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Fig. 1A
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Fig. 2
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< 18T LINE >

WRITE
SEQUENCE_ 1 2 3 1 2 3 1 2 3 1 2 3

Ri|Gl1|B1|R2{G2|B2|R1|GI|B1|R2|G2]|B2
EEEEEEEEEEEE)

Soche1 'SouFoe2 Sourcel Sourced

< 2ND LINE >

WRITE
SEQUENCE_ 1 2 3 1 2 3 1 2 3 1 2 3
R11611811R2|6G2 B2 |RI|G1|BI|R2|6G2|B2

PEEEEEEEEEEE

Sourcel Sou;ce2 Sourced Sourced
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Fig. 4
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Fig.bh

1ST HORIZONTAL PERIOD 2ND HORIZONTAL PERIOD

(18T LINE) (2ND LINE)

WRITE SEQUENCEE'_ i 92 3 1 2 3
Sourcel | R1 | G1 | B > R1 | G1 | B
®Od SECES)

WRITE SEQUENCEB_1 9 3 1 92 3
source2 | R2 | 62 | B2 > rR2 |62 | B2

0@ O DO ®
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Fig.d

1ST HORIZONTAL PERIOD 2ND HORIZONTAL PER|OD

(1ST LINE) (2ND LINE)
WRITE SEQUENCE} 1 2 3 i 2 3
Sourcel |R1 | B1 | 61 > R [ B1] 61

® D0 Q0O

WRITE SEQUENCE_ ¢ 2 3 i 2 3
Source? | R2 | B2 | G2 > R2 | B2 | 62

OO0 Y OO0
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< 1ST LINE >

WRITE
SEQUENCE_ ¢ 3 2 f 3 2 1 2 3 1 3 2
Ri el [B1 Rz |62 B2 |R1|G1|B1|R2|6G2|B2

EEEEEEEEEEEE)

Soche1 Source2 Sourced Sourced

< 2ND LINE >

WRITE
SEQUENCE_ 1 3 2 1 3 2 1 3 2 1 3 2
R 161181 R2 62|82 |R1|61|B1|R2}62]|B2

EEREEEEEEEEE)

Sourcel Source? Sourced Sourced
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Fig. 10

IST HORIZONTAL PERIOD _,_2ND HORIZONTAL PERIOD
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Fig. 11

1ST HORIZONTAL PERIOD 2ND HOR|ZONTAL PER|0D
WRITE (15T LINE) ' (2ND LINE)
SEQUENCE. | 2 3 4 5

1 2 3 4 b

Sourcel | G1 | B1 | R1 | B1 | G1 -> G1 | B1|R1|B1 |G
SXCICAORS. POLCO®
L] [y

SAME DATA SAME DATA

WRITE
SEQUENCE. { 92 3 4 5

SEQUENCE,__ { 2 3 4 5
source? | G2 | B2 | R2 [ B2 | G2 > a2 182 [R2 [B2 ] 62

CEEEE CEEEEE
I L]

SAME DATA SAME DATA
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Fig. 12
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Fig.13
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Fig. 15

< 18T LINE > |
18T HORIZONTAL PERIOD OND HORIZONTAL PERIOD
(1ST LINE) (2ND LINE)
WRITE SEQUENCE_ 1 o 3 P
Sourcel | R1 | G2 | Bl > |R2 | G1 | B2
® DD ®D®
< 2ND LINE >

WRITE SEQUENCEE’ 1 2 3 1 2 3
Source2 | R2 | 61 | B2 > R1 [ 62 [ B1

@O0 CASES,
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Fig. 1]

< 18T LINE >

WRITE

SEQUENCE_ 1 2 3 1 2 3 1 2 3 1 2 3

Ri | G1|B1|R2|G2|B2|Ri|G1|B1|R2|G2|B2

DOPOPOROBOB®O

1 .

Sourcel Source?2 Sourcel Sourced

< 2ND LINE >

WRITE

SEQUENGE__ { 2 3 1 2 3 1 2 3 1 2 3

R1 |61 |B1|R2|G2|B2|R1|Gl|B1|R2|GZ|B2

P EEEEEEEEERS

L] | ]

Sourcel Source? Sourced Sourced
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Fig. 18
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Fig.21A

1ST FRAME
1ST HORIZONTAL PERIOD 2ND HOR|ZONTAL PERIOD
Weyno_ 1 1 \l
RSWI____FA 797
GSH1 NGN NG
BSW %) 7
RSW2 20 20
GSH2 Nex e
BSW2 207 76
POLNNNP 08 £ Voo Negative RN\TPositivex\\
Fig.21B
3RD FRAME
_1ST HORIZONTAL PER|OD 2ND HOR|ZONTAL PERIQD
Hsync i }]
R
GSW1 RN B\ON
BSW1 26,
RSW2_____FATA, 1797
G2 NN NN
BSW2 737 B3,

POLNNPOS 1 11 Ve NN Negative R FosTT1VE NN
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Fig.22A

< 18T LINE >

WR!TE
SEQUENCE_ { 5 3 4 2 6 4 2 6 1 5 3

R1 (61|81 |R2|G2|B2{R3|6G3|B3|R4|G4|B4

k@@@@@%@@@@@(@

Sourcel Source2
WRITING WITH WRITING WITH
OPPOS|TE POLARITIES OPPOS!TE POLARITIES

Fig. 228

< 2ND LINE >

WRITE
SEQUENCE_ { 5 3 4 2 6 4 2 6 1 5 3

Ri |61 |{B1|R2|G2|B2|R3|6G3|B3|R4|[G4|B4

CEEEEEEEEEEE)

Sourcel Source2

WRITING WITH WRITING WITH
OPPOS!TE POLARITIES OPPOSITE POLARITIES
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Fig.23

WRITE Sourcel Source2

SEQUENCE_ (153426426153
_IST FRANE R1|61{B1|R2|62|B2|R3|63|B3|R4|G4|B4

DOPOEORODODO

Sourcel : Source?

WRITE ‘ - ~ \

SEQUENCE, 1 5 3 4 2 64 2 6 1 5 3

_OND FRANE rR1la11B1(R2|62|B2|R3|63|B3|R4| G4 |B4

XPOCARITIES SHTTCHED
OHEXORODODOD

:Se2
WRITE Sour cel ourc

SEQUENCE_ 426153153426
_SRD_FRANE __ R1|a1|B1|R2|62|B2|R3|63|B3|R4|G4|B4

ORI TE SEQUENCE_ SWITCHED
DOOORCEODOEO

WRITE Sourcel Source?

SEQUENCE__ 426153153426
4TH FRAME R1la1181[R2|62]|B2|R3|6G3{B3|R4|G4 (B4

SPOCARITIES SITGHED
COCCOLOLCOSC)
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1ST FRAME Fig'ZSA

1ST HORIZONTAL PERIOD 2ND HORIZONTAL PERIOD l

3RD FRAME FngSB

lj 1ST HORIZONTAL PERIOD T 2ND HORIZONTAL PERIOD .

Hsync
RSI1 NON YON
GSH1 7265 76

BSH 76
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Fig. 26A

< 18T LINE >

WRITE
SEQUENCE_ { 3 5 2 4 6 2 4 6 1 3 5

R1|6G1|B1|R2|G2|B2|R3[G3|B3|R4|CG4|B4

@@@@@@ﬁ)@@@@@_}

Sourcel Source2

< 2ND LINE >

WRITE
SEQUENCE_ 1 3 5 2 4 6 2 4 6 1 3 5

R1|61|B1|R2|G2|{B2[R3|G3|B3|R4|G4|B4

EEEEEEEEEEE

Soche1 Source?
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Fig.2]

Source2
WRITE Sourcel \

r Y A
SEQUENCE_ { 3 5 2 4 6 2 4 6 1 3 5
1ST FRAME r1161181(R2|62|B2|R3]|63|B3(R4|G4|B4

HOORODOODO

* Source?

WRITE ———ooureel  oourges
SEQUENCE_ 1 3 5 2 4 6 2 4 6 1 3 5
ZND_FRANE R1|a1|B1{R2|62[B2[R3|63|B3|R4|G4 (B4

SPOLARITTES SHITCHED ,
OPORODODODOD

EAMT

1 : Source2

WRITE Source y our, \

SEQUENCE. 2 4 6 1 3 51 3 65 2 4 6

_SRD FRAME R1|G1|B1|R2|62|B2|R3]|G3|B3|R4|64 B4

R TE SEQUENCE SWTTCHED DOOODOPODODO

: Source?2
P () B . <
SEQUENCE_ 2 4 6 1 3 561 3 5 2 4 6
_ATH FRANE rRila1lB1IR2[62|B2|R3|63|B3|R4|G4|B4

SXPOCARITIES SWTTGHED 6@@@@@@@@@@@3

|
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Fig. 28
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Fig. 30A

< 18T LINE >

WRITE .
SEQUENCE. { 2 3 {1 2 3 4 5 6 4 5 6

R1|{G1{BI|R2|G2|B2|R3|G3|B3|R4|C4|BA

POPOPODOBOB®O

[T LLLLLLT

Sourcel Soores
Fig.30B
< 9ND LINE >
WRITE
SEQUENCE_ 1 2 3 1 2 3 4 5 6 4 5 6

Ri|G1|B1|R2|G2|B2|R3|G3|B3|R4|G4|B4

OPOOODOBOBDOB

LI

Source?

Sourcel
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Sourcel SouroeZ

WRITE 11 ! ! ! ||
SEQUENCE. {1 2 3 1 2 3 4 56 4 5 6

1ST_FRAME R1|a1|B1|R2|G2|B2{R3|G3|B3|R4|64|B4

BOBODODODORO

Sourcel Source?

WRITE 1T 11 II
SEQUENCE_ 1 2 3 1 2 345 6 45 6

ZND_FRAME R1{a1|B1|R2|G2|B2|R3|G3|B3|R4 |64 |B4

SPOLARITIES SWITCHED
OOOROROREDRD

Source2

Sourcel — - -
WRITE T T | | | I I
SEQUENCE_ 4 5 6 4 5 6 1 2 3 1 2 3

3RD_FRAME R1la1|B1|R2|a2{B2|R3|63|B3|R4|G4|B4

WRITE_SEQUENCE SWITGHED
HODORO®ODDO

Source2

WRITE [ | | |
SEQUENCE 23123

ATH FRAME rR1la1|B1[R2[62(B2[R3|63|B3{R4|G4|B4

XPOCARITIES SWITCHED
OPOHOBODHODOD
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Fig. 34
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Fig. 35A
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Fig.37A
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Fig. 38 U
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Fig.39
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Fig. 42 M
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LCD PANEL DRIVE ADOPTING TIME-DIVISION
AND INVERSION DRIVE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device and a method of driving an LCD panel, more
particularly to an LCD panel drive technique for achieving
both of time-division drive and inversion drive.

[0003] 2. Description of the Related Art

[0004] The time-division drive, in which a set of data lines
(signal lines) are sequentially selected and data signals are
time-divisionally written into desired pixels, is one of the
commonly-used techniques in driving the LCD panel (See
Japanese Laid-Open Patent Application No. JP-A Heisei
11-327518, and JP-A 2003-215540, for example). One
advantage of the time-division drive is that the time-division
drive effectively reduces the number of output amplifiers
integrated within the LCD driver. A liquid crystal display
device using the time-division drive can achieve driving
pixels with a fewer number of output amplifiers than the
number of data lines of the liquid crystal display panel. This
effectively reduces the power consumption and chip size of
the LCD driver. Another advantage is that the time-division
drive effectively reduces the number of connection lines
between the LCD driver and the LCD panel through incor-
porating a switch circuitry within the LCD panel for select-
ing data lines. The switch circuitry incorporated within the
LCD panel effectively reduces the number of connection
lines that provides electrical connections between the LCD
driver and the LCD panel below the number of data lines
within the LCD panel. The reduction in the number of
connection lines between the LCD driver and the LCD panel
effectively facilitates the installation of the LCD driver and
the LCD panel, and effectively reduces the EMI (electro-
magnetic interference). The recent increase in the number of
the pixels integrated within the LCD panel necessitates an
increase in the number of data lines that are time-division-
ally driven.

[0005] The inversion drive is another commonly-used
technique for driving the LCD panel. The inversion drive is
a technique in which the polarities of data signals are
inverted at predetermined spatial and time cycles for avoid-
ing the “burn-in” phenomenon. The inversion drive reduces
DC components of drive voltages fed to respective pixels,
and thereby effectively avoids the “burn-in” phenomenon.

[0006] Generally speaking, there are two kinds of inver-
sion drive: the common constant drive and the common
inversion drive. The common constant drive technique des-
ignates a technique in which the data signals are inverted
with the voltage level of the common electrode (or the
backplane electrode) kept constant at a certain voltage level,
which is referred to as the common level V., hereinafter.
The common inversion drive technique designates a tech-
nique in which both of the voltage levels of the data signals
and the common electrode are inverted. The common con-
stant drive technique advantageously stabilizes the voltage
level of the common electrode compared to the common
inversion drive technique, and this leads to significant reduc-
tion in the flicker of the image on the LCD panel, as known
in the art. As described in the following, the present inven-
tion is directed to the common constant drive technique.
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[0007] The dot inversion drive, which is one sort of the
common inversion drive technique, is a technique in which
data signals with opposite polarities are written into adjacent
pixels. It should be noted that the polarity of a data signal is
defined with respect to the common voltage level V., (that
is, the voltage level of the common electrode). When a data
signal has a signal level higher than the common voltage
level Vo, the polarity of the data signal is defined as being
“positive”. When a data signal has a signal level lower than
the common voltage level Voy, on the other hand, the
polarity of the data signal is defined as being “negative”.
Advantageously, the dot inversion drive further improves
the stability in the voltage level of the common electrode by
feeding positive and negative data signals to the LCD panel
at the same time, and thereby effectively reduces the flicker
on the LCD panel.

[0008] FIG. 1A is a circuit diagram illustrating a typical
structure of a liquid crystal display device adopting both of
the time-division drive and the dot inversion drive, which is
denoted by the numeral 100. It should be noted that a liquid
crystal display device adopting both of the time-division
drive and the dot inversion drive is disclosed in the above-
mentioned Japanese Laid-Open Patent Application No. JP-A
Heisei 11-327518, for example. The liquid crystal display
device 100 is provided with an LCD panel 101 and an LCD
driver 102. The LCD panel 101 is provided with gate lines
(scan lines) 111, data lines (signal lines) 112, and pixels 113
arranged in rows and columns. The gate lines 111 are used
to select the rows of the pixels 113. Although only a portion
of the LCD panel 101 is illustrated in FIG. 1A, it is
understood that the LCD panel 101 further includes gate
lines 111, data lines 112, and pixels 113 which are not
shown. The pixels 113 connected to the gate line 111, may
be referred to as the pixels 113 in the i-th line. As shown in
FIG. 1B, the pixels 113 are each provided with a TFT 114,
and a pixel electrode 115. The pixel electrodes 115 are
opposed to the common electrode (backplane electrode) 116,
and liquid crystal capacitors are formed between the respec-
tive pixel electrodes 115 and the common electrode 116.
Although the common electrode 116 is illustrated as being
separately provided in each pixel 113 in FIG. 1B, it is
understood that the common electrode 116 is a single large
electrode, as well known in the art.

[0009] Referring back to FIG. 1A, the LCD panel 101
additionally includes one input node 117 for three data lines
112. Hereinafter, the input nodes 117 positioned in the
odd-numbered position may be referred to as the odd input
nodes 117, and the input nodes 117 positioned in the
even-numbered position may be referred to as the even input
nodes 117.

[0010] It should be noted that a set of data lines 112
connected to a certain input node 117 (through switch
elements) may be referred to as the data lines 112“associated
with” the certain input node 117. In the liquid crystal display
device 100 shown in FIG. 1A, three data lines associated
with the same input node 117 are time-divisionally driven.

[0011] Correspondingly, pixels 113 connected to a certain
input node 117 (through data lines 112) may be referred to
as the pixels 113“associated with” the certain input node
117. In FIG. 1A, the pixels 113 which are connected with the
same gate line 111 and associated with the same input node
117 are time-divisionally driven.
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[0012] Referring back to FIG. 1A, the pixels 113 includes
pixels used to display the red color (referred to as R pixels,
hereinafter), pixels used to display the green color (referred
to as G pixels, hereinafter), and pixels used to display the
blue color (referred to as B pixels, hereinafter). Hereinafter,
R pixels associated with the odd input node 117, may be
referred as the R pixels 1133, and R pixels associated with
the even input node 117; may be referred as the R pixels
113;,. Correspondingly, G pixels associated with the odd
input node 117, may be referred as the G pixels 1135, and
G pixels associated with the even input node 117, may be
referred as the G pixels 1135,. Furthermore, B pixels
associated with the odd input node 117, may be referred as
the B pixels 113y, and B pixels associated with the even
input node 117 may be referred as the B pixels 1135,.

[0013] The pixels 113 connected to the same data line 112
are associated with the same color. Hereinafter, the data lines
connected to the R pixels 113, and 113, may be referred
to as the data lines 1124, and 112y, respectively. Corre-
spondingly, the data lines connected to the G pixels 113,
and 1135, may be referred to as the data lines 1125, and
112, respectively, and the data lines connected to the B
pixels 1135, and 113, may be referred to as the data lines
1125, and 1125, respectively.

[0014] The data lines 112y,, 112,, and 112, are con-
nected to the associated odd input nodes 117, through
switches 119;,, 119,, and 119, respectively, and the data
lines 112,, 1125,; and 1124, are connected to the associ-
ated even input nodes 1173 through switches 119%,, 11955,
and 1194,. The switches 1193, 1194,, 1194,, 119;,, 1195,
and 1195, are turned on and off in response to control signals
RSW, GSW, and BSW. The selection of desired data lines is
achieved by turn-on of desired ones of the switches 119y,
1194, 1195, 1194, 119, and 119,.

[0015] The input nodes 117 of the LCD panel 101 are
connected to output terminals of the LCD driver 102,
respectively. The output terminals of the LCD driver 102
may be denoted by the symbols “Sourcel”, “Source2” . . .
, respectively.

[0016] The LCD driver 102 feeds data signals having
desired signal levels to selected pixels, that is, the pixels 113
connected to selected data lines 112 and a selected gate line
111. The pixels 113 are set to the grayscale levels associated
with the signal levels of the data signals fed thereto.

[0017] Tt is necessary to determine the polarities of the
data signals developed on the respective output terminals of
the LCD driver 102 so as to be adapted to the dot inversion
drive and the time-division drive. In the dot inversion drive,
as shown in FIG. 2, two pixels 113 adjacent in the horizontal
or vertical direction are fed with data signals with opposite
polarities. It should be noted that the horizontal direction is
the direction in which the gate lines (scan lines) are
extended, and the vertical direction is the direction in which
the data lines (signal lines) are extended. It should be also
noted that the symbols “R1”, “G1”, “B1”, “R2”, “G2”, and
“B2” indicate the R pixels 113y,, G pixels 1135,, B pixels
1135, R pixels 113, G pixels 113, and B pixels 1135.,,
respectively.

[0018] With respect to the pixels 112 in the first line, as
shown in FIG. 1A, the R pixels 1133 ,, B pixels 113y,, and
G pixels 113, are fed with data signals with the positive
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polarity, and the G pixels 1135;, R pixels 113;,, and B
pixels 1135, are fed with data signals with the negative
polarity. In FIG. 1A, the polarities of the respective data
signals fed to the pixels 113 in the first line are indicated by
the signals “+” and “-” superposed on the data lines 112.

[0019] On the other hand, three data lines 112 associated
with the same input node 117 are sequentially selected in
each horizontal period from end to end. In other words, as
shown in FIG. 3, the pixels 113 connected to the same gate
lines are driven in this order of R pixels, G pixels, and B
pixels. As shown in FIG. 4, driving the pixels 113 in such
order can be achieved by activating the control signals RSW,
GSW, and BSW in this order.

[0020] From the viewpoint of the drive sequence of the
pixels 113 and the polarities of the data signals fed thereto,
it is necessary that the polarities of the respective data
signals sequentially outputted from the output terminals
Sourcel and Source2 of the LCD driver 102 are set as shown
in FIG. 5. Specifically, in the first horizontal period (that is
the period for driving the pixels 113 in the first line), a data
signal of the positive polarity, a data signal of the negative
polarity, and another data signal of the positive polarity are
sequentially outputted from the output terminal Sourcel,
while a data signal of the negative polarity, a data signal of
the positive polarity, and another data signal of the negative
polarity are sequentially outputted from the output terminal
Source2. In the second horizontal period, on the other hand,
a data signal of the negative polarity, a data signal of the
positive polarity, and another data signal of the negative
polarity are sequentially outputted from the output terminal
Sourcel, while a data signal of the positive polarity, a data
signal of the negative polarity, and another data signal of the
positive polarity are sequentially outputted from the output
terminal Source2.

[0021] Tt should be noted that the data signals developed
on the output terminals Sourcel and Source 2 of the LCD
driver 102 are always opposite, that is, data signals of the
positive and negative polarities are always written into the
selected pixels at the same time. This is important for
reducing the change in the voltage level of the common
electrode.

[0022] One issue is that such liquid crystal display device
requires frequently inverting the voltage levels on the nodes
along the paths used to distribute data signals to the respec-
tive data lines (such as, the output terminals of the LCD
driver 102). For example, the operation shown in FIG. 5
requires inverting the polarities of the data signals developed
on the output terminals of the LCD driver 102 three times
per one horizontal period. Frequent inversion of the data
signals undesirably causes a significant increase in the
power consumption of the LCD driver 102, since the output
terminals of the LCD driver 102 has a considerable load
capacitance.

[0023] Japanese Laid-Open Patent Application No. JP-A
2003-215540, on the other hand, discloses a technique
adapted to the time-division drive, in which the frequency of
the inversion of the data signals outputted from an LCD
driver is reduced down to once per two horizontal periods.
In this technique, however, the spatial frequency of the
inversion of the data signals fed to the respective pixels 112
are two pixels. In other words, this technique does not
provide the dot inversion drive.
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[0024] As thus described, the conventional liquid crystal
display devices suffer from a problem that the use of both of
the time-division drive and the dot inversion drive is inevi-
tably accompanied by the frequent inversion of the voltage
levels on the nodes along the paths used to distribute data
signals to the respective data lines, causing the increase in
the power consumption of the LCD driver.

SUMMARY OF THE INVENTION

[0025] 1In an aspect of the present invention, a method of
operating a liquid crystal display device includes:

[0026] (A)time-divisionally driving pixels in a certain line
of an LCD panel so that pixels adjacent in a horizontal
direction are driven with data signals of opposite polarities.

[0027] The (A) step includes;

[0028] (Al) generating a first data signal of a first polarity
on a first output terminal of a driver, and then driving a first
pixel out of said pixels in the certain line through electrically
connecting the first output terminal to the first pixel; and

[0029] (A2) generating a second data signal of the first
polarity on the first output terminal in succession to the drive
of the first pixel, and then driving a second pixel out of said
pixels in the certain line through electrically connecting the
first output terminal to the second pixel.

[0030] Such operating method eliminates the need for
inverting the voltage level of the first output terminal of the
driver in the drive of the second pixel followed by the drive
of the first pixel. This effectively reduces the power con-
sumption of the liquid crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other advantages and features of the
present invention will be more apparent from the following
description taken in conjunction with the accompanied
drawings, in which:

[0032] FIG. 1A is a diagram illustrating the structure of a
conventional liquid crystal display device;

[0033] FIG. 1B is a circuit diagram illustrating the struc-
ture of a pixel within an LCD panel;

[0034] FIG.2 is a diagram illustrating the polarities of data
signals fed to the respective pixels in the dot inversion drive;

[0035] FIG. 3 is a diagram illustrating the write sequence
of the pixels and the polarities of data signals fed to the
respective pixels in the conventional liquid crystal display
device;

[0036] FIG. 4 is a timing chart illustrating operations of
the conventional liquid crystal display device;

[0037] FIG. 5 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals;

[0038] FIG. 6 is a diagram illustrating an exemplary
structure of a liquid crystal display device in a first embodi-
ment of the present invention;

[0039] FIG. 7 is a block diagram illustrating an exemplary
structure of an LCD driver in the first embodiment;
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[0040] FIG. 8 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals;

[0041] FIG. 9 is a diagram illustrating the write sequence
of the pixels, and the polarities of the data signals written
into the respective pixels;

[0042] FIG. 10 is a timing chart illustrating an exemplary
operation of the liquid crystal display device in the first
embodiment;

[0043] FIG. 11 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals, in a preferred modification of the first
embodiment;

[0044] FIG. 12 is a timing chart illustrating the operation
of the liquid crystal display device in the preferred modifi-
cation of the first embodiment;

[0045] FIG. 13 is a diagram illustrating an exemplary
structure of a liquid crystal display device in a second
embodiment of the present invention;

[0046] FIG. 14 is a block diagram illustrating an exem-
plary structure of the LCD driver in the second embodiment;

[0047] FIG. 15 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals, in the second, embodiment;

[0048] FIG. 16 is a timing chart illustrating an exemplary
operation of the liquid crystal display device in the second
embodiment;

[0049] FIG. 17 is a diagram illustrating the write sequence
of'the pixels and the polarities of the data signals written into
the respective pixels in the second embodiment;

[0050] FIG. 18 is a diagram illustrating an exemplary
structure of a liquid crystal display device in a third embodi-
ment of the present invention;

[0051] FIG. 19A is a block diagram illustrating an exem-
plary structure of an LCD driver in the third embodiment;

[0052] FIG. 19B is a block diagram illustrating another
exemplary structure of the LCD driver;

[0053] FIG. 20 is a block diagram illustrating pixels into
which data signals outputted from respective output termi-
nals of the LCD driver are written, and the polarities of the
respective data signals, in the third embodiment;

[0054] FIG. 21A is a timing chart illustrating the operation
of the liquid crystal display device in the first frame period
in the third embodiment;

[0055] FIG. 21B is a timing chart illustrating the exem-
plary operation of the liquid crystal display device in the
third frame period in the third embodiment;

[0056] FIG. 22A is a diagram illustrating the write
sequence of the pixels in the first line and the polarities of
the data signals written into the respective pixels in the third
embodiment;
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[0057] FIG. 22B is a diagram illustrating the write
sequence of the pixels in the second line and the polarities
of the data signals written into the respective pixels in the
third embodiment;

[0058] FIG. 23 is a diagram illustrating the write sequence
of the pixels and the polarities of the data signals written into
the respective pixels in the first to fourth frame periods in the
third embodiment;

[0059] FIG. 24 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals, in the fourth embodiment;

[0060] FIG.25A is a timing chart illustrating the operation
of the LCD driver in the first frame period in the fourth
embodiment;

[0061] FIG.25B is a timing chart illustrating the operation
of the LCD driver in the third frame period in the fourth
embodiment;

[0062] FIG. 26A is a diagram illustrating the write
sequence of the pixels in the first line and the polarities of
the data signals written into the respective pixels in the
fourth embodiment;

[0063] FIG. 26B is a diagram illustrating the write
sequence of the pixels in the second line and the polarities
of the data signals written into the respective pixels in the
fourth embodiment;

[0064] FIG. 27 is a diagram illustrating the write sequence
of the pixels in the first line and the polarities of the data
signals written into the respective pixels in the first to fourth
frame periods in a preferred modification of the fourth
embodiment;

[0065] FIG. 28 is a diagram illustrating an exemplary
structure of a liquid crystal display device in a fifth embodi-
ment of the present invention;

[0066] FIG. 29 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals, in the fifth embodiment;

[0067] FIG. 30A is a diagram illustrating the write
sequence of the pixels in the first line and the polarities of
the data signals written into the respective pixels in the fifth
embodiment;

[0068] FIG. 30B is a diagram illustrating the write
sequence of the pixels in the second line and the polarities
of the data signals written into the respective pixels in the
fifth embodiment;

[0069] FIG. 31 is a diagram illustrating the write sequence
of the pixels in the first line and the polarities of the data
signals written into the respective pixels in the first to fourth
frame periods in the fifth embodiment;

[0070] FIG. 32 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals, in a preferred modification of the fifth
embodiment;

[0071] FIGS. 33A and 33B are timing charts illustrating
the operation of the liquid crystal display device in the first
frame period in the preferred modification of the fifth
embodiment;
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[0072] FIGS. 33C and 33D are timing charts illustrating
the operation of the liquid crystal display device in the third
frame period in the preferred modification of the fifth
embodiment;

[0073] FIG. 34 is a diagram illustrating an exemplary
structure of a liquid crystal display device in a sixth embodi-
ment of the present invention;

[0074] FIG. 35A is a diagram illustrating the path of a
current flown through the common electrode when data lines
apart from each other are driven at the same time;

[0075] FIG. 35B is a diagram illustrating the path of a
current flown through the common electrode when adjacent
data lines are driven at the same time;

[0076] FIG. 36 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals, in the sixth embodiment;

[0077] FIG. 37A is a diagram illustrating the write
sequence of the pixels in the first line and the polarities of
the data signals written into the respective pixels in the sixth
embodiment;

[0078] FIG. 37B is a diagram illustrating the write
sequence of the pixels in the second line and the polarities
of the data signals written into the respective pixels in the
sixth embodiment;

[0079] FIG. 38 is a diagram illustrating the write sequence
of the pixels in the second line and the polarities of the data
signals written into the respective pixels in the first to fourth
frame periods in the sixth embodiment;

[0080] FIG. 39 is a diagram illustrating an exemplary
structure of a liquid crystal display device in a seventh
embodiment of the present invention;

[0081] FIG. 40 is a diagram illustrating pixels into which
data signals outputted from respective output terminals of
the LCD driver are written, and the polarities of the respec-
tive data signals, in the seventh embodiment;

[0082] FIG. 41A is a diagram illustrating the write
sequence of the pixels in the first line and the polarities of
the data signals written into the respective pixels in the
seventh embodiment;

[0083] FIG. 41B is a diagram illustrating the write
sequence of the pixels in the second line and the polarities
of the data signals written into the respective pixels in the
seventh embodiment;

[0084] FIG. 42 is a diagram illustrating the write sequence
of'the pixels and the polarities of the data signals written into
the respective pixels in the first to fourth frame periods in the
seventh embodiment; and

[0085] FIGS. 43A to 43D are diagrams illustrating the
effect of capacitive coupling between adjacent data lines.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0086] The invention will be now described herein with
reference to illustrative embodiments. Those skilled in the
art would recognize that many alternative embodiments can
be accomplished using the teachings of the present invention
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and that the invention is not limited to the embodiments
illustrated for explanatory purposed.

First Embodiment

(LCD Device Structure)

[0087] FIG. 6 is a block diagram illustrating an exemplary
structure of a liquid crystal display device in a first embodi-
ment of the present invention. The liquid crystal display
device in this embodiment is provided with an LCD panel
and an LCD driver 2.

[0088] The structure of the LCD panel 1 is similar to that
of the LCD panel 101 illustrated in FIG. 1A. In detail, the
LCD panel 1 is provided with gate lines 11, data lines 12,
and pixels 13 arranged in rows and columns. The structure
of the respective pixels 13 is as shown in FIG. 1B. The LCD
panel 1 is provided with one input node 17 for three data
lines 12.

[0089] The pixel 13 includes R pixels 13y, 133, used to
display the red(R) color, G pixels 135,, 135, used to display
the green(G) color, B pixels 13,, 135, used to display the
blue(B) color. It should be noted that the R pixels 134,, G
pixels 13, and B pixels 13, are associated with odd input
nodes 17, and the R pixels 133,, G pixels 135,, and B
pixels 134, are associated with even input nodes 17.

[0090] The pixels 13 connected to the same data line 12
are associated with the same color. Hereinafter, the data lines
connected to the R pixels 133, and 13y,, may be referred to
as the data lines 12y, and 12y, respectively. Correspond-
ingly, the data lines connected to the G pixels 135, and 13,
may be referred to as the data lines 125, and 12,, respec-
tively, while the data lines connected to the B pixels 135,
and 13, may be referred to as the data lines 12, and 125,
respectively.

[0091] The data lines 124,, 125, and 125, are connected
to associated odd input nodes 17, through switches 193,
19 and 195, respectively, while the data lines 124,, 12,
and 125, are connected to associated even input nodes 17
through switches 19;,, 195, and 195,. These switches 19
are turned on and off in response to control signals RSW,
GSW and BSW received from the LCD driver 2. Specifi-
cally, the switches 193, and 19y, are operated in response to
the control signal RSW, the switches 195, and 19, are
operated in response to the control signal GSW, and the
switches 195, and 194, are operated in response to the
control signal BSW. The selection of desired data lines 12
are achieved by turning on desired ones of the switches 19.

[0092] The input nodes 17 of the LCD panel 1 are con-
nected to the output terminals of the LCD driver 2, respec-
tively. The output terminals of the LCD driver 2 may be
denoted by the symbols “Sourcel”, “Source2” . ... It should
be noted that the odd-numbered output terminals Sourcel,
Source3 . . . may be collectively referred to as odd output
terminals, while the even-numbered output terminals
Source2, Source4 . . . may be collectively referred to as even
output terminals.

[0093] FIG. 7 is a block diagram illustrating the structure
of the LCD driver 2. The LCD driver 2 is provided with a
data control circuit 21, a grayscale generator circuit 22, a set
of positive drive legs 23, a set of negative drive legs 24, a
polarity switch circuitry 25, a selector control circuit 26, a
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polarity switch control circuit 27, an RGB switch control
circuit 28, and a timing control circuit 29.

[0094] The data control circuit 21 forwards pixel data of
the pixels 13 to the positive drive legs 23 or the negative
drive legs 24 in accordance with the polarities of data signals
to be fed to the respective pixels 13. Specifically, the data
control circuit 21 receives pixel data indicative of grayscale
levels of the pixels 13 in the selected line. The data control
circuit 21 forwards the pixel data associated with the pixels
13 to be driven with positive data signals to the positive
drive legs 23, and forwards the pixel data associated with the
pixels 13 to be driven with negative data signals to the
negative drive legs 24.

[0095] The grayscale generator circuit 22 feeds a set of
grayscale voltages associated with allowed grayscale levels
of the pixels 13, respectively, to the positive drive legs 23
and the negative drive legs 24. In detail, the grayscale
generator circuit 22 feeds grayscale voltages of the positive
polarity to the positive drive legs 23, while feeding grayscale
voltages of the negative polarity to the negative drive legs
24. The number of the grayscale voltages fed to the positive
drive legs 23, and the number of the grayscale voltages fed
to the negative drive legs 24 are both identical to the number
of allowed grayscale levels of the pixels 13. When the
number of the allowed grayscale levels is 64, the grayscale
generator circuit 22 feeds a set of 64 different grayscale
voltages with the positive polarity to the positive drive legs
23, and feeds a set of 64 different grayscale voltages with the
negative polarity to the negative drive legs 24.

[0096] The positive drive legs 23 are a set of circuitries
that generate positive data signals in response to the pixel
data fed thereto, and the negative drive legs 24 are a set of
circuitries that generate negative data signals in response to
the pixel data fed thereto. One positive drive leg 23 and one
negative drive leg 24 are provided for every two output
terminals of the LCD driver 2 (that is, for every two input
nodes 17 of the LCD panel 1. In accordance with the fact
that a set of data lines 12 associated with each input node 17
are sequentially selected in each horizontal period, each of
the positive drive legs 23 and the negative drive legs 24
drives three pixels 13 in each horizontal period. The positive
drive legs 23 use the positive grayscale voltages received
from the grayscale generator circuit 22 to generate positive
data signals, and the negative drive legs 24 use the negative
grayscale voltages received from the grayscale generator
circuit 22 to generate negative data signals.

[0097] In detail, the positive drive legs 23 are each pro-
vided with a set of latch circuits 23a, a data selector circuit
23b, a D/A converter 23¢, and a drive circuit 23d. Each latch
circuit 23a latches pixel data from the data control circuit 21,
and forwards the latched pixel data to the data selector
circuit 23b. In accordance with the fact that each positive
drive leg 23 drives three pixels 13 in each horizontal period,
the positive drive legs 23 each include three latch circuits
23a.

[0098] The data selector circuit 235 selects one of the
three latch circuits 23a which is associated with the pixel 13
to be driven next, and forwards the pixel data from the
selected latch circuit 23a to the D/A converter 23c¢.

[0099] The D/A converter 23¢ performs D/A conversion
on the pixel data received from the selected latch circuit 23a
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to output a grayscale voltage corresponding to the received
pixel data. More specifically, the D/A converter 23¢ selects
one of the positive grayscale voltages received from the
grayscale generator circuit 22 in response to the pixel data
received from the selected latch circuit 23a, and feeds the
selected grayscale voltage to the drive circuit 234.

[0100] The drive circuit 23d generates a data signal cor-
responding to the pixel data. The drive circuit 234 functions
as a voltage follower, and outputs a data signal having a
signal level corresponding to the grayscale voltage received
from the D/A converter 23¢. In one embodiment, an opera-
tion amplifier is used as the drive circuit 23d.

[0101] In one embodiment, a level shifter (not shown)
may be inserted between the data selector circuit 235 and the
D/A converter 23¢. This is based on the fact that high
grayscale voltages may be applied to the D/A converter 23¢
in this embodiment, in which the common constant drive is
used. The level shifter is used to provide voltage level
matching between the voltage level of the signal outputted
from the data selector 235, and the voltage levels of signals
generated within or fed to the D/A converter 23.

[0102] The structure and operation of the negative drive
legs 24 are almost identical to those of the positive drive legs
23, except for that the polarities of grayscale voltages
received from the grayscale generator circuit 22 and the
polarities of the data signals to be generated are different.
The negative drive legs 24 are each provided with a set of
latch circuits 24a, a data selector circuit 245, a D/A con-
verter 24¢, and a drive circuit 24d. The latch circuits 24a, the
data selector circuit 24b, the D/A converter 24¢, and the
drive circuit 244 have the same functions as the latch circuits
23a, the data selector circuit 235, the D/A converter 24c, and
the drive circuit 234, respectively.

[0103] The polarity switch circuitry 25 is designed to
connect the respective outputs of the positive and negative
drive legs 23 and 24 to the output terminals of the LCD
driver 2. When positive data signals are fed to the odd output
terminals Sourcel, Source3 . .. and negative data signals are
fed to the even output terminals Source2, Sourced . . ., for
example, the polarity switch circuitry 25 connects the out-
puts of the positive drive legs 23 to the odd output terminals
Sourcel, Source3 . . ., respectively, and connects the outputs
of the negative drive legs 24 to the even output terminals
Source2, Sourced.

[0104] The selector control circuit 26 controls the data
selector circuits 235 and 2454 so that desired ones of the pixel
data latched in the latch circuits 23a and 24a are forwarded
to the D/A converters 23¢ and 24c.

[0105] The polarity switch control circuit 27 is responsive
to a polarity signal POL for indicating electrical connections
within the polarity switch circuitry 25. When the polarity
signal POL is activated (that is, the polarity signal POL is
pulled up to the “High” level), the polarity switch control
circuit 27 connects the positive drive legs 23 to the odd
output terminals Sourcel, Source3 . . . , and connects the
negative drive legs 24 to the even output terminals Source2,
Sourced4 . . . . When the polarity signal POL is deactivated
(that is, the polarity signal POL is pulled down to the “Low”
level), the polarity switch control circuit 27 connects the
positive drive legs 23 to the even output terminals Source2,
Source4 . . ., and connects the negative drive legs 24 to the
odd output terminals Sourcel, Source3 . . . .
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[0106] The RGB switch control circuit 28 generates the
control signals RSW, GSW, BSW for controlling the
switches 19 integrated within the LCD panel 1.

[0107] The timing control circuit 29 controls operation
timings of the data control circuit 21, the selector control
circuit 26, the polarity switch control circuit 27, and the
RGB switch control circuit 28.

(Operation of the Liquid Crystal Display Device)

[0108] One feature of the liquid crystal display device in
the first embodiment is that the order of the selection of the
data lines 12, that is, the sequence of writing data signals
into the respective pixels 13 are determined so that data
signals with the same polarity are successively outputted
from each output terminal of the LCD driver 2. Such
operation reduces the number of times of inverting the
polarities of the data signal developed on the output termi-
nals of the LCD driver 2, and effectively reduces the power
consumption of the LCD driver 2.

[0109] Specifically, in the first horizontal period, the LCD
driver 2 successively outputs positive data signals to be fed
to the R pixels 13, and B pixels 135, from the odd output
terminals Sourcel, Source3 . . ., and then outputs negative
data signals to be fed to the G pixels 135, from the odd
output terminals Sourcel, Source3 . . ., as shown in FIG. 8.
Concurrently, the LCD driver 2 successively outputs nega-
tive data signals to be fed to the R pixels 13y, and B pixels
135, from the even output terminals Source2, Sourced . . .
, and then outputs positive data signals to be fed to the G
pixels 135,, from the even output terminals Source2,
Source4 . . . It should be noted that the voltage levels of the
respective output terminals of the LCD driver 2 are inverted
only when the data signals are written into the G pixels 135,
and 13,.

[0110] In the second horizontal period, data signals are
outputted from the LCD driver 2 in the same write sequence,
with the polarities of the respective data signals inverted. In
the second horizontal period, the LCD driver 2 successively
outputs negative data signals to be fed to the R pixels 134,
and B pixels 13, from the odd output terminals Sourcel,

Source3 . . ., and then outputs positive data signals to be fed
to the G pixels 134, from the odd output terminals Sourcel,
Source3 . . ., as shown in FIG. 8. Concurrently, the LCD

driver 2 successively outputs positive data signals to be fed
to the R pixels 13y, and B pixels 13y, from the even output
terminals Source2, Sourced . . . , and then outputs negative
data signals to be fed to the G pixels 13,, from the even
output terminals Source2, Source4 . . . . It should be noted
that the voltage levels of the respective output terminals of
the LCD driver 2 are inverted in the second embodiment
only when the data signals are written into the G pixels 135,
and 13,.

[0111] The remaining pixels 13 are driven in the same
manner in the following horizontal periods. In the odd
horizontal periods, the pixels 13 in the odd lines are driven
in the same manner as the first horizontal period, while the
pixels 13 in the even lines are driven in the same manner as
the second horizontal period.

[0112] Insuch operations, the polarities of the data signals
generated on the respective output terminals of the LCD
driver 2 are inverted only once in each horizontal period.
This effectively reduces the power consumption of the LCD
driver 2.
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[0113] 1t should be noted that the operations above-de-
scribed achieves the dot inversion drive, in which adjacent
pixels 13 are driven with data signals of opposite polarities,
FIG. 9 illustrates the write sequence of the pixels 13 and the
polarities of the data signals written into the respective
pixels 13, when the pixels 13 are driven in accordance with
the procedure shown in FIG. 8. With respect to the pixels 13
in the first line, positive data signals are written into the
pixels 13y,, 13, and 13, which are positioned at the
odd-numbered positions, while negative data signals are
written into the pixels 135, 13,, and 135,, which are
positioned at the even-numbered positions. With respect to
the pixels 13 in the second line, on the other hand, negative
data signals are written into the pixels 13y,, 135, and 135,,
which are positioned at the odd-numbered positions, while
positive data signals are written into the pixels 13,, 135,
and 135,, which are positioned at the even-numbered posi-
tions. As thus described, the polarities of data signals written
into adjacent pixels 13 are opposite with respect to both of
the horizontal and vertical directions.

[0114] Tt should be noted that the write sequence of the
pixels 13 shown in FIG. 9 is different from the order of the
spatial arrangement of the pixels 13. The R pixel 13,, G
pixels 135, and B pixels 13y, are arranged from the left in
this order within the LCD panel 1, while data signals are
written into the R pixel 135;, B pixels 13, and G pixels
13 in this order. One finding of the inventor is that the
differently-determined write sequence and spatial arrange-
ment order of the pixels 13 allows reducing the number of
times of the inversion of the data signals generated on the
output terminals of the LCD driver 2, when the liquid crystal
display device adopts the dot inversion drive.

[0115] More specifically, the write operation of the data
signals into the pixels 13 is implemented as follows. Refer-
ring to FIG. 10, after the first horizontal period is initiated
with activation of the horizontal sync signal Hsync, the gate
line 11, is activated to select the pixels 13 in the first line. It
should be noted that, when the first horizontal period is
initiated, the polarity signal POL is activated, and the odd
output terminals Sourcel, Source3 . . . are connected to the
positive drive legs 23 and the even output terminals Source2,
Sourced . . . are connected to the negative drive legs 24. In
other words, the LCD driver 2 is set to output positive data
signals from the odd output terminals Sourcel, Source3 . .
., and to output negative data signals from the even output
terminals Source2, Sourced . . . .

[0116] As shown in FIG. 8, the LCD driver 2 then sequen-
tially outputs positive data signals to be fed to the R pixels
13, and B pixels 13y, from the odd output terminals
Sourcel, Source3 . . . , while sequentially outputting nega-
tive data signals to be fed to the R pixels 133, and B pixels
13, from the even output terminals Source2, Source4 . . .
. Additionally, as shown in FIG. 10, the LCD driver 2
sequentially activates the control signals RSW and BSW in
synchronization with the outputs of the data signals associ-
ated with the R pixels 13y,, 133, and the B pixels 135,
13,,. This allows sequentially selecting the data lines 12,
and 124, to write positive data signals into the R pixels 135,
and the B pixels 135, through the selected data lines 12y,
and 124, and also sequentially selecting the data lines 12,
and 12, to write negative data signals into the R pixels 13y,
and the B pixels 13y, through the selected data lines 12,
and 124,.
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[0117] After the data signal write operation into the B
pixels 134, and 135, is completed, the polarity signal POL
is inverted to thereby switch the electrical connections
within the polarity switch circuitry 25. This results in that the
odd output terminals Sourcel, Source3 . . . are connected to
the negative drive legs 24 and the even output terminals
Source2, Source4 . . . are connected to the positive drive legs
23.

[0118] The LCD driver 2 then outputs negative data sig-
nals to be fed to the G pixels 135, from the odd output
terminals Sourcel, Source3 . . ., and outputs positive data
signals to be fed to the G pixels 135, from the even output
terminals Source2, Sourced4 . . . , as shown in FIG. 8.
Additionally, as shown in FIG. 10, the LCD driver 2
activates the control signal GSW in synchronization with the
outputs of the data signals associated with the G pixels 135,
and 13, to thereby select the data lines 12, and 12,. This
results in that negative data signals are written into the G
pixels 13, through the selected data lines 12,, and posi-
tive data signals are written into the G pixels 13, through
the selected data lines 125,. This completes the write
operation of the data signals in the first horizontal period. It
should be noted that the voltage levels on the respective
output terminals of the LCD driver 2 are inverted in the first
horizontal period, only when the data signals are written into
the G pixels 135, and 13,.

[0119] A similar procedure is implemented in the second
horizontal period with the polarities of the data signals
inverted. Referring to FIG. 10, after the second horizontal
period is initiated with the horizontal sync signal Hsync
activated, the gate line 11, is activated to select the pixels 13
in the second line.

[0120] As shown in FIG. 8, the LCD driver 2 then sequen-
tially outputs negative data signals to be fed to the R pixels
13, and B pixels 13, from the odd output terminals
Sourcel, Source3 . . ., while sequentially outputting positive
data signals to be fed to the R pixels 133, and B pixels 135,
from the even output terminals Source2, Sourced . . . .
Additionally, as shown in FIG. 10, the LCD driver 2
sequentially activates the control signals RSW and BSW in
synchronization with the outputs of the data signals associ-
ated with the R pixels 13y,, 133, and the B pixels 135,
13;,. This allows sequentially selecting the data lines 124,
and 125, to write negative data signals into the R pixels 133,
and the B pixels 13y, through the selected data lines 12,
and 12, and also sequentially selecting the data lines 125,
and 12, to write positive data signals into the R pixels 13,
and the B pixels 13, through the selected data lines 125,
and 124,.

[0121] After the data signal write operation into the B
pixels 135, and 13y, is completed, as shown in FIG. 10, the
polarity signal POL is inverted to thereby switch the elec-
trical connections within the polarity switch circuitry 25.
This results in that the odd output terminals Sourcel,
Source3 . . . are connected to the positive drive legs 23 and
the even output terminals Source2, Source4 . . . are con-
nected to the negative drive legs 23.

[0122] As shown in FIG. 8, the LCD driver 2 then outputs
positive data signals to be fed to the G pixels 135, from the

odd output terminals Sourcel, Source3 . . . , while outputting
negative data signals to be fed to the G pixels 135, from the
even output terminals Source2, Source4 . . . . Additionally,
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as shown in FIG. 10, the LCD driver 2 activates the control
signals GSW in synchronization with the outputs of the data
signals associated with the G pixels 135, and 135,. This
allows writing the positive data signals into the G pixels
134,, and writing the negative data signals into the G pixels
13,. This completes the write operation of the data signals
in the second horizontal period. It should be noted that the
voltage levels on the respective output terminals of the LCD
driver 2 are inverted in the second horizontal period, only
when the data signals are written in to the G pixels 135, and
135,.

[0123] As thus described, the liquid crystal display device
in this embodiment reduces the number of times of the
inversion of the polarities of the data signals developed on
the output terminals of the LCD driver 2, and thereby
effectively reduces the power consumption of the LCD
driver 2.

[0124] FIG. 11 is a diagram illustrating a further preferable
operation of the liquid crystal display device in this embodi-
ment. The operation shown in FIG. 11 is directed to deal
with change in the write voltages held in the pixels 13 due
to the capacitive coupling between adjacent data lines 12,
which is one of the problems in a liquid crystal display
device adopting both of the time-division drive and the dot
inversion drive. In the following, a description is firstly
given of the change in the write voltages held in the pixels
13 due to the capacitive coupling.

[0125] Using the time-division drive requires disconnect-
ing the respective data lines 12 from the associated input
nodes 17 after the write operation of the data signals into the
pixels 13. Therefore, the voltage levels of the data lines 12
are desirably kept unchanged after the write operations of
the data signals into the associated pixels 13 until the write
operations complete with respect to all the pixels 13; oth-
erwise, desired voltages are not held across the liquid crystal
capacitors within the respective pixels 13.

[0126] The dot inversion drive, on the other hand, requires
feeding data signals with opposite polarities to adjacent data
lines 12. This implies that the capacitive coupling between
adjacent data lines 12 may cause a change in the voltage
levels on the data lines 12. The change in the voltage levels
on the data lines 12 causes an undesirable change in the
write voltages held in the pixels 13.

[0127] The operation shown in FIG. 11 is directed to
effectively deal with such problem. Specifically, in the
operation shown in FIG. 11, data signals are sequentially
written into the G pixels and B pixels, and then written into
the R pixels, G pixels and B pixels. The write operation into
the pixels 13 with such write sequence can be achieved by
activating the control signals GSW and BSW in this order,
and then activating the control signals RSW, BSW and GSW
in this order, as shown in FIG. 12. It should be noted that the
data signals with the same signal level are written into the
respective G pixels and B pixels in each horizontal period,
while the data signals are written into the R pixels only once.

[0128] The operation shown in FIG. 11 effectively sup-
presses undesirable affection of the capacitive coupling
between adjacent data lines 12 through the principle
described in the following. Referring to FIG. 6, the voltage
levels of the data lines 12 connected to the G pixels are
slightly changed due to the capacitive coupling, when data
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signals are written into the B pixels after data signals are
firstly written into the G pixels. Correspondingly, the voltage
levels of the data lines 12 connected to the B pixels are
slightly changed due to the capacitive coupling, when data
signals are written into the R pixels after data signals are
written into the B pixels.

[0129] However, the data signals are rewritten into the B
pixels after the data signals are written into the R pixels, and
thereby the data lines 12 connected to the B pixels 12 are
driven to desired voltage levels without changing the voltage
levels of the data lines 12 connected to the R pixels. This
owes to the fact that voltage levels almost same as the
desired voltage levels are already developed on the data
lines 12 connected to the B pixels by the previously per-
formed write operation into the B pixels. The rewriting of
the data signals into the B pixels causes only a small change
in the voltage levels on the data lines 12 connected to the B
pixels, and therefore causes only a small change in the
voltage levels on the data lines 12 connected to the R pixels,
which are adjacent to the data lines 12 connected to the B
pixels.

[0130] Correspondingly, the data signals are rewritten into
the G pixels after the data signals are rewritten into the B
pixels, and thereby the data lines 12 connected to the G
pixels 12 are driven to desired voltage levels without chang-
ing the voltage levels of the data lines 12 connected to the
B pixels.

[0131] Tt should be noted that the R pixels does not require
repeated write operations. This is because the write opera-
tions performed after the write operation into the R pixels
does not cause any large change in the voltage levels on the
data lines 12.

[0132] It should be also noted that the write sequence of
the pixels 13 is determined in the operation shown in FIG.
11, so that the number of times of inversion of the polarities
of the data signals developed on the output terminals of the
LCD driver 2. In the first horizontal period, for example, the
negative data signals to be written into the G pixels 13, are
firstly generated on the odd output terminals Sourcel,
Source3. This is followed by generation of the positive data
signals to be written into the B pixels 135, and the R pixels
13 ,. Next, the positive data signals to be rewritten into the
B pixels 135, are generated on the odd output terminals
Sourcel, Source3, and then the negative data signals to be
rewritten into the G pixels 135, are finally generated. In the
second horizontal period, the positive data signals to be
written into the G pixels 135, are first generated on the odd
output terminals Sourcel, Source3. This is followed by
generation of the negative data signals to be written into the
B pixels 135, and the R pixels 13, . Next, the negative data
signals to be rewritten into the B pixels 135, are generated
on the odd output terminals Sourcel, Source3, and then the
positive data signals to be rewritten into the G pixels 135,
are finally generated. Such operation effectively reduces the
number of times of the inversion of the polarities of the data
signals developed on the output terminals Sourcel, Source3
..., down to three, although the write operations of the data
signals are performed five times in each horizontal period.

[0133] The same applies to the even output terminals
Source2, Source4 . . . . When the first horizontal period is
initiated, the positive data signals to be written into the G
pixels 13, are firstly generated on the even output terminals
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Source2, Sourced4. This is followed by generation of the
negative data signals to be written into the B pixels 135.,,
and the R pixels 13,. Next, the negative data signals to be
rewritten into the B pixels 13, are generated on the even
output terminals Source2, Source4, and then the positive
data signals to be rewritten into the G pixels 13, are finally
generated. In the second horizontal period, the negative data
signals to be written into the G pixels 13, are first generated
on the even output terminals Source2, Source4. This is
followed by generation of the positive data signals to be
written into the B pixels 135, and the R pixels 13,. Next,
the positive data signals to be rewritten into the B pixels
13  are generated on the even output terminals Source2,
Sourced, and then the negative data signals to be rewritten
into the G pixels 13, are finally generated. Such operation
effectively reduces the number of times of the inversion of
the polarities of the data signals developed on the output
terminals Source2, Sourced4 . . . down to three, in each
horizontal period.

[0134] In the following horizontal periods, the pixels 13
are driven in the same manner. In the odd-numbered hori-
zontal periods, the pixels 13 in the odd-numbered line are
driven in the same manner as the first horizontal period,
while the pixels 13 in the even-numbered line are driven in
the same manner as the second horizontal period in the
even-numbered horizontal periods.

[0135] As thus described, the operation shown in FIG. 11
effectively suppresses the change in the voltage levels of the
data lines 12 due to the capacitive coupling between adja-
cent data lines 12, while reducing the number of times of the
inversion of the polarities of the data signals developed on
the output terminals of the LCD driver 2.

Second Embodiment

[0136] FIG. 13 is a circuit diagram illustrating the struc-
ture of the liquid crystal display device in a second embodi-
ment of the present invention. In the liquid crystal display
device in the second embodiment, the functions of the
switches 19 within the LCD panel 1 and the polarity switch
circuitry 25 within the LCD driver 2 are achieved by a data
line select/polarity switch circuitry 25A integrated in the
LCD driver 2A. The data line select/polarity switch circuitry
25A has functions of sequentially selecting the data lines 12,
and connecting the selected data lines 12 to desired ones of
the positive drive legs 23 and the negative drive legs 24.

[0137] In detail, the data line select/polarity switch cir-
cuitry 25A is provided with straight switches 19 and cross
switches 20. The straight switches 10 are used to connect the
positive drive legs 23 to the data lines 12, 125, and 12,
through odd input nodes 17, and to connect the negative
drive legs 24 to the data lines 12, 125, and 12, through
even input nodes 17;. The straight switches 19%,, 195, and
194, are connected between the odd input nodes 17, and the
data lines 125,, 125, and 124, and the straight switches
19;,, 195, and 19, are connected between the even input
nodes 17, and the data lines 124,, 125, and 12,,. The
straight switches 195, and 19, are turned on and of in
response to the control signals RSW1. Correspondingly, the
straight switches 195, and 194, are turned on and of in
response to the control signals GSW1, while the straight
switches 195, and 195, are turned on and of in response to
the control signals BSW1.
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[0138] The cross switches 20, on the other hand, are used
to connect the positive drive legs 23 to the data lines data
lines 123,, 125, and 124,, which are associated with the
even input nodes 17, and to connect the negative drive legs
24 to the data lines data lines 12y, 125, and 124, which are
associated with the odd input nodes 17, The cross switches
20z,, 205, and 204, are connected between the odd input
nodes 17, and the data lines 12y,, 125, and 124,, and the
cross switches 20, 20, and 205, are connected between
the even input nodes 175 and the data lines 124,, 125, and
12,. The cross switches 205, and 20y, are turned on and of
in response to the control signals RSW2. Correspondingly,
the cross switches 20, and 20, are turned on and of in
response to the control signals GSW2, while the straight
switches 205, and 20y, are turned on and of in response to
the control signals BSW2.

[0139] The input nodes 17 of the data line select/polarity
switch circuitry 25A are connected to the output terminals of
the positive drive legs 23 and the negative drive legs 24,
respectively. It should be noted that the output terminals of
the positive drive legs 23 and the negative drive legs 24 are
denoted by the symbols Sourcel, Source2 . . . in the second
embodiment, differently from the first embodiment.

[0140] FIG. 14 is a diagram illustrating the structure of a
portion of the LCD driver 2A other than the data line
select/polarity switch circuitry 25A, in this embodiment.
The structure of the LCD driver 2A is almost identical to that
of the LCD driver 2 shown in FIG. 7, except for the
following three points: Firstly, the RGB switch control
circuit 28 generates the set of the six control signals RSW1,
GSW1, BSW1, RSW2, GSW2 and BSW2 in the LCD driver
2A in this embodiment. Secondly, the data line select/
polarity switch circuitry 25A is incorporated within the LCD
driver 2 instead of the polarity switch circuitry 25. Finally,
the LCD driver 2A does not include the polarity switch
control circuit 27 shown in FIG. 7.

[0141] One feature of the liquid crystal display device in
the second embodiment is that the functions of the data line
select/polarity switch circuitry 25A eliminate the need for
inverting voltage levels on the nodes along the paths dis-
tributing the data signals. The circuit configuration of the
data line select/polarity switch circuitry 25A, which has a
function of connecting both of the odd input nodes 17, and
even input nodes 17; to any ones of the data lines 124,,
125,125, 1245, 125, and 12, allows directly connecting
the odd input nodes 17, and the even input nodes 17 to the
positive drive legs 23 and the negative drive legs 24,
respectively. This eliminates the need for switching connec-
tions between the odd and input nodes 17, and 17, and the
positive and negative drive legs 23 and 24, differently from
the case of FIG. 7. Therefore, the LCD device in this
embodiment eliminates the need for inverting the voltage
levels of the odd input nodes 17, and the even input nodes
17;. In the following, a detailed description is given of the
operation of the liquid crystal display device thus con-
structed in the second embodiment.

[0142] Specifically, referring to FIG. 15, the gate line 111
is activated to select the pixels 13 in the first line in the first
horizontal period. The positive drive legs 23 within the LCD
driver 2 then sequentially output positive data signals to be
fed to the R pixels 13;,, G pixels 135, and B pixels 135,
from the odd output terminals Sourcel, Source3 . . ., while
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the negative drive legs 24 within the LCD driver 2 sequen-
tially output negative data signals to be fed to the R pixels
13;,, G pixels 135, and B pixels 135, from the even output
terminals Source2, Sourced . . . .

[0143] In synchronization of the outputs of these data
signals, as shown in FIG. 16, the control signals RSW1,
GSW2 and BSW1 are sequentially activated. In response to
the activation of the control signal RSW1, the straight
switches 193, and 19y, are turned on, and thereby the data
lines 12, are connected to the odd input nodes 17, while
the data lines 124, are connected to the even input nodes
17;. This results in that the positive data signals generated
by the positive drive legs 23 are written into the R pixels
13 through the data lines 12y), and the negative data
signals generated by the negative drive legs 24 are written
into the R pixels 13, through the data lines 124,.

[0144] When the control signal GSW2 is then activated,
the cross switches 20, and 20, are turned on, and thereby
the data lines 20, are connected to the odd input nodes 17,
while the data lines 12, are connected to the even input
nodes 17;. This results in that the positive data signals
generated by the positive drive legs 23 are written into the
G pixels 134, through the data lines 12,, and the negative
data signals generated by the negative drive legs 24 are
written into the G pixels 13, through the data lines 124,.

[0145] When the control signal BSW1 is then activated,
the straight switches 195, and 19, are turned on, and
thereby the data lines 125, are connected to the odd input
nodes 17, while the data lines 124, are connected to the
even input nodes 175. This results in that the positive data
signals generated by the positive drive legs 23 are written
into the B pixels 135, through the data lines 125, and the
negative data signals generated by the negative drive legs 24
are written into the B pixels 13, through the data lines 12,,,.

[0146] Referring back to FIG. 15, the gate line 11, is then
activated to select the pixels 13 in the second line in the
second horizontal period. The positive drive legs 23 within
the LCD driver 2 then sequentially output positive data
signals to be fed to the R pixels 13y,, G pixels 135, and B
pixels 135, from the odd output terminals Sourcel, Source3
..., while the negative drive legs 24 within the LCD driver
2 sequentially output negative data signals to be fed to the
R pixels 133,, G pixels 135, and B pixels 135, from the
even output terminals Source2, Sourced . . . .

[0147] In synchronization of the outputs of these data
signals, as shown in FIG. 16, the control signals RSW2,
GSW1 and BSW2 are sequentially activated. In response to
the activation of the control signal RSW2, the cross switches
20y, and 20y, are turned on, and thereby the data lines 12,
are connected to the odd input nodes 17, while the data lines
12y, are connected to the even input nodes 17;. This results
in that the positive data signals generated by the positive
drive legs 23 are written into the R pixels 13y, through the
data lines 12,, and the negative data signals generated by
the negative drive legs 24 are written into the R pixels 13,
through the data lines 12g,.

[0148] When the control signal GSW1 is then activated,
the straight switches 195, and 19, are turned on, and
thereby the data lines 125, are connected to the odd input
nodes 17, while the data lines 125, are connected to the
even input nodes 175. This results in that the positive data
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signals generated by the positive drive legs 23 are written
into the G pixels 135, through the data lines 12, and the
negative data signals generated by the negative drive legs 24
are written into the G pixels 135, through the data lines
125,.

[0149] When the control signal BSW2 is then activated,
the cross switches 20y, and 20y, are turned on, and thereby
the data lines 12, are connected to the odd input nodes 17,
while the data lines 125, are connected to the even input
nodes 17;. This results in that the positive data signals
generated by the positive drive legs 23 are written into the
B pixels 13y, through the data lines 12,, and the negative
data signals generated by the negative drive legs 24 are
written into the B pixels 135, through the data lines 124,

[0150] Such operation eliminates the need for inverting
the voltage levels on the odd input nodes 17, and the even
input nodes 17E, which are positioned along the paths used
to distribute the data signals, and thereby further reduces the
power consumption of the LCD driver 2.

Third Embodiment

[0151] FIG. 18 is a block diagram illustrating the structure
of a liquid crystal display device in a third embodiment of
the present invention. In the liquid crystal display device in
the third embodiment, six data lines are provided for each
input node; that is, a set of six data lines are time-division-
ally driven in each horizontal period.

[0152] It should be noted that the prior art suggests that the
dot inversion drive that writes data signals with opposite
polarities into adjacent pixels is not compatible with a
time-division drive in which an even number of data lines
are time-divisionally driven in each horizontal period. This
fact is supported by Japanese Laid-Open Patent Application
No. JP-A Heisei 11-327518. Referring to FIG. 18, sequen-
tially driving the data lines 17 connected to the same input
node 17 from left to right as is implemented in the prior art
undesirably results in feeding data signals with the same
polarity to the odd input nodes 17, and the even input nodes
17;. This causes the change in the common voltage level
Vo @nd eliminates the advantage of the dot inversion drive.
Japanese Laid-Open Patent Application No. JP-A Heisei
11-327518 discloses a technique in which 3" data lines are
time-divisionally driven in each horizontal period.

[0153] The inventor, however, has discovered that an
optimization of the sequence of driving the pixels 13 allows
achieving both of the dot inversion drive and the time-
division drive in which an even number of data lines are
time-divisionally driven in each horizontal period, while
effectively reduces the number of times of inversion of the
polarities of the data signals generated on the LCD driver.
The liquid crystal display device in the third embodiment is
based on this discovery.

[0154] Specifically, the liquid crystal display device in the
third embodiment is provided with an LCD panel 1B and an
LCD driver 2B. The LCD panel 1B is provided with gate
lines11,,11, ..., datalines 12, to 12,125, to 12, 12,
to 125, R pixels 135, to 13z, G pixels 135, to 135, and B
pixels 135, to 135,. The R pixels 133, to 13, are connected
to the data lines 12, to 124, respectively. Correspondingly,
the G pixels 135, to 135, are connected to the data lines
12 to 125, respectively, and the B pixels 135, to 135, are
connected to the data lines 125, to 125, respectively.
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[0155] The data lines 12g,, 125, 125,, 12;,, 125, and
12 are spatially arranged within the LCD panel 1B in this
order, and connected to the odd input nodes 17, through the
switches 19;,,195, 195, 194,, 19, and 19,,,, respectively.
The switches 194, 195, 193, 19z, 195, and 19, are
turned on and off, in response to the control signals RSW1,
GSW1, BSW1, RSW2, GSW2 and BSW2, respectively.

[0156] Correspondingly, the data lines 1245, 1255, 125,
12, 125, and 12, are spatially arranged within the LCD
panel 1B in this order, and connected to the even input nodes
17 through the switches 1955, 1955 1955, 195, 19, and
19, respectively. The switches 1935, 1955 and 195, which
are connected to the data lines 1255, 1255 and 1255 posi-
tioned at the relatively left positions, are turned on and off
in response to the control signals RSW2, GSW2 and BSW2,
while the switches 19, 195, and 19,, which are con-
nected to the data lines 124, 125, and 12, positioned at the
relatively right positions, are turned on and off in response
to the control signals RSW1, GSW1 and BSW1.

[0157] Tt should be noted that the association of the
switches 194, 195, 195,, 19¢,, 195, and 195, with the
control signals RSW1, GSW1, BSW1, RSW2, GSW2 and
BSW2 is completely different from the association of the
switches 1945, 1955 1955, 1944, 195, and 195, with the
control signals RSW1, GSW1, BSW1, RSW2, GSW2 and
BSW2. For example, when the control signals RSW1,
GSW1, BSW1, RSW2, GSW2 and BSW2 are activated in
this order, the data lines 124, 125, 125;, 12¢,, 125, and
12, are selected from the left, while this does not apply to
the data lines 1245, 1255, 1255, 124, 124, and 124,; the
data lines 1245, 1255, 125, 1254, 125, and 124, are selected
in this order of data lines 12 ,, 12,, 12, 12, 12, and
125,

[0158] FIG. 19A is a block diagram illustrating the struc-
ture of the LCD driver 2B. The structure of the LCD driver
2B is almost identical to that of the LCD driver 2 shown in
FIG. 7, except for the fact that, in the LCD driver 2B, the
RGB switch control circuit 28 generates the six control
signals RSW1, GSW1, BSW1, RSW2, GSW2 and BSW2,
and each of the positive and negative drive legs 23 and 24
includes six latch circuits 23a and 24a.

[0159] FIGS. 20, 21A, 21B, 22A and 22B are diagrams
illustrating the operation of the liquid crystal display device
in the third embodiment. In the first horizontal period, as
shown in FIG. 20, the LCD driver 2B sequentially outputs
positive data signals to be fed to the R pixels 13y,, the G
pixels 134, and the B pixels 13, in the first line from the
odd output terminals Sourcel, Source3 . . . , and then
sequentially outputs negative data signals to be fed to the R
pixels 134, the G pixels 135, and the B pixels 135, in the
first line from the odd output terminals Sourcel, Source3 .
. .. Concurrently, the LCD driver 2B sequentially outputs
negative data signals to be fed to the R pixels 133, the G
pixels 1355 and the B pixels 135, in the first line from the
even output terminals Source2, Sourced . . . , and then
sequentially outputs positive data signals to be fed to the R
pixels 1345, the G pixels 135, and the B pixels 1355 in the
first line from the even output terminals Source2, Sourced4 .
... It should be noted that the polarities of the data signals
developed on the odd output terminals Sourcel, Source3 . .
. are always opposite to those of the data signals developed
on the even output terminals Source2, Source4 . . . .
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[0160] The write operation into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW1, GSW2, BSW1, RSW2, GSW1 and BSW2 in
this order after the first horizontal period is initiated, as
shown in FIG. 21A. The polarity signal POL is inverted
when the control signal RSW2 is activated. It should be
noted that the voltage levels of the respective output termi-
nals of the LCD driver 2B are inverted in the first horizontal
period, only when the data signals are written into the R
pixels 13, and 134,.

[0161] In the second horizontal period, data signals are
outputted in the same sequence with the polarities of the data
signals inverted. Specifically, in the second horizontal
period, the LCD driver 2B sequentially outputs negative
data signals to be fed to the R pixels 13, the G pixels 135,
and the B pixels 135, in the second line from the odd output
terminals Sourcel, Source3 . . . , and then sequentially
outputs positive data signals to be fed to the R pixels 13y,
the G pixels 13, and the B pixels 13, from the odd output
terminals Sourcel, Source3 . . . , as shown in FIG. 20.
Concurrently, the LCD driver 2B sequentially outputs posi-
tive data signals to be fed to the R pixels 13, the G pixels
13, and the B pixels 13y, in the second line from the even
output terminals Source2, Source4 . . ., and then sequen-
tially outputs negative data signals to be fed to the R pixels
135, the G pixels 135, and the B pixels 13, from the even
output terminals Source2, Source4 . . . .

[0162] The write operation into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW1, GSW2, BSW1, RSW2, GSW1 and BSW2 in
this order after the first horizontal period is initiated, as
shown in FIG. 21A. The polarity signal POL is inverted
when the control signal RSW2 is activated. It should be
noted that the voltage levels of the respective output termi-
nals of the LCD driver 2B are also inverted in the second
horizontal period, only when the data signals are written into
the R pixels 13y, and 13g5.

[0163] The pixels 13 are driven in the similar procedure in
the following horizontal periods. The pixels 13 in the
odd-numbered lines are driven in the odd-numbered hori-
zontal periods, in the same manner as the first horizontal
period, and the pixels 13 in the even-numbered lines are
driven in the even-numbered horizontal periods, in the same
manner as the second horizontal period.

[0164] The operation above-described requires inverting
the polarities of the data signals developed on the respective
output terminals of the LCD driver 2 only once in each
horizontal period. This effectively reduces the power con-
sumption of the LCD driver 2.

[0165] Additionally, as is understood from FIGS. 22A and
22B, the operation above-described achieves the dot inver-
sion drive, in which data signals with opposite polarities are
written into adjacent pixels 13. FIG. 22 A illustrates the write
sequence of the pixels 13 and the polarities of the data
signals written into the respective pixels 13, when the pixels
13 are driven in the procedure shown in FIG. 20. With
respect to the pixels 13 in the first line, positive data signals
are written into the pixels 13y, 135, 135,, 13¢5, 1355, and
13, which are positioned at the odd-numbered positions,
while negative data signals are written into the pixels 135,
13;,, 134, 1355, 13, and 13, which are positioned at the
even-numbered positions. With respect to the pixels 13 in
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the second line, on the other hand, negative data signals are
written into the pixels 13g;, 135, 1355, 1335, 1355, and
135, which are positioned at the odd-numbered positions,
while positive data signals are written into the pixels 13,
13%,, 1355, 1355, 13, and 13, which are positioned at the
even-numbered positions. As thus described, the polarities
of data signals written into adjacent pixels 13 are opposite
with respect to both of the horizontal and vertical directions.

[0166] In order to further improve the image quality, it is
desirable that the polarities of the data signals and the write
sequence are switched at a predetermined time cycle, as
shown in FIG. 23. In the embodiment shown in FIG. 23 the
polarities of the data signals and the write sequences are
switched at a time cycle of four frame periods. In detail, the
polarities of data signals written into the respective pixels 13
are switched every frame period, and the write sequence of
the pixels 13 is switched every two frame periods.

[0167] Periodically switching the write sequence of the
pixels 13 effectively deals with the deterioration of the
image quality due to the change in the write voltages held in
the respective pixels 13 due to the leakage of the switches
19. Thin film transistors used as the switches 19 are required
to have a large drive capacity in order to drive the data lines
12, which have a long length and a large capacity. Therefore,
the thin film transistors used as the switches 19 are designed
to have a large gate width, a reduced gate length and
on-resistance. However, such designed thin film transistors
inevitably suffer from large leak current. Therefore, the
charges accumulated in the respective pixels 13 are leaked
through the switches 19 during the write operation, and
thereby the write voltages held in the pixels 13 are unde-
sirably changed. Since pixels 13 driven earlier suffer from a
larger change in the write voltages, the changes in the write
voltages held in the pixels 13 are visually recognized as
vertical segments of unevenness, that is, visually perceivable
segments extending in the vertical direction (the direction of
the data lines 12). Periodically switching the write sequence
of the pixels 13 temporally and spatially disperses the pixels
13 suffering from the undesirable changes in the write
voltages, and thereby effectively reduces the vertical seg-
ments of unevenness.

[0168] Specifically, the pixels 13 are driven in the proce-
dure described above in the first frame period. In the
odd-numbered horizontal periods in the first frame period,
the LCD driver 2B sequentially outputs positive data signals
to be fed to the R pixels 13y, the G pixels 13, and the B
pixels 135, from the odd output terminals Sourcel, Source3
..., and then sequentially outputs negative data signals to
be fed to the R pixels 13;,, the G pixels 135, and the B
pixels 13, from the odd output terminals Sourcel, Source3
. ... concurrently, the LCD driver 2B sequentially outputs
negative data signals to be fed to the R pixels 133, the G
pixels 13, and B pixels 13, from the even output terminals
Source2, Source4 . . ., and then sequentially outputs positive
data signals to be fed to the R pixels 135, the G pixels 135,
and B pixels 1355 from the even output terminals Source2,
Source4 . . . . In the even-numbered horizontal periods, the
pixels 13 are driven in the similar procedure with the
polarities of the data signals inverted. It should be noted that
only the drive procedure of pixels 13 in the odd-numbered
horizontal periods is illustrated in FIG. 23.

[0169] In the second frame period, the pixels 13 are driven
in the similar manner with the polarities of the data signals
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fed to the respective pixels 13 inverted. In the odd-horizontal
periods in the second frame period, the LCD driver 2B
sequentially outputs negative data signals to be fed to the R
pixels 13y, the G pixels 135, and the B pixels 13, from the
odd output terminals Sourcel, Source3 . . . , and then
sequentially outputs positive data signals to be fed to the R
pixels 13y, the G pixels 135, and the B pixels 13, from the
odd output terminals Sourcel, Source3 . . . . Concurrently,
the LCD driver 2B sequentially outputs positive data signals
to be fed to the R pixels 134, the G pixels 135, and B pixels
135, from the even output terminals Source2, Sourced . . .
, and then sequentially outputs negative data signals to be
fed to the R pixels 135, the G pixels 13, and B pixels 135
from the even output terminals Source2, Source4 . . . . In the
even-numbered horizontal periods, the pixels 13 are driven
in the similar procedure with the polarities of the data signals
inverted.

[0170] In the third frame period, the polarities of the data
signals fed to the respective pixels 13 are inverted (that is,
the respective pixels 13 are driven with the data signals with
the same polarity as the first frame period), and the write
sequence of the pixels 13 is additionally switched. Specifi-
cally, in the odd-horizontal periods in the third frame period,
the LCD driver 2B sequentially outputs negative data signals
to be fed to the R pixels 13y,, the G pixels 135, and the B
pixels 135, from the odd output terminals Sourcel, Source3

.., and then sequentially outputs positive data signals to be
fed to the R pixels 13y, the G pixels 135, and the B pixels
135, from the odd output terminals Sourcel, Source3 . . . .
Concurrently, the LCD driver 2B sequentially outputs posi-
tive data signals to be fed to the R pixels 13y, the G pixels
135, and B pixels 1355 from the even output terminals
Source2, Sourced . . . , and then sequentially outputs
negative data signals to be fed to the R pixels 133, the G
pixels 135, and B pixels 13, from the even output terminals
Source2, Sourced . . . . In the even-numbered horizontal
periods, the pixels 13 are driven in the similar procedure
with the polarities of the data signals inverted. The write
operation of the data signals into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW2, GSW1, BSW2, RSW1, GSW2 and BSW1 in
this order in each horizontal period. The polarity signal POL
is inverted when the control signal RSW1 is activated. It
should be noted that only the drive procedure of the pixels
13 in the odd-numbered horizontal periods is illustrated in
FIG. 23.

[0171] In the fourth frame period, the pixels 13 are driven
in the similar manner with the polarities of the data signals
fed to the respective pixels 13 inverted. Specifically, in the
odd-horizontal periods in the fourth frame period, the LCD
driver 2B sequentially outputs positive data signals to be fed
to the R pixels 13,, the G pixels 135, and the B pixels 135,
from the odd output terminals Sourcel, Source3 . . ., and
then sequentially outputs negative data signals to be fed to
the R pixels 133, the G pixels 13, and the B pixels 135,
from the odd output terminals Sourcel, Source3 . . . .
Concurrently, the LCD driver 28 sequentially outputs nega-
tive data signals to be fed to the R pixels 13y, the G pixels
135, and B pixels 1355 from the even output terminals
Source2, Sourced . . . , and then sequentially outputs positive
data signals to be fed to the R pixels 13, the G pixels 1355
and B pixels 135, from the even output terminals Source2,
Source4 . . . . In the even-numbered horizontal periods, the
pixels 13 are driven in the similar procedure with the
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polarities of the data signals inverted. The operations imple-
mented in the first to fourth frame periods are repeated in the
following frame periods.

[0172] As thus described, the image quality of the liquid
crystal display device is effectively improved through peri-
odically switching the polarities of the data signals and the
write sequence.

Fourth Embodiment

[0173] FIGS. 24, 25A, 25B, 26A and 26B illustrate the
operation of the liquid crystal display device in a fourth
embodiment of the present invention. It should be noted that
the structure of the liquid crystal display device in the fourth
embodiment is identical to that of the liquid crystal display
device shown in FIGS. 18 and 19.

[0174] The liquid crystal display device in the fourth
embodiment is directed to the vertical segments of uneven-
ness caused by the change in the write voltages held in the
pixels 13 resulting from the leakage of the switches 19. As
described above, pixels 13 that are driven with data signals
earlier suffer from larger change in the write voltages. When
data signals are written into the pixels 133,, 135;, 135,
1345, 135, and 134, in this order, for example, the pixels
13 suffer from the largest change in the write voltages,
while the pixels 135, suffer from the smallest change in the
write voltages.

[0175] This implies that the degrees of the changes in the
write voltages held in two pixels 13 are largely different,
when the timings at which the data signals are written into
the two pixels 13 are largely different. With respect to the
above-described example, the degrees of the changes in the
write voltages held in the pixels 13, and 13, are close,
while the degrees of the changes in the write voltages held
in the pixels 13y, and 13y, are largely different.

[0176] The most serious case is where the degrees of the
changes in the write voltages are largely different between
the pixels displaying the same color. This is because the
changes in the write voltages held in the pixels displaying
the same color are easily perceived by the human eyes as
unevenness on the screen. For example, the difference of the
changes in the write voltages between the R pixels and G
pixels can be hardly perceived by the human eyes, although
it may cause slight deterioration of the color reproducibility.
However, the difference of the changes in the write voltages
between the R pixels 13y, and 13y, is easily perceived by
the human eyes as the vertical segments of unevenness.

[0177] The operation of the liquid crystal display device in
the fourth embodiment is directed to reduce the vertical
segments of unevenness caused by the difference of the
changes in the write voltages between the pixels displaying
the same color through successively writing the data signals
into the pixels 13 displaying the same color, while reducing
the number of times of the inversion of the polarities of the
data signals developed on the output terminals of the LCD
driver 2.

[0178] Specifically, data signals are driven into the respec-
tive pixels 13 in the procedure described in the following:
Referring to FIG. 24, in the first horizontal period, the LCD
driver 2B outputs positive data signals to be fed to the R
pixels 135, in the first line from the odd output terminals
Sourcel, Source3 . . ., and then sequentially outputs the
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negative data signals to be fed to the R pixels 133, and the
G pixels 135, from the odd output terminals Sourcel,
Source3 . . . . It should be noted that the data signals are
written into the R pixels 134, and 13;,, successively. Next,
the LCD driver 2B successively outputs positive data signals
to be fed to the G pixels 13, and the B pixels 13, from the

odd output terminals Sourcel, Source3 . . ., and then outputs
negative data signals to be fed to the B pixels 134, from the
odd output terminals Sourcel, Source3 . . . . It should be

noted that data signals are written into the G pixels 135, and
13, successively, and then data signals are written into the
B pixels 135, and 135, successively.

[0179] Concurrently, the LCD driver 2B outputs negative
data signals to be fed to the R pixels 13, from the even
output terminals Source2, Sourced, and then sequentially
outputs the positive data signals to be fed to the R pixels
13 . and the G pixels 13, from the even output terminals
Source2, Sourced. It should be noted that data signals are
written into the R pixels 13y, and 135, successively. Next,
the LCD driver 2B successively outputs negative data sig-
nals to be fed to the G pixels 1355 and the B pixels 13, from
the even output terminals Source2, Source4 . . ., and then
outputs positive data signals to be fed to the B pixels 1355
from the even output terminals Source2, Sourced . . . . It
should be noted that data signals are written into the G pixels
135, and 1345, successively, and then data signals are
written into the B pixels 135, and 1345, successively.

[0180] The write operation into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW1, RSW2, GSW1, GSW2, BSW1 and BSW2 in
this order after the first horizontal period is initiated, as
shown in FIG. 25A. The polarity signal POL is inverted
when the control signal RSW2, GSW2 and BSW2 are
activated. It should be noted that the voltage levels of the
respective output terminals of the LCD driver 2B are
inverted only three times in the first horizontal period,
although the data signals are written into the pixels 13 six
times.

[0181] In the second horizontal period, the pixels 13 are
driven in the similar procedure with the polarities of the data
signals inverted. In the second horizontal period, as shown
in FIG. 24, the LCD driver 2B outputs negative data signals
to be fed to the R pixels 13, from the odd output terminals
Sourcel, Source3 . . ., and then sequentially outputs the
positive data signals to be fed to the R pixels 13, and the
G pixels 135, from the odd output terminals Sourcel,
Source3 . . . . Next, the LCD driver 2B successively outputs
negative data signals to be fed to the G pixels 13, and the
B pixels 135, from the odd output terminals Sourcel,
Source3 . . ., and then outputs positive data signals to be fed
to the B pixels 135, from the odd output terminals Sourcel,
Source3 . . ..

[0182] Concurrently, the LCD driver 2B outputs positive
data signals to be fed to the R pixels 13, from the even
output terminals Source2, Source4 . . . , and then sequen-
tially outputs the negative data signals to be fed to the R
pixels 13,5 and the G pixels 13, from the even output
terminals Source2, Sourced . . . . Next, the LCD driver 2B
successively outputs positive data signals to be fed to the G
pixels 1355 and the B pixels 135, from the even output
terminals Source2, Source4 . . ., and then outputs negative
data signals to be fed to the B pixels 1355 from the even
output terminals Source2, Sourced . . . .
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[0183] The write operation into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW1, RSW2, GSW1, GSW2, BSW1 and BSW2 in
this order after the first horizontal period is initiated, as
shown in FIG. 25A. The polarity signal POL is inverted
when the control signal RSW2, GSW2 and BSW2 are
activated. It should be noted that the voltage levels of the
respective output terminals of the LCD driver 2B are
inverted only three times also in the second horizontal
period.

[0184] The pixels 13 are driven in the same manner in the
following horizontal periods. In the odd-numbered horizon-
tal periods, the pixels 13 in the odd-numbered lines are
driven in the same manner as the first horizontal period,
while the pixels 13 in the even-numbered lines are driven in
the same manner as the second horizontal period.

[0185] It should be noted that such operation achieves the
dot inversion drive, in which data signals with opposite
polarities are written into adjacent pixels 13, as is under-
stood from FIGS. 26A and 26B. FIG. 26A illustrates the
write sequence of the pixels 13 and the polarities of the data
signals written into the respective pixels 13, when the pixels
13 in the first line are driven in accordance with the
procedure shown in FIG. 24. With respect to the pixels 13 in
the first line, positive data signals are written into the pixels
13, 135, 135,, 1315, 135 and 13, which are positioned
at the odd-numbered positions, while negative data signals
are written into the pixels 1345;, 135, 135,, 1353, 13z, and
135, which are positioned at the even-numbered positions.
With respect to the pixels in the second line on the other
hand, negative data signals are written into the pixels 13y,
135, 134,, 135, 135, and 13, which are positioned at the
odd-numbered positions, while positive data signals are
written into the pixels 135,, 13z,, 1355, 1355, 135, and
135, which are positioned at the even-numbered positions,
as shown in FIG. 265. As thus described, the polarities of the
data signals written into adjacent pixels 13 are opposite with
respect to both of the horizontal and vertical directions.

[0186] The operation thus described requires inverting the
polarities of the data signals developed on the respective
output terminals of the LCD driver 2B only three times. This
effectively reduces the power consumption of the LCD
driver 2B.

[0187] Additionally, the operation of the liquid crystal
display device in this embodiment is determined to succes-
sively write data signals into pixels 13 displaying the same
color, and thereby effectively reduces vertical segments of
unevenness caused by the changes in the write voltages held
in the pixels 13.

[0188] As is the case of the third embodiment, it is
preferable that the polarities of the data signals and the write
sequence of the pixels 13 are preferably switched at a
predetermined time cycle in this embodiment. In a preferred
embodiment, as shown in FIG. 27, the polarities of the data
signals written into the respective pixels 13 are inverted
every frame period, and the write sequence of the pixels 13
is switched every two frame periods.

[0189] More specifically, the pixels 13 are driven in the
above-described procedure in the first frame period, and the
polarities of the data signals written into the pixels 13 are
inverted in the second frame period.
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[0190] In the third frame period, the polarities of the data
signals written into the pixels 13 are inverted again (that is,
the polarities of the data signals written into the respective
pixels 13 are same as those in the first embodiment), and the
write sequence of the pixels 13 is switched. Specifically, the
precedences of the respective pixels 13 in the write opera-
tion are exchanged between the pixels 13 displaying the
same color.

[0191] In detail, in the odd-numbered horizontal periods
of the third frame period, the LCD driver 2B outputs
negative data signals to be fed to the R pixels 13, from the
odd output terminals Sourcel, Source3 . . . , and then
sequentially outputs positive data signals to be fed to the R
pixels 134, and the G pixels 135, from the odd output
terminals Sourcel, Source3 . . . . It should be noted that data
signals are successively written into the R pixels 133, and
13;,. Next, the LCD driver 2B outputs negative data signals
to be fed to the G pixels 135, and the B pixels 13, from the
odd output terminals Sourcel, Source3 . . . , and finally
outputs positive data signals to be fed to the B pixels 135,
from the odd output terminals Sourcel, Source3 . . . . It
should be noted that data signals are successively written
into the G pixels 135, and 134,, and then successively
written into the B pixels 135, and 135;.

[0192] Concurrently, the LCD driver 2B outputs positive
data signals to be fed to the R pixels 13;; from the even
output terminals Source2, Sourced . . ., and then sequen-
tially outputs positive data signals to be fed to the R pixels
13y, and the G pixels 135, from the even output terminals
Source2, Source4 . . . . It should be noted that data signals
are successively written into the R pixels 13z; and 13g,.
Next, the LCD driver 2B outputs positive data signals to be
fed to the G pixels 135, and the B pixels 1355 from the even
output terminals Source2, Source4 . . ., and finally outputs
negative data signals to be fed to the B pixels 135, from the
even output terminals Source2, Sourced4 . . . . It should be
noted that data signals are successively written into the G
pixels 1355 and 135, and then successively written into the
B pixels 13,5 and 13;,.

[0193] In the even-numbered horizontal periods, the write
operations similar to those in the odd-numbered horizontal
periods are implemented with the polarities of the data
signals written into the pixels 13 inverted.

[0194] The write operation into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW2, RSW1, GSW2, GSW1, BSW2 and BSW1 in
this order, as shown in FIG. 25B. The polarity signal POL is
inverted when the control signal RSW1, GSW1 and BSW1
are activated. It should be noted that the voltage levels of the
respective output terminals of the LCD driver 2B are
inverted only three times in each horizontal period, although
the write operations into the pixels 13 are implemented six
times.

[0195] In the fourth frame period, data signals are written
into the respective pixels 13 in the same write sequence as
the third frame period with the polarities of the data signals
written into the respective pixels 13 inverted. In the follow-
ing frame periods, the write operations of the first to fourth
frame periods are repeated.

[0196] As thus described, the image quality is preferably
improved also in this embodiment through periodically
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switching the polarities of the data signals and the write
sequence of the pixels 13 at a time cycle of four frame
periods.

Fifth Embodiment

[0197] FIG. 28 is a diagram illustrating the structure of a
liquid crystal display device in a fifth embodiment of the
present invention. In the liquid crystal display device in the
fifth embodiment, interconnections within the LCD panel
2C are modified to reduce the number of times of inversion
of the polarities of the data signals on the respective output
terminals of the LCD driver 2B. The operation of the LCD
driver 2B is also modified accordingly.

[0198] Specifically, each input node 17 is connected to
data lines 12 associated with the pixels 13 into which data
signals with the same polarity are written. In detail, the data
lines 124, 124, 125,, 1245, 12455 and 125,, which are
positioned at the odd-numbered positions, are connected to
an odd input node 17, through the switches 19;,, 195,
1955, 1945, 1955 and 19, while the data lines 125, 123,,
12,,, 125,, 12, and 124, which are positioned at the
even-numbered positions, are connected to an even input
node 17 through the switches 194,, 19y, 194,, 1955, 19,
and 194,.

[0199] The switches 19y, 195, and 195, are connected to
interconnections 18, 18, and 18; to receive the control
signals RSW1, GSW1 and BSW1, respectively. Addition-
ally, the switches 193, 194, and 195, are also connected to
interconnections 18;, 18, and 18, to receive the control
signals RSW1, GSW1 and BSW1. The switches 19,5, 195,
and 1945, on the other hand, are connected to interconnec-
tions 18, 18, and 18, to receive the control signals RSW2,
GSW2 and BSW2, respectively. Additionally, the switches
194, 195, and 194, are also connected to interconnections
18, 185 and 18, to receive the control signals RSW2, GSW2
and BSW2, respectively.

[0200] The liquid crystal display device in the fifth
embodiment eliminates the need for inverting the polarities
of the data signals on the respective output terminals of the
LCD driver 2B in the middle of each horizontal period,
through adopting the structure in which the data lines 12
positioned at the odd-numbered positions are connected to
the odd input nodes 17, and the data lines 12 positioned at
the even-numbered positions are connected to the even input
nodes 17.

[0201] Specifically, in the first horizontal period, the LCD
driver 2B sequentially outputs positive data signals to be fed
to the R pixels 13, the G pixels 13,, the B pixels 135,
the R pixels 1335, the G pixels 135, and the B pixels 135,
(which are positioned in the first line) in this order from the
odd output terminals Sourcel, Source3 . . ., as shown in
FIG. 29. Concurrently, the LCD driver 2B sequentially
outputs negative data signals to be fed to the R pixels 134,,
the G pixels 134, the B pixels 13y,, the R pixels 133, the
G pixels 135, and the B pixels 135, in this order from the
even output terminals Source2, Source4 . . . .

[0202] Inthe second horizontal period, the LCD driver 2B
sequentially outputs negative data signals to be fed to the R
pixels 133, the G pixels 135,, the B pixels 135,, the R
pixels 135, the G pixels 135, and the B pixels 1355 (which
are positioned in the second line) in this order from the odd
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output terminals Sourcel, Source3 . . . . Concurrently, the
LCD driver 2B sequentially outputs positive data signals to
be fed to the R pixels 13y,, the G pixels 13, the B pixels
13;,, the R pixels 13, the G pixels 13, and the B pixels
135, in this order from the even output terminals Source2,
Source4 . . ..

[0203] The write operation into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW1, GSW1, BSW1, RSW2, GSW2 and BSW2 in
this order in each horizontal period. The polarity signal POL
is inverted at the beginning of each horizontal period. This
allows inverting the voltage levels of the respective output
terminals of the LCD drive 2B only at the beginning of each
horizontal period.

[0204] Tt should be noted that such operation achieves the
dot inversion drive, in which data signals with opposite
polarities are written into adjacent pixels 13, as is under-
stood from FIGS. 30A and 30B. FIG. 30A illustrates the
write sequence of the pixels 13 and the polarities of the data
signals written into the respective pixels 13, when the pixels
13 in the first line are driven in accordance with the
procedure shown in FIG. 29. With respect to the pixels 13 in
the first line, positive data signals are written into the pixels
135,135, 1355, 1355, 1355 and 13, which are positioned
at the odd-numbered positions, while negative data signals
are written into the pixels 13, 1345, 135,, 1355, 13, and
135, which are positioned at the even-numbered positions.
With respect to the pixels in the second line on the other
hand, negative data signals are written into the pixels 13y,
135, 135,, 1355, 1355 and 135, which are positioned at the
odd-numbered positions, while positive data signals are
written into the pixels 135,, 13¢5, 1355, 1355, 13, and
135, which are positioned at the even-numbered positions
as shown in FIG. 30B. As thus described, the polarities of the
data signals written into adjacent pixels 13 are opposite with
respect to both of the horizontal and vertical directions.

[0205] The pixels 13 are driven in the same manner in the
following horizontal periods. In the odd-numbered horizon-
tal periods, the pixels 13 in the odd-numbered lines are
driven in the same manner as the first horizontal period,
while the pixels 13 in the even-numbered lines are driven in
the same manner as the second horizontal period in the
even-numbered horizontal periods.

[0206] As is the case of the third and fourth embodiments,
it is preferable that the polarities of the data signals and the
write sequence of the pixels 13 are preferably switched at a
predetermined time cycle in this embodiment. In a preferred
embodiment, as shown in FIG. 31, the polarities of the data
signals written into the respective pixels 13 are inverted
every frame period, and the write sequence of the pixels 13
is switched every two frame periods.

[0207] More specifically, the pixels 13 are driven in the
above-described procedure in the first frame period, and the
polarities of the data signals written into the pixels 13 are
inverted in the second frame period.

[0208] In the third frame period, the polarities of the data
signals written into the pixels 13 are inverted again (that is,
the polarities of the data signals written into the respective
pixels 13 are same as those in the first embodiment), and the
write sequence of the pixels 13 is switched.

[0209] Specifically, in the odd-numbered horizontal peri-
ods of the third frame period, the LCD driver 2B sequen-
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tially outputs positive data signals to be fed to the R pixels
13y, the G pixels 135, the B pixels 135, the R pixels 133,
the G pixels 135, and the B pixels 135, (which are posi-
tioned at the first line) in this order from the odd output
terminals Sourcel, Source3 . . . . Concurrently, the LCD
driver 2B outputs negative data signals to be fed to the R
pixels 134, the G pixels 135, the B pixels 13, the R
pixels 13y, the G pixels 135, and the B pixels 135, in this
order from the even output terminals Source2, Sourced . . .
. In the even-numbered horizontal periods of the third frame
period, the write operations similar to those in the odd-
numbered horizontal periods are implemented with the
polarities of the data signals written into the pixels 13
inverted.

[0210] In the fourth frame period, data signals are written
into the respective pixels 13 in the same write sequence as
the third frame period with the polarities of the data signals
written into the respective pixels 13 inverted. In the follow-
ing frame periods, the write operations of the first to fourth
frame periods are repeated.

[0211] As thus described, the image quality is preferably
improved also in this embodiment through periodically
switching the polarities of the data signals and the write
sequence of the pixels 13 at a time cycle of four frame
periods.

[0212] Referring to FIG. 32, it is preferable that the pixels
13 in the odd-numbered lines are firstly driven and then the
pixels 13 in the even-numbered lines are then driven, for
further reducing the number of times of the inversion on the
polarities of the data signals on the respective output termi-
nals of the LCD driver 2. As described above, the write
operation of the fifth embodiment involves successively
outputting positive data signals from the odd output termi-
nals Sourcel, Source3 . . . in the write operation into the
pixels 13 positioned in the odd-numbered lines, while suc-
cessively outputting negative data signals from the even
output terminals Source2, Sourced . . . in the write operation
into the pixels 13 positioned in the even-numbered lines.
Therefore, the number of times of the inversion of the
polarities of the data signals on the respective output termi-
nals of the LCD driver 2B is further reduced by firstly
driving the pixels 13 in the odd-numbered lines and then
driving the pixels 13 in the even-numbered lines (or by
firstly driving the pixels 13 in the even-numbered lines and
then driving the pixels 13 in the odd-numbered lines).

[0213] FIGS. 33A to 33D are timing chart illustrating
operation timings for achieving the above-described opera-
tion. In the respective horizontal periods within the former
half of the first frame period, as shown in FIG. 33A, the
odd-numbered gate lines 11,, 11; . . . are sequentially
activated to thereby sequentially select the pixels 13 in the
odd-numbered lines. In the respective horizontal periods, the
control signals RSW1, GSW1, BSW1, RSW2, GSW2 and
BSW2 are activated in this order. The LCD driver 2B
successively outputs positive data signals from the odd
output terminals Sourcel, Source3 . . . , and successively
outputs negative data signals from the even output terminals
Source2, Sourced4 . . ., concurrently. This completes the
write operation of the data signals into the pixels 13 in the
odd-numbered lines.

[0214] As shown in FIG. 33B, the even-numbered gate
lines 11,, 11, . . . are then sequentially activated to select the
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pixels 13 in the even-numbered lines after the completion of
the write operation into the pixels 13 in all the odd-
numbered lines. In the respective horizontal periods, the
control signals RSW1, GSW1, BSW1, RSW2, GSW2 and
BSW2 are activated in this order. The LCD driver 2B
successively outputs negative data signals from the odd
output terminals Sourcel, Source3 . . . , and successively
outputs positive data signals from the even output terminals
Source2, Sourced . . ., concurrently. This completes the
write operation of the data signals into the pixels 13 in the
even-numbered lines.

[0215] Inthe second frame period, the pixels 13 are driven
in the similar manner to the first frame period, with the
polarities of the data signals fed to the respective pixels 13
inverted.

[0216] Inthe third frame period, the write sequences of the
respective horizontal periods are switched. Specifically, the
control signals RSW2, GSW2, BSW2, RSW1, GSW1 and
BSW1 are activated in this order. The polarities of the data
signals written into the respective pixels 13 in the third
frame period are same as those in the second frame period.
Switching the write sequences of the respective horizontal
periods effectively reduces vertical segments of unevenness
caused by the change in the write voltages held in the
respective pixels 13.

[0217] In the fourth frame period, the pixels 13 are driven
in the similar manner to the third frame period, with the
polarities of the data signals fed to the respective pixels 13
inverted. In the following frame periods, the operations in
the first to fourth frame periods are repeated.

[0218] As thus described, the liquid crystal display device
in this embodiment firstly drives the pixels 13 in the odd-
numbered lines and then drives the pixels 13 in the even-
numbered lines (or firstly drives the pixels 13 in the even-
numbered lines and then drives the pixels 13 in the odd-
numbered lines). Such operation further reduces the number
of times of the inversion of the polarities of the data signals
on the respective output terminals of the LCD driver 2B, and
thereby further reduces the power consumption of the LCD
driver 2B.

Sixth Embodiment

[0219] FIG. 34 is a diagram illustrating the structure of a
liquid crystal display device in a six embodiment of the
present invention. The structure of the liquid crystal display
device in the six embodiment is almost identical to that in
the fifth embodiment; the data lines 124, 125, 1255, 1235,
12,5 and 12,, which are positioned at the odd-numbered
positions, are connected to the odd input nodes 17, while
the data lines 125,, 124,, 125,, 1255, 125, and 125, which
are positioned at the even-numbered positions, are con-
nected to the even input nodes 17;. Such connections
effectively further reduces the power consumption of the
LCD driver 2B, as described above.

[0220] The difference is that the interconnections within
the LCD panel 2D are designed so that adjacent two data
lines 12 are driven at the same time. Specifically, the
switches 19, and 19, are connected to the interconnection
18,, which is used for feeding the control signal RSW1,
while the switches 195, and 193, are connected to the
interconnection 18,, which is used for feeding the control
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signal GSW1. Additionally, the switches 19, and 194, are
connected to the interconnection 18;, which is used for
feeding the control signal BSW1, while the switches 195
and 195 are connected to the interconnection 18,, which is
used for feeding the control signal RSW2. Finally, the
switches 19, and 19, are connected to the interconnection
18, which is used for feeding the control signal GSW2,
while the switches 19, and 195,; are connected to the
interconnection 18, which is used for feeding the control
signal BSW2. Such interconnection arrangement allows
driving the data lines 12, and 12,, which are adjacent to
each other, by activating the control signal RSW1, for
example.

[0221] FIGS. 35A and 35B are diagrams explaining the
technical significance of driving adjacent data lines 12 at the
same time. When one of two data lines 12 is driven with a
positive data signal and the other is driven with a negative
data signal, a current flows between the two data lines 12
through the common electrode 16, due to the capacitive
coupling between the data lines 12 and the common elec-
trode 16.

[0222] In the case that the two data lines 12 located apart
from each other (for example, the data lines 12, and 124,
in FIG. 35A) are driven at the same time, as is the case of
the LCD panel 2C shown in FIG. 28, the traveling distance
ofthe current through the common electrode 16 is increased,
and this causes a large voltage drop across the common
electrode 16. This undesirably causes a local change in the
voltage level of the common electrode 16.

[0223] On the other hand, the LCD panel 2D in this
embodiment, effectively reduces the traveling distance of
the current through the common electrode 16 by driving
adjacent data lines 12 (for example, the data lines 12, and
12,, in FIG. 35B) at the same time, and thereby reduces the
voltage drop across the common electrode 16. This effec-
tively avoids a local change in the voltage level of the
common electrode 16.

[0224] A detail description is given of the operation of the
liquid crystal display device in this embodiment in the
following. As shown in FIG. 36, the LCD driver 2B inverts
the polarities of the data signals developed on the respective
output terminals thereof only at the beginning of each
horizontal period in this embodiment, as is the case of the
fifth embodiment. Specifically, in the first horizontal period,
the LCD driver 2B sequentially outputs positive data signals
to be fed to the R pixels 13, the B pixels 13, the G pixels
135, the R pixels 13;, the G pixels 135, and the B pixels
135, (which are positioned in the first line) in this order from
the odd output terminals Sourcel, Source3 . . ., as shown in
FIG. 36. Concurrently, the LCD driver 2B sequentially
outputs negative data signals to be fed to the G pixels 135,
the R pixels 13, the B pixels 13y,, the G pixels 1355, the
R pixels 133, and the B pixels 13, in this order from the
even output terminals Source2, Source4 . . . .

[0225] In the second horizontal period, the LCD drive 2B
sequentially outputs negative data signals to be fed to the R
pixels 133, the B pixels 134,, the G pixels 135,, the R
pixels 13, the G pixels 134, and the B pixels 13, in this
order from the odd output terminals Sourcel, Source3 . . . .
Concurrently, the LCD driver 2B sequentially outputs posi-
tive data signals to be fed to the G pixels 135, the R pixels
13y, the B pixels 13,, the G pixels 1355, the R pixels 134,
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and the B pixels 13, in this order from the even output
terminals Source2, Sourced . . .

[0226] It should be noted that the data signals outputted
from the odd output terminal Sourcel and the even output
terminal Source2 are always written into pixels 13 con-
nected to adjacent data lines 12. Referring to FIG. 37A, for
example, when the data signal to be fed to the R pixel 133,
is outputted from the odd output terminal Sourcel, the data
signal to be fed to the G pixel 135,, which is adjacent to the
R pixels 13;,, is outputted from the even output terminal
Source2, in the first horizontal period. As described above,
such write operation effectively reduces a local change in the
voltage level of the common electrode 16.

[0227] The write operation into the pixels 13 with such
write sequence can be achieved by activating the control
signals RSW1, GSW1, BSW1, RSW2, GSW2 and BSW2 in
this order. The polarity signal POL is inverted at the begin-
ning of each horizontal period. This results in that the
voltage levels of the respective output terminals of the LCD
driver 2B are inverted only at the beginning of each hori-
zontal period.

[0228] It should be noted that such operation achieves the
dot inversion drive, in which data signals with opposite
polarities are written into adjacent pixels 13, as is under-
stood from FIGS. 37A and 37B. FIG. 37A illustrates the
write sequence of the pixels 13 and the polarities of the data
signals written into the respective pixels 13, when the pixels
13 in the first line are driven in accordance with the
procedure shown in FIG. 36. With respect to the pixels 13 in
the first line, positive data signals are written into the pixels
134, 135,, 1355, 1355, 1355 and 134, which are positioned
at the odd-numbered positions, while negative data signals
are written into the pixels 1345,, 135, 135,, 1353, 13z, and
135, which are positioned at the even-numbered positions.
With respect to the pixels in the second line on the other
hand, negative data signals are written into the pixels 13y,
13;,,135,, 1345, 13,5 and 135, which are positioned at the
odd-numbered positions, while positive data signals are
written into the pixels 135,, 13¢5, 1355, 1355, 13, and
135, which are positioned at the even-numbered positions
as shown in FIG. 37B. As thus described, the polarities of the
data signals written into adjacent pixels 13 are opposite with
respect to both of the horizontal and vertical directions.

[0229] The pixels 13 are driven in the same manner in the
following horizontal periods. In the odd-numbered horizon-
tal periods, the pixels 13 in the odd-numbered lines are
driven in the same manner as the first horizontal period,
while the pixels 13 in the even-numbered lines are driven in
the same manner as the second horizontal period.

[0230] As is the case of the three to fifth embodiments, it
is preferable that the polarities of the data signals and the
write sequence of the pixels 13 are preferably switched at a
predetermined time cycle in this embodiment. In a preferred
embodiment, as shown in FIG. 38, the polarities of the data
signals written into the respective pixels 13 are inverted
every frame period, and the write sequence of the pixels 13
is switched every two frame periods.

[0231] More specifically, the pixels 13 are driven in the
above-described procedure in the first frame period, and the
pixels 13 are driven with the polarities of the data signals
written into the pixels 13 inverted, in the second frame
period.
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[0232] In the third frame period, the polarities of the data
signals written into the pixels 13 are inverted again (that is,
the polarities of the data signals written into the respective
pixels 13 are same as those in the first embodiment), and the
write sequence of the pixels 13 is switched.

[0233] Indetail, as shown in FIG. 38, in the odd-numbered
horizontal periods of the third frame period, the LCD driver
2B sequentially outputs positive data signals to be fed to the
R pixels 13z;, the B pixels 135,, the G pixels 135,, the R
pixels 13, the B pixels 135, and the G pixels 135, in this
order from the odd output terminals Sourcel, Source3 . . ..
Concurrently, the LCD driver 2B outputs negative data
signals to be fed to the G pixels 13, the R pixels 13,, the
B pixels 135, the G pixels 13,, the R pixels 13, and the
B pixels 135, in this order from the even output terminals
Source2, Sourced . . . . In the even-numbered horizontal
periods of the third frame period, the write operations
similar to those in the odd-numbered horizontal periods are
implemented with the polarities of the data signals written
into the pixels 13 inverted.

[0234] In the fourth frame period, data signals are written
into the respective pixels 13 in the same write sequence as
the third frame period with the polarities of the data signals
written into the respective pixels 13 inverted. In the follow-
ing frame periods, the write operations of the first to fourth
frame periods are repeated.

[0235] As thus described, the image quality is preferably
improved also in this embodiment through periodically
switching the polarities of the data signals and the write
sequence of the pixels 13 at a time cycle of four frame
periods.

Seventh Embodiment

[0236] FIG. 39 is a diagram illustrating the structure of the
liquid crystal display device in a seventh embodiment of the
present invention. The structure of the liquid crystal display
device in the seventh embodiment is almost similar to those
in the fifth and sixth embodiment; the data lines 125, 125,
124, 1245, 125, and 12,, which are positioned at the
odd-numbered positions, are connected to the odd input
nodes 17, while the data lines 125, 12,, 125,, 1255, 124,
and 125, which are positioned at the even-numbered posi-
tions, are connected to the even input nodes 17;. As
described above, such connections further reduces the num-
ber of times of the inversion of the polarities of the data
signals on the respective output terminals of the LCD driver
2B, and thereby further reduces the power consumption of
the LCD driver 2B.

[0237] The difference is that the connections between the
switches 19 and the interconnections 18, to 18, which are
used to feed the control signals RSW1, GSW1, BSWI1,
RSW2, GSW2 and BSW2, that is, the combinations of data
lines 12 driven at the same time. In the seventh embodiment,
the connections between the switches 19 and the intercon-
nections 18, to 18, are determined so as to satisfy require-
ments described in the following:

(1) Four pairs of adjacent data lines 12 are defined for every
12 data lines, and the two data lines 12 of the same pair are
driven at the same time.

(2) One data line 12 is inserted between adjacent pairs of the
data lines 12, and the one data line 12 inserted is not driven
at the same time as the adjacent pairs of the data lines 12.
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[0238] In detail, the switches 195, and 194, are connected
to the interconnection 18,, which is used to feed the control
signal RSW1, and the switches 19, and 19, are connected
to the interconnection 18,, which is used to feed the control
signal GSW1. Additionally, the switches 194 and 195 are
connected to the interconnection 18,, which is used to feed
the control signal BSW1, and the switches 19;, and 19, are
connected to the interconnection 18, which is used to feed
the control signal RSW2. Finally, the switches 19, and
19, are connected to the interconnection 185, which is used
to feed the control signal GSW2, and the switches 1955 and
193, are connected to the interconnection 184, which is used
feed the control signal BSW2.

[0239] In the following description, the data lines which
belong to the four pairs of the data lines 12 may be referred
to as the paired data lines. In this embodiment, the data lines
12, to 124, and 124, to 125, may be referred to as the
paired data lines. On the other hand, the data lines which do
not belong to the four pairs of the data lines 12 may be
referred to as the isolated data lines.

[0240] FIGS. 40, 41A, and 41B are diagrams illustrating
the operation of the liquid crystal display device in this
embodiment. As shown in FIG. 40, the LCD driver 2B
inverts the polarities of the data signals developed on the
respective output terminals thereof, only at the beginning of
each horizontal period, as is the case of the fifth and sixth
embodiments. Specifically, as shown in FIG. 40, the LCD
driver 2B outputs positive data signals to be fed to the R
pixels 133, the G pixels 135,, the R pixels 13;,, the G
pixels 13, the B pixels 13, and the B pixels 13, (which
are positioned in the first line) in this order from the odd
output terminals Sourcel, Source3 . . . , in the first horizontal
period. Concurrently, the LCD driver 2B outputs negative
data signals to be fed to the G pixels 135,, the R pixels 13y,
the G pixels 133, the R pixels 133, the B pixels 1355 and
the B pixels 13y, in this order from the even output terminals
Source2, Source4 . . ., in the first horizontal period.

[0241] The write operation into the pixels 13 with such
write sequence can be achieved by sequentially activating
the controls signals RSW1, GSW1, BSW1, RSW2, GSW2
and BSW2 in this order in each horizontal period. The
polarity signal POL is inverted at the beginning of each
horizontal period, and therefore, the voltage levels of the
respective output terminals of the LCD driver 2B are
inverted only at the beginning of each horizontal period.

[0242] Tt should be noted that such operation achieves the
dot inversion drive, in which data signals with opposite
polarities are written into adjacent pixels 13, as is under-
stood from FIGS. 41A and 41B. FIG. 41A illustrates the
write sequence of the pixels 13 and the polarities of the data
signals written into the respective pixels 13, when the pixels
13 in the first line are driven in accordance with the
procedure shown in FIG. 36. With respect to the pixels 13 in
the first line, positive data signals are written into the pixels
13y, 135, 1355, 1355, 135, and 13, which are positioned
at the odd-numbered positions, while negative data signals
are written into the pixels 134,, 135, 135,, 1353, 13z, and
13, which are positioned at the even-numbered positions.
With respect to the pixels in the second line on the other
hand, negative data signals are written into the pixels 13y,
1354, 135,, 1355, 1355 and 135, which are positioned at the
odd-numbered positions, while positive data signals are
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written into the pixels 135,, 13¢5, 135,, 1355, 13z, and
13y, which are positioned at the even-numbered positions
as shown in FIG. 41B. As thus described, the polarities of the
data signals written into adjacent pixels 13 are opposite with
respect to both of the horizontal and vertical directions.

[0243] One important feature of the liquid crystal display
device in this embodiment is that the pixels 13 connected to
the paired data lines are driven before the pixels 13 con-
nected to the isolated data lines, as shown in FIG. 40.
Specifically, the data lines 12, to 12;, and 12, to 12,
which are the paired data lines, are driven before the data
lines 125, to 124, are driven, which are the isolated data
lines.

[0244] The pixels 13 are driven in the same manner in the
following horizontal periods. In the odd-numbered horizon-
tal periods, the pixels 13 are driven in the same manner as
the first horizontal period. In the even-numbered horizontal
periods, the pixels 13 are driven in the same manner as the
second horizontal period.

[0245] An advantage of the above-described operation is
that the above-described operation effectively reduces the
change in the voltage levels of the data lines 12 due to the
capacitive coupling between adjacent data lines 12. As
described above, when a pixel 13 connected to a certain data
line 12 is firstly driven, and another pixel 13 connected to the
adjacent data line 12 is then driven, the voltage level of the
data line 12 connected to the firstly driven pixel 13 may be
changed due to the capacitive coupling. This may undesir-
ably cause the change in the write voltage held in the firstly
driven pixel 13. However, in the above-described operation
in this embodiment, each data line 12 suffer from the effect
of the capacitive coupling with only one of the two adjacent
data line, or is free from the effect of the capacitive coupling.
This reduces the number of times of the change in the
voltage level of each data line 12 caused by the capacitive
coupling down to one at maximum, and thereby effectively
reduces the change in the write voltage held in each pixel 13.

[0246] A description is given of the reduction of the
change in the write voltage held in each pixel 13 caused by
the capacitive coupling in the following, with reference to
FIG. 43A. Firstly, each of the paired data lines 12 only
suffers from the effect of the capacitive coupling with the
adjacent isolated data line 12. In other words, one of two
data lines 12 belonging to the same pair, is free from the
effect of the capacitive coupling with the other of the two
data lines 12 belonging to the same pair, since the two data
lines 12 belonging to the same pair are driven at the same
time, and therefore the capacitive coupling therebetween
does not cause the change in the write voltages of the pixels
13.

[0247] With reference to FIG. 43A, for example, the data
lines 12, and 12, are the paired data lines adjacent to each
other. Since the data lines 124, and 12, are driven at the
same time, the pixels 13, and 135, which are connected to
the data lines 125, and 12,, respectively are free from the
effect of the capacitive coupling between the data lines 12,
and 12,. It is only the isolated data line 12, that causes the
effect of the capacitive coupling to the pixels 13y, connected
to the data line 12y,. Correspondingly, it is only the isolated
data line 12, that causes the effect of the capacitive cou-
pling to the pixels 135, connected to the data line 125,. It
would be apparent to those skilled in the art that the same
applies to other paired data lines.
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[0248] Furthermore, the isolated data lines 12 are almost
free from the effect of the capacitive coupling with the
adjacent data lines 12. This is because the pixels 13 con-
nected to the isolated data lines 12 are driven after driving
the pixels 13 connected to the data lines 12 adjacent thereto.
The write voltages of the pixels 13 connected to each
isolated data line 12 are not changed by feeding data signals
to the adjacent data lines 12.

[0249] For example, the data line 125, is an isolated data
line which is positioned between the pair of the data lines
12 and 12, and the pair of the data lines 12y, and 124,.
The pixels 133, connected to the data line 12, is almost free
form the effect of the capacitive coupling with the adjacent
data lines 12, since the data lines 12 adjacent to the data line
125, (that is, the data lines 12, and 12y,) are driven before
the data line 12y, is driven.

[0250] As thus described, the operation described above
effectively reduces the change in the write voltages held in
the pixels 13 due to the capacitive coupling between adja-
cent data lines 12.

[0251] As is the case of the three to sixth embodiments, it
is preferable that the polarities of the data signals and the
write sequence of the pixels 13 are preferably switched at a
predetermined time cycle in this embodiment. In a preferred
embodiment, as shown in FIG. 42, the polarities of the data
signals written into the respective pixels 13 are inverted
every frame period, and the write sequence of the pixels 13
is switched every two frame periods.

[0252] More specifically, the pixels 13 are driven in the
above-described procedure in the first frame period, and the
pixels 13 are driven with the polarities of the data signals
written into the pixels 13 inverted, in the second frame
period.

[0253] In the third frame period, the polarities of the data
signals written into the pixels 13 are inverted again (that is,
the polarities of the data signals written into the respective
pixels 13 are same as those in the first embodiment), and the
write sequence of the pixels 13 is switched.

[0254] Indetail, as shown in FIG. 42, in the odd-numbered
horizontal periods of the third frame period, the LCD driver
2B sequentially outputs positive data signals to be fed to the
R pixels 13;, the G pixels 13,, the R pixels 13;,, the G
pixels 13, the B pixels 1355 and the G pixels 135, (which
are positioned in the first line) in this order from the odd
output terminals Sourcel, Source3 . . . . Concurrently, the
LCD driver 2B outputs negative data signals to be fed to the
G pixels 1353, the R pixels 133,, the G pixels 135,, the R
pixels 13, the B pixels 13, and the B pixels 13y, in this
order from the even output terminals Source2, Source4 . . .
. In the even-numbered horizontal periods of the third frame
period, the write operations similar to those in the odd-
numbered horizontal periods are implemented with the
polarities of the data signals written into the pixels 13
inverted.

[0255] 1In the fourth frame period, data signals are written
into the respective pixels 13 in the same write sequence as
the third frame period with the polarities of the data signals
written into the respective pixels 13 inverted. In the follow-
ing frame periods, the write operations of the first to fourth
frame periods are repeated.
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[0256] As thus described, the image quality is preferably
improved also in this embodiment through periodically
switching the polarities of the data signals and the write
sequence of the pixels 13 at a time cycle of four frame
periods.

[0257] Although the specific embodiments are described
in detail in the specification, it is apparent that the present
invention is not limited to the above-described embodi-
ments, which may be modified and changed without depart-
ing from the scope of the invention.

[0258] For example, although the write sequence of the
data lines are switched every frame period in the above-
described embodiments, the write sequence of the data
signals may be switched every line and every frame period.
In one embodiment, the write sequences of the data signals
may be switched between the odd-numbered lines (that is,
the odd-numbered horizontal periods) and the even-num-
bered liens (that is, the even-numbered horizontal periods.
The switching of the write sequence of the data signals every
line spatially and temporally disperses the pixels 13 suffer-
ing from the undesired change in the write voltages, and
thereby effectively reduces vertical segments of unevenness.

[0259] Additionally, although liquid crystal display
devices adapted to the dot inversion drive are disclosed in
the above-described embodiment, it is understood that the
present invention is applicable to any drive method in which
data signals with opposite polarities are fed to pixels adja-
cent in the horizontal direction; the polarities of data signals
fed to pixels adjacent in the vertical direction may be same
or opposite. The present invention is applicable to a drive
method in which data signals with the same polarity are fed
to pixels adjacent in the vertical direction, such as the 2H dot
inversion drive or V line inversion drive.

[0260] Finally, as shown in FIG. 19B, the LCD driver 2B
may be modified so that the LCD driver 2B is adapted to
both of the operation in which the number of the data lines
12 time-divisionally driven in each horizontal period is three
and the operation in which the number of the data lines 12
time-divisionally driven in each horizontal period is six.
Specifically, the timing control circuit 29 is fed with a
division number switch signal which indicates the number of
the data lines 12 time-divisionally driven in each horizontal
period, and controls the selector control circuit 26 and the
RGB switch control circuit 28 in response to the division
number switch signal. Such architecture allows the LCD
driver 2B to drive LCD panels incorporating different num-
bers of pixels.

[0261] In one embodiment, the LCD driver 2B is designed
to have 240 output terminals, and adapted to both of LCD
panels in the QVGA (quarter video graphic array) format
and the VGA (video graphic array) format.

[0262] When the LCD panel driven by the LCD driver 2B
is designed in the QVGA format, the LCD driver 2B is set
to drive the data lines 12 so that the number of the data lines
12 time-divisionally driven in each horizontal period is
three. It should be noted that an LCD panel in the VGA
format includes 720x320 pixels (240RGBx320 pixels). In
this case, the timing control circuit 28 controls the selector
control circuit 26 to use only three of the six latch circuits
23a in each positive drive leg 23, and only three of the six
latch circuits 24a in each positive drive leg 24, while
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controlling the RGB switch control circuit 28 generates only
three control signals: the control signals RSW1, GSW1 and
BSW1; the control signals RSW2, GSW2 and BSW2 are
kept deactivated.

[0263] When the LCD panel driven by the LCD driver 2B
is designed in the VGA format, on the other hand, the LCD
driver 2B is set to drive the data lines 12 so that the number
of the data lines 12 time-divisionally driven in each hori-
zontal period is six. It should be noted that an LCD panel in
the VGA format includes 1440x320 pixels (480RGBx320
pixels). In this case, the timing control circuit 28 controls the
selector control circuit 26 to use all of the six latch circuits
23a in each positive drive leg 23, and all of the six latch
circuits 24a in each positive drive leg 24, while controlling
the RGB switch control circuit 28 generates all of the six
control signals RSW1, GSW1, BSW1 RSW2, GSW2 and
BSW2.

[0264] Such architecture allows the LCD driver 2B to
drive both of LCD panels in the QVGA and VGA formats.

What is claimed is:
1. A method of operating a liquid crystal display device
comprising:

(A) a step of time-divisionally driving pixels in a certain
line of an LCD panel in a certain horizontal period so
that pixels adjacent in a horizontal direction are driven
with data signals with opposite polarities,

wherein said (A) step includes:

(Al) a step of generating a first data signal with a first
polarity on a first output terminal of a driver, and then
driving a first pixel out of said pixels in said certain line
through electrically connecting said first output termi-
nal to said first pixel; and

(A2) a step of generating a second data signal with said
first polarity on said first output terminal and then
driving a second pixel out of said pixels in said certain
line through electrically connecting said first output
terminal to said second pixel, in succession to said
driving of said first pixel.

2. The method according to claim 1, wherein said (A) step

farther includes:

(A3) a step of generating a third data signal with a second
polarity opposite to said first polarity on a second
output terminal of said driver, and then driving a third
pixel out of said pixels in said certain line through
electrically connecting said second output terminal to
said third pixel, at the same timing as said driving of
said first pixel; and

(A4) a step of generating a fourth data signal with said
second polarity on said second output terminal of said
driver, and then driving a fourth pixel out of said pixels
in said certain line through electrically connecting said
second output terminal to said fourth pixel, at the same
timing as said driving of said second pixel.

3. The method according to claim 1, wherein said (A) step

further including;

(A3) a step of generating a fifth data signal on said first
output terminal and then driving a fifth pixel out of said
pixels in said certain line through electrically connect-
ing said first output terminal to said fifth pixel, and
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wherein said second and fifth pixels are used to display
the same color.
4. The method according to claim 1, wherein said (A) step
further including:

(A4) a step of generating a sixth data signal on said first
output terminal and then driving a sixth pixel out of
said pixels in said certain line through electrically
connecting said first output terminal to said sixth pixel,

wherein said driving said first pixel is implemented in
succession to said driving said sixth pixel, and

wherein said first and sixth pixels are used to display the
same color.
5. The method according to claim 1, wherein said (A) step
further including:

(AS) generating a seventh data signal with a second
polarity opposite to said first polarity on said first
output signal and then driving a seventh pixel out of
said pixels in said certain line through electrically
connecting said first output terminal to said seventh
pixel, in a final period of said certain horizontal period,

wherein said method further comprising:

(B) a step of time-divisionally driving pixels in a next line
adjacent to said certain line in a next horizontal period
following said certain horizontal period so that pixels
adjacent in said horizontal direction are driven with
data signals with opposite polarities, and

wherein said (B) step includes:

(B1) generating an eighth data signal with said second
polarity on said first output signal and then driving an
eighth pixel out of said pixels in said next line through
electrically connecting said first output terminal to said
eight pixel, in a leading period of said next horizontal
period.

6. The method according to claim 2, further comprising:

(B) a step of time-divisionally driving pixels in a next line
adjacent to said certain line in a next horizontal period
following said certain horizontal period so that pixels
adjacent in said horizontal direction are driven with
data signals of opposite polarities,

wherein said LCD panel includes:

first to fourth data liens connected to said first to fourth
pixels, respectively, and

a switch circuitry adapted to electrically connect said
first output terminal to any one of said first to fourth
data lines, and to electrically connect said second
output terminal to any one of said first to fourth data
lines,

wherein said (B) step includes:

(B1) a step of generating a ninth data signal with said first
polarity on said first output terminal and then driving a
ninth pixel out of said pixels in said next line through
electrically connecting said first output terminal to said
ninth pixel,

wherein said first data signal is fed from said first output
terminal to said first pixel through said switch circuitry
and said first data line, in said driving of said first pixel,
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wherein said third data signal is fed from said second
output terminal to said third pixel through said switch
circuitry and said third data line, in said driving of said
third pixel,

wherein said ninth data signal is fed from said first output

terminal to said ninth pixel through said switch cir-

cuitry and said third data line, in said driving of said
ninth pixel.

7. The method according to claim 1, wherein said (A) step
farther includes:

(A6) a step of generating a data signal having the same
signal level as said second data signal on said first
output terminal, and then driving said second pixel
through electrically connecting said first output termi-
nal to said second pixel before said driving said first
pixel.

8. The method according to claim 7, wherein said driving
said first pixel is implemented in succession to said driving
said second pixel in said (A6) step.

9. A method of operating a liquid crystal display device
comprising;

A method of operating a liquid crystal display device
comprising:

(A) a step of time-divisionally driving pixels in a
certain line of an LCD panel in a certain horizontal
period so that pixels adjacent in a horizontal direc-
tion are driven with data signals with opposite polari-
ties,

wherein said (A) step includes:

(Al) a step of generating a first data signal with a first
polarity on a first output terminal of a driver, and
then driving a first pixel out of said pixels in said
certain line through electrically connecting said first
output terminal to said first pixel, said first pixel
being used to display a first color;

(A2) a step of generating a second data signal with a
second polarity opposite to said first polarity on said
first output terminal and then driving a second pixel
out of said pixels in said certain line through elec-
trically connecting said first output terminal to said
second pixel in succession to said driving of said first
pixel, said second pixel being used to display said
first color; and

(A3) a step of generating a third data signal with said
second polarity on said first output terminal and then
driving a third pixel out of said pixels in said certain
line through electrically connecting said first output
terminal to said third pixel in succession to said
driving of said second pixel, said third pixel being
used to display a second color different from said
first color.

10. The method according to claim 9, wherein said (A)
step further includes:

(A4) a step of generating a fourth data signal with said
first, polarity on said first output terminal and then
driving a fourth pixel out of said pixels in said certain
line through electrically connecting said first output
terminal to said fourth pixel in succession to said
driving of said third pixel, said fourth pixel being used
to display said second color;
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(AS) a step of generating a fifth data signal with said first
polarity on said first output terminal and then driving a
fifth pixel out of said pixels in said certain line through
electrically connecting said first output terminal to said
fifth pixel in succession to said driving of said fourth
pixel, said fifth pixel being used to display a third color
which is different from said first and second colors; and

(A6) a step of generating a sixth data signal with said
second polarity on said first output terminal and then
driving a sixth pixel out of said pixels in said certain
line through electrically connecting said first output
terminal to said sixth pixel in succession to said driving
of said fifth pixel, said sixth pixel being used to display
said third color.

11. The method according to claim 9, wherein said (A)

step further includes:

(A7) a step of generating a seventh data signal with said
second polarity on a second output terminal of said
driver, and then driving a seventh pixel out of said
pixels in said certain line through electrically connect-
ing said second output terminal to said seventh pixel at
the same timing as said driving of said first pixel, said
seventh pixel being used to display said first color;

(AS8) a step of generating an eighth data signal with said
first polarity on said second output terminal of said
driver, and then driving an eighth pixel out of said
pixels in said certain line through electrically connect-
ing said second output terminal to said eighth pixel at
the same timing as said driving of said second pixel,
said eighth pixel being used to display said first color;
and

(A9) a step of generating a ninth data signal with said first
polarity on said second output terminal of said driver,
and then driving a ninth pixel out of said pixels in said
certain line through electrically connecting said second
output terminal to said ninth pixel at the same timing as
said driving of said third pixel, said ninth pixel being
used to display said second color.

12. A method of operating a liquid crystal display device

including:

a plurality of pixels arranged in rows and pixels;

first, second, . . . and n-th data lines spatially arranged in
this order, n being an integer;

a driver;

a first switch circuit connected between said driver and
odd-numbered data lines out of said first to n-th data
lines; and

a second switch circuit connected between said driver and
even-numbered data lines out of said first to n-th data
lines, said method comprising:

(A) time-divisionally driving odd-numbered pixels out of
said plurality of pixels connected to said odd-numbered
data lines, and time-divisionally driving even-num-
bered pixels out of said plurality of pixels connected to
said even-numbered data lines, in a certain horizontal
period,

wherein all of said odd-numbered pixels are fed with data
signals with a first polarity from said first output
terminal to be driven,
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wherein all of said odd-numbered pixels are fed with data
signals with a second polarity opposite to said first
polarity from said second output terminal to be driven.

13. The method according to claim 12, wherein a pixel
connected to an i-th data line out of said first to n-th data
lines is driven at the same time as a pixel connected to an
(i+1)-th data line adjacent to said i-th data line, in said
certain horizontal period.

14. The method according to claim 13, wherein a pixel
connected to an (i+3)-th data line is driven at the same time
as a pixel connected to an (i+4)-th data line adjacent to said
(i+3)-th data line, in said certain horizontal period, and

wherein a pixel connected to an (i+2)-th data line posi-
tioned between said (i+1)-th and (i+3)-th data lines is
driven in said certain horizontal period, after said pixels
connected to said i-th, (i+1)-th, (i+3)-th, (i+4)-th data
lines are driven.

15. A liquid crystal display device comprising:

a plurality of pixels arranged in rows and columns;

a driver generating data signals fed to said plurality of
pixels, respectively; and

a switch circuitry switching connections between a plu-
rality of output terminals of said driver and said plu-
rality of pixels,

wherein said driver controls said switch circuitry to
time-divisionally drive pixels out of said plurality of
pixels in a certain line so that two of said plurality of
pixels adjacent to each other in a horizontal direction
are driven with data signals with opposite polarities,
and

wherein said driver drives a first pixel out of plurality of
pixels in said certain line through generating a first data
signal with a first polarity on a first output terminal of
said plurality of output terminals, and controlling said
switch circuit to electrically connect said first output
terminal to said first pixel, and drives a second pixel out
of plurality of pixels in said certain line through gen-
erating a second data signal with said first polarity on
said first output terminal, and controlling said switch
circuit to electrically connect said first output terminal
to said second pixel in succession to the drive of said
first pixel.

16. The liquid crystal display device according to claim
15, wherein said driver drives a third pixel out of said
plurality of pixels in said certain line through generating a
third data signal with a second polarity opposite to said first
polarity on a second output terminal of said plurality of
output terminals, and controlling said switch circuit to
electrically connect said second output terminal to said third
pixel, at the same timing as the drive of said first pixel, and

wherein said driver drives a fourth pixel out of said
plurality of pixels in said certain line through generat-
ing a fourth data signal with said second polarity on
said second output terminal, and controlling said switch
circuit to electrically connect said second output ter-
minal to said fourth pixel at the same timing as the
drive of said second pixel.

17. The liquid crystal display device according to claim
15, wherein said driver drives a fifth pixel out of said
plurality of pixels in said certain line through generating a
fifth data signal on said first output terminal, and controlling
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said switch circuit to electrically connect said first output
terminal to said fifth pixel, in succession to the drive of said
second pixel, and

wherein said second and fifth pixels are used to display
the same color.
18. An LCD panel comprising:

first, second, . . . , and (2n)-th data lines spatially arranged
in this order, n being an integer;

pixels connected to said first to (2n)-th data lines;
a first input node;

a second input node; and

first to (2n)-th switches,

wherein said first, third, . . . and (2n-1)-th switches are
connected between said first input node and said first,
third, . . . and (2n-1)-th data lines, respectively, and

wherein said second, fourth, . . . and (2n)-th switches are
connected between said second input node and said
second, fourth, . . . and (2n)-th data lines, respectively.

19. The LCD panel according to claim 18, wherein a pair
of switches out of said first to (2n)-th switches are com-
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monly connected to an interconnection used to feed a control
signal, said pair of switches are connected to i-th and
(i+1)-th switches out of said first to (2n)-th switches, respec-
tively.

20. The LCD panel according to claim 18, wherein a first
pair of switches of said first to (2n)-th switches are con-
nected to i-th and (i+1)-th switches out of said first to (2n)-th
switches, respectively, and commonly connected to a first
interconnection used to feed a first control signal,

wherein a second pair of switches of said first to (2n)-th
switches are connected to (i+2)-th and (i+4)-th switches
out of said first to (2n)-th switches, respectively, and
commonly connected to a second interconnection used
to feed a second control signal, and

wherein a third pair of switches of said first to (2n)-th
switches are connected to (i+5)-th and (i+6)-th switches
out of said first to (2n)-th switches, respectively, and
commonly connected to a third interconnection used to
feed a third control signal.
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