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(7 ABSTRACT

A liquid crystal display panel. The liquid crystal display
panel is driven by a column inversion driving mode and
includes a plurality of data lines, a plurality of scan lines, a
plurality of display unit pixels and a plurality of display unit
blocks. Each set of two adjacent data lines and two adjacent
scan lines defines the boundary of one display unit pixel
wherein each data line interlaces with both scan lines. Each
display unit pixel comprises a control transistor, a storage
capacitor, a common electrode, and a pixel electrode. In
addition, the display unit pixels within any display unit
block between two adjacent data lines are coupled to one of
the two adjacent data lines, while the display unit pixels
within another adjacent display unit block between the two
adjacent data lines are coupled to the other of the two

GD Int. CL7 e G09G 3/36 adjacent data lines.
s61 . s62 863 . S6y
| | | |
] | | |
| | | |
| | | I
| | | |
Dl D2 B3 D3 oo o |D
600 - 604 . y
) Sp—— N RV
s
Clc60 [Cs60
leolall Lo | 1L
|EIRE ) S R iy S .
GLI| T T ' | T .
| I I
| I |
609
ol DL T 1L
T
G2 | i LT
[LES: SISO S — B0 IS S—— ] l
fr== ==z m=mmmm ==y L e e et |
| il . |
it el o pd
| 1 :
o | T li T e T
| 11 |
| I} |
ol L L L l 1
| il |
l | Sy ! =T
e b [ [ s T
e e = e e e e =
. Wi Wil
Gx B2 B4




US 2004/0252098 A1

Patent Application Publication Dec. 16,2004 Sheet 1 of 8

data driver

5 m

i I I i |

3| U U L

A “__ : e

= 1 T — o B o}

ST = S = B |
o —— JOALIp UedS

FIG. 1 (RELATED ART)



Patent Application Publication Dec. 16,2004 Sheet 2 of 8

S21

S22

S23

N Eglj]/ <
x| 1]
BT T TT

cal] [ T

R

L TTLT
a2 | | T
e | | 1T

)]
(

G2x

!

i
<
::

!

))
«

US 2004/0252098 A1

S2y

L

° . D2y

—
|__

%

';EH

-

—

!

e .;%

i

FIG.2 (RELATED ART)



Patent Application Publication Dec. 16,2004 Sheet 3 of 8 US 2004/0252098 A1

+ -+ |=-|+]|-|+]|-
-+ |-+ ]|-]+]|-|+
+-|+]|=-|+]-|+]-
-1+ |-+ -|+]-|+
+ |-+ |=-|+]-|+]-
-+ =1+ =-|+|-]+
+ -+ |-|+]|-|+|-
4+ =]+ -]+]|-|+

-+ |-+ ]|-+]|-]+
+ =1+ |=-[+]-]+]-
-]+ |-+ ]=+]|-]+
+ =1+ |=-|+]-]+]-
-+ ]=-|+]-]+]-]+
+=-1+|-|+]-]+]-
-+ =+ ]=-+]-]+
+ -1+ |-1+]-]+]-

FIG. 3b (RELATED ART)



Patent Application Publication Dec. 16,2004 Sheet 4 of 8

s41 S42  S43
NI L7 S
| |
I !
T n
D41 D42
400
_
VCOM |

4%1@ ]Cs40
_S_IJ_T !

US 2004/0252098 A1

S4y
=
noor

D43« « » | Ddy

G41 | ,
VCOM
4012 |Cs417 Cledl j_
A~ 1~ A
=Lz /41 — T
G42

L.
T T
T

—

FIG. 4 (RELATED ART)



Patent Application Publication Dec. 16,2004 Sheet 5 of 8

US 2004/0252098 A1

\}P\Q\

/77
%'l'

NN
N
W

7/
b

N\

%

N
NS

77
%

\}*_\i:

N
I R+

' N

N+
N

N

N
\§

\

S
N

T
N

N
N

NN
Iﬁ&

e,

4
A

NN

T
N

77
2%

NN
N

N

\

NE
NN

%,
),

\}_\\Q
N\

7
2%

N
N\

\
NN

NN
N

W

N
N

N |
N

S
A

N
NN

77
%

N

N

77

N

S

7
Y

77,
)

FIG. 5a (RELATED ART)

//,% A; 47/*‘ //%
A; 4; //; 4;

FIG. 5b ( RELATED ART)



Patent Application Publication Dec. 16,2004 Sheet 6 of 8

US 2004/0252098 A1

Rt B Y L
| | '| |
| | | !
I T Bl T
Dl D2 B3 D3 " o o Dy

600 . 604 .
_____ VRS N VR
e |
Clc60 [Cs60
oolsln Ll | 1L
| TR SR S .

GL &1 T i LT
. i — T
I B il il

605
601«% 1 __ii 1 ==i/ 1 L
LI T7/ T

G2 I |
O e S e r IR P EREEE SRR 2
o T Ty !

whet it Tt
| ——Lw'il J‘u—:u\_l_‘

o |l T H T e T

R N ST i
| I |

o-gl 1L % L Ll
| W LI—:~--‘~607
e A__JLL____._:—_—.__A__“H

. / /

o B2 B4




Patent Application Publication Dec. 16,2004 Sheet 7 of 8 US 2004/0252098 A1

R E A E
os L+ [~ [+ [- [+ [-+]-
T
e AR EEEE
+ =+ -1+[-]+]-
+ =+ |-1+]|-1+]-
-+ -1+ -]+ ]- |+
-+ |-+ ]-1+|-|+
FIG. 7a
e B 2 B PN P EY B
e SN EREOEE
05—+ |- [+ [-[+]-[+]-
e B DEEEE
-+ =+ -]+ ]-]+
~ |+ |=f+]-]+]-]+
+ =+ |-]+|-|+]-
+ =]+ |-1+]|-|+]-




US 2004/0252098 A1

FIG. 8a

Patent Application Publication Dec. 16,2004 Sheet 8 of 8

| ///,.T | 7%.-/
\ Y S

N +/,//// NN T

| //+/ i 7/+/
N NEENFEN
SRR RN
INEIRXYEINER
N NEESNVERIN
NOEEN\ TN EIN
ENEINSEINNEI
3 T N
il Nﬂ T -
0415264\\47
33388888

+ N NN+ A NN
+A //_/,V// +A/ //_47/
NEERENE N
+// X _/,//// +/ _////,///
+, _,V// +// _,%
NHINRINEINE
]

23EEEEEE

FIG. 8b




US 2004/0252098 Al

LIQUID CRYSTAL DISPLAY PANEL

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display panel, and particularly to a liquid crystal display
panel is driven by column inversion to reduce power dissi-
pation.

[0003]

[0004] FIG. 1 shows a schematic diagram of a conven-
tional thin film transistor liquid crystal display (hereinafter
referred to as “TFT-LCD”). As shown in FIG. 1, a liquid
crystal display (LCD) panel 1 is formed by interlacing data
lines (represented by D11, D12, D13, . . . , D1y) and scan
lines (represented by G11, G12, G13, . . . , Glx). Each set
of two adjacent data lines and two adjacent scan lines defines
the boundary of one display unit pixel wherein each data line
interlaces with both scan lines. The interlacing data line D11
and scan line G11 correspond to the display unit pixel 100.
Like any other display unit pixel, the equivalent circuit of
the display unit pixel 100 comprises a thin film transistor
(hereinafter referred to as “TFT”) 10, a storage capacitor
Cs10, a pixel electrode, and a common electrode. The TET
10 has a source terminal, a gate terminal coupled to the scan
line G11, and a drain terminal coupled to the data line D11.
The storage capacitor Cs10 stores a driving voltage. The
pixel electrode and the common electrode make up a liquid
capacitor Clcl0.

[0005] A scan driver 3 sequentially outputs scan signals to
scan lines G11, G12, G13, . . ., and G1x according to a scan
control signal. When receiving a scan signal, a scan line
corresponding to a row turns on the TFTs within all display
unit pixels corresponding to the row, while the TFTs within
all display unit pixels corresponding to all other rows are
turned off by other scan lines. When the TFTs within all
display unit pixels corresponding to a row are all turned on,
the data driver 2 outputs corresponding video signals with
gray scale values to y display unit pixels corresponding to
the row through the data lines D11, D12, D13 . . ., and D1y
according to image data prepared for but not yet displayed.
Each time when the scan driver 3 finishes scanning all x
rows, the operation to display a single frame is completed.
Therefore, the object of displaying images is achieved by
repeatedly scanning scan lines and outputting video signals.

[0006] Typically, there are two kinds of video signals
transmitted by the data lines D11, D12, D13, . . ., and D1y:
positive and negative video signals sorted by their relation-
ships with the common electrode voltage VCOM. Continu-
ous bias with single polarity shortens the life of liquid crystal
molecules. To avoid this, display unit pixels within odd and
even frames are driven alternately with positive and negative
video signals, as a typical technique for TFT-LCD.

[0007] The different polar video signal in each display unit
pixel can be divided into two driving modes: dot inversion
mode and Z inversion mode.

[0008] FIG. 2 shows a schematic diagram of an LCD
panel with dot inversion mode. Video signals S21, S22, S23,
..., and S2y are respectively carried by data lines D21, D22,
D23, ..., and D2y and are alternately positive and negative
within a signal frame. Drain terminals of control transistors

1. Field of the Invention

2. Description of the Related Art
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within the display unit pixels are coupled to the correspond-
ing data lines (D21, D22, D23, . . . , D2y). For example, a
drain terminal of a display unit pixel 200 is coupled to a data
line D21. When control transistors within all display unit
pixels are turned on according to scan signals carried by scan
lines (G21, G22, G23, . . ., D2y), the video signals are
output to the corresponding display unit pixels. FIGS. 3a
and 3b show the polarity of the video signals received by
each display unit pixel in dot inversion driving mode. Here,
FIG. 3b shows the polarity of the video signals following
that of FIG. 3a. As shown in FIGS. 3a and 3b, the video
signal of each display unit pixel is opposite its adjacent
display unit pixels on a signal frame. As shown in FIG. 2,
a drain terminal of a control transistor 20 within a display
unit pixel 200 is coupled to a data line D21; likewise, drain
terminals of control transistors within other display unit
pixels are coupled to corresponding data lines D22, D23, .
.., and D2y. When scan signals carried by scan lines G21,
G22, . .., and G2x sequentially turn on control transistors
within all display unit pixels, video signals S21, S22, . . .,
and S2y are input to corresponding display unit pixels.
FIGS. 3a and 3b are schematic diagrams showing polarities
of the video signals received by each display unit pixel with
conventional dot inversion driving mode. Moreover, FIG.
3b shows polarities of video signals within the frame next to
that of FIG. 3a. As shown in FIGS. 3a and 3b, video signals
received by each display unit pixel have polarities opposite
those of video signals received by other adjacent display unit
pixels within the same frame.

[0009] FIG. 4 shows a schematic diagram of an LCD
panel with Z inversion driving mode. Each of the video
signals S41, S42, . . . , and S4y carried respectively by data
lines D41, D42, . . ., and D4y has a fixed polar level within
a frame and another polar level with an opposite polarity
within the next frame. As shown in FIG. 4, a drain terminal
of a control transistor 40 within a display unit pixel 400 is
coupled to a data line D41, and a drain terminal of a control
transistor 41 within a display unit pixel 401 is coupled to a
data line D42. Drain terminals of control transistors within
two adjacent display unit pixels corresponding to one row
are respectively coupled to two adjacent data lines. As well
as dot inversion driving mode, FIGS. 3a and 3b also show
polarities of the video signals received by each display unit
pixel with Z inversion driving mode. With Z inversion
driving mode, video signals received by each display unit
pixel have polarities opposite those of video signals received
by other adjacent display unit pixels within the same frame.
The polarity dispositions of video signals received by each
display unit pixel with dot inversion driving mode and with
Z inversion driving mode are the same. Each of the video
signals S21, S22, . . . , and S2y with dot inversion driving
mode is an alternately positive and negative video signal
within a signal frame, while each of the video signals S41,
S42, .. ., and S4y with Z inversion driving mode has a fixed
polar level within a frame and has another polar level with
an opposite polarity within the next frame. Therefore, com-
paring the two modes, higher frequency is used when
alternately switching polarities of video signals with dot
inversion driving mode between positive and negative, such
that more power is dissipated. Note that polarities of video
signals S2y and S4y are not necessarily the same as those of
the signals shown in FIGS. 2 and 4, rather they are
determined by a value y.
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[0010] Before release, TFT-LCDs are tested for flicker
with the check subpixel pattern wherein the display unit
pixels within a single frame are turned on and off alternately.
FIGS. Sa and 5b show schematic diagrams of a conven-
tional LCD panel examined with check subpixel, wherein
white blocks and oblique blocks respectively represent dis-
play unit pixels turned on and off. FIG. 5b shows the
schematic diagram of an LCD panel examined with check
subpixel within the frame next to that of FIG. 5a. Polarities
of video signals received by the display unit pixels turned on
are negative within a single frame as shown in FIG. 5¢ and
are positive within the next frame as shown in FIG. 5b.
When each of the single frames driven by either dot inver-
sion or z inversion is tested sequentially with check sub-
pixel, polarities of video signals received by display unit
pixels turned on within each single frame are sequentially
positive or negative. Because positive and negative video
signals have different brightness, flicker is conspicuous.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a
liquid crystal display panel driven by column inversion to
reduce power dissipation, with reduced flicker when testing
with check subpixel.

[0012] To achieve this object, the present invention pro-
vides a liquid crystal display panel. The liquid crystal
display panel comprises a plurality of data lines, a plurality
of scan lines, a plurality of display unit pixels, and a plurality
of display unit blocks. Each set of two adjacent data lines
and two adjacent scan lines defines the boundary of one
display unit pixel wherein each data line interlaces with both
scan lines. Each display unit pixel comprises a control
transistor, a storage capacitor, a common electrode, and a
pixel electrode. In addition, the display unit pixels within
any display unit block between two adjacent data lines are
coupled to one of the two adjacent data lines, while the
display unit pixels within another adjacent display unit block
between the two adjacent data lines are coupled to the other
of the two adjacent data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings, given by way of illustra-
tion only and thus not intended to be limitative of the present
invention.

[0014] FIG. 1 shows a schematic diagram of a conven-
tional thin film transistor liquid crystal display.

[0015] FIG. 2 shows a schematic diagram of a liquid
crystal display panel (LCD panel) with dot inversion driving
mode.

[0016] FIGS. 3a and 3b are schematic diagrams showing
polarities of the video signals received by each display unit
pixel with either conventional dot inversion driving mode or
Z inversion driving mode.

[0017] FIG. 4 shows a schematic diagram of an LCD
panel with Z inversion driving mode.

[0018] FIGS. 5a and 5b are schematic diagrams showing
the LCD panel tested by check subpixel.
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[0019] FIG. 6 shows a schematic diagram of the LCD
panel of the present invention.

[0020] FIGS. 7a and 7b show polarities of the video
signals received by each display unit pixel of the present
invention.

[0021] FIGS. 8A and 8B are schematic diagrams showing
the LCD panel tested by check subpixel according to the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] The LCD panel of the present invention comprises
a plurality of data lines and a plurality of scan lines. Each set
of two adjacent data lines and two adjacent scan lines defines
the boundary of one display unit pixel wherein each data line
interlaces with both scan lines. Each of the display unit
blocks disposed in array comprises a plurality of sequential
display unit pixels parallel to a data line. The display unit
pixels within any display unit block between two adjacent
data lines are coupled to one of the two adjacent data lines,
while the display unit pixels within another adjacent display
unit block between the two adjacent data lines are coupled
to the other of the two adjacent data lines. Display unit pixels
within the two adjacent display unit blocks corresponding to
one row are respectively coupled to two adjacent data lines.
Four display unit blacks are used in the embodiment of the
present invention, with each display unit black comprising
two display unit pixels.

[0023] FIG. 6 shows a schematic diagram of the LCD
panel of the present invention. Each of the video signals S61,
S62, .. ., and S6y is carried respectively by data lines D1,
D2, ..., and Dy has a fixed polar level within a frame and
another polar level with an opposite polarity within the next
frame. As shown in FIG. 6, a first display unit block B1 has
display unit pixels 600 and 601, a second display unit block
B2 has display unit pixels 602 and 603, a third display unit
block B3 has display unit pixels 604 and 605, and a fourth
display unit block B4 has display unit pixels 606 and 607.

[0024] Like any other display unit pixel, the display unit
pixel 600 comprises a control transistor 60, a storage capaci-
tor Cs60, a pixel electrode, and a common electrode. The
control transistor 60 comprises a source terminal, a gate
terminal coupled to a first scan line G1, and a drain terminal
coupled to the first data line D1. The storage capacitor Cs60
stores a driving voltage. The pixel electrode and the com-
mon electrode make up a liquid capacitor C1c60. Gate and
drain terminals of a control transistor 61 within a display
unit pixel 601 are respectively coupled to a second scan line
G2 and the first data line D1. Gate and drain terminals of a
control transistor 62 within a display unit pixel 602 are
respectively coupled to a third scan line G3 and the second
data line D2. Gate and drain terminals of a control transistor
63 within a display unit pixel 603 are respectively coupled
to a fourth scan line G4 and the second data line D2. Gate
and drain terminals of a control transistor 64 within a display
unit pixel 604 are respectively coupled to the first scan line
G1 and the second data line D2. Gate and drain terminals of
a control transistor 65 within a display unit pixel 605 are
respectively coupled to the second scan line G2 and the
second data line D2. Gate and drain terminals of a control
transistor 66 within a display unit pixel 606 are respectively
coupled to the third scan line G3 and the third data line D3.
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Gate and drain terminals of a control transistor 67 within a
display unit pixel 607 are respectively coupled to the fourth
scan line G4 and the third data line D3. When all control
transistors are turned on, the display unit pixels 600 and 601
receive the video signals carried by the first data line D1, the
display unit pixels 602, 603, 604 and 605 receive the video
signals carried by the second data line D2, and the display
unit pixels 606 and 607 receive the video signals carried by
the third data line D3.

[0025] FIGS. 7a and 7b show polarities of the video
signals received by each display unit pixel of the present
invention. Moreover, FIG. 7b shows polarities of video
signals within the frame next to that of FIG. 7¢. Hereinafter
it is assumed that polarities of the video signals S61 and S62
are respectively positive and negative. When a scan line
corresponding to a row outputs a scan signal to turn on all
control transistors within all display unit pixels correspond-
ing to the row, data lines D1, D2, . . ., and Dy respectively
output video signals S61,S62, . . . , and S6y to y display unit
pixels corresponding to the row. As shown in FIG. 74, video
signals received by the display unit pixels 600, 601, 606, and
607 are positive, and video signals received by the display
unit pixels 602, 603, 604, and 605 are negative. That is to
say, the video signals received by the first display unit block
B1 and the third display unit block B3 are both positive, and
the video signals received by the second display unit block
B2 and the fourth display unit block B4 are both negative.
Contrarily, in FIG. 7 video signals received by the display
unit pixels 600, 601, 606, and 607 are negative, and video
signals received by the display unit pixels 602, 603, 604, and
605 are positive. That is to say, the video signals received by
the first display unit block Bl and the third display unit
block B3 are both negative, and the video signals received
by the second display unit block B2 and the fourth display
unit block B4 are both positive. Note that the polarity of the
video signal S6y is not necessarily the same as that of the
signal shown in FIG. 6, rather it is determined by a value y.

[0026] FIGS.8A and 8B are schematic diagrams showing
the LCD panel tested by check subpixel according to the
present invention wherein white blocks and oblique blocks
respectively represent display unit pixels turned on and off.
FIG. 8b shows the schematic diagram of an LCD panel
examined with check subpixel within the frame next to that
of FIG. 8a. As shown in FIG. 84, the polarity of any video
signal received by display unit pixels turned on within a
single frame is either positive or negative, and the positive
video signal compensates the negative video signal for
brightness, and vice versa. Similarly, within the next frame,
as shown in FIG. 8b, the polarity of any video signal
received by display unit pixels turned on is either positive or
negative, and the positive video signal compensates the
negative video signal for brightness, and vice versa. There-
fore, flicker is not conspicuous when sequentially testing
each single frame of the present invention with check
subpixel.

[0027] In the present invention, each video signal has a
fixed polar level within a frame and another polar level with
an opposite polarity within the next frame. Therefore, com-
paring the conventional LCD panel and the present, lower
frequency is used when alternately switching polarities of
video signals between positive and negative, such that
power is conserved. Additionally, flicker is less conspicuous
when sequentially testing each single frame of the present
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invention with check subpixel, because the positive video
signal compensates the negative video signal for brightness
within each single frame, and vice versa.

[0028] When the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to
cover various modifications and similar arrangements as
would be apparent to those skilled in the art. Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:
1. A liquid crystal display panel, driven by a column
inversion driving mode, comprising:

a plurality of parallel data lines, disposed along an X-axis;
a plurality of parallel scan lines, disposed along a Y-axis;

a plurality of display unit pixels, each having a control
transistor, a storage capacitor, a common electrode, and
a pixel electrode, wherein each set of two adjacent data
lines and two adjacent scan lines defines the boundary
of one display unit pixel wherein each data line inter-
laces with both scan lines; and

a plurality of display unit blocks disposed in array, each
having display unit pixels parallel to and disposed
sequentially along two adjacent data lines, wherein the
display unit pixels within any display unit block
between two adjacent data lines are coupled to one of
the two adjacent data lines, while the display unit pixels
within another adjacent display unit block between the
two adjacent data lines are coupled to the other of the
two adjacent data lines.

2. The liquid crystal display panel as claimed in claim 1,
wherein the display unit pixels within any display unit block
in a row and the display unit pixels within another adjacent
display unit block in the row are coupled to different data
lines.

3. The liquid crystal display panel as claimed in claim 1,
wherein the common electrode and the pixel electrode make
up a liquid capacitor.

4. A liquid crystal display panel, driven by a column
inversion driving mode, comprising:

a plurality of data lines having a first data line and a
second data line;

a plurality of scan lines having a first scan line and a
second scan line;

a plurality of display unit pixels, each having a control
transistor, a storage capacitor, a common electrode, and
a pixel electrode, wherein each set of two adjacent
parallel data lines and two adjacent parallel scan lines
defines the boundary of one display unit pixel wherein
each data line interlaces with both scan lines;

a first display unit block disposed between the first and the
second data lines and having the display unit pixels
parallel to and disposed sequentially along the first and
the second data lines, wherein the display unit pixels
are coupled to the first data line; and

a second display unit block disposed between the first and
the second data lines, adjacent to the first display unit
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block, and having the display unit pixels parallel to and
disposed sequentially along the first and the second
data lines, wherein the display unit pixels are coupled
to the second data line.
5. The liquid crystal display panel as claimed in claim 4,
further comprising:

a third data line;
a third scan line;

a third display unit block disposed between the second
and the third data lines and having the display unit
pixels parallel to and disposed sequentially along the
second and the third data lines, wherein the display unit
pixels are coupled to the second data line; and

a fourth display unit block disposed between the second
and the third data lines, adjacent to the third display
unit block, and having the display unit pixels parallel to
and disposed sequentially along the second and the
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third data lines, wherein the display unit pixels are
coupled to the third data line.

6. The liquid crystal display panel as claimed in claim 4,
wherein the common electrode and the pixel electrode make
up a liquid capacitor.

7. The liquid crystal display panel as claimed in claim 4,
wherein the polarity of the first display unit block is opposite
that of the second display unit block upon completion of the
column inversion driving mode.

8. The liquid crystal display panel as claimed in claim 5,
wherein the common electrode and the pixel electrode make
up a liquid capacitor.

9. The liquid crystal display panel as claimed in claim 5,
wherein upon completion of the column inversion driving
mode, the polarity of the first display unit block is the same
as that of the fourth display unit block, and polarities of both
the second and the third display unit blocks are opposite
those of the first display unit block.
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