US008354989B2

a2 United States Patent
Oh et al.

US 8,354,989 B2
Jan. 15,2013

(10) Patent No.:
45) Date of Patent:

(54) LIQUID CRYSTAL DISPLAY PANEL AND

DISPLAY APPARATUS HAVING THE SAME
(75) Inventors: Joon-Hak Oh, Seoul (KR);
Chong-Chul Chai, Seoul (KR);
Baek-Woon Lee, Yongin-si (KR)
(73) Samsung Display Co., Ltd., Yongin,
Gyeonggi-Do (KR)

Assignee:

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 777 days.

@1
(22)

Appl. No.: 10/910,851

Filed: Aug. 4, 2004

(65) Prior Publication Data

US 2005/0184940 A1 Aug. 25,2005

(30) Foreign Application Priority Data
Feb. 19, 2004
(1)

(52)
(58)

(KR) 10-2004-0010931

Int. CI.

G09G 3/36 (2006.01)

US.CL ............. 345/100; 345/87; 345/98; 345/99

Field of Classification Search 345/87,
345/89, 94, 96, 98, 99, 100; 349/143

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2003/0090452
2003/0107544 Al*
2003/0151584 Al*
2003/0197668 Al
2003/0197672 Al*
2004/0017341 Al* Maki
2004/0027323 Al* Tanaka et al.

FOREIGN PATENT DOCUMENTS

CN 1469176 1/2004
EP 1383 105 A2 1/2004
JP 09244048 A * 9/1997

(Continued)

Al*  5/2003
6/2003
8/2003

10/2003

10/2003
1/2004
2/2004

Uchino et al.

Edwards ......ccccovveniennn.
Songetal. .....occooeee
Song et al.

Yun et al.

345/96
345/100

OTHER PUBLICATIONS

Communication from European Patent Office in Connection with
European Patent Application No. 04774203.6 dated Nov. 11, 2009.

(Continued)

Primary Examiner — Amare Mengistu
Assistant Examiner — Jennifer Zubajlo
(74) Attorney, Agent, or Firm — F. Chau & Associates, LLC.

(57) ABSTRACT

Aliquid crystal display panel includes n-number of gate lines,
(m+1)-number of data lines and (mxn)-number of pixels,
wherein the ‘n’ and ‘m’ are natural numbers. The gate lines are
extended in a first direction. The data lines are extended in a
second direction that is substantially perpendicular to the first
direction. The first and last data lines are electrically con-
nected to each other. The pixels are arranged in a matrix
shape. M-number of the pixels is arranged along the first
direction, and n-number of the pixels is arranged along the
second direction. A pixel electrode of the pixels arranged in
the second direction are electrically connected to left and

g’ggg’}éz g 1 : ;ggg? g/llq(l);rizu """"""""""""""" giggg right data lines alternately to enhance a display quality and
6.822.718 B2* 11/2004 Choietal. .o 349/143 ~ Teduce power consumption.
2002/0080313 Al* 6/2002 Lim
2002/0109652 Al* /2002 Limetal. 21 Claims, 9 Drawing Sheets
Hswxe, Ve 1000
TIMING CONTROL
SECTION 200
DCS
65— DATA DRIVING SECTION }~4oo
1] oi2] o3| oia] pus| Die2[bla1] Dia[DLat]
14 H " — —
CIEICIE] | CIGIE Hoe
6L . mll)
A [
a2 )
100 + [ - +
GATE EEE_IE_I 1I:T_| E
DRIVING |3 §
300" SECTION

ol G 1T

i
I
E |
i

-+
ﬁj’




US 8,354,989 B2

Page 2
FOREIGN PATENT DOCUMENTS OTHER PUBLICATIONS
g ) Oégégggg; ggggg Communication from European Patent Office in Connection with
KR 1020030051150 6/2003 European Patent Application No. 04774203.6 dated Apr. 8, 2011.
KR 1020040008919 1/2004 ) )
™ 200401933 2/2004 * cited by examiner



U.S. Patent Jan. 15,2013 Sheet 1 of 9 US 8,354,989 B2

FIG.1 @rioran

FIG.2 (priorarm




U.S. Patent Jan. 15,2013 Sheet 2 of 9 US 8,354,989 B2

FIG . 3 (Prior Art)

-+ =+ -+ -
-+ =+ -1+ -
-+ -+ |-]+]-
-1+ -1+ -1]+]-
-1+ =+ -]+]-
f -]+ -]+ -]+]-
-+ -+ -+ -
-+ |-+ -1+~

N T B T B I
N e B T R I
N O N B
N T I B B B
N N N T B B
S I B B
O T B O i
IR e S A N




U.S. Patent Jan. 15,2013 Sheet 3 of 9 US 8,354,989 B2

FIG.5 (prioranm

P I I O T e B
I T B R
+ -]+ -1+ -|+]-
S I T O S O R
-+ =-+ ] -]+ -
S T O B N
O T O B I
N B e A i

FIG.6 (prioran)

S O R B P
SO I I T I B N
I I N S B i
-]+ -+ |=-|+]-
S B T B A B R
T I B N B O
S I BT R IR A IR
+ -+ -+ -]+]-




U.S. Patent Jan. 15,2013 Sheet 4 of 9 US 8,354,989 B2

FIG.7

DL1 DL2 DL3 DL4 DL5 DLm2 Dlm-1 DLm DLmtl

: .
e+ - I Il - - It | - “ -110
N s v S o o P o B J
12 [ = [+ -d- + + [ - |ff +
aL2 hl_fr 0, ) hr
007 | 1L 1L L [ I
a3t And Ihd Ind g hot A Jhd |
- + —El + + —}-T_l +
oA ol _fonl_honl hn hnl _hnl _Fr
+ - + - - + -
GLII']. = g Q g { Q g Q
Dl Sl
CLn hotl_hol_hsil_ht ol hil hr
SECOND
DIRECTION
FIRST

DIRECTION



U.S. Patent Jan. 15,2013 Sheet 5 of 9 US 8,354,989 B2

FIG.8

Hsyne, Vsine 1000

TIMING CONTROL |
SECTION e

EF—\/DCS
DATA DRIVING SECTION —~—400

GCS~
DL1{ DL2| DL3| DL4| DL5 D'I[,m-Z DLm-1{ DLm DLm+1|
i Ir |
114"!+|!‘|l+!'| !_|!+|El_':"u°
GLY ot Jp LI LT « LJ L t
112/r - + - + + - +
GLZ‘ EJ| E:'-T| EJ Fi . I E|J;| }QH é
/ - — _ _
G |10 HE\JELE\_’ ‘:,\JH_H]_I
DRIVING Lttt y— it _Ih
300—"1 SECTION ‘—||+|‘—‘+| .+|‘—H+|
GlA L het el RSP _het L L
!+“-|!+!—| l—|+ -
GLl'l"l L LI < = (’(, = =1L =
|-l|+!|-'+l |+!- +
GLl’l =l —= = = { = =

L)




U.S. Patent Jan. 15,2013 Sheet 6 of 9 US 8,354,989 B2

FIG.9

t3; (R3)1 (G3)1 (B3)1 (R2)2 (R3)b (G3)b (B3)b
t2; (R2)1 (G2)1 (B2)1 (B2)b-1 (R2)b (G2)b (B2)b
t1; (RD1 (G1)1 (BD1 (R1)2 (RDb (GDb (B1)b

DL1{ DL2| DL3| DL4 DLm—2
)

}
114 rirD1lken 1lkeD 1

GL1 —r—r 2
1121
(R2)1 (92)1 (Bz%l

GL2 L §
100”] M)lgs)l B3)1

GL3 i s B -

--110




U.S. Patent Jan. 15,2013 Sheet 7 of 9 US 8,354,989 B2

ir

__|oRIvING
300~ sgcTI0N

FIG.10
Hswc, Ve
2000
TIMING CONTROL |90
SECTION 510
— XS /
DATA DRIVING SECTION /
GCS —~— ——500
COMPENSATING CIRCUIT
DL1| DL2| DL3| DL4| DL5| DLm—2|Dla-1| DLm|DLmtl
) =
114“5" ‘E‘ |H ||‘]‘ | !E_ |5” H - {110
GL1| | A Ind ho htJnd InA )
112/‘—H+!—|+l |+!|-I+!
G2 |Lfnl Fo . ;I
600/!+H-H+|!—| !-|!+
GATE | GL3| pnd Ind Ind iho  not Ind
L e

o

GL4

{(
i

i
i
{
h
(i
¥
It
i)
{
H
{t
R
{t
i
{
i
{
)Y

GLn-1

{t
”

'I|;-|7
+ ]
f

GLn

{{
H

$;£I:T%[E:

L
L
&;{E:{%%[E:
LT

el




U.S. Patent Jan. 15,2013 Sheet 8 of 9 US 8,354,989 B2

FIG.11
Hsyne, Vsine
3000
TIMING CONTROL |90
SECTION 510
S /
Er\i DATA DRIVING SECTION /
GCS COMPENSATING CIRCUIT 500

DL1| DL2| DL3| DL4| DL5| DLm-2|DLm-1

1}

DLm
114-H - » T
HJEJHJE_I EEE 110
6Ll ha ha hd hs W
wAl =+ 1=+ o Ty
GL2 hjl-J El,l E,H Eer ) | d l é_
soo /|1l + Il -l + (Il - -+ -
GATE GL3 1’3 I-IElT “3 ’S | ) qlg u?-l: L
DRIVING . ‘ || I' !
300~ | - | + | - H + | + - +

{(
]

(
]
i
]
{(
N
{(
N
i
N
{
]
(t
N
{
0

GLn-1 i

GLn

I{d

N =(—

-
|
ol
el

o
i




U.S. Patent Jan. 15,2013 Sheet 9 of 9 US 8,354,989 B2

FIG.12

Hsyne, Vsyne 4000

TIMING CONTROL | 909
SECTION Vcom
o]

L_P'\/DCS
DATA DRIVING SECTION ——400

GCS’-\/
DL1| DL2| DL3| DL4| DL5| Dim-2|DLm-1{ Dim|DLmt1
114 4 d ===
E*” ‘|| +|| “ | ‘|! +|i! ‘|:~--110

6L h lhd I ho o Ihd Ind U
112/!—!|+|—H+! |+||-”+|
GL2 = = = ( = =

/] _ Z _ _
A NSNS NN

DRIVING gLt _nt Iy gt in ho
300~ SECTION |—!|+!|—|+! ‘+”—‘+!
GL4 il = = {{ = =

7

(
)
{
N
it
)
(
"
(t
Dl
(“
V
(t
"
I{l
N
it
)

GLn-1 i ]

f

L HFE
I
Il

GLn

-
o HE

{(
) ==




US 8,354,989 B2

1

LIQUID CRYSTAL DISPLAY PANEL AND
DISPLAY APPARATUS HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application relies for priority upon Korean Patent
Application No. 2004-10931 filed on Feb. 19, 2004, the con-
tents of which are herein incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
panel and a display apparatus having the liquid crystal display
panel. More particularly, the present invention relates to a
liquid crystal display panel capable of enhancing a display
quality and reducing power consumption, and a display appa-
ratus having the liquid crystal display panel.

2. Description of the Related Art

Generally, a liquid crystal display apparatus displays an
image using liquid crystal. The liquid crystal display appara-
tus has many merits such as thin thickness, lightweight, low
driving voltage, low power consumption, etc. Therefore, the
liquid crystal display apparatus is widely used in various
fields.

The liquid crystal display apparatus displays the image by
adjusting an optical transmittance of the liquid crystal. The
liquid crystal display apparatus includes a liquid crystal dis-
play panel and a driver circuit. The liquid crystal display
panel includes a plurality of pixels arranged in a matrix shape,
and the driver circuit drives the liquid crystal display panel.

The liquid crystal display panel includes an upper sub-
strate, a lower substrate and a liquid crystal interposed
between the upper and lower substrates. The liquid crystal
display panel includes m-number of data lines and n-number
of gate lines. The n-number of gate lines are substantially
perpendicular to the data lines to define mxn number of
pixels. Each pixel includes a thin film transistor operating as
a switch. The thin film transistor includes a gate electrode that
is electrically connected to one of the gate lines, a source
electrode that is electrically connected to one of the data lines,
and a drain electrode that is electrically connected to a pixel
electrode. When the thin film transistor is turned on in
response to a scan pulse applied to the gate electrode from the
gate line, a pixel voltage applied to the data line is transferred
to the pixel electrode through the thin film transistor.

The driver circuit includes a timing control section, a gate
driving section and a data driving section. The gate driving
section generates a scan pulse and applies the scan pulse to the
gate lines in sequence under a control of the timing control
section. The data driving section converts an image signal to
the pixel voltage and applies the pixel voltage to the data lines
under a control of the timing control section.

In order to reduce thermal stress and enhance a display
quality, an inversion method may be employed as a driving
method of the liquid crystal display apparatus. In the inver-
sion method, the pixel voltage is inversed in accordance with
time and position.

The inversion method may be classified into a frame inver-
sion method, a line inversion method, a column inversion
method and a dot inversion method in accordance with an
inversion type of the pixel voltage.

In the frame inversion method, a pixel voltage correspond-
ing to a positive voltage is applied during an odd numbered
frames, and a pixel voltage corresponding to a negative volt-
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age is applied during an even numbered frames. In this frame
inversion method, flicking phenomenon occurs excessively
because a pixel voltage of the pixel fluctuates over the frames.

FIGS. 1 and 2 are conceptual views illustrating a line
inversion method.

Inthe line inversion method, a polarity of one line of pixels
is opposite to a polarity of neighboring line of pixels, and the
polarity of one line of pixels is changed to be opposite at a
next frame as shown in FIGS. 1 and 2. In the line inversion
method, a cross talk occurs between pixels disposed in a
horizontal direction, so that a horizontal line pattern flicking
happens.

FIGS. 3 and 4 are conceptual views illustrating a column
inversion method.

In the column inversion method, a polarity of one column
of pixels is opposite to a polarity of neighboring column of
pixels, and the polarity of one column of pixels is changed to
be opposite at a next frame as shown in FIGS. 3 and 4. In the
column inversion method, a cross talk occurs between pixels
disposed in a vertical direction, so that a vertical column
pattern flicking happens.

FIGS. 5 and 6 are conceptual views illustrating a dot inver-
sion method.

In the dot inversion method, a polarity of pixels is opposite
to a polarity of horizontally and vertically neighboring pixels,
and the polarity of pixel is changed to be opposite at a next
frame as shown in FIGS. 5 and 6. That is, the polarity of pixel
alternates in vertical and horizontal directions. In the dot
inversion method, flicking between adjacent pixels are set off.
Therefore, enhanced display quality may be obtained.

However, in the dot inversion method, the polarity of the
pixel voltage alternates along the vertical and horizontal
directions, so that an amount of change of the pixel voltage,
and power consumption increases.

SUMMARY OF THE INVENTION

The present invention provides a liquid crystal display
panel capable of enhancing a display quality and reducing
power consumption.

The present invention also provides a display apparatus
having the liquid crystal display panel.

In an exemplary liquid crystal display panel according to
the present invention, the liquid crystal display panel includes
n-number of gate lines, (m+1)-number of data lines and
(mxn)-number of pixels, wherein the ‘n’ and ‘m’ are natural
numbers. The gate lines are extended in a first direction. The
data lines are extended in a second direction that is substan-
tially perpendicular to the first direction. The first and last data
lines are electrically connected each other. The pixels are
arranged in a matrix shape. M-number of the pixels is
arranged along the first direction, and n-number of the pixels
is arranged along the second direction.

In an exemplary liquid crystal display apparatus according
to the present invention, the liquid crystal display apparatus
includes a timing control section, a gate driving section, a data
driving section and a liquid crystal display panel. The timing
control section outputs a gate control signal, a data control
signal and image data. The gate driving section outputs a scan
signal according to the gate control signal. The data driving
section converts the image data into a pixel voltage to output
the pixel voltage according to the data control signal. The
liquid crystal display panel includes n-number of gate lines,
(m+1)-number of data lines and (mxn)-number of pixels,
wherein the ‘n’ and ‘m’ are natural numbers. The gate lines are
extended in a first direction. The data lines are extended in a
second direction that is substantially perpendicular to the first
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direction. The first and last data lines are electrically con-
nected to each other. The pixels are arranged in a matrix
shape. M-number of the pixels is arranged along the first
direction, and n-number of the pixels is arranged along the
second direction.

In another exemplary liquid crystal display apparatus
according to the present invention, the liquid crystal display
apparatus includes a liquid crystal display panel, a gate driv-
ing section and a data driving section. The liquid crystal
display panel includes n-number of gate lines extended in a
first direction, (m+1)-number of data lines extended in a
second direction that is substantially perpendicular to the first
direction and an (mxn)-number of switching devices formed
in a region defined by the gate and data lines to be arranged in
a matrix shape. The switching devices arranged along a ver-
tical direction are electrically connected to left and right data
lines alternately. A first data line and an (m+1)-the data line
are electrically connected to a reference voltage. The gate
driving section provides the gate lines with a scan signal. The
data driving section provides the data lines with a pixel volt-
age.
According to the present liquid crystal display panel and
display apparatus having the liquid crystal display panel,
switching devices alternately disposed at left and right sides
with respect to a data line are electrically connected to the
data line. Additionally a data driving section applies pixel
voltages to the data lines in a column inversion method, and
pixel voltage is shifted right or left in accordance with time
period. Therefore, the liquid crystal display panel and display
apparatus may be operated by a dot inversion method, thereby
reducing power consumption.

Furthermore, first and last data lines are electrically con-
nected to each other, so that the first data line or the last data
line is not in a floating state but normal pixel voltage is applied
to the first data line or the last data line. Therefore, a deterio-
ration of display quality is prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

FIGS. 1 and 2 are conceptual views illustrating a line
inversion method;

FIGS. 3 and 4 are conceptual views illustrating a column
inversion method;

FIGS. 5 and 6 are conceptual views illustrating a dot inver-
sion method;

FIG. 7 is a schematic view of illustrating a liquid crystal
display panel according to an exemplary embodiment of the
present invention;

FIG. 8 is a schematic view of illustrating a liquid crystal
display apparatus according to an exemplary embodiment of
the present invention;

FIG. 9 is a schematic view illustrating a driving sequence
of the liquid crystal display apparatus in FIG. 8;

FIG. 10 is a schematic view of illustrating a liquid crystal
display apparatus according to another exemplary embodi-
ment of the present invention;

FIG. 11 is a schematic view of illustrating a liquid crystal
display apparatus according to still another exemplary
embodiment of the present invention; and

FIG. 12 is a schematic view of illustrating a liquid crystal
display apparatus according to still another exemplary
embodiment of the present invention.
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DESCRIPTION OF EMBODIMENTS

Hereinafter, the embodiments of the present invention will
be described in detail with reference to the accompanied
drawings.

FIG. 7 is a schematic view of illustrating a liquid crystal
display panel according to an exemplary embodiment of the
present invention.

Referring to FIG. 7, a liquid crystal display panel 100
according to an exemplary embodiment of the present inven-
tion includes n-number of gate lines GL1, GL2, . . . GLn,
(m+1)-number of data lines DL1, DL2, . . . DLm+1, and
(mxn)-number of pixels, wherein ‘n” and ‘m’ represent spe-
cific natural numbers, respectively.

Each of the gate lines GL.1, GL2, . . . GLn is extended in a
first direction corresponding to a horizontal direction, and the
gate lines GL1, GL2, . . . GLn are spaced apart from each
other. Each of the data line DLL1, DL2, .. . DLm+1 is extended
in a second direction corresponding to a vertical direction,
and the data lines DL1, DL2, . . . DLm+1 are spaced apart
from each other. A pixel 110 is formed in a pixel region
defined by each of the gate lines GL.1, GL2, . . . GLn and each
of the data lines DL1, DL2, . . . DLm+1. Therefore, the
(mxn)-number of pixels is arranged in a matrix shape.

Each of the pixels 110 includes a switching device 112 and
a pixel electrode 114. For example, the switching device 112
corresponds to a thin film transistor TFT. The thin film tran-
sistor TFT is adjacent to the crossing region of one of the gate
lines GL1, GL2, . .. GLn and one of the data lines DL1, DL2,
...DLm+1.

The thin film transistor TFT includes a gate electrode that
is electrically connected to one of the gate lines GL.1, GL2, .
.. GLn, a source electrode (or drain electrode) that is electri-
cally connected to one of the data lines DL1, DL2, . . .
DLm+1, and a drain electrode (or source electrode) that is
electrically connected to the pixel electrode 114. Therefore,
the switching device 112 is turned on in response to a scan
pulse provided from the gate lines GL1, GL2, . . . GLn to
provide the pixel electrode 114 with a pixel voltage provided
from the data lines DL1, DL2, . . . DLm+1.

For example, the gate electrodes of the switching devices
arranged along the first direction that corresponds to a hori-
zontal direction are electrically connected to the same gate
line that is one of the gate lines GL1, GL2, . . . GLn. The
source electrodes of the switching devices arranged along the
second direction that corresponds to a vertical direction are
electrically connected alternatively to two data lines adjacent
to each other.

In detail, the switching devices 112 of odd numbered hori-
zontal lines, which are electrically connected to odd num-
bered gate lines GL1, GL3, GLS5, . . ., are electrically con-
nected to data lines DL1, DL2, . . . DLm that are disposed at
a left side of the switching devices 112. On the contrary, the
switching devices 112 of even numbered horizontal lines,
which are electrically connected to even numbered gate lines
GL2,GL4, GL6, . . ., are electrically connected to data lines
DL2,DL4, ... DLm+1 that are disposed at a right side of the
switching devices 112. In other words, the data lines DL1,
DL2, ... DLm+] are electrically connected to right and left
switching devices 112 alternately. Therefore, the pixel elec-
trodes 114 of odd numbered horizontal lines receive a positive
or negative pixel voltage from the data lines DL1 to DLm
disposed at the left side of the pixel electrodes 114, and the
pixel electrodes 114 of even numbered horizontal lines
receive a negative or positive pixel voltage from the data lines
DL2 to DLm+1 disposed at the right side of the pixel elec-
trodes 114.
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According to the present embodiment, the switching
devices 112 of the odd numbered horizontal lines are electri-
cally connected to the data lines DL1 to DLm that are dis-
posed at left sides of the switching devices 112, respectively,
and the switching devices 112 of the even numbered horizon-
tal lines are electrically connected to the data lines DL2 to
DLm+1 that are disposed at right side of the switching
devices 112, respectively. However, the switching devices
112 of the even numbered horizontal lines may be electrically
connected to the data lines DL1 to DLm that are disposed at
the left sides of the switching devices 112, respectively, and
the switching devices 112 of the odd numbered horizontal
lines may be electrically connected to the data lines DL2 to
DLm+1 that are disposed at the right side of the switching
devices 112, respectively.

The liquid crystal display panel 100 in accordance with the
present embodiment is driven by the column inversion
method. That is, a pixel voltage that is applied to the odd
numbered data lines D1, DL3, DL5, . . .is opposite to a pixel
voltage that is applied to the even numbered data lines DL2,
DL4, DL, . . . However, the switching devices 112 disposed
in a vertical direction are electrically connected to right and
left data lines. Therefore, the liquid crystal display panel 100
operates as a dot inversion type.

An external device provides the liquid crystal display panel
with m-number of pixel voltages that correspond to the num-
ber of pixels along a horizontal direction. In this case, the
m-number of pixel voltages applies to the data lines DL1,
DL2,...DLm,or DL2,DL3, ... DLm+1. Therefore, the first
data line DL1 or the last data line DLm+1 corresponds to a
dummy data line to which no pixel voltage is applied. The
dummy data line is in a floating state to which no signal is
applied. Therefore, the dummy data line has a bad effect upon
neighboring pixels to deteriorate a display quality. That is, a
parasitic capacitance may be formed between the dummy
data line and the neighboring pixels. Therefore, pixels that
neighbor the dummy data line are unstable to deteriorate a
display quality.

In order to solve this problem, the first data line DL.1 and
the last data line DLLm+1 are electrically connected to each
other, thereby removing the dummy data line. Therefore,
display quality is enhanced.

Hereinafter, a liquid crystal display apparatus having the
liquid crystal display panel will be explained.

FIG. 8 is a schematic view of illustrating a liquid crystal
display apparatus according to an exemplary embodiment of
the present invention.

Referring to FIG. 8, aliquid crystal display apparatus 1000
according to an exemplary embodiment of the present inven-
tion includes a liquid crystal display panel 100, a timing
control section 200, a gate driving section 300 and a data
driving section 400. In the present embodiment, the liquid
crystal display panel 100 is the same as the above embodi-
ment. Therefore, any detailed explanation will be omitted.

The timing control section 200 provides the data driving
section 400 with digital image data provided from an external
graphic card (not shown). Additionally, the timing control
section 200 provides the gate driving section 300 and the data
driving section 400 with gate control signal GCS and data
control signal DCS by the horizontal synchronous signal
Hsync and the vertical synchronous signal Vsync, respec-
tively. The gate control signal GCS includes a gate start pulse
GSP, a gate shift clock GSC and a gate output enable GOE.
The data control signal DCS includes a data shift clock DSC,
a data start pulse DSP, a polarity control signal POL and a data
output enable DOE.
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The gate driving section 300 provides the gate lines GL1,
GL2, . .. GLn with scan pulse in sequence by using the gate
control signal GCS, such as the gate start pulse GSP, the gate
shift clock GSC and the gate output enable GOE, provided
from the timing control section 200. The scan pulse turns on
the switching devices of horizontal line in sequence along a
vertical direction to select scan line to which image data are
applied. The gate driving section 300 includes a shift register
(not shown) that generates the scan pulse in sequence and a
level shifter (not shown) that shifts a swing width of the scan
pulse and voltage.

The data driving section 400 provides the data lines DL1,
DL2,...DLm+1 with the image data by using the data control
signal DCS, such as the data shift clock DSC, the data start
pulse DSP, the polarity control signal POL and the data output
enable DOE, provided from the timing control section 200.
The data driving section 400 converts the m-number of image
data into the m-number of pixel voltages that are analog type,
and the data driving section 400 provides the data line DL1,
DL2, ... DLm+1 with the m-number of pixel voltages in
response to the scan pulse. The data driving section 400
converts digital image data into the pixel voltage of analog
type by using a positive or negative gamma voltage provided
from an external gamma voltage generating section (not
shown). In the present embodiment, the first data line DL1
and the last data line DLm+1 are electrically connected to
each other, so that same pixel voltage is applied to both the
first and last data lines DL.1 and DLm+1.

According to the present embodiment, the data driving
section 400 provides the data lines DL1, DL2, . . . DLm+1
with the pixel voltages using the column inversion method.
That is, the data driving section 400 provides the odd num-
bered data line DL1, DL3, DLS5, . . . with a positive (or
negative) pixel voltage, and the data driving section 400 pro-
vides the even numbered data line DL.2, DL.4, DL6 . . . with a
negative (or positive) pixel voltage. Additionally, the data
driving section 400 provides the data lines DL1, DL2, . . .
DLm+1 with the pixel voltage directly or after shifting by one
line. Therefore, the liquid crystal display panel 100 operates
as the dot inversion type.

For example, the m-number of pixel voltages that is
inversed as a column inversion type is applied to the data lines
DL1,DL2, ... DLm+1. The pixel voltages of odd numbered
horizontal lines are applied to the first to m-th data lines DL1
to DLm directly. However, the pixel voltages of even num-
bered horizontal lines are shifted in a right direction to be
applied to the second to (m+1)-th data lines DL2 to DLm+1.

In detail, the pixel voltages applied to pixels will be
explained.

FIG. 9 is a schematic view illustrating a driving sequence
of the liquid crystal display apparatus in FIG. 8.

Referring to FIGS. 8 and 9, m-number of pixel voltages
outputted from the data driving section 400 includes red color
“R” pixel voltages, green color “G” pixel voltages and blue
color “B” pixel voltages, and the red color pixel voltages, the
green color pixel voltages and the blue color pixel voltages
are arranged in sequence. The data driving section 400 pro-
vides the odd numbered pixels 110 with a positive pixel
voltages through the odd numbered data lines DL1, DL3,
DLS5, . .. and even numbered pixels 110 with a negative pixel
voltages through even numbered data lines D12, DL4, DL6,
.. .during a first period t1 when the scan pulse is applied to the
first gate line GL1. Then, the data driving section 400 shifts
the pixel voltages in a right direction by one line to provide the
odd numbered pixels 110 with a negative pixel voltages
through the even numbered data lines DL.2, DL4, DL, . . . and
even numbered pixels 110 with a positive pixel voltages
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through odd numbered data lines DL.1, DL.3, DL5, . . . during
a second period t2 when the scan pulse is applied to the
second gate line GL2.

In detail, during the first period t1 when the scan pulse is
applied to the first gate line GL1, the data driving section 400
provides the first to m-th data lines DLL1 to DLm with m-num-
ber of pixel voltages (R1)1, (G1)1, (B1)1, ... (R1)b, (G1)b,
(B1)b, respectively, wherein ‘b’ is m/3. The first data line DL.1
is electrically connected to the last data line DLm+1, so that
the same pixel voltage is applied to both the first and last data
lines DL1 and DLm+1.

During the second period t2 when the scan pulse is applied
to the second gate line GL2, the data driving section 400 shifts
m-number of pixel voltages (R2)1, (G2)1, (B2)1, ... (R2)b,
(G2)b, (B2)b in the right direction by one line to provide the
second to (m+1)-th data lines DL2 to DLm+1 with the
m-number of pixel voltages (R2)1, (G2)1, (B2)1, ... (R2)b,
(G2)b, (B2)b, respectively. The last data line DLm+1 is elec-
trically connected to the first data line DL1, so that the same
pixel voltage is applied to both the first and last data lines DL.1
and DLm+1.

During the third period t3 when the scan pulse is applied to
the third gate line GL3, the data driving section 400 provides
the first to m-th data lines DL1 to DLm with m-number of
pixel voltages (R3)1, (G3)1, (B3)1, .. . (R3)b, (G3)b, (B3)b,
respectively. The first data line DL1 is electrically connected
to the last data line DLm+1, so that the same pixel voltage is
applied to both the first and last data lines DL1 and DLm+1.

As explained above, the data driving section provides the
data lines with the pixel voltages as the column inversion
type, and the switching device is electrically connected to the
data lines alternately. Therefore, the liquid crystal display
panel 100 operates as the dot inversion type. Furthermore, the
firs data line DL1 and the last data line DLm+1 are electrically
connected to each other in order to prevent the first and last
data lines DL1 and DLm+1 from being in a floating state.
Therefore, the deterioration of display quality is prevented.

However, when the first data line DL1 and the last data line
DLm+1 are electrically connected to each other on the liquid
crystal display panel, a length of the first and last data line
DL1 and DLm+1 may be longer than a length of other data
lines DL2 to DLm to induce RC delay. Therefore, a signal
distortion may be induced.

FIG. 10 is a schematic view of illustrating a liquid crystal
display apparatus according to another exemplary embodi-
ment of the present invention.

Referring to FIG. 10, the liquid crystal display apparatus
2000 according to another exemplary embodiment of the
present invention includes a liquid crystal display panel 600,
a timing control section 200, a gate driving section 300 and a
data driving section 500. The timing control section 200 and
the gate driving section 300 are substantially the same as in
the above embodiment. Therefore, same reference numbersis
used for the timing control section 200 and the gate driving
section 300 and any further explanation will be omitted.

A first data line DL1 and a last data line DLm+1 of the
liquid crystal display panel 600 are electrically connected to
each other not on the liquid crystal display panel 600 but via
the data driving section 500. That is, the data driving section
500 includes a conducting line for electrically connecting the
first and last data lines D1 and DLm+1.

However, even when the first and last data lines DLL1 and
DLm+1 are electrically connected to each other in the data
driving section 500, the signal distortion may occur dueto RC
delay.

Therefore, the data driving section 500 according to the
present invention further includes a compensating circuit 510
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for minimizing the signal distortion. For example, the com-
pensation circuit 510 may include an operational amplifier
(OP-AMP) for compensating the RC-delay.

FIG. 11 is a schematic view of illustrating a liquid crystal
display apparatus according to still another exemplary
embodiment of the present invention.

Referring to FIG. 11, a first data line DL1 and a last data
line DLm+1 are electrically connected to each other through
a data driving section 500 and a gate driving section 300. In
detail, the data driving section 500 and the gate driving sec-
tion 300 further include a conducting line for electrically
connecting the first and last data lines DL.1 and DLm+1. The
first data line DL1 is extended externally to be electrically
connected to the conducting line of the gate driving section
300, and the last data line DLLm+1 is electrically connected to
the conducing line of the data driving section 500. The con-
ducting line of the gate driving section 300 and the conduct-
ing line of the data driving section 500 are extended externally
to be electrically connected to each other.

A flexible printed circuit board (not shown) may be
employed in order to electrically connect the gate driving
section 300 to the data driving section 500.

A compensating circuit 510 formed at the data driving
section 500 compensates the RC delay caused by electric
connection between the first and last data lines DL1 and
DLm+1. The compensating circuit 510 may be formed in at
the gate driving section 300.

As described above, the first and second data lines DL1 and
DLm+1 may be electrically connected in various ways to
prevent a deterioration of display quality, which is caused by
dummy data line. Hereinafter, other embodiment for prevent-
ing the deterioration of display quality will be explained.

FIG. 12 is a schematic view of illustrating a liquid crystal
display apparatus according to still another exemplary
embodiment of the present invention. The liquid crystal dis-
play apparatus of the present embodiment is the same as in
FIG. 8 except for a liquid crystal display panel. Thus, the
same reference numerals will be used to refer to the same or
similar parts as those described in FIG. 8 and any further
explanation will be omitted.

Referring to FIG. 12, a liquid crystal display apparatus
4000 according to the present embodiment includes a liquid
crystal display panel 700, a timing control section 200, a gate
driving section 300 and a data driving section 400.

In the present embodiment, a first data line DL.1 and a last
data line DLm+1 are not electrically connected to each other.
Therefore, the first data line DL1 or the last data line DLm+1
corresponds to a dummy data line to which no image data
signals are applied on a specific time period. Therefore,
abnormal pixel voltages are applied to pixels 110 neighboring
the first and last data lines DL.1 and DLm+1.

In order to prevent abnormal pixel voltages applied to the
pixels 110, the first data line DL1 or the last data line DLm+1
is electrically connected to a reference voltage Vcom having
a constant magnitude. Therefore, the reference voltage Vcom
is continuously applied to pixels 110 that are electrically
connected to the dummy data line. As a result, in a normally
white mode, the pixels 110 that are electrically connected to
the dummy data line display white color continuously, and in
a normally black mode, the pixels 110 that are electrically
connected to the dummy data line display black color con-
tinuously.

The first data line DL1 and the last data line DLm+1 may be
electrically connected to a second data line DL.2 and a second
last data line DLim that are adjacent to the first data line DL1
and the last data line DLm+1, respectively.
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The first data line DL.1 and the last data line DLm+1 may be
electrically connected to a third data line DL3 and a third last
data line DLm-1, respectively.

When the first data line DL1 and the last data line DLm+1
are electrically connected to a second data line DL2 and a
second last data line DLm, respectively, the pixels of the first
data line DL1 and the pixels of the second data line DL.2
displays same images, and the pixels of the last data line
DLm+1 and the pixels of the second last data line DLm
displays same images. Therefore, the pixels of the first and
second data lines or pixels of the last and second last data lines
do not correspond to the dot inversion type.

However, when the first data line DL1 and the last data line
DLm+1 are electrically connected to the third data line DL3
and the third last data line DLm-1, respectively, the pixels of
the first data line DL1 and the pixels of the third data line DL.3
displays same images, and the pixels of the last data line
DLm+1 and the pixels of the third last data line DLm-1
displays same images. Therefore, the pixels of the first and
second data lines or the pixels of the last and second last data
lines correspond to the dot inversion type.

According to the present liquid crystal display panel and
display apparatus having the liquid crystal display panel, the
switching devices alternately disposed at the left and right
sides with respect to a data line are electrically connected to
the data line. Additionally, a data driving section applies pixel
voltages to the data lines in a column inversion method, and
pixel voltage is shifted right or left by one line in each even
numbered horizontal line in accordance with time period.
Therefore, the liquid crystal display panel and display appa-
ratus may be operated by a dot inversion method, thereby
reducing power consumption.

Furthermore, first and last data lines are electrically con-
nected to each other, so that the first data line or the last data
line is not in a floating state but normal pixel voltage is applied
to the first data line or the last data line. Therefore, the dete-
rioration of display quality is prevented.

Having described the exemplary embodiments of the
present invention and its advantages, it is noted that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by appended claims.

What is claimed is:

1. A liquid crystal display panel comprising:

n-number of gate lines that are extended in a first direction;

(m+1)-number of data lines that are extended in a second

direction that is substantially perpendicular to the first
direction, first and last data lines being electrically con-
nected to each other via a conducting line running exclu-
sively between the first and last data lines, each of the
first and last data lines electrically connected to pixel
electrodes through thin-film transistors so that a same
voltage is applied to the pixel electrodes electrically
connected to the first and last data lines; and

(mxn)-number of pixels arranged in a matrix shape,

m-number of the pixels being arranged along the first
direction, and n-number of the pixels being arranged
along the second direction, wherein ‘n’ and ‘m’are natu-
ral numbers.

2. The liquid crystal display panel of claim 1, further com-
prising (mxn)-number of switching devices that are electri-
cally connected to one of the gate lines and one of the data
lines.

3. The liquid crystal display panel of claim 2, wherein the
switching devices that are arranged in an a-th horizontal line
are electrically connected to the data lines that are disposed at
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a left side of the switching devices, wherein ‘a’ is an even or
odd number that is no greater than ‘n’.

4. The liquid crystal display panel of claim 3, wherein the
switching devices that are arranged in an (a+1)-th horizontal
line are electrically connected to the data lines that are dis-
posed at a right side of the switching devices.

5. The liquid crystal display panel of claim 2, wherein the
pixels comprises pixel electrodes that are electrically con-
nected to the switching devices.

6. The liquid crystal display panel of claim 5, wherein the
switching devices are turned on by a gate signal that is applied
to the switching device through the gate lines, and the switch-
ing devices apply a data signal provided from the data line to
the pixel electrode.

7. The liquid crystal display panel of claim 1, wherein the
first and last data lines are physically connected to each other.

8. A liquid crystal display apparatus comprising:

a timing control section that outputs a gate control signal, a
data control signal and image data;

a gate driving section that outputs a scan signal according
to the gate control signal;

a data driving section that converts the image data into a
pixel voltage to output the pixel voltage according to the
data control signal; and

a liquid crystal display panel that includes
n-number of gate lines that are extended in a first direc-

tion;

(m+1)-number of data lines that are extended in a second
direction that is substantially perpendicular to the first
direction, first and last data lines being electrically
connected to each other via a connection line running
exclusively between the first and last data lines, each
of the first and last data lines electrically connected to
pixel electrodes through thin-film transistors so that a
same voltage is applied to the pixel electrodes elec-
trically connected to the first and last data lines; and

(mxn)-number of pixels arranged in a matrix shape,
m-number of the pixels being arranged along the first
direction, and n-number of the pixels being arranged
along the second direction, wherein ‘n’ and ‘m’ are
natural numbers.

9. The liquid crystal display apparatus of claim 8, wherein
the pixels further comprise (mxn)-number of switching
devices that are electrically connected to one of the gate lines
and one of the data lines.

10. The liquid crystal display apparatus of claim 9, wherein
the switching devices that are arranged in an a-th horizontal
line are electrically connected to the data lines that are dis-
posed at a left side of the switching devices, wherein ‘a’ is an
even or odd number that is no greater than ‘n’.

11. The liquid crystal display apparatus of claim 10,
wherein the switching devices that are arranged in an (a+1)-th
horizontal line are electrically connected to the data lines that
are disposed at a right side of the switching devices.

12. The liquid crystal display apparatus of claim 11,
wherein the timing control section provides image data to the
data driving section in an inputted order, when the timing
control section outputs the image data corresponding to pix-
els of the a-th horizontal line.

13. The liquid crystal display apparatus of claim 12,
wherein the timing control section shifts image data by one
line to the data driving section and provides the image data to
the data driving section, when the timing control section
outputs the image data corresponding to pixels of the (a+1)-th
horizontal line.
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14. The liquid crystal display apparatus of claim 8, wherein
a first data line and an (m+1)-th data line are electrically
connected to each other on the liquid crystal display panel.

15. The liquid crystal display apparatus of claim 8, a first
data line and an (m+1)-th data line are electrically connected
to each other through the data driving section.

16. The liquid crystal display apparatus of claim 15,
wherein the data driving section further comprises a compen-
sating circuit that compensates a signal distortion, and the
compensating circuit is disposed along the connection line of
the first and (m+1)-th data lines.

17. The liquid crystal display apparatus of claim 8, wherein
a first data line and an (m+1)-th data line are electrically
connected to each other through the data driving section and
gate driving section.

18. The liquid crystal display apparatus of claim 8, wherein
a same pixel voltage is applied to both a first data line and an
(m+1)-th data line.

19. The liquid crystal display apparatus of claim 8, wherein
the first and last data lines are physically connected to each
other.

20. A liquid crystal display panel comprising:

n-number of gate lines that are extended in a first direction;

(m+1)-number of data lines that are extended in a second

direction that is substantially perpendicular to the first
direction; and

(mxn)-number of pixels arranged in a matrix shape,

m-number of the pixels being arranged along the first
direction, and n-number of the pixels being arranged
along the second direction, wherein ‘n’ and ‘m’are natu-
ral numbers, wherein a first data line is electrically con-
nected to a second data line via a connection line running
exclusively between the first and second data lines such
that a same voltage is applied to pixel electrodes electri-
cally connected to the first data line, and pixel electrodes
electrically connected to the second data line, the pixel
electrodes being connected to the first and second data
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lines through thin-film transistors, or an (m+1)-th data
line is electrically connected to an m-th data line via a
connection line running exclusively between the (m+1)-
th and m-th data lines such that a same voltage is applied
to pixel electrodes electrically connected to the (m+1)-th
data line, and pixel electrodes electrically connected to
the m-th data line, the pixel electrodes being connected
to the (m+1)-th and m-th data lines through thin-film
transistors.

21. A liquid crystal display panel comprising:

n-number of gate lines that are extended in a first direction;

(m+1)-number of data lines that are extended in a second
direction that is substantially perpendicular to the first
direction; and

(mxn)-number of pixels arranged in a matrix shape,
m-number of the pixels being arranged along the first
direction, and n-number of the pixels being arranged
along the second direction, wherein ‘n’ and ‘m’are natu-
ral numbers, wherein a first data line is electrically con-
nected to a third data line via a connection line running
exclusively between the first and third data lines such
that a same voltage is applied to pixel electrodes electri-
cally connected to the first data line, and pixel electrodes
electrically connected to the third data line, the pixel
electrodes being connected to the first and third data
lines through thin-film transistors, or an (m+1)-th data
line is electrically connected

to an (m-1)-th data line via a connection line running
exclusively between the (m+1)-th and (m-1)-th data
lines such that a same voltage is applied to pixel elec-
trodes electrically connected to the (m+1)-th data line,
and pixel electrodes electrically connected to the (m-1)-
th data line, the pixel electrodes being connected to the
(m+1)-th and (m~-1)-th data lines through thin-film tran-
sistors.
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