block 30 have the
polarity identical with each other. At this time, the compara-
tor 102 supplies the third comparison control signal to the
controller 106.

[0132] The controller 106, in response to a disabled ver-
tical control signal REV-Y and the third comparison control
signal, supplies a modified data (data) provided thereto to
the selector 114. And the controller 106 controls the selector
114 so that the selector 114 outputs the modified data as the
recovered data. That is, in the first case, the modified data
(data) is supplied to a drive integrated circuit(IC). Mean-
while, as illustrated in Tables 3 and 4, since the current pixel
data data(m, n) and the modified data (data) are same as each
other, it is possible to display a desired picture in the first
case.

[0133] In the second case, the controller 106 receives a
disabled vertical control signal REV-Y. Also, the controller
106 receives a fourth comparison control signal indicating
that the horizontal control signal REV-X from the compara-
tor 102 had been inverted. That is, in the second case,
because the horizontal control signal REV-X is inverted, the
delayed horizontal control signal REV-X supplied from the
delay part 100 and the horizontal control signal REV-X
supplied from the encoding block 30 have polarities differ-
ent from each other. At this time, the comparator 102
supplies the fourth comparison control signal to the control-
ler 106.

[0134] The controller 106, in response to the disabled
vertical control signal REV-Y and the fourth comparison
control signal, supplies a modified data (data) to the data
inverter 108. (Substantially, when the vertical the disabled
control signal REV-Y is supplied to the controller 106, the
controller 106 does not control the data recovery part 110.)
The data inverter 108 inverts the data supplied thereto, and
then supplies the inverted data to the selector 114. Herein,
because a data string of ‘001100000000100000° is supplied
to the data inverter 108, as a modified data (data), the data
inverter 108  supplies the inverted data of
‘110011111111011111” to the selector 114. At this time, the
controller 106 controls the selector 114, so that the data
supplied form the data inverter 108 is output as the recov-
ered data. That is, in the second case, the modified data
(data) is inverted and then is supplied to the drive IC.
Meanwhile, as illustrated in Tables 3 and 4, since the current
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pixel data data(m, n) and the inverted data are same each
other for every bit, it is possible to display a desired picture
in the second case.

[0135] In the third case, the controller 106 receives an
enabled vertical control signal REV-Y. Also, the controller
106 receives a fourth comparison control signal indicating
that the horizontal control signal REV-X from the compara-
tor 102 had been inverted.

[0136] The controller 106, in response to the fourth com-
parison control signal, supplies a modified data (data) to the
data inverter 108. Also, the controller 106, recciving the
enabled vertical control signal, controls the data recovery
part 110 to recover the data. To this end, as illustrated in
FIG. 8, the data recovery part 110 includes the first XOR
gate 120 and the second XOR gate 122. The first XOR gate
receives a modified data (data) modified under a control of
the controller 106 (herein, the modified data (data) is
inverted or non-inverted and then is input to the first XOR
gate 120) and a former pixel data data(m-1, n). The second
XOR gate 122 receives an output of the first XOR gate 120
and a previous pixel data data(m, n-1).

[0137] In operation of the data recovery part 110, because
the fourth comparison control signal is supplied to the
controller 106, the first XOR gate 120 receives a data string
of “000010000111100111°, which is the modified data (data)
inverted from the data inverter 108, and a data string of
‘111111111000001000°, which is the former data data(m-1,
n) delayed from the second delay part 104. At this time, the
first  XOR gate 120 outputs a data string of
‘111101111111101111°. The second XOR gate 122 receives
the data string of ‘111101111111101111°, which is the output
of the first XOR gate 120, and the data string of
‘000011111000011111°, which is the previous pixel data
data(m, n-1) supplied from the memory 112. At this time,
the second XOR gate 122 outputs the data string of
‘111100000111110000°. The data  string  of
‘111100000111110000° from the second XOR gate 120 is
supplied as the recovered data to the selector 114. At this
time, the controller 106 controls the selector 114 so that the
selector 114 selects the recovered data form the data recov-
ery part 110 to be output as the recovered data. That is, in the
third case, the recovered data from the data recovery part
110 is supplied to the drive IC. Meanwhile, as illustrated in
Tables 3 and 4, because the current data data(m, n) and the
recovered data are same in each bit, it is possible to display
a desired picture in the third case.

[0138] In the fourth case, the controller 106 receives an
enabled vertical control signal REV-Y. Also, the controller
106 receives a third comparison control signal notifying that
the horizontal control signal REV-X from the comparator
102 is not inverted.

[0139] The controller 106, in response to the enabled
vertical control signal REV-Y and the third comparison
control signal, supplies the modified data (data) to the data
recovery part 110. The data recovery part 110 recovers the
modified data (data) to the original data and then supplies the
recovered data to the selector 114. In operation of the data
recovery part 110, the first XOR gate 120 receives the data
string of ‘000011111111111001°, which is the modified data
from the controller, and the data string of
‘000011111111111000°, which is the former pixel data
data(m-1, n) delayed by the second delay part 104. At this
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time, the first XOR gate 122 outputs a data string of
000000000000000001°. The second XOR gate 122 receives
the data string of ‘000000000000000001°, which is the
output of the first XOR gate 120, and the data string of
‘000011111000011111°, which is the previous pixel data
data(m, n-1) supplied from the memory 112. At this time,
the second XOR gate 122 outputs a data string of
‘000011111000011110°.  The data  string  of
‘000011111000011110° from the second XOR gate 122 is
then supplied as the recovered data to the selector 114. At
this time, the controller 106 controls the selector 114 so that
the selector 114 selects the output form the data recovery
part 110 to be output as the recovered data. That is, in the
fourth case, the recovered data from the data recovery part
110 is supplied to the drive IC. Meanwhile, as illustrated in
Tables 3 and 4, since the current input data data(m, n) and
the recovered data are same in each bit, it is possible to
display a desired picture in the fourth case.

[0140] As described in the examples of the first case
through the fourth case, the decoding block 32 can accu-
rately recovery the data supplied from the encoding block
30. Accordingly, the present invention is capable of display-
ing the desired picture in the liquid crystal panel 22. In
addition, the present invention is capable of minimizing the
data transition number by using a former pixel data and a
previous pixel data, which results in minimizing the EMI.
Meanwhile, in the present invention, the decoding block 32
may be installed in front of, i.e. before, the drive IC in order
to recover the data before being supplied to the drive IC.
Also, in the present invention, the decoding block 32 may be
installed in each of the drive ICs.

[0141] FIG. 9 is flow chart briefly illustrating the opera-
tion of the decoding block according to the embodiment of
the present invention.

[0142] Referring to FIG. 9, at step S150, the modified data
(data), the horizontal control signal REV-X and the vertical
control signal REV-Y are supplied from the encoding block
30 to the decoding block. Then, at step S152, the controller
105 checks whether the vertical control signal REV-Y is an
enable signal. At step S154, if the vertical control signal
REV-Y is not the enable signal, then the controller 106
checks whether the horizontal control signal REV-X is
changed or not. A signal representing the presence or
absence of the change of the horizontal control signal
REV-X is provided from the comparator 102. At steps S156
and S166, if it is checked that the horizontal control signal
REV-X is not changed at S154, then the controller 106
outputs the modified data (data) provided thereto as the
recovered data.

[0143] Meanwhile, if the horizontal control signal REV-X
is changed at step S154, then the controller 106 supplies the
modified data (data) to the data inverter 108. Then, at step
S158, the data inverter 108 inverts the modified data (data).
Thereafter, at step 166 S166, the controller 106 outputs the
inverted modified data (data) as the recovered data.

[0144] At step S160, if the vertical control signal REV-Y
is the enable signal at step S152, then the controller 106
checks if the horizontal control signal REV-X is changed. If
the horizontal control signal REV-X is not changed at step
$160, the controller 106 supplies the modified data to the
data recovery part 110. Then, at step S164, the data recovery
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part 110 generates the recovered data by using the modified
data (data). Thereafter, at step S166, the controller 106
outputs the recovered data.

[0145] At step S162, if the horizontal control signal
REV-X is changed at step S160, then the controller 106
supplies the modified data (data) to the data inverter 108.
The data inverter 108 inverts the modified data (data) and
then supplies the inverted data to the data recovery part 110.
Then, at step S164, the data recovery part 110 generates a
recovered data by using the inverted modified data (data).
Thereafter, at step S166, the controller 106 outputs the
recovered data.

[0146] As described above, according to an apparatus and
a method of driving liquid crystal display of the present
invention, a former pixel data and a current pixel data are
compared each other and a current pixel data and a previous
pixel data are compared each other to produce a modified
data with a small transition number, which will then be
supplied to a data driver. Thus, it is possible to reduce the
EML

[0147] Although the present invention has been explained
by the embodiments illustrated in the drawings described
above, it should be understood to the ordinary skilled person
in the art that the invention is not limited to the embodi-
ments, but rather that various changes or modifications
thereof are possible without departing from the spirit of the
invention. Accordingly, the scope of the invention shall be
determined only by the appended claims and their equiva-
lents.

[0148] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. An apparatus for driving a liquid crystal display device
comprising:

a timing controller receiving data from outside the timing
controller;

an encoding block, in the timing controller, comparing
current pixel data with each of previous pixel data
delayed by one line from the current pixel data and
former pixel data which is preceded by one pixel from
the current pixel data to produce modified data so as to
minimize the number of transitions for each bit;

a data driver supplying a video signal to data lines; and

a decoding block, installed in the data driver, recovering

the modified data for the current pixel data.

2. The apparatus for driving the liquid crystal display
device of claim 1, wherein the encoding block supplies an
inverted or a non-inverted horizontal control signal to the
decoding block in response to the comparison result of the
current pixel data with the previous pixel data, and wherein
the encoding block supplies an enabled or a disabled vertical
control signal to the decoding block in response to the
number of transitions for each bit.

3. The apparatus for driving the liquid crystal display
device of claim 2, wherein the encoding block includes:
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a memory block sequentially storing the pixel data cor-
responding to at least one line of the current pixel data
as the previous pixel data;

a vertical control block comparing the previous pixel data
stored in the memory block with the current pixel data
to generate a first data so as to minimize the number of
transitions for each bit;

a horizontal control block comparing the current pixel
data with the former pixel data to generate a second
data so as to minimize the number of transitions for
¢ach bit; and

an output part generating the modified data by using any
one of the first data supplied from the vertical control
block and the second data supplied from the horizontal
control block.

4. The apparatus for driving the liquid crystal display
device of claim 3, wherein the memory block has two line
memories, each line memory storing the data supplied from
the exterior and supplying the stored data to the vertical
control block.

5. The apparatus for driving the liquid crystal display
device of claim 3, wherein the vertical control block
includes:

a first comparator comparing the current pixel data with
the previous pixel data to check whether or not the
number of transitions for each bit is more than a
predetermined threshold value, and supplying a modi-
fication control data if it is determine that the transition
number for the pixel data is greater than the threshold
value and supplying a maintaining control signal oth-
erwise;

a first data generator generating the first data by inverting
or non-inverting the current pixel data under a control
of the first comparator and generating a first data
transition number corresponding to the number of
transitions for each bit between the first data and the
previous pixel data; and

a first control signal generator generating a first control
signal representative of the inversion or the non-inver-
sion of the first data under the control of the first
comparator.

6. The apparatus for driving the liquid crystal display
device of claim 5, wherein the predetermined threshold
value is set to a half of a number of overall bits in the pixel
data.

7. The apparatus for driving the liquid crystal display
device of claim 5, wherein the first data generator, in
response to the modification control data, inverts the current
pixel data to generate the first data.

8. The apparatus for driving the liquid crystal display
device of claim 5, wherein the first data generator, in
response to the maintaining control signal, provides the
current pixel data as the first data to the output part.

9. The apparatus for driving the liquid crystal display
device of claim 5, wherein the first control signal generator
generates the first control signal in an enabled state when
receiving the modification control signal and wherein the
first control signal generator generates the first control signal
in a disabled state when receiving the maintaining control
signal.
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10. The apparatus for driving the liquid crystal display
device of claim 3, wherein the horizontal control block
includes:

a second comparator comparing the current pixel data
with the former pixel data to check whether or not the
number of transitions for each bit is more than a
predetermined threshold value, and supplying a modi-
fication control data if it is checked that the transition
number for each bit is more than the threshold value,
and otherwise, supplying a maintaining control signal,

a second data generator generating the second data by
inverting or non-inverting the current pixel data under
the control of the second comparator and generating a
second data transition number corresponding to the
number of transitions for each bit between the second
data and the former pixel data; and

a second control signal generator generating a second
control signal representative of the inversion or the
non-inversion of the second data under the control of
the second comparator.

11. The apparatus for driving the liquid crystal display
device of claim 10, wherein the second data generator
inverts the current pixel data to generate the second data
when receiving the modification control data.

12. The apparatus for driving the liquid crystal display
device of claim 10, wherein the second data generator, when
receiving the maintaining control signal, provides the cur-
rent pixel data as the second data to the output part.

13. The apparatus for driving the liquid crystal display of
claim 10, wherein the second control signal generator gen-
erates the second control signal in an enabled state when
receiving the modification control signal and wherein the
second control signal generator generates the second control
signal in a disabled state when receiving the maintaining
control signal.

14. The apparatus for driving the liquid crystal display
device of claim 10, wherein the output part includes:

a third comparator comparing the first data transition
number with the second data transition number to
produce a first comparison control signal if the first data
transition number is larger than the second data tran-
sition number and, otherwise, to produce a second
comparison control signal,

a controller receiving the first control signal, the second
control signal, the first data, the second data and any
one of the first comparison control signal and the
second comparison control signal;

a vertical control signal generator generating the vertical
control signal under the control of the controller;

a horizontal control signal generator generating the hori-
zontal control signal under the control of the controller;
and

a data generator for the modified data controlled by the

controller.

15. The apparatus for driving the liquid crystal display
device of claim 14, wherein the controller controls the
vertical control signal generator to generate the vertical
control signal in a disabled state when receiving the first
comparison control signal.
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16. The apparatus for driving the liquid crystal display
device of claim 14, wherein the controller controls the
vertical control signal generator to generate the vertical
control signal in an enabled state when receiving the second
comparison control signal.

17. The apparatus for driving the liquid crystal display
device of claim 14, wherein the controller controls the
horizontal control signal generator to invert the horizontal
control signal when receiving the second comparison control
signal in an enabled state, and, otherwise, the controller
controls the horizontal control signal generator to maintain
the horizontal control signal as a non-inverted state.

18. The apparatus for driving the liquid crystal display
device of claim 14, wherein the controller generates the
second data as a modified data when receiving both of the
first comparison control signal and the disabled second
control signal.

19. The apparatus for driving the liquid crystal display
device of claim 14, wherein the controller generates the
second data as the modified data when receiving both of the
first comparison control signal and the enabled second
control signal.

20. The apparatus for driving the liquid crystal display
device of claim 14, wherein the controller generates the
modified data by using the data generator if the second
comparison control signal is provided to the controller.

21. The apparatus for driving the liquid crystal display
device of claim 20, wherein the controller supplies the first
data to the data generator when receiving the second com-
parison control signal.

22. The apparatus for driving the liquid crystal display
device of claim 14, wherein the data generator includes:

a first exclusive-OR gate performing an exclusive-OR
operation on the first data and the previous pixel data;
and

a second exclusive-OR gate performing an exclusive-OR
operation on the output of the first exclusive-OR gate
and the former pixel data.

23. The apparatus for driving the liquid crystal display
device of claim 22, the controller generates the output of the
second exclusive-OR gate as the modified data.

24. The apparatus for driving the liquid crystal display
device of claim 14, wherein the decoding block includes:

a fourth comparator checking whether the horizontal
control signal is inverted or not, producing a third
comparison control signal if the horizontal control
signal is inverted, and, otherwise, generating a fourth
comparison control signal;

a decoding controller receiving any one of the third
comparison control signal and the fourth comparison
control signal, the vertical control signal and the modi-
fied data;

a data inverter inverting the modified data under a control
of the decoding controller;

a data recovery part recovering the modified data under
the control of the decoding controller; and

a selector selectively outputting any one of the modified
data from the decoding controller, the inverted modi-
fied data from the data inverter and the recovered data
from the data recovery part, under the control of the
decoding controller.
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25. The apparatus for driving the liquid crystal display
device of claim 24, further comprising:

a first delay part in any one input terminal of two input
terminals in the fourth comparator delaying the hori-
zontal control signal by a time interval during which
one pixel data is supplied;

a second delay part delaying the modified data by one
pixel to supply the delayed data to the data recovery
part; and

a memory sequentially storing the output data from the
selector by at least one line to supply the stored data to
the data recovery part.

26. The apparatus for driving the liquid crystal display
device of claim 24, wherein the decoding controller provides
the modified data to the selector and controls the selector to
output the modified data when receiving the fourth com-
parison control signal and the vertical control signal in a
disabled state.

27. The apparatus for driving the liquid crystal display
device of claim 24, wherein the decoding controller provides
the modified data to the data inverter and controls the
selector to output the inverted modified data when receiving
the third comparing control signal and the vertical control
signal in a disabled state.

28. The apparatus for driving the liquid crystal display
device of claim 24, wherein the decoding controller recovers
the data by using the data recovery part when receiving the
enabled vertical control signal.

29. The apparatus for driving the liquid crystal display
device of claim 28, wherein the decoding controller provides
the inverted modified data to the data recovery part when
receiving the third comparison control signal, and wherein
the decoding controller provides the modified data to the
data recovery part when receiving the fourth comparison
control signal.
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30. The apparatus for driving the liquid crystal display
device of claim 29, wherein the decoding controller
includes:

a first exclusive-OR gate performing an exclusive-OR
operation on the inverted modified data or the modified
data and the former pixel data; and

a second exclusive-OR gate performing an exclusive-OR
operation on the output of the first exclusive-OR gate
and the previous pixel data.

31. The apparatus for driving the liquid crystal display
device of claim 30, wherein the recovered data from the
second exclusive-OR gate is provided to the selector and the
controller controls the selector so as to output the recovered
data from the selector.

32. The apparatus for driving the liquid crystal display
device of claim 1, wherein the decoding block is installed in
the data driver and supplies the recovered data to a plurality
of data integrated circuits.

33. The apparatus for driving the liquid crystal display of
claim 1, wherein the data driver includes a plurality of data
integrated circuits and wherein the decoding block is
installed in each of data integrated circuits included in the
data driver.

34. A method of driving a crystal display device, com-
prising:

comparing current data with previous pixel data delayed
by one line from the current pixel data and with former
pixel data that precedes by one pixel the current pixel
data to produce a modified data so as to minimize the
number of transitions for each bit;

transmitting the modified data from a timing controller to
a data driver; and

recovering the transmitted modified data.
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