US 20060152462A1

12 Patent Application Publication o) Pub. No.: US 2006/0152462 A1

a9y United States

Furihata et al. (43) Pub, Date: Jul. 13, 2006
(54) LIQUID CRYSTAL DRIVING DEVICE, (30) Foreign Application Priority Data
LIQUID CRYSTAL DISPLAY DEVICE, AND
LIQUID CRYSTAL DRIVING METHOD Jan. 13,2005 (JP) v 2005-006289

(75) Inventors: Hirobumi Furihata, Kanagawa (JP);
Takashi Nose, Kanagawa (JP)

Correspondence Address:
YOUNG & THOMPSON

745 SOUTH 23RD STREET
2ND FLOOR

ARLINGTON, VA 22202 (US)

(73) Assignee: NEC ELECTRONICS CORPORA-

TION, KANAGAWA (JP)

Publication Classification

(51) Int. CL

G09G  3/36 (2006.01)
(52) U8 Cl oo 345/98
7) ABSTRACT

A liquid crystal display device according to an embodiment
of the present invention includes an active matrix type liquid
crystal display panel, in which a set value of a common
voltage applied to a common electrode of the liquid crystal
display panel is determined based on input image data, and

(21) Appl. No.: 11/292,081 a timing of changing the common voltage to the preset value
in accordance with a timing of driving at least one of a scan
(22) Filed: Dec. 2, 2005 line and a signal line of the liquid crystal display panel.
1
P

8 ‘

— ,u/13
: GATE LINE DRIVING

Voo GATE LINE TIMING SIGNAL
> LIQUID CRYSTAL PANEL DRIVING |«
CIRCUIT
15 ]
TR Vol . y
I/
DRIVING CIRGUIT DATA LINE
3 DRIVING CIRCUIT
IMAGE DATA DATA LINE DRIVING
‘ TIMING SIGNAL
Voom SETTING SIGNAL "

(./

Voom SETTING TIMING SIGNAL

Veom—INVERSION TIMING SIGNAL

CONTROL CIRCUIT

< |MAGE DATA

Vcom VALUE

IMAGE DATA

IMAGE RECOGNITION n)z
CIRCUIT -




US 2006/0152462 Al

Patent Application Publication Jul. 13,2006 Sheet 1 of 13

1100419
le NOIL1IND09IY IDVKI
AN
VLva J9VAI INTYA WO
A 4
TVNDIS ONINIL NOISYIAN|-WoOA
viva IOV ——{ 1109419 1041NOD
IYNDIS DNIWIL BNIL113S woop
_mx
TYNDIS ONILLIS woop
TYNDIS ONIWIL .
ONIAIYA INIT VLIVG viva 3ovWI
< '\ N/
1in2Y¥19 SNIAIYG > 3 >
INIT VLVE 110419 ONIAIYC
v_\g . 300419313 NOWWO)
..................... w> \
A 4 h 4 Gl
Linoyly |
>|  oNIAIYG - ANV TVISAYD 4INDIT e T
IYNDIS ONIWIL aNIT 3LvD | - A
ONIAIYG INIT TJLVD :
ﬂ—\l\ - c> - 7



Patent Application Publication Jul. 13,2006 Sheet 2 of 13 US 2006/0152462 Al

FIRST FRAME SECOND FRAME| THIRD FRAME ~ FOURTH FRAME

‘¢
(o e M

[}

Sk L]
r el
1

o o B .
W 1
o
SETTING i i
TINING g ;
Voon ===} | (IEEEEEES T i
in i i : I
I : =
i | ] | i




Patent Application Publication Jul. 13,2006 Sheet 3 of 13

FIRST
L INE-

THIRD
LINE

SECOND
LINE
e————>

US 2006/0152462 Al

Vcom SETTING

TIMING

Veom ---»

J 'y (] '
! ' 1 !
] ' 1
] [ )
1 1 '
' 1 !
' [ | [ ] ¥
; 1 [ :
1 L ]
H : 1
. ' ) '
H H ) t
+ t T v
1 i Ve '
. L. L]
' I v
1] [ ) L}
1] [ ] 1]
1] r o 1]
‘ Lo ‘
+ $ + —
t o=t +
[ v ) !
1] L 4 !
. ' N t
] [ T H
t [} P i
1] [ ] b
' ] ’ !
I ' N '
[ T » 1
t ' N N
1] 1 » 'O 1
. [} ) e | '
] 11 e '
1 1] [N N
' il N B
] (B e '
] IR N e ]
[l [ I A '
' K s '
V -_— i g} ‘
S ' b ' .
H HE [ [ S
] [ [ '
1} L] ' . '
. [ o '
' [ '] ]
' [ ‘ !
1} . ) » !
] [ ." '
[} [} 1] L !
= ™1
i o ] '
1 [} v # H
] [} 1 '
1 1 1 [ 1
' [ I '
. I ] '
" [ ot !
H H ———— - 1 :I-_--
! ur B :
I i Y i
I i o 0
1 Y e o
[ L M L
V ™ T N E'
¢ I ¥ i P
I Y i i
I h o o
i e PRI 5.
| QA — ] :-.' '
[ [ [ '
] [ [ N
] [ ] '
L} ' [} '
[l 1 ] '
1 I ] '
! : ; :
' ' H '
1 i H [
...... ' PR R— '
T ] [
[ ) ] '
L} 1 ] il
] 1] 1} '
e '
1 N
' '
! :
'
'
'
e '
1 :
I LI E
' '
v vy )
............................. 1
1
T

.................

...................

VL(;3




Patent Application Publication Jul. 13,2006 Sheet 4 of 13 US 2006/0152462 Al

S401
INITIALLY SET Vcom [~

SET VALUE

|-

DETERMINE Vcom SET 15402
VALUE BASED ON INPUT
INAGE

i 5403

CONTROL CIRCUIT INSTRUCTS
COMMON ELECTRODE DRIVING
CIRCUIT ABOUT Vcom ADJUSTMENT
TIMING AND Vcom VALUE

X $404
COMMON ELECTRODE DRIVING ¢

CIRCUIT CHANGES Vcom SET VALUE
IN ACCORDANCE WITH INSTRUCTED
ADJUSTMENT TIMING AND DRIVES

COMMON ELECTRODE

Fig. 4



Patent Application Publication Jul. 13,2006 Sheet 5 of 13 US 2006/0152462 Al

(i STARTj)
R

IMAGE RECOGNITION

$501 CIRCUIT OBTAINS

GRAY SCALE DATA OF INPUT
| MAGE

3502
~

IS INPUT
COMPLETED?

DETERMINE Vcom SET VALUE |.S903
BASED ON GRAY SCALE OF
IMAGE DATA

l

OUTPUT DETERMINED | S904
Veom SET VALUE TO WV
CONTROL CIRCUIT

!
(f END :)

Fig. 5




Patent Application Publication Jul. 13,2006 Sheet 6 of 13

( START )

\

US 2006/0152462 Al

SELECT GRAY SCALE OF
HIGHEST PRIORITY FROM
OBTAINED IMAGE DATA

S601
~

Y

SELECT Vcom SET VALUE
CORRESPONDING TO
SELEGTED GRAY SCALE

5602
-~

Y.

END

Fig. 6

( START )

Y

SELECT GRAY SCALE OF
HIGHEST FREQUENCY FRONM
0BTAINED [MAGE DATA

3701

\
SELECT Vcom SET VALUE
CORRESPONDING TO
SELECTED GRAY SCALE

§702

Y

END

Fig. 7



Patent Application Publication Jul. 13,2006 Sheet 7 of 13 US 2006/0152462 Al

(r START j)
l S801

SELECT GRAY SCALE PROFILE[™
CORRESPONDING TO OBTAINED
INAGE DATA

SELECT Vcom SET VALUE 2902

CORRESPONDING TO
SELECTED GRAY SCALE

(l
(j END :)

Fig. 8




Patent Application Publication Jul. 13,2006 Sheet 8 of 13 US 2006/0152462 Al

DATA
QUANTITY

-

GRAY SCALE
Fig. 9A

DATA
QUANTITY

e —

GRAY SCALE
Fig. 9B

DATA
QUANTITY

GRAY SCALE
Fig. 9C

DATA
QUANTITY

GRAY SCALE
Fig. 9D

DATA
QUANTITY

—
GRAY SCALE

Fig. 9E



US 2006/0152462 Al

Patent Application Publication Jul. 13,2006 Sheet 9 of 13

\z\

[A4

11nd419

NOILINDOOIY JOVWI

1 3Inva

viva 3F0vil WoOp |

a0 y3d INJWLsnerav
WOOA

Yiva FOVHI ——

11nd¥13 104LNOD

TYNOIS ONINWIL NO|SYIAN|-WodA

TYNDIS DNINIL DNILLIS WOOA

0l

\.\
e TNDIS DNILLIS WOOA
. TYNDIS ONIWIL
ONIATYA INIT V1Va VIVQ JOVAI
A N
LIN9Y¥19 ONIATYA A v v ¥
. INIT Yiva LIN0U19 ONIAIYG
vl . 300419373 NOWWOD
® & 5 4 ¢ 5 ¥ BV SN & s E s 4 E s R > .\
N h 4 m—
1100419 :
> ONIAIYA : JaNVd WWISA¥D QIN0IT < —
WNOIS ONIWIL NIT LYY | A
ONIAIYA INIT JLYD :
0l
T

31

E



Patent Application Publication Jul. 13,2006 Sheet 10 of 13 US 2006/0152462 Al

| 5301
INITIALLY SET Vcom
SET VALUE

. $1101
INITIALLY SET Veom [

ADJUSTMENT PERIOD

w
Ty

/

DETERMINE Vcom SET VALUE AND
Vcom ADJUSTMENT PERIOD
BASED ON INPUT IMAGE

§1102

5303

\ 4

GONTROL GIRGUIT [NSTRUCTS
COMMON ELECTRODE DRIVING
GIRCUIT ABOUT Vcom
ADJUSTMENT PERIOD AND
Veom VALUE

\ 4

COMMON ELECTRODE DRIVING
CIRCUIT CHANGES Vcom SET VALUE
IN AGCORDANGE WITH INSTRUGTED
ADJUSTMENT TIMING
TO DRIVE COMMON ELECTRODE

5304
i~/

Fig. 11



Patent Application Publication Jul. 13,2006 Sheet 11 of 13

START

US 2006/0152462 Al

i
)

IMAGE RECOGNITION 3501

CIRCUIT OBTAINS GRAY
SCALE DATA OF
INPUT IMAGE

5902

IS INPUT NO

COMPLETED?

DETERMINE Vcom SET VALUE
BASED ON GRAY SCALE
OF IMAGE DATA

!

PER10D
BASED ON IMAGE DATA

l

/§503

DETERMINE Voom ADJUSTHENT}S!1201

OUTPUT DETERMINED Vcom SET VALUE
AND Vcom ADJUSTMENT PERIOD
TO CONTROL GIRCUIT

51202
L

Y

END  )-

Fig. 12



Patent Application Publication Jul. 13,2006 Sheet 12 of 13 US 2006/0152462 Al

RELATED ART

114
Vcomo -t
ZZMECLC _ Cs
| 110 113
———
s] 7 [0
112~ Gl:------_-"cw 11
P oV,
| |
Vs

Fig. 13



US 2006/0152462 Al

Patent Application Publication Jul. 13,2006 Sheet 13 of 13

RELATED ART

[

S

Sl

, FIRST FRAME , SECOND FRAME, THIRD FRAME , FOURTH FRAME.

e

RELATED ART

152

L/

s

E

S S S S S
NTERMEDIAT
GRAY SCHLE._

v

WHITE

ST

INTERMED EAT
GRAY SCALE

LLL L

),

15

Fig.



US 2006/0152462 Al

LIQUID CRYSTAL DRIVING DEVICE, LIQUID
CRYSTAL DISPLAY DEVICE, AND LIQUID
CRYSTAL DRIVING METHOD

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
driving device and method, and a liquid crystal display
device for driving an active matrix type liquid crystal
display panel.

[0003] 2. Description of Related Art

[0004] Active matrix type liquid crystal display panels
such as a TFT liquid crystal display panel have switching
elements such as a TFT, liquid crystal capacitors C; ., and an
auxiliary capacitor Cq at intersections between gate lines
(scan lines) and data lines (signal lines) arranged in matrix.
The following description focuses on the TFT liquid crystal
display panel by way of example. FIG. 13 shows an
equivalent circuit of the TFT liquid crystal display panel.

[0005] A TET 110 has a gate electrode G connected to a
gate line 111, a source electrode S connected to a data line
112, and a drain electrode D connected to a pixel electrode
of the liquid crystal capacitors C; . and the auxiliary capaci-
tor Cg. The liquid crystal capacitors C; . is a capacitor of a
liquid crystal defined between the pixel electrode 113 and a
common electrode 114. The auxiliary capacitor Cq is used
for keeping a predetermined level of voltage applied to a
liquid crystal even after the voltage application to a gate was
stopped. FIG. 13 shows an example where the auxiliary
capacitor Cgq is provided between the pixel electrode 113 and
the common electrode 114. However, one end of the capaci-
tor Cq may be connected with an adjacent gate line, not the
common electrode.

[0006] FIG. 14 is a waveform chart of a voltage applied
to a liquid crystal. FIG. 14 shows how a liquid crystal
application voltage V; . per liquid crystal pixel changes its
level from one frame to another in the case of inverting a
polarity of the liquid crystal application voltage V; . every
frame period (frame-inversion driving). Here, a gate voltage
Vg is a voltage applied to the gate electrode G of the TFT
110. A source voltage V4 is a voltage applied to the source
electrode S. A common electrode voltage (common voltage)
Veom is a voltage applied to the common electrode 114.
Further, the voltage V; . is a voltage applied to the liquid
crystal capacitor C;, which is equivalent to a potential
difference between the pixel electrode 113 and the common
electrode 114 (hereinafter, referred to as “liquid crystal
application voltage”). If a DC voltage is continuously
applied to the liquid crystal, a liquid crystal element could
burn out and deteriorate. Hence, in driving a liquid crystal
display panel, the polarity of the source voltage Vg is
periodically inverted to invert the polarity of the liquid
crystal application voltage V; . at regular intervals. Such
Polarity-inversion driving gives the amplitude of the source
voltage V that is twice the amplitude obtained without
inverting the polarity. In some cases, as shown in FIG. 14,
common-inversion driving is executed to invert the polarity
of the common voltage Vcom in sync with a timing of
inverting the polarity of the source voltage Vg so as to obtain
the amplitude of the source voltage Vg equivalent to the
amplitude obtained without inverting the polarity.

1. Field of the Invention
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[0007] The liquid crystal application voltage V. varies
depending on a difference between the source voltage Vg
and the common voltage Vcom at the time of gate-off (when
a potential of the gate voltage V is switched to a “Low”
level) but is unequal to the difference, to be exact. This is
because, owing to the presence of a gate-drain parasitic
capacitance Cgp, charges accumulated in the liquid crystal
capacitors C, .. are stored in a gate-drain parasitic capaci-
tance Cgp, with the result that a level of the liquid crystal
application voltage V; . is changed. To be specific, as shown
in FIG. 14, a voltage shift AV1, or AV2, occurs with respect
to the liquid crystal application voltage V;.. Here, the
voltage shift AV is represented by Expression 1 below.

AV=AVG(Cop/(CoptCr o+Cs)) (Expression 1)

where AV represents a variation of the gate voltage Vg
between in the gate-on state and in the gate-off state. As
apparent from Expression 1 above, the voltage shift AV
varies depending on a capacitance value of the liquid crystal
capacitor C; . On the other hand, the liquid crystal appli-
cation voltage V. varies depending on a voltage value of
the source voltage Vg. Accordingly, the voltage shift AV
varies depending on the source voltage V.

[0008] Considering this example with reference to FIG.
14, an image is displayed with the same gray scale during
first and second frames, so the source voltage Vg is constant
albeit its polarity is inverted, and an amount of the shift AV
is constant (AV1). However, during third and fourth frames,
a gray scale of a display image is changed by changing a
value of the source voltage Vg from that in the second frame.
As a result, the amount of the voltage shift is changed from
AV1 to AV2.

[0009] As shown in the waveform chart of FIG. 14, a
difference is caused between a voltage amplitude V1 with
a positive polarity (first frame) and a voltage amplitude V1
with a negative polarity (second frame) even if an image is
displayed with the same gray scale. Further, there is a
difference between voltage amplitude V2 in the third frame
and a voltage amplitude V 2 in the fourth frame. Such a
difference between the negative polarity and the positive
polarity of the liquid crystal application voltage V; . causes
not only flickering of a display image but burning due to the
application of the DC voltage to the liquid crystal. Inciden-
tally, such a difference between the negative polarity and the
positive polarity of the liquid crystal application voltage
V. due to the voltage shift AV is also caused in the case
where the auxiliary capacitor Cy is defined between the pixel
electrode 113 and an adjacent gate line.

[0010] To that end, there has been proposed a technique of
eliminating the difference between the negative polarity and
the positive polarity of the liquid crystal application voltage
V1 o, in other words, removing DC components of the liquid
crystal application voltage V, ~ by adjusting the common
voltage Vcom. For example, Japanese Unexamined Patent
Application Publication No. 2000-267618 discloses a liquid
crystal display device that adjusts a DC voltage level of the
common voltage Vcom based on a video signal voltage for
displaying an image on a liquid crystal display panel to
reduce a voltage difference between the negative polarity
and the positive polarity of the liquid crystal application
voltage V; .. A technique of adjusting the source voltage Vq
to remove the DC components of the liquid crystal appli-
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cation voltage V. has been also proposed (see Japanese
Unexamined Patent Application Publication No. 2003-
114659).

[0011] As mentioned above, there has been known the
liquid crystal display device that adjusts a value of the
common voltage Vcom to remove the DC components of the
voltage liquid crystal application voltage V| . to eliminate
the difference between the negative polarity and the positive
polarity of the voltage V;.. However, the known liquid
crystal display device has a problem that a timing of
adjusting the value of the common voltage Vcom for remov-
ing the DC components of the liquid crystal application
voltage V; . cannot be controlled.

[0012] For example, Japanese Unexamined Patent Appli-
cation Publication No. 2000-267618 discloses a technique of
amplifying an average picture level (APL) signal corre-
sponding to an average voltage in one frame period of a
image display signal, and overlapping the amplified APL
signal on an output of a common electrode driving amplifier
for driving a common electrode to adjust a center voltage of
the common voltage Vcom. However, in the structure dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2000-267618, a horizontal or vertical control
signal generated by an LCD controller is not referenced
upon adjusting the common voltage Vcom.

[0013] In the structure disclosed in Japanese Unexamined
Patent Application Publication No. 2000-267618, the timing
corresponding to a vertical clock signal V and horizontal
clock signal H extracted from the input image display signal
is different from the driving timing of a signal driver and
scan driver at the actual display time of the liquid crystal
display panel. This is because the signal driver and scan
driver drive a data line or gate line through a processing for
moving input image data to an output position, and a
processing for converting the input image data into a signal
voltage applied to the liquid crystal. Thus, in the structure
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2000-267618 where the horizontal or vertical
control signal generated by the LCD controller is not refer-
enced upon adjusting the common voltage Vcom, the timing
of adjusting the common voltage Vcom cannot be decided in
consideration of the timing of driving the data line or gate
line. Hence, it is difficult for the structure disclosed in
Japanese Unexamined Patent Application Publication No.
2000-267618 to adjust the common voltage Vcom under
control exclusively during a blanking period in which nei-
ther data lines nor gate lines in a display area of the liquid
crystal display panel are driven. Therefore, there is a pos-
sibility that the common voltage Vcom changes in the
middle of displaying an image on the liquid crystal display
panel.

[0014] If the common voltage Veom is changed during a
period (scanning period) in which an image is being dis-
played on the liquid crystal display panel, without control-
ling the timing of adjusting the common voltage Vcom,
flickering occurs in a display image due to an abrupt
luminance change, leading to deterioration of an image
quality. Therefore, it is desirable to control the timing of
adjusting the common voltage Vcom such that the adjust-
ment is carried out during the blanking period.
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SUMMARY OF THE INVENTION

[0015] The present invention has been accomplished in
view of the above problems, and accordingly, it is an object
of the present invention to suppress flickering in an image
displayed on a liquid crystal display panel.

[0016] In a liquid crystal driving device for driving an
active matrix type liquid crystal display panel according to
an aspect of the invention, a common electrode voltage
value that is a value of a voltage applied to a common
electrode of the liquid crystal display panel is determined
based on input image data, and a timing of changing a
voltage applied to the common electrode to the common
electrode voltage value is determined based on a timing of
driving at least one of a scan line and a signal line of the
liquid crystal display panel.

[0017] On the other hand, in an active matrix type liquid
crystal display device according to another aspect of the
invention, a common electrode voltage value that is a value
of a voltage applied to a common electrode of the liquid
crystal display panel is determined based on input image
data, and a timing of changing a voltage applied to the
common electrode to the common electrode voltage value is
determined based on a timing of driving at least one of a scan
line and a signal line of the liquid crystal display panel.

[0018] Further, a liquid crystal driving method for driving
an active matrix type liquid crystal display panel according
to another aspect of the invention includes: determining a
common electrode voltage value that is a value of a voltage
applied to a common electrode of the liquid crystal display
panel based on input image data, and determining a timing
of changing a voltage applied to the common electrode to the
common electrode voltage value based on a timing of
driving at least one of a scan line and a signal line of the
liquid crystal display panel.

[0019] The above structure or driving method of the
present invention makes it possible to change a common
electrode voltage value in consideration of a timing of
displaying an image on the liquid crystal display panel.
Accordingly, a preset value of the common electrode voltage
can be changed during such a period that no image is
displayed on the liquid crystal display panel. Consequently,
it is possible to suppress flickering in a display image due to
the abrupt luminance change.

[0020] According to the present invention, it is possible to
provide a liquid crystal driving device, a liquid crystal
display device, and a liquid crystal driving method, which
can suppress the flickering in an image displayed on a liquid
crystal display panel by controlling a timing of changing a
level of voltage applied to the common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other objects, advantages and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings, in which:

[0022] FIG. 1 is a diagram showing a liquid crystal
display device according to a first embodiment of the present
invention;

[0023] FIG. 2 is a waveform chart of a voltage for driving
the liquid crystal display device of FIG. 1;
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[0024] FIG. 3 is a waveform chart of a voltage for driving
the liquid crystal display device of FIG. 1;

[0025] FIG. 4 is a flowchart of an overall operation of the
liquid crystal display device of FIG. 1,

[0026] FIG. 5 is a flowchart of a processing of determin-
ing a common voltage Vcom value in the liquid crystal
display device of FIG. 1;

[0027] FIG. 6 is a flowchart showing a specific example
of the processing of determining a common voltage Vcom
value;

[0028] FIG. 7 is a flowchart showing a specific example
of the processing of determining a common voltage Vcom
value;

[0029] FIG. 8 is a flowchart showing a specific example
of the processing of determining a common voltage Vcom
value;

[0030] FIGS. 9A to 9E are diagrams each showing a
specific example of a gray scale profile;

[0031] FIG. 10 is a diagram showing a liquid crystal
display device according to a second embodiment of the
present invention;

[0032] FIG. 11 is a flowchart of an overall operation of the
liquid crystal display device of FIG. 10;

[0033] FIG. 12 is a flowchart of a processing of deter-
mining a common voltage Vcom value in the liquid crystal
display device of FIG. 10;

[0034] FIG. 13 shows an equivalent circuit of a liquid
crystal display panel of the related art;

[0035] FIG. 14 is a waveform chart of a voltage for
driving a liquid crystal display device of the related art; and

[0036] FIG. 15 illustrates a problem to be solved by the
invention.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0037] The invention will be now described herein with

reference to illustrative embodiments. Those skilled in the
art will recognize that many alternative embodiments can be
accomplished using the teachings of the present invention
and that the invention is not limited to the embodiments
illustrated for explanatory purposed.

First Embodiment

[0038] Referring to FIG. 1, the structure of a liquid crystal
display device 1 according to a first embodiment of the
present invention is described. A liquid crystal display panel
10 is an active matrix type liquid crystal display panel using
a TFT as a switching element, and has the same structure as
the liquid crystal display panel of the related art illustrated
in FIG. 13. In short, in the liquid crystal display panel 10,
plural gate lines 111 and plural data lines 112 are arranged
in matrix. At intersections between the gate lines 111 and the
data lines 112, liquid crystal pixels are provided, which
includes a TFT 110, a pixel electrode 113, a common
electrode 114, a liquid crystal capacitor C; -, and an auxil-
iary capacitor Cs. The liquid crystal display panel 10 is
driven with a gate voltage Vg, source voltage Vg, and
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common voltage Vcom applied by a gate line driving circuit
13, a data line driving circuit 14, and a common electrode
driving circuit 15, respectively.

[0039] A control circuit 11 outputs a gate line driving
timing signal indicating a timing of driving the gate line 111
to the gate line driving circuit 13. On the other hand, the
control circuit 11 outputs a data line driving timing signal to
the data line driving circuit 14. The data line driving timing
signal indicates a timing of driving plural data lines 112 with
gray-scale voltage corresponding to image data. Further, a
Vcom inversion timing signal indicating a Veom polarity
inversion period is output to the common electrode driving
circuit 15. The Vcom inversion timing signal indicates a
polarity inversion period corresponding to a liquid crystal
application voltage V; . polarity-inversion driving method
such as frame-inversion driving, line-inversion driving, and
dot-inversion driving.

[0040] Further, the control circuit 11 outputs to the com-
mon electrode driving circuit 15 a Vcom setting signal
indicating a preset value of a common voltage (Vcom set
value) and a Vcom setting timing signal indicating a timing
of adjusting a Vcom set value.

[0041] An image recognition circuit 12 determines a
Veom set value based on externally supplied image data.
Here, the Vcom set value is a reference value of the common
voltage Vcom applied by the common electrode driving
circuit 15. For example, the Vcom set value may be a value
that determines a center voltage (DC voltage level) of the
common voltage Vecom subjected to polarity inversion.
Further, the Vcom set value is determined to eliminate the
difference between the negative polarity and the positive
polarity of the liquid crystal application voltage V; ., that is,
remove the DC components of the liquid crystal application
voltage V; .. A detailed procedure for determining the Vcom
set value is described below.

[0042] The gate line driving circuit 13 applies the gate
voltage V4 to the plural gate lines 111 of the liquid crystal
display panel 10 in order in accordance with the gate line
driving timing signal sent from the control circuit 11.

[0043] The data line driving circuit 14 receives image data
from the control circuit 11, and applies the source voltage Vg
to the plural data lines 112 of the liquid crystal display panel
10 in accordance with the data line driving timing signal sent
from the control circuit 11.

[0044] The common electrode driving circuit 15 applies
the common voltage Vcom to the common electrode 114 of
the liquid crystal display panel 10. The Vcom inversion
timing for common-inversion driving is determined with
reference to the Vcom inversion timing signal from the
control circuit 11. The Vcom inversion timing signal indi-
cates a polarity-inversion period corresponding to the liquid
crystal application voltage Vi polarity-inversion driving
such as frame-inversion driving, line-inversion driving, and
dot-inversion driving.

[0045] In the liquid crystal display device 1 according to
this embodiment, the control circuit 11 outputs the gate line
driving timing signal, the data line driving timing signal, the
Vcom inversion timing signal, and the Vcom setting timing
signal in sync. The gate line driving circuit 13, the data line
driving circuit 14, and the common electrode driving circuit
15 apply the voltage to the liquid crystal display panel 10 in
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accordance with timings indicated by the timing signals. In
this way, the control circuit 11 collectively controls a timing
of displaying an image on the liquid crystal display panel 10
by driving the gate line and the data line and a timing of
adjusting the Vcom value, making it possible to adjust the
Vcom set value in consideration of a timing of displaying an
image on the liquid crystal display panel 10. Therefore, the
liquid crystal display device 1 can control the Vcom value
adjustment timing such as setting a Vcom value in a blank-
ing period.

[0046] Next, a driving voltage waveform of the liquid
crystal display device 1 according to this embodiment is
described with reference to FIGS. 2 and 3. FIG. 2 is a
driving voltage waveform chart of the liquid crystal display
device 1 for adjusting a Vcom value on a frame basis. In
FIGS. 2 and 3, Vc represents a center voltage of the
common voltage Vcom subjected to polarity inversion. The
waveform of the Vcom setting timing shows a timing at
which the common electrode driving circuit 15 adjusts the
Veom value and which is determined by the Vcom setting
timing signal. In the waveform chart of FIG. 2, during the
first and second frames, an image is displayed with the same
gray scale during first and second frames, so the source
voltage Vg is constant albeit its polarity is inverted, and an
amount of the shift AV is constant (AV1). The Vcom center
voltage Ve is adjusted not to cause a difference between a
voltage amplitude V1 with a positive polarity (first frame)
and a voltage amplitude V1 with a negative polarity (sec-
ond frame).

[0047] On the other hand, the source voltage Vg is
changed between the second frame and the third frame, and
an amount of the voltage shift AV is accordingly changed
from AV1 to AV2 (AV1>AV2). In such a case, the control
circuit 11 sends Vcom setting timing signal and the Vcom
setting signal to the common electrode driving circuit 15 so
as to adjust the Vcom center voltage Vc in the blanking
period between the second frame and the third frame. The
common electrode driving circuit 15 changes the center
voltage Ve in the blanking period during the second frame
and the third frame in response to the Vcom setting timing
signal and the Vcom setting signal. With this operation, even
in the third frame and the forth frame where the amount of
the voltage shift AV is shifted from AV1 to AV2, the panel
can be driven without causing a difference between the
voltage amplitude V2 with a positive polarity (third frame)
and a voltage amplitude V 2 with a negative polarity (third
frame). Thus, the difference between the negative polarity
and the positive polarity in the liquid crystal application
voltage V. is suppressed even when the amount of the
voltage shift AV is changed.

[0048] FIG. 3 is a driving voltage waveform chart of the
liquid crystal display device 1 in the case of adjusting the
Vcom value on a line (horizontal scanning period) basis
during the line-inversion driving. In FIG. 3, V51 to V53
represent gate voltages corresponding to three consecutive
lines (first to third lines), and V.1 to V.3 represent
voltages applied to liquid crystal pixels on the first to third
lines. The liquid crystal pixels on the first and second lines
display an image of the same gray scale, and a difference
between the source voltage Vg and the common electrode
voltage Veom is uniform therebetween albeit the polarity is
inverted. The Vcom center voltage Ve is adjusted not to
cause a difference between the voltage amplitude V1 with
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the positive polarity (first line) and the voltage amplitude
V,1 with the negative polarity (first line).

[0049] On the other hand, a gray scale level is changed
between the second line and the third line to change the
source voltage Vs. Along with the change, the amount of the
voltage shift AV is changed from AV1 to AV2 (AV1>AV2).
In this case, the control circuit 11 sends the Vcom setting
timing signal and Vcom setting signal to the common
electrode driving circuit 15 to adjust the Vcom center
voltage V¢ in the horizontal blanking period between the
second line and the third line. With this operation, in the
third line where the amount of the voltage shift AV is
changed from AV1 to AV2, the difference between the
positive polarity and the negative polarity of the liquid
crystal application voltage V. is suppressed.

[0050] Next, the processing of determining the Vcom set
value executed in the control circuit 11 and the image
recognition circuit 12 is described with reference to FIGS. 4
t0 9. FIG. 4 is a flowchart of a processing from determining
the Vcom set value to driving the common electrode 114 in
the liquid crystal display panel 10 based on the Vcom set
value. First, in the initial setting of the Vcom value in step
S401, the Vcom set value corresponding to the gray scale of
the image data is predetermined in the image recognition
circuit 12. The initial set value is determined by setting the
Vecom center voltage (DC voltage level) as the Vcom set
value in association with the gray scale of the image data.
The amount of the voltage shift AV varies depending on the
gray scale of the image data. Hence, the Vcom center
voltage (DC voltage level) may be determined to eliminate
a voltage amplitude difference between the positive polarity
and negative polarity of the liquid crystal application voltage
VLC which occurs upon displaying the image data of each
gray scale.

[0051] In step S402, the image recognition circuit 12
determines the Vcom set value based on the input image data
and outputs the Vcom set value to the control circuit 11.
Incidentally, a method of determining the Vcom set value is
described in detail below.

[0052] In step S403, the control circuit 11 instructs the
common electrode driving circuit 15 about the Vcom set
value input from the image recognition circuit 12 and a
timing of adjusting the Vcom set value (Vcom setting timing
signal). An instruction is issued to the common electrode
driving circuit 15 by outputting the Vcom setting signal and
the Vcom setting timing signal. Finally, in step S404, the
common electrode driving circuit 15 changes the Vcom
center voltage based on the Vcom setting timing and the
Vcom set value sent from the control circuit 11 and supplies
the adjusted common voltage Vcom to the common elec-
trode 113. With this processing, the common voltage Vcom
can be adjusted.

[0053] Next, the processing of determining the Vcom set
value in step S402 is described in detail with reference to
FIG. 5. In step S501, the image recognition circuit 12
obtains the gray scale of the image data input to the control
circuit 11 in order. The processing of step S501 is repeated
until the image data corresponding to a predetermined time
period (one frame, one line, etc.) has been input (step S502).
Incidentally, the predetermined period (obtainment period)
during which the image recognition circuit 12 obtains the
image data can be arbitrarily set. The image data is typically
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obtained on a frame basis or on a line basis, but may be
obtained on the basis of frame and line. Alternatively, the
obtainment period may be changed depending on whether or
not the input image is a moving image or still image.

[0054] In step S503, the image recognition circuit 12
determines the Vcom set value following a preset determi-
nation procedure based on the gray scale of the obtained
image data. The determined Vcom set value is output to the
control circuit 11. Here, a specific example of the processing
procedure in step S503 is described with reference to FIGS.
6 to 8. The following specific examples (Examples 1 to 4)
are used for illustrative purposes. To sum up, the Vcom set
value may be determined based on the image data to
eliminate the difference between the positive polarity and
the negative polarity of the liquid crystal application voltage
V1 which would occur due to the voltage shift AV. Alter-
natively, the Vcom set value may be determined with any
other processing procedure.

EXAMPLE 1

FIG. 6

[0055] First of all, the gray scales of the image data are
prioritized in advance. For example, the gray scale where
flickering noticeably occurs due to the difference between
the positive polarity and the negative polarity of the liquid
crystal application voltage V. is given a high priority. The
gray scale where flickering is less noticeable is given a low
priority. At the time of determining the Vcom set value, the
gray scale that is given the highest priority of all gray scales
in the image data is selected (step S601), and the Vcom set
value corresponding to the gray scale of the highest priority
is selected with reference to the relation between the gray
scale initially set in step S401 and the Vcom set value (step
S602). Note that all the gray scales may be prioritized, but
only the gray scales that are particularly susceptible to
flickering may be prioritized without prioritizing the remain-
ing gray scales, and a uniform value is set as the Vcom set
value for the remaining gray scales. Hence, the common
voltage Veom can be corrected with reference to an image
of the highest priority, that is, an image that is most
susceptible to flickering, not an average value of the whole
image. Therefore, an image that is reduced flickers can be
displayed.

EXAMPLE 2

FIG. 7

[0056] First, the gray scale that is most frequently used
(appears at a high frequency) of all gray scales in the image
data is selected (step S701). Then, the Vcom set value
corresponding to the gray scale of the highest frequency is
selected with reference to the relation between the gray scale
initially set in step S401 and the Vcom set value (step S702).

[0057] Hence, the common voltage Vcom can be cor-
rected in accordance with the gray scale of the highest
frequency of appearance, in short, the most noticeable gray
scale, so an image that is reduced flickers can be displayed.

EXAMPLE 3

[0058] As a modification of Example 2, it is possible to
determine the Vcom set value depending on the gray scale
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of a higher frequency for each of R, G, and B. In this case,
as a method of adding the frequency of the input data, it is
possible to add the frequency through weighting (0.299xR,
0.587xG, 0.114xB) while considering the relation between
RGB signals and luminance signal. The reason the gray
scales are prioritized for each of R, G, and B is that a
luminance varies among R, G, and B. If flickering occurs in
an image of a higher luminance, this flickering is conspicu-
ous. Hence, this example has an effect of suppressing the
flicking in the image of a higher luminance.

EXAMPLE 4

F1G. 8

[0059] To begin with, the initial setting is performed in
step S401 by determining the Vcom set value with respect
to the gray scale profile pattern of the image data input
during a predetermined period. Here, the gray scale profile
pattern is obtained by classifying the image data according
to the gray scale characteristics. For example, as shown in
FIGS. 9A to 9E, gray scale profiles corresponding to a
bright image (FIG. 9A), a dark image (FIG. 9B), an image
of an intermediate gray scale, an image of an average gray
scale profile (FIG. 9D), and an image of high contrast (FIG.
9E) are obtained to determine the Vcom set value corre-
sponding to the grayscale profile. In determining the Vcom
set value, it is determined which gray scale profile out of the
predetermined gray scale profiles corresponds to a gray scale
profile of the image data obtained with the image recogni-
tion circuit 12 (step S801) to select the Vcom set value
corresponding to the determined gray scale profile with
reference to the relation between the initially set gray scale
profile and the Vcom set value (step S802). A relation
between the image characteristic and flickering shows that
flickering is conspicuous with a gray scale representing a
bright luminance in the case of displaying a dark image,
while the flickering is conspicuous with a gray scale repre-
senting a medium luminance in the case of displaying a
bright image. In this embodiment, the common voltage
Veom can be corrected according to the gray scale in which
flickering is especially conspicuous among gray scales con-
tained in the image data.

[0060] Referring back to FIG. 5, in the final step S504, the
image recognition circuit 12 outputs the Vcom set value to
the control circuit 11. Through these series of processings,
the Vcom set value can be determined based on the gray
scale of the image data.

[0061] Incidentally, in the liquid crystal display device 1
according to this embodiment, the Vcom setting timing
indicated by the control circuit 11 may be changed to change
an adjustment period for the common voltage Vcom. The
Vcom value may be adjusted (1) on a line basis (each
horizontal scanning period), (2) on a frame basis (each
vertical scanning period), (3) on the basis of line and frame,
and (4) on the basis of given area.

[0062] (1) In the case of adjusting the Vcom value on a
line basis, finer adjustment can be performed compared to
the frame basis adjustment as mentioned below. Hence, an
effect of suppressing flickering is greater than that of the
Veom adjustment on the frame basis. However, if the
adjusted Vcom value varies between the lines, the liquid
crystal application voltage V; - is changed when the same
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source voltage Vg is applied. Thus, a variation may occur
between the lines in the case of displaying the image data of
the same gray scale.

[0063] (2) In adjusting the Vcom value on a frame basis,
the number of times the adjustment is carried out is smaller
than the adjustment on the line basis, so an effect of
suppressing flickering is small. However, a common voltage
level is constant in one screen, so the variation that occurs
in the case of applying the same source voltage Vs is less
than the adjustment on the line basis.

[0064] (3)Itis possible to perform an irregular adjustment
on the basis of frame and line such as adjusting one image
on a frame basis and adjusting the next image on a line basis.
The Vcom value can be adjusted in sync with a common
voltage inversion period at the case of combined inversion-
driving that alternately repeats the frame inversion and line
inversion of polarities of the liquid crystal application volt-
age and the common voltage.

[0065] (4) Further, it is possible to divide one screen into
an arbitrary number of areas to adjust the Vcom value on the
basis of area. For example, one screen may be divided into
four areas in a horizontal direction or into a central portion
(first area) and the other portion (second area) to adjust the
Vcom value for each area.

[0066] According to the foregoing technique of Japanese
Unexamined Patent Application Publication No. 2000-
267618, the Vcom value is adjusted based on an average
value of image data in one frame period. However, in the
case of displaying an image as shown in FIG. 15, for
example, the flickering is noticeable in the display image if
the Vcom value is corrected based on an average value of
image data in one frame period, that is, one screen.

[0067] FIG. 15 shows an example of a display image
displayed on a liquid crystal display panel. An intermediate
portion 152 in the screen is displayed in white with a high
luminance, and an upper portion 151 and a lower portion
153 of the screen are displayed with an intermediate gray
scale. To take the average throughout a screen, the average
gray scale of the screen is higher than the intermediate gray
scale of the upper portion 151 and the lower portion 153 due
to the presence of the white portion 152. As a result, in
adjusting the common voltage Vcom based on the average
gray scale, there is a threat that a difference between the
negative polarity and the positive polarity of the liquid
crystal application voltage V; . further increases, and the
flickering in the intermediate gray scale is emphasized.
Therefore, the Vcom value is desirably adjusted not only on
the basis of frame corresponding to one screen, but also on
the basis of period shorter than one frame period, such as on
the basis of line (one horizontal scanning period) or area
obtained by dividing, one screen into plural areas.

[0068] In the liquid crystal display device 1 according to
this embodiment, the voltage applied to the common elec-
trode 114 of the liquid crystal display panel 10 can be
adjusted on the basis of period shorter than one frame
period, so flicking in the display image can be suppressed.

[0069] FIG. 1 shows a common voltage adjustment timing
of the common electrode driving circuit 15 with the Vcom
setting timing signal. However, as long as the Vcom inver-
sion timing signal is output to invert the polarity of the
Veom during the blanking period, the control circuit may
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output only the Vcom setting signal and the Vcom inversion
timing signal to the common electrode driving circuit 15.
Even with such a structure, the common electrode driving
circuit 15 executes the adjustment of the Vcom value
concurrently with the Vcom polarity inversion based on the
Vcom inversion timing signal, so the Vcom set value can be
adjusted during the blanking period. Incidentally, the Vcom
value adjustment period may be changed by the control
circuit 11 changing the output cycle of the Vcom setting
signal.

Second Embodiment

[0070] FIG. 10 shows the structure of a liquid crystal
display device 2 according to this embodiment. An image
recognition circuit 22 determines the Vcom set value based
on the received image data similar to the image recognition
circuit 12, and determines the adjustment period for adjust-
ing the common voltage Vcom in accordance with the image
data. The control circuit 21 is notified of the determined
Vcom adjustment period together with the Vcom value. The
control circuit 21 outputs the Veom setting timing signal to
a common electrode driving circuit 15 in accordance with
the Vcom adjustment period notified by the image recogni-
tion circuit 22. The other operation of the control circuit 21
is the same as the control circuit 11 according to the first
embodiment. Other components of the liquid crystal display
device 2 are the same as those of the liquid crystal display
device 1 according to the first embodiment and thus denoted
by like reference numerals, and their description is omitted.

[0071] The overall processing of the liquid crystal display
device 2 is described with reference to a flowchart of FIG.
11. The same steps as those of the overall processing of the
liquid crystal display device 1 are denoted by like reference
symbols, and their description is omitted. In step S1101, the
Veom adjustment period corresponding to the image data is
initially set. For example, the adjustment period for a
moving image, and the adjustment period for a still image
are individually set be forehand. In step S1102, the image
recognition circuit 22 determines the Vcom set value and the
Veom adjustment period based on the received image data
to output the value and period to the control circuit 21.

[0072] Referring next to FIG. 12, the processing of deter-
mining the Vcom set value and the Veom adjustment period
in step S1102 is described in detail. The same steps as those
of the processing of determining the Vecom set value in the
image recognition circuit 12 as shown in FIG. 5 are denoted
by like reference symbols, and their description is omitted.

[0073] After the Vcom set value is determined in step
S503, in step S1201, the Vcom adjustment period is deter-
mined based on the input image data. This determination
may be carried out by comparing the gray scales of the
image data obtained in steps S501 to S503 with the gray
scale of the image data in a previous frame to determine
whether the image is a moving image or a still image based
on whether or not the gray scale is changed. Then, a suitable
one corresponding to the determined image data is selected
from the initially set adjustment periods. In a subsequent
step, 51202, the image recognition circuit 22 outputs the
Veom set value and the Vecom adjustment period to the
control circuit 21.

[0074] With such a structure, the liquid crystal display
device 2 can change the adjustment period of the Vcom
value based on the received image data.
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[0075] Tt is apparent that the present invention is not
limited to the above embodiment that may be modified and
changed without departing from the scope and spirit of the
invention.

What is claimed is:

1. A liquid crystal driving device for driving an active
matrix type liquid crystal display panel, wherein a common
electrode voltage value that is a value of a voltage applied
to a common electrode of the liquid crystal display panel is
determined based on input image data, and

a timing of changing a voltage applied to the common
electrode to the common electrode voltage value is
determined based on a timing of driving at least one of
a scan line and a signal line of the liquid crystal display
panel.

2. The liquid crystal driving device according to claim 1,
wherein the common electrode voltage value is determined
to remove DC components of a liquid crystal application
voltage occurring at the time of inverting a polarity of a
voltage applied to a liquid crystal pixel of the liquid crystal
display panel.

3. The liquid crystal driving device according to claim 1,
wherein the timing of changing a voltage applied to the
common electrode to the common electrode voltage value is
set to fall within a blanking period during which no image
is displayed on the liquid crystal display panel.

4. The liquid crystal driving device according to claim 1,
wherein a period for changing a voltage applied to the
common electrode to the common electrode voltage value is
determined based on the input image data.

5. The liquid crystal driving device according to claim 2,
wherein a timing of changing a voltage applied to the
common electrode to the common electrode voltage value in
sync with a polarity inversion timing at the time of inverting
a polarity of a voltage applied to the common electrode.

6. The liquid crystal driving device according to claim 1,
comprising:

a scan line driving circuit driving the scan line;
a signal line driving circuit driving the signal line;

a common electrode driving circuit driving the common
electrode;

an image recognition circuit determining the common
electrode voltage value; and

a control circuit instructing the scan line driving circuit
and the signal line driving circuit about a driving
timing, and instructing the common electrode driving
circuit about the timing of changing the voltage applied
to the common electrode to the common electrode
voltage value determined with the image recognition
circuit in accordance with the timing of driving at least
one of the scan line and the signal line.

7. The liquid crystal driving device according to claim 6,
wherein the image recognition circuit determines the com-
mon electrode voltage value based on the input image data
in one frame period to change a voltage applied to the
common electrode in the one frame period.

8. The liquid crystal driving device according to claim 6,
wherein the image recognition circuit determines the com-
mon electrode voltage value based on the input image data
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in a period shorter than one frame period to change a voltage
applied to the common electrode in the period shorter than
the one frame period.

9. The liquid crystal driving device according to claim 6,
wherein the image recognition circuit determines the com-
mon electrode voltage value based on the input image data
in one horizontal scanning period to determine a voltage
applied to the common electrode in the one scanning period.

10. The liquid crystal driving device according to claim 6,
wherein the image recognition circuit stores a preset priority
of gray scales of the input image data, and a voltage
candidate value preset in accordance with the preset priority
of gray scales, and

the voltage candidate value corresponding to a gray scale
of the highest priority out of the gray scales of the input
image data received during a predetermined period is
set as the common electrode voltage value.

11. The liquid crystal driving device according to claim
10, wherein the gray scales of the image data are prioritized
for each of R, G, and B to determine the common electrode
voltage value.

12. The liquid crystal driving device according to claim 6,
wherein the image recognition circuit stores a voltage can-
didate value preset in accordance with a gray scale of the
input image data, and

the voltage candidate value corresponding to a gray scale
of the highest frequency out of gray scales of the input
image data received during a predetermined period is
set as the common electrode voltage value.

13. The liquid crystal driving device according to claim 6,
wherein the image recognition circuit stores a voltage can-
didate value preset in accordance with a gray scale profile of
the input image data, and

the voltage candidate value corresponding to a gray scale
profile of the input image data received during a
predetermined period is set as the common electrode
voltage value.

14. An active matrix type liquid crystal display device,
wherein a common electrode voltage value that is a value of
a voltage applied to a common electrode of the liquid crystal
display panel is determined based on input image data, and

a timing of changing a voltage applied to the common
electrode to the common electrode voltage value is
determined based on a timing of driving at least one of
a scan line and a signal line of the liquid crystal display
panel.

15. The liquid crystal display device according to claim
14, wherein the common electrode voltage value is deter-
mined to remove DC components of a liquid crystal appli-
cation voltage occurring at the time of inverting a polarity of
a voltage applied to a liquid crystal pixel of the liquid crystal
display panel.

16. The liquid crystal display device according to claim
14, wherein the timing of changing a voltage applied to the
common electrode to the common electrode voltage value is
set to fall within a blanking period during which no image
is displayed on the liquid crystal display panel.

17. The liquid crystal display device according to claim
14, wherein a period for changing a voltage applied to the
common electrode to the common electrode voltage value is
determined based on the input image data.
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18. The liquid crystal display device according to claim
15, wherein a timing of changing a voltage applied to the
common electrode to the common electrode voltage value in
sync with a polarity inversion timing at the time of inverting
a polarity of a voltage applied to the common electrode.

19. A liquid crystal driving method for driving an active
matrix type liquid crystal display panel, comprising:

determining a common electrode voltage value that is a
value of a voltage applied to a common electrode of the
liquid crystal display panel based on input image data,
and

determining a timing of changing a voltage applied to the

common electrode to the common electrode voltage

value based on a timing of driving at least one of a scan

line and a signal line of the liquid crystal display panel.

20. The liquid crystal display method according to claim

19, wherein the common electrode voltage value is deter-

mined to remove DC components of a liquid crystal appli-

cation voltage occurring at the time of inverting a polarity of

a voltage applied to a liquid crystal pixel of the liquid crystal
display panel.
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21. The liquid crystal display method according to claim
19, wherein the timing of changing a voltage applied to the
common electrode to the common electrode voltage value is
set to fall within a blanking period during which no image
is displayed on the liquid crystal display panel.

22. The liquid crystal display method according to claim
19, wherein a period for changing a voltage applied to the
common electrode to the common electrode voltage value is
determined based on the input image data.

23. The liquid crystal display device according to claim
20, wherein a timing of changing a voltage applied to the
common electrode to the common electrode voltage value in
sync with a polarity inversion timing at the time of inverting
a polarity of a voltage applied to the common electrode.

24. The liquid crystal display device according to claim
19, wherein the image recognition circuit determines the
common electrode voltage value based on the input image
data in a period shorter than one frame period to change a
voltage applied to the common electrode in the period
shorter than the one frame period.
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