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7) ABSTRACT

In a display device having a pixel array in which a plurality
of pixels are arranged two-dimensionally along a first direc-
tion and a second direction, each of the pixels includes a pair
of electrodes applying a voltage to liquid crystals, respective
groups of the pixels arranged along the first direction form
a plurality of pixel-rows juxtaposed along the second direc-
tion, and respective groups of the pixels arranged along the
second direction form a plurality of pixel-columns juxta-
posed along the first direction, the present invention repeats
a first step for selecting every Y rows of the pixel-rows
sequentially along the second direction N-times and apply-
ing an image signal to one of the pair of electrodes provided
for each one of the pixels belonging to the each Y rows of
the pixel-rows as selected, and a second step for selecting
every Z rows of the pixel-rows sequentially along the second
direction M-times and applying a blanking signal to the one

(21)  Appl. No.: 10/606,223 of the pair of electrodes provided for each one of the pixels
" belonging to the each Z rows of the pixel-rows as selected,
(22)  Filed: Jun. 26, 2003 alternately while the Y, the N, the Z, and the M are natural
(30) Foreign Application Priority Data numbers satisfying relationship of M<N and Y<N/MZZ,
and another of the pair of electrodes in each of the pixels is
Jun. 27,2002 (IP) e 2002-187448  kept at a reference voltage; and inverts polarity of the
Jun, 27,2002 (IP) e 2002-188013  blanking signal supplied to each one of the pixel-columns in
regard to the reference voltage to that of the image signal
Publication Classification supplied to the each one of the pixel-columns subsequently
to the blanking signal, so that horizontal stripes are pre-
(B It CL7 oo G0IG 3/36 vented from appearing in a image displayed by the pixel
(52) US. Cl oo 345/98 array.
100
4
102
104 106 |
120 ; =3
107~ _ Line 1
4L iy 103 o Lin
cL3 —< 1 Line 2
SN FLM_ 113
121 1141, :
DISP1 ~101

Dispz 142

DISP3
7 103-2-

105

/7
114-3
103-3




Patent Application Publication Feb. 12,2004 Sheet 1 of 38 US 2004/0027323 A1

FIaG, 1

512 I5314 515
Data Driver 5“6 ?5 i ?516
Voltage Output ™ 5 18t 3113 i hd--

G1
G2
G3
G4
G5
G6
G7
G8

G257
G258
G259
G260
G261
G262
G263

G264

’ M
G513 L
G514
G515 M
G516 T

L
L

m o o

m o b b

G517
G518
G519

G520 .
FLM I Pulse | Pulse 2 —f— """~ High

time —4 : -
t1 12 t




Patent Application Publication Feb. 12,2004 Sheet 2 of 38 US 2004/0027323 A1

FIG, 2

Frame Period

< > 4
VSYNG 1 N
HSYNC _l N n_ n I 1 Heh
Input Data L 0 Y Y7 Y YO LY E Y Y6 L J-
-Retrace/ . TRetracq TRetmce \Retrace  “Retrace ow
Puke | Horizontal Scanning Period e
' : uise .
FLM1 \" <— Delay Period —>] --ll:i(l)gval
CLi L0 11 _n-rhe
ow
Driver Data__ T2 T X -JXC
. . Retrace” Retrace “Retrace Retrace
Horizontal Penod —
time >
t
FIG, 3
100
Z
104 106 102
7/
| 1_%0__’ 107~ 103:= Line 1
o3 M2 T Line 2
FLM 113
>
" 141, :
DISP1 > | 101
Dispy_ 1142 )
DISP3 :
5 10324
105
‘ 5
114-3 A
103-3




Patent Application Publication Feb. 12,2004 Sheet 3 of 38 US 2004/0027323 A1

FlaG, 4
o T T Y

Data Driver " Low
Output Voltage

Pulse 2

cl3 L ftnrnn naonn npn--

- High
DISP1 _] || g I —
DISP2 ! o

DISP3 P

G2 R
G3 Az,
G4 [ W/m
G5 ;

G6 ;
G7 ;
G8 ;
G9 ;
G10 ;
GI1 ;
G12 5

G257
G258
G259
G260
G513 1

G514 1

G515 [ .
G516 [ - Jign

» * t
time >




Patent Application Publication Feb. 12,2004 Sheet 4 of 38 US 2004/0027323 A1
FIG 5
Acquisition Period for Transmitting Period for
4 Lines of an Image Datum (as W1~W4) the 4 Lines of the Image Datum
Tin / (as R1~R4)
, Tout — |TeX|
Horizontal Synchronizing N O High
Signal HSYNC a1 1 1 | ow
Honizontal Clock CL1 : _!L_!'\JH_P_I'L_!LJ:I_JL!T_I"L_!L.!'L
Memory Gircuit 105 L B ]
Line Memory 1 : ‘.M : ! YV5 | @ ! ng :
Line Memory 2: | & |2 ;W6 . [N10)
Line Memory 3:| 1 |1 [W3 LW 9 |
Line Memory 4 : i ; § Wa @ || W8 %a
Display Signal Output TOR \ 5em '
from Data Driver = :
time n
FIG, 6
Frames 2 < 3 >
L.-!Jﬂ___ __it_ AN A ! i
1 | 1 ! |g
LM T I'k ﬂ\ ﬂ\‘ | M o
i Pulse 1 l‘Pulse 3 “Pulse | :!3u|se i ;
1 ™ Blac "\ Bla » Blac
Scan ' Image . Image mage .
. H |
Line N
68— R\ 3
time




Patent Application Publication Feb. 12,2004 Sheet 5 of 38 US 2004/0027323 A1

FIG, 7

Display

Brightness B ! ! ! i |
TV TRed 1 (Feld2! Field T [Field 2!
' ImageData ' Black} Image Data | Black |
i Data | | Data
: 2:1 | E
:,% 1 Frame o E

time n

FIG, 8

Th1 Th2 Th3 Th4 Thd Th6 Th7 Th8 Th9 Th10
by b b oy v b b b High

m#3{ -t BB 6 {7
SEE M3 Mt m5 im 6 §:Biimt]
(3B A m 5 6 {7
m+3f B Mt im0 km+/
m+3 m* lm+5‘-:s: A+ mt]
Rl R 4 m S km+6 B mt]

Transition between Frame Periods

5 ...
(14
!



Patent Application Publication Feb. 12,2004 Sheet 6 of 38 US 2004/0027323 A1

FIG, 9

104 102
/ : /
TCON >
PIX
Vc°m\|, DIR |DIG \|DIB fSW «|DmB
e e )
| Z Z : 2 :-:— o 8 ] 10
@ || T TLERY | T
: T T . o > n - \Lm
EEE [
Gj ; N B; g; ng(( T ga=
=TT pa T > X :
b | | H L [N 10
g | | Hl G| T, el
Tz T n > T \L
L al-HE -1 .J'l% - 10
S e u ] s |
I A W WV W YA
Gn E V + VA VA A « vﬁ\i‘
=~ 6 10
- R J:
103 I G IV S _
11 111 K101

Alternation of n—frame

Alternation of (n+1)-frame &kt

Alternation of (n+2)~frame =:i:: ik ot




Patent Application Publication Feb. 12,2004 Sheet 7 of 38 US 2004/0027323 A1

FIG, 11

m mtl mt2 mtd mta

Alternation of n—frame

Alternation of (n+1)-frame 7

Alternation of (n+2)-frame =i g X

Alternation of (n+3)-frame e Kl

Alternation of n—frame

Alternation of (n+1)-frame ©:hgrier g

 Alternation of (n+2)-frame il e

Alternation of (n+3)~-frame &) i Yo N

Alternation of n—frame

Alternation of (n+1)-frame ©ZX7

Alternation of (n+2)-frame R, RN AR Sy

Alternation of (n+3)~frame &k nkis




Patent Application Publication Feb. 12,2004 Sheet 8 of 38

FIG, 14

mtl mt2 mt3

US 2004/0027323 A1

Alternation of n—frame

Alternation of (n+1)-frame 2

Alternation of (n+2)-frame ::::' ':::,.

Alternation of (n+3)-frame i i ifinese

Alternation of n—frame

e

Alternation of (+1)-frame (3t Xiism i e

Alternation of (n+2)~frame o

Alternation of (n+3)-frame i ::r::

FIG, 16

Alternation of n—frame

Alternation of (n+1)-frame 33

Alternation of (n+2)-frame ::::

m_m
Alternation of (n+3)-frame :::: I:EZ'E*;:::XEEE};

D, )




Patent Application Publication Feb. 12,2004 Sheet 9 of 38 US 2004/0027323 A1

FiG, 17

m mt@ mtl mt2  mt3
Alternation of n—frame  :nXTEKsmsEY 4 Ko

--------------

Alternation of (n+1)-frame i

Alternation of (n+2)-frame

Alternation of (n+3)~frame ;i )ci: s g

Alternation of n—frame

Alternation of (n+1)-frame

Alternation of (n+2)-frame ::::

Alternation of (n+3)-frame XX

Alternation of n—frame

Alternation of (n+1)-frame :i:

Alternation of (n+2)-frame ::'-

Alternation of (n+3)-frame




Patent Application Publication Feb. 12,2004 Sheet 10 of 38  US 2004/0027323 Al

F[G 20

m+01 mtl mt2 m+3

Alternation of n-frame

Alternation of (n+1)-frame ik ma e ke

Alternation of (n+2)~frame

Alternation of (n+3)-frame :::: AR R s

FIG 21

m mt@ mtl mi2 mtd

Alternation of n—frame

Atemation of (r+1)-rame. TZXTHN: 2B N RN

Alternation of (n+2)-frame &

Alternation of (n+3)-frame ::::- .5:3:':':3. :

Alternation of n—frame

Alternation of (n+i )-frame

Alternation of (n+2)-frame ;:;:. R

m+ m2 mtd m+3

EaEE e

Alternation of (n+3)~frame ::Z:X::




Patent Application Publication Feb. 12,2004 Sheet 11 of 38  US 2004/0027323 Al

FlG 23

mtl m+t@ mt2 mt3

Alternation of n—frame

Alternation of (n+1)-frame + Xsfgffﬁfif' CE A

m_ mtl mt2 mto m+d
Altemation of (n+2-frame XXk XX + K
m mt@ mtl m+2 m+3
Alternation of (n+3)—frame AR AT st

Alternation of n—frame

Alternation of (n+1)-frame ki

Alternation of (n+2)-frame

Alternation of (n+3)-frame e an Y e X

Alternation of n—frame

Alternation of (n+1)-frame SRRy

Alternation of (n+2)-frame ::::- TR e o (e &

Alternation of (n+3)-frame




Patent Application Publication Feb. 12,2004 Sheet 12 of 38  US 2004/0027323 Al

F[G' 26

m1 m+0( mt+2 m+3

- Alternation of n~frame

Alternation of (n+1)~frame ::::
Alternation of (n+2)-frame 3

Alternation of (n+3)-frame :::

Alternation of n—frame

Altemation of (n+3)~frame i:::

Alternation of n—frame

Alternation of (n+1)~frame 33

m m+0l ml m+t2 m+3

Alternation of (n+2)-frame :::

Alternation of (n+3)~frame :r:¥:rdh e ks




Patent Application Publication Feb. 12,2004 Sheet 13 of 38  US 2004/0027323 Al

Alternation of n—frame

Alternation of (n+1)-frame ¥

Alternation of (n+2)~frame &

Alternation of (n+3)-frame &k -5:5:5.:.'.:.5:5;’-

F[G’ 30

mt1 m+2 .m+01 m+3

Alternation of n—frame

Alternation of (n+1)-frame :::

Alternation of (n+2)-frame &

Alternation of (n+3)-frame o)

1 m+2 mta mt3

- =

Alternation of (n+2)-frame Xl m g

Alternation of (n+3)~frame




Patent Application Publication Feb. 12,2004 Sheet 14 of 38  US 2004/0027323 Al

Alternation of n-frame

Alternation of (n+1)-frame i)Yot s

Alternation of (n+2)-frame 33

Alternation of (n+3)-frame ::::

FIG 33

ml mt2 m+@ mt3

Alternation of n-frame

Alternation of (n+1)-frame 515:2 e Yo

Alternation of (n+2)-frame ::::

Alternation of (n+3)-frame




Patent Application Publication Feb. 12,2004 Sheet 15 of 38  US 2004/0027323 Al

FIG 344

m+ o mt o +4
S S
m+a+3 m+Q+7
m mtl mt2 m+3 m+td mtd m+6 m+]

Alternation

WRAR AL
it P+

m+5

mt7

RN R

Rrge el e e+
NSNS INRA R EAL

R AR AT

mtd [
mta+1
mt Q42 [; !
mt (/+3 [
m+a+4 -::-: . a
mt 045 Pk
mt @ +0 REEREEE
mtQ+] By

s iEiErevara s




Patent Application Publication Feb. 12,2004 Sheet 16 of 38  US 2004/0027323 Al

FIG 35
v

n-frame

(n+1)-frame

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

(n+2)~frame

(n+3)-frame




Patent Application Publication Feb. 12,2004 Sheet 17 of 38  US 2004/0027323 Al

FIG, 364

m mtl mt2 m3 mram+d mtd m+b m+! mta

Altemation &5

Signal Electrode v : /\ /k /‘\ |
Output — A
ra RN E |
Reference Potential 1\ | 1\ | 1 i\ )f'i LN ,

Potemtial Difference

Altemation  Z3t kiRt Do, e Potemtial

i 2 S s SO S *?‘;L_/Er Difference
Signal Electrode ﬂ | /\ | ﬂ ' A | [
Output . E : |
P :

Reference Potential




Patent Application Publication Feb. 12,2004 Sheet 18 of 38  US 2004/0027323 Al

FiG 374

m mtl mt2 mt3 mramtd mtd mtb mt7 mto

Altemation 3

Signal Electrode
Output

Reference Potential

. '%P'oter:ntiallDifférence

FiG 378

m mt mt2 mt3 mamtd mt5 mb mt] mto

i S 3530 E3% (B8 i € 658 : B8 E Potemtial

S T '-*m Difference

Altemation

Signal Electrode
Output

Reference Potential



Patent Application Publication Feb. 12,2004 Sheet 19 of 38  US 2004/0027323 Al

FigG, 364

4 m mH M2 mt3 mr@mH M5 M6 mt] mto
Alternation 25 = A - X ! ,
I : i P | I
n-frame giﬁnt:&tEleCtmde i E :m : i | I
Reference Potentlal \ ‘ I Lo I\[ P
—— g e e e Bl o et T e e e o
ek el it ek et et i Sl il et
L l : I I : I
Potertial Difference
FIG, 388
m mH mtamt2 md mH4 mS mt@mf mti
Alternation - - UERSEREN s K AERTRZAS K=l Potemtial
: ' ' -I}‘)/T:—I*? Difference
Signal Electrode !
+ ]
(n+1)-frame Output ,
| 1 1 ] 1 ]
Reference Potential | I I I I I
A T S S S R R
C Dol

FiG 38C

4 m mtemt] mt2 m3 m mramt mt2 m+d

Alternation  roRZRESEN + KEXRKSTREY + KK )

...--ll: : Potemtial
ettt el ------.---»,*- =-t--4--- Difference

Signal Electrode

(n+2)~frame Outut

Reference Potential

FlG 380D

4 m mtl mt2 mtamtd m mH mt2 meamtd

Alternation

Signal Electrode
Output

I
]
) ]
I I
] l ] |
Reference Potential \_}--4- __L__J- SO . Wy S
e Sl el sl Sale --I T

)
I
1
1
]
|
|
|

(n+3)-frame

S Poterhtial* IDn‘ference




Patent Application Publication Feb. 12,2004 Sheet 20 of 38  US 2004/0027323 Al

FIG, 39

Th1 Th2 Th3 Th4 Thd Th6 Th7 Th8 Th9 Th10
N S A B B B N N AR

Frame n

Frame(n+1
Frame(n+2)
Frame(n+3)
Frame(n+4) 8
Frame(n+5
Frame(n+6)
Frame(n+7) | |

Transition between Frame Periods

-~ =<

ti;ne - >
(for each Frame Period) t

FIG, 40

Th1 Th2 Th3 Th4 Thd Th6 Th7 Th8 Th9 Th10
J D SN DS NN S BN A
CL1 _n T nnnnn rl

4 I i I I ]
£ | Framen mm-mmﬂ
% Frame(n+1) 8 T s T N m+6 m+7
Lg Frame(n+2) i_m_{m+1{im+2§:8::3 m+3 mt m+5 m+6l S8 mt]
S | Frame(n+3) l_m_g:{ mt1{m+2 ) m+ B m+dim+6 {m+/
2 | Frame(n+4) EBE i
(O]
-2 | Frame(n+5)
:% Frame(n+6)
& | Frame(n+7)
- . ! ! 1 [ ' [ 1 1 | 1

' time >

(for each Frame Period) t



Patent Application Publication Feb. 12,2004 Sheet 21 of 38  US 2004/0027323 Al

FIG, 41

tn0F1 D—F2 Q

Data Driver
Output Data LT T BT T T T FeIIZABICICATSIEBITILEILY

FLM

CL3t
CL32
CL33

DISP1
DISP2
DISP3

G1
G2
G3
G4
G5
G6
G7
G8

Gda+0 ' I
Gdatl ' I 1
Gda+? L1 1 L
Gdat3 1

1
Gdatd ' -
Gdath [ [T

Gdat6 T T __*CK
Gat] M

G4at8 [T 11
Gdatd ) —

Gdat10 _ 1
Gdat11 ~ A '




Patent Application Publication Feb. 12,2004 Sheet 22 of 38  US 2004/0027323 Al

FIG, 42

I 0F2Q)—F3Q

Data Driver
Output Data £

Bl T 1T T EBI 1 TIESAL2MLSILAIIOESILel L /ILS]LO]

FLM 'l

CL31 LA ARl Ann nRAR AAN
CL32 LA nnnn _nnin nann nnn_
0L33 LA _ninn_nnin_nnnn nnn_

DISP1 —1L
DISP2 -

DISP3

G M

@ Cﬁl_l

G3

G4 1

a5 I

G6 11

a7 ! |
G8 : M

Gdat) [TT |

Gdatl 1T '

Gdat? [ T

Gdat3 [ [ .

Gdatd . T T1T— +1CLK

Gdath T '

Gdatb [ [T

Gdat] CT71 '

Gdat8 1 |

Gda+9 I 1 |
Gda+10 [ L
Gdat+11 [ 1 l




Patent Application Publication Feb. 12,2004 Sheet 23 of 38  US 2004/0027323 Al

FIG 43

4n0F3 Q—F4 @

Data Driver
Output Data L T T T FET T T OIS TSI LB TPy
FLM 1

CL31 L _nnnn nonnnrn _nnon 0
CL32 Ln_nnn _uif in_nnnn n
CL33 Ln_fnnnn _nn nn _nnnn _n

o o o -
DISP3 — !
LI | || | |

Gi ""I_I

G2 .

G3 1

G [T71
G5 V 1

G6

1
G7 M
a8 T

Gdat0 1

|
Gdat1 ' L
G4a+2 —

Gdatd [T 120K
Gdatd 1

Gda+5 | | Ll

Gdath ] 1 1 ]
Gdat] [ 1 1 _1
Gdat8 — '

Gdatd S -
G4a+10 [ T T 1

Gdat11 LT




Patent Application Publication Feb. 12,2004 Sheet 24 of 38  US 2004/0027323 Al

FIG 44

0 FA@—F1 (D

Data Driver
Output Data I LTI T T T W

Bl L2 ST L4EBI L SI Lo L /ILSEBY L)

FLM M
CL31 M _nnfin _narnn_nnnan

CL32 nnain_f1nnhn oo nonn
CL33 onnin _nnnn. nnon nonn

DISP1
DISP2
DISP3

Gl
G2 1

G3 1

G4 M

G5 T

G6 M

G7 M
G8 M

Gdat) ' I 1 I
Gdatl LT 1 |

Gdat2 | 1 |
Gdat3 [ 1
Gdatd [ 1 1
Gdath CT1
1

Gdath
Gdat] T 1

a8 1
at) T

Ga+0 —
Glat1 T 11




Patent Application Publication Feb. 12,2004 Sheet 25 of 38  US 2004/0027323 Al

FIG, 45

It FID-F20

Data Driver
Output Data L1 853 I I O 533 O O A1 )55 A L I 3= 5 U I )
FLM I

CL31 Annn fnnnn anan_npnn_nn_
CL32 nnn _nnnn popn nnrn oo
CL33 innmn npnonn nnnn nrnn _nn_

DISP1
DISP2 '
- DIsPS

Gi 1
G2 1

G4 a
G5 M

G6 ' B

Q7 T1

a8 | M

Gdat0 [ [T

Gdat1 [T |

Gdat2 LT1 '

Gdat3 M |

Gdat4 [ 1

Gdatb [ [ 1 |

Gdath CT T Without Adjustment
Gdat] M l

Gdat8 [ =

G4at9 ' 1 l
G4at+10 [T1 |
Gdat1 M1 .




Patent Application Publication Feb. 12,2004 Sheet 26 of 38  US 2004/0027323 Al

FIG, 46

41 F2Q) - F3Q

Data Driver
Output Data 353 33 I I L] 2= AW D D DG a5 DG I D) )

FLM

CL31
CL32
CL33

DISP1
DISP2
DISP3

G1
G2
G3
G4
G5
G6
G/
G8

Gdat0) [T1 I

Gdatl [T |

Gda+2 [ [Tl

Gdat3 [ [ I :
Gdatd | Without Adjustment
Gdatd 1 l

Gdat6 [ T

Gdat] [ [T |

Gdat8 [T [

G4at9 - |
G4at10 [ T
Gdat11 [ 1 '




Patent Application Publication Feb. 12,2004 Sheet 27 of 38  US 2004/0027323 Al

FIG 47

i+ F3Q—F4@

Data Driver
Output Data CEEL T T T BT T T T FRICTCATFEICATSEIERIIETY
FLM [

CL31 i_nnnin _nnnnnnan_nnnn m
CL32 Ln_nnnn _nnnn _iman _nnnn n
CL33 Ln__nnnin _nnnn mepn _nponn nm

e e
DISP3 L] —
—J LI

1 1
|- J
. J

LL

G 1

G2 I

G3 a

G4 I—T_II_I

G5

G6 1

G7 1

a8 CT 1

Gdatd 1 |

G4atl [ 11

Gdat? [ [ '

G4at+3 [T L Without Adjustment
Gda+4 M |

Gdatd [ T

Gdat+b [ Tl

GlatT T T—1 +CK
G4at+8 I '

Gdat9 [ -
Gda+10 ‘ [ g —
G4at11 [T l




Patent Application Publication Feb. 12,2004 Sheet 28 of 38  US 2004/0027323 Al

FIG, 48

41 F4@ - F1 D

Data Dnver
Output Data TR T T T Tl TLMCATIAFBI LS RILIEEE:

FLM [

CL31 tnnn _nnnn_nronn _nannn_
CL3? Lninn_nnnn innn_nann
CL33 LA nnnn innn_nnpmnn

DISP1
DISP2
DISP3

GI
G2 1

G3 M
G4 M

G5 11

G6 1

G7 1
G8 1

Gda+0 I Ry —
G4at L] 1
Gda+2 I 1 '
Gda+3 [ 1
Gda+4 i ——
1 |
I 1

IO

G4atd '
Gdat6
Gdat7 '
G4a+8
Gdat9 '

G4at+10
Gdatl1 [ [ C

e
—
-

-
p—

]




Patent Application Publication Feb. 12,2004 Sheet 29 of 38  US 2004/0027323 Al

FiG, 49

2 FID-F20

Data Driver
Output Data 1 53 I I 555 O I 25 1 A DG 5 A L )
FLM 1

CL31 nninn nonn nnnn_nnnn nn_
CL32 nnnn nnan nnon nonn nr
CL33 ninn nrnnnn annn _npnnn _nn_

DISP1
DISP2
DISP3

G 1
G2 .

G3 11
G4 1
Gd 1

G6 1

G7 [T 1
G8 1

G4at0 [ 1 l

Gdat1 CT1 |

G4at2 . |

G4at+3 [ I 1 .
Gda+4 T 1 Without Adiustment
Gdath CT —1

Gdatb ]

Gdat] | A

G4at8 [
G4at9 CT 1
G4a+10 P
Gdat11 [ g




Patent Application Publication Feb. 12,2004 Sheet 30 of 38  US 2004/0027323 Al

FIG, 50

i 2F2 Q- F3Q

Data Driver
Output Data 333 333 e 1 D I LR 25 L L ) )

FLM
CL31
CL32
CL33

DISP1
DISP2
DISP3

Gi
G2
G3
G4
G5
G6
G!
G8

Glat) — T T—1

G4atl a |

G2 —

Gdatd — —

Glatd o—— ok

Gdat5 I 1
Gdatb '
Gdat] '

Gda+8 '
Gdat9 [T .

G4at+10 [ [T
G4a+11 [ [ '




Patent Application Publication Feb. 12,2004 Sheet 31 of 38  US 2004/0027323 Al

Fia, 51

42 F3Q—F4@

Data Driver
Output Data 323 B S5 I I 10 1 S I A I 2 DR ]

LM [

CL31 LL_nARAN NAMR AAAN AAOR [
cliy MLA_MAARAN _AAAMN ARAR AAAR R
cL33 MLA_NARAMR NARAR ARAR AROR R

DISP1
DISP2 L| — LI 1 N 1
| I | | L -
| Ll L L
1

DISP3 I

G
G2 1

a3 1

G5 M

G6 1

G7 M1

a8 I

Glat) — '

Gdat1 [ T

Gdat2 [ 1 |

Gdatd [T1 |

Gdat+d 1 |

Gdath I 1

G4a+6 | 1 ] WIthOL_It_AdeSthnt
Gdat] [T |

G4at8 T I

Gdat9 [ =
G4a+10 [ g —

Gdat11 [T '




Patent Application Publication Feb. 12,2004 Sheet 32 of 38  US 2004/0027323 Al

FIG, 52

i+ F4 @ —F1 D
Data Driver
Output Data L I Egt T I 1 SE--85§I!II!]IB]I!!§§§I!H (Lol /11 8EB]
FLM M

CL31 lLnnn _fnnnn npaannpn none
oL32 Lnnn_nnnn_nnin_nnnn nnnn
cL33 Linn _nnnn_nnin _nnnon_nnnn_

DISP2
DISP3

DISP1 L M
|
J

Gi M1

G2 .

G3 [

G4 1

G5 T 1

G6 1

G M
G8 N

Gdat) [ 1 |

Gdatl [T |

G4a+2 M1 |

G4at3 [ [ - S—

Gdatd [ [ |_+ICLK

Gdatd LT1 .

G4at6 - 1 '

Gdatl [ [Tl

G4at8 [T '
Gdat9 1 .
Gd4at10 a l
G4at11 [ Ml




Patent Application Publication Feb. 12,2004 Sheet 33 of 38  US 2004/0027323 Al

FIG, 53

3F1ID-F2Q

Data Driver
Output Data

FLM M
L3 _Annn _nann nannn nannnn
oL3? B I N Y Y I I O
cL33 Annn nnnn o nn oo namRnonn_
1
L
||

DISP1
DISP2
DISP3

CCLC

.|
L
L

G1 1
G2 M

a3 T 1
G4 ""l_l
G5

Gé 1

a7 T 1
G8 A

Gdat0 [ -

Gdat [ [T '

G4a+2 [ T '

G4at3 I '

Gdat4 [ -

Glat5 711 101K

Gdatb — '
Gdat7 1 '
Gda8 ' 1 L

G4atd : 1 L—
Gdat10 LT 1 '

Gdat11 T |




Patent Application Publication Feb. 12,2004 Sheet 34 of 38  US 2004/0027323 Al

FIG, 54

3FR2B8-F3Q

Data Driver

Output Data T BRI LT T I 33 M A5 DA 1 I 1R 25 A A D)
FLM I

CL31 ARt nann nan nnnn oo
CL32 LA _NMNN _nnon unn annn _nnn_
CL33 Lnn _fnnRn nanon uwn nnnn_nnn_

DISP1

DISP? LML M
|
|

DISP3

EHE
CCC

|-
. [

G1 1

a2 T 1
a3 1
G4 1

G5 1

G7 M

G8 1

Gdat) [ T1 .

Gdat1 M |

Gdat2 [ T

Gdat+3 [ [ |

Gdat+4 [ 1 |

Gdath 1 |

Gdatb ' [ [

Gdat] [ [T

G4at9 1 l
G4at10 R
Gdat11 T '




Patent Application Publication Feb. 12,2004 Sheet 35 of 38  US 2004/0027323 Al

FIG, 55

4nt3F3Q —FA@)

Data Driver
Qutput Data

FLM
CL31

I
L nnnn nnon oo nnnn _n_
CL32 L_nnnn nnnn n nern _nnnn _n_
CL33 nnL_nann _annn n oot nann
DISP1

L Ll |
DISP2 - Ll I
L L | I

333 N I AL I DRI 325 I D A 1) 2= L) D)

DISP3

G 11

G2 M

G3 1

Gé LT

G5 1

G 1
G7 —I1
G8 T 1

Gdat0 1 '

Gdat [ -

Gdat2 LT |

Gdat3 | SN

Gdatd [T '

Glatd m— i B [0
Gdath [ 1T 1 ]

Glat7 [T 1
Géatd T |

G4at9 [ J L1
Gdat10 — l

Glat+11 [T 1




Patent Application Publication Feb. 12,2004 Sheet 36 of 38  US 2004/0027323 Al

FIG, 56

3 FA@-F1 D

Data Driver
Output Data 839 £2 LR L2 L3I AEBI{ 5611 /1L BB

FLM
CL31
CL32 Lina_nnan nnon _nnan nnnn_

CL33 AN _nnin _nann _nnrnn nnmen_

DISP1
DISP2
DISP3

LLLC

g .
J
)

G1
Q2 |y

G3 M
e 1
a5 T 1

o N

G7 M
G8 1

G4at0 [ [ '

Gdatl [T l

Gdat2 1 '

G4at+3 -

Gdatd [ T '

Gdat5 [T1 |__Without Adiustment
G4atb . M1 1

Gdat] S I T

G4at8 - I S—

G4at9 [T |
G4at10 1

Gdat11 ' -




US 2004/0027323 A1

Patent Application Publication Feb. 12,2004 Sheet 37 of 38

FIG, 57

CL1
Data Driver

3
[\2]
a
5
g
- ]
S

=

3
o

1 .

DISP1

=]

=
4

DISP2

DISP3

G1
G2
G3

G4

G5

Gb

G7

Gj

Gi+1

Gi+2

1 |

j

Gj+3

Gj+4

L1

Git

Gj+6

Gi+7

1
[ ]

Gi+8

Gi+9

[ 1

Gji+10
GiH1

~ time



Patent Application Publication Feb. 12,2004 Sheet 38 of 38  US 2004/0027323 Al

CL1

Data Driver
Output Data

FLM
CL3

DISPT 1

[ 1
DISP2 [
pIsP3 I —

LL ]

G
G2
G3
G4
G5
G6
G/

-t-4--+-4---

i [1

]

Gj L I

Gj+1 l |
Gi+2 I |
Gi+3 ‘ ‘ — : "
G4 1 Line without Black Data Wnite -
Gj*5 l [ L
Gj+6 1 1
Gi+7 11 \
Gi8 [ 1

Gi+9 |
Gi+10 l
G+ |

|
|
]
|
|
I I
| 1
] [l
] I
| 1
Il [l
1 ]
| I
| |
i [}
| ]
I ]
I ]
| |
I ]
I '
| '
| t
I '
1 1

o G S TSR S EEY B

time



US 2004/0027323 Al

DISPLAY DEVICE AND DRIVING METHOD
THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a display device
(liquid crystal display device or the like) and a driving
method thereof, and more particularly to a so-called active
matrix type liquid crystal display device and a driving
method thereof.

[0003]

[0004] With respect to the active matrix type display
device, on a surface of a substrate, respective regions which
are surrounded by a plurality of gate signal lines which
extend in the x direction and are juxtaposed in the y direction
(crossing the x direction) and a plurality of drain signal lines
which extend in the y direction and are juxtaposed in the x
direction constitute pixel regions and a mass of these respec-
tive pixel regions form a display part. In a display device
using a liquid crystal display panel, on a surface which faces
liquid crystal of one of a pair of substrates which are
arranged to face each other with liquid crystal therebetween
(a liquid-crystal-side substrate surface), the gate signal lines
and the drain signal lines are formed. The gate signal lines
are also referred to as scanning signal lines, while the drain
signal lines are also referred to as source signal lines, data
signal lines or video signal lines.

[0005] On each pixel region, at least, a switching element
which is driven in response to a scanning signal from the
gate signal line and a pixel electrode to which a video signal
is supplied from the drain signal line through the switching
element are formed thus constituting a pixel.

[0006] The pixel electrode forms a pair with a counter
electrode and an optical material is interposed between the
pixel electrode and the counter electrode. In each pixel
region, by controlling the optical transmissivity or light
emitting of the optical material using an electric field or
current which is generated between the pixel electrode and
the counter electrode, the display device performs a display
of a desired image. In case of the liquid crystal display
device, the counter electrode is formed on one of the
above-mentioned pair of substrates on which the pixel
electrode is formed or another substrate which faces the
above substrate in an opposed manner, and the optical
transmissivity of liquid crystal is controlled in response to an
electric field generated between the pixel electrode and the
counter electrode.

[0007] By sequentially supplying the scanning signal to
each gate signal line, respective pixels of a group of pixels
which are arranged in parallel along the gate signal line to
which the scanning signal line is supplied are selected. In
conformity with this selection timing, the video signal which
is supplied to each drain signal line is supplied to the pixel
electrode of each pixel.

[0008] In the display device having such a constitution, to
make images clear at the time of making the display device
visualize animated images, efforts have been made to pro-
vide the black display on the whole region of a screen over
a plurality of frames.

1. Field of the Invention

2. Description of the Related Art
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SUMMARY OF THE INVENTION

[0009] However, in the above-mentioned display opera-
tion in which the whole region of the display screen of the
display device is divided into a plurality of sections along
the drain signal one after anothers which extend along the
gate signal line and these sections are respectively sequen-
tially displayed in black for every frame period of image
data inputted to the display device, inventors of the present
inventions have found following technical problems.

[0010] Problem 1: On the display screen, at portions
corresponding to boundaries which divide the display screen
into the above-mentioned plurality of sections, lateral stripes
which extend along the above-mentioned gate signal lines
and are displayed relatively brightly appear.

[0011] Problem 2: Relatively bright brightness lines with
respect to other sections of the display screen are displayed
such that they flow while traversing the display screen
obliquely in response to the changeover of the above-
mentioned frame periods.

[0012] Problem 3: Along with the sequential changeover
of the above-mentioned frame periods, a phenomenon in
which the black display is not performed at a portion of the
display screen along the above-mentioned gate signal line or
a phenomenon in which a portion of the display screen is
displayed darker than desired brightness appears.

[0013] The present invention has been made in view of
such circumstances and objects of the present inventions are
as follows.

[0014] Object 1: To provide a display device and a driving
method thereof which can prevent the generation of lateral
stripes displayed on a display screen of a display device
(particularly, a liquid crystal display device which reverses
the polarities of the video signals between the pixels).

[0015] Object 2: To provide a display device and a driving
method thereof which prevent the generation of brightness
lines which are displayed such that the brightness lines flow
on a display screen.

[0016] Object 3: To provide a display device and a driving
method thereof which make the above-mentioned pixel
array perform the uniform (no irregularities) black display
operation for every frame period of the image data (that is,
every inputting of video signal over the whole region of the
display panel).

[0017] To briefly explain the summary of typical inven-
tions among inventions disclosed in the present application,
they are as follows.

[0018]
[0019]

Display Device 1:
In a display device comprising:

[0020] (A) a pixel array having a plurality of pixels
arranged two-dimensionally along a first direction and
a second direction, each of the plurality of pixels
includes a pair of electrodes applying a voltage to
liquid crystals, respective groups of the plurality of
pixels arranged along the first direction form a plurality
of pixel-rows juxtaposed along the second direction,
and respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-
columns juxtaposed along the first direction;
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[0021] (B) a scanning driver circuit selecting the plu-
rality of pixel-rows by outputting scanning signals;

[0022] (C) a data driver circuit outputting a display
signals to each of the plurality of pixel-columns and
applying the display signal to each of the pixels belong-
ing to any one of the plurality of pixel-columns and at
least one of the plurality of pixel-rows selected by the
scanning signal; and

[0023] (D) a display control circuit controlling display
operation of the pixel array,

[0024] (E) one line of image data is inputted to the data
driver circuit for every vertical scanning period of the
image data,

[0025] (F) the data driver circuit repeats, (i) a first step
for generating a first display signal corresponding to
respective one of the lines of the image data one after
another and outputting the first display signals N-times
(N is a natural number equal to or greater than 2) to
each of the plurality of pixel-columuns, and (ii) a second
step for generating a second display signal (a blanking
signal) making brightness of the pixel thereby equal to
or darker than that before the second display is applied
and outputting the second display signals M-times (M
is a natural number smaller than the M) to each of the
plurality of pixel-columns, alternately,

[0026] (G) the scanning driver circuit repeats, (i) a first
selection step for selecting every Y rows (Y is a natural
number smaller than the N/M) of the plurality of
pixel-rows in response to every one of the N-times
outputs of the first display signals in the first step
sequentially from one end of the pixel array to another
end of the along the pixel array along the second
direction, and (ii) a second selection step for selecting
every Z rows (Z is a natural number not smaller than
the N/M) of the plurality of pixel-rows other than those
selected in the first selection step in response to every
one of the M-times outputs of the second display
signals in the second step sequentially from the one end
to the another end of the pixel array along the second
direction, alternately,

[0027] (H) a polarity of one of the pair of electrodes
provided for each of the plurality of pixels against
another thereof is (i) different from one another among
ones of the plurality of pixels adjacent to one another
along at least one of the first direction and the second
direction by the first signals applied thereto during the
first step, and (ii) different from each other between one
of the plurality of pixels selected in the second selec-
tion step and another of the plurality of pixels selected
subsequently to the second selection step by the second
signals applied to the one of the plurality of pixels
wherever the one and the another of the plurality of
pixels belong to the same one of the plurality of
pixel-columns.

[0028]

[0029] In the display device 1, the scanning driver circuit
starts to output the scanning signals for every frame period
of the image data, and an output timing of the second display
signal in the second step against the start of the scanning

Display Device 2:
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signal output during one of the frames is different from that
during another of the frames subsequently to the one of the
frames.

[0030]

[0031] In the display device 1, the number Y of the
respective rows of the plurality of pixel-rows being selected
in response to each output of the first display signal is 1, the
number N of the first display signal outputs in the first step
is equal to or greater than 4, the number Z of the respective
rows of the plurality of pixel-rows being selected in
response to each output of the second display signal is equal
to or greater than 4, and the number N of the second display
signal outputs in the second step is equal to 1.

[0032]

[0033] (A" In a driving method for a display device
having a pixel array in which a plurality of pixels are
arranged two-dimensionally along a first direction and
a second direction, each of the plurality of pixels
includes a pair of electrodes applying a voltage to
liquid crystals, respective groups of the plurality of
pixels arranged along the first direction form a plurality
of pixel-rows juxtaposed along the second direction,
and respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-
columns juxtaposed along the first direction,

[0034] (B") the plurality of pixel-rows are sclected
respectively in response to every scanning signal,

[0035] (I) the plurality of pixel-columns receive a dis-
play signal each, and the display signal is applied to one
of the pair of electrodes of each of the plurality of
pixels belonging to each one of the plurality of pixel-
rows selected by the scanning signal while a reference
voltage is applied to another of the pair of electrodes
provided in the each of the plurality of pixels,

[0036] (E'+G") (i) a first step for selecting every Y rows
(Y is a natural number) of the plurality of pixel-rows
N-times (N is a natural number equal to or greater than
2) sequentially from one end of the pixel array to
another end of the along the pixel array along the
second direction, and applying first display signals
generated in accordance with every line component of
image data which is inputted to the display device
sequentially in response to a vertical synchronizing
signal of the image data to the one of the pair of
electrodes provided in each of the pixels belonging to
the every Y pixel-rows as selected sequentially; and (i)
a second step for selecting every Z rows (Z is a natural
number) of the plurality of pixel-rows other than those
selected during the first step M-times (M is a natural
number satisfying relationship of M<N, Y<N/M £7Z)
sequentially from the one end to the another end, and
applying a second display signal to the one of the pair
of electrodes provided in each of the pixels belonging
to the Z pixel-rows as selected sequentially so that
brightness of the Z pixel-rows becomes equal to or
lower than that before the second display signal is
supplied thereto, are repeated alternately, wherein

[0037] (H") (i) polarity of the first display signals against
the reference voltage is different from one another
between one of the N-times of the every Y pixel-rows

Display Device 3:

Driving Method for a Display Device 1:
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selections and another thereof subsequent to the one
thereof, and (ii) the second display signal inputted in
the Z pixel-rows selected in the second step has dif-
ferent polarity against the reference voltage from that
of the display signal other than the second display
signal which is inputted to at least one of the pixel-rows
being selected subsequently to the second step in every
one of the plurality of pixel-columns.

[0038]

[0039] (A") In a driving method for a display device
having a pixel array in which a plurality of pixels are
arranged two-dimensionally along a first direction and
a second direction, each of the plurality of pixels
includes a pair of electrodes applying a voltage to
liquid crystals, respective groups of the plurality of
pixels arranged along the first direction form a plurality
of pixel-rows juxtaposed along the second direction,
and respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-
columns juxtaposed along the first direction,

Driving Method for a Display Device 2:

[0040] (B") the plurality of pixel-rows are selected
respectively in response to every scanning signal,

[0041] (1) the plurality of pixel-columns receive a dis-
play signal each, and the display signal is applied to one
of the pair of electrodes of each of the plurality of
pixels belonging to each one of the plurality of pixel-
rows selected by the scanning signal while a reference
voltage is applied to another of the pair of electrodes
provided in the each of the plurality of pixels,

[0042] (F'+G) (i) a first step for selecting every Y rows
(Y is a natural number) of the plurality of pixel-rows
N-times (N is a natural number equal to or greater than
2) sequentially from one end of the pixel array to
another end of the along the pixel array along the
second direction, and applying first display signals
generated in accordance with every line component of
image data which is inputted to the display device
sequentially in response to a vertical synchronizing
signal of the image data to the one of the pair of
electrodes provided in each of the pixels belonging to
the every Y pixel-rows as selected sequentially; and (ii)
a second step for selecting every Z rows (Z is a natural
number) of the plurality of pixel-rows other than those
selected during the first step M-times (M is a natural
number satisfying relationship of M<N, Y<N/M=Z)
sequentially from the one end to the another end, and
applying a second display signal to the one of the pair
of electrodes provided in each of the pixels belonging
to the Z pixel-rows as selected sequentially so that
brightness of the Z pixel-rows becomes equal to or
lower than that before the second display signal is
supplied thereto, are repeated alternately, wherein

[0043] (H") (i) polarity of the first display signals
against the reference voltage is different from one
another among mutually adjacent columns of the pixel-
columns, and (ii) the second display signal inputted in
the Z pixel-rows selected in the second step has dif-
ferent polarity against the reference voltage from that
of the display signal other than the second display
signal which is inputted to at least one of the pixel-rows
being selected subsequently to the second step in every
one of the plurality of pixel-columns.
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[0044]

[0045] 1In any one of the driving methods for the display
devices 1 and 2, the image data are inputted to the display
device every frame period thereof, a selection operation of
the plurality of pixel-rows is started for the every frame
period, and a timing of the second step with respect to the
start of the selection operation of the plurality of pixel-rows
in one of the frames is different from that in another of the
frames subsequently to the one of the frames.

[0046]

Driving Method for a Display Device 3:

Driving Method for a Display Device 4:

[0047] In the driving method for the display device 1 or 2,
wherein
[0048] the first step is performed by setting the num-

ber Y of the respective pixel-rows selected in
response to each output of the first display signal to
1 and the number N of the first display signal outputs
to not smaller than 4, and

[0049] the second step is performed by setting the
number Z of the respective pixel-rows being selected
in response to each output of the second display
signal to not smaller than 4 and the number N of the
second display signal outputs to 1.

[0050]
[0051]

[0052] a pixel array having a plurality of pixels
arranged two-dimensionally along a first direction
and a second direction, respective groups of the
plurality of pixels arranged along the first direction
form a plurality of pixel-rows juxtaposed along the
second direction, and respective groups of the plu-
rality of pixels arranged along the second direction
form a plurality of pixel-columns juxtaposed along
the first direction;

[0053] (B) a scanning driver circuit selecting the plu-
rality of pixel-rows by outputting scanning signals;

[0054] (C) a data driver circuit outputting a display
signals to each of the plurality of pixel-columns and
applying the display signal to each of the pixels belong-
ing to any one of the plurality of pixel-columns and at
least one of the plurality of pixel-rows selected by the
scanning signal; and

[0055] (D) a display control circuit controlling display
operation of the pixel array,

Display Device 4:

() In a display device, comprising:

[0056] (E) one line of image data is inputted to the data
driver circuit for every vertical scanning period of the
image data;

[0057] (K) the data driver circuit repeats (i) a first step
for performing an operation to generate a first display
signal corresponding to respective one of the lines of
the image data one after another and to output the first
display signals to each of the plurality of pixel-columns
in every certain period N-times (N is a natural number
equal to or greater than 2), and (ii) a second step for
performing an operation to generate a second display
signal (a blanking signal) making brightness of the
pixel thereby equal to or darker than that before the
second display is applied and to output the second
display signals to each of the plurality of pixel-col-
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umns, alternately in the every certain period M-times
(M is a natural number smaller than the M), alternately;

[0058] (G) the scanning driver circuit repeats (i) a first
selection step for selecting every Y rows (Y is a natural
number smaller than the N/M) of the plurality of
pixel-rows in response to every one of the N-times
outputs of the first display signals in the first step
sequentially from one end of the pixel array to another
end of the along the pixel array along the second
direction, and (ii) a second selection step for selecting
every Z rows (Z is a natural number not smaller than
the N/M) of the plurality of pixel-rows other than those
sclected in the first selection step in response to every
one of the M-times outputs of the second display
signals in the second step sequentially from the one end
to the another end of the pixel array along the second
direction, alternately;

[0059] (L) the scanning driver circuit repeats a selection
operation of the plurality of pixel-rows throughout the
pixel array during every frame period of the image
data;

[0060] (M) a deviation of the certain period of the
second step from a starting time of the pixel-rows
selection operation throughout the pixel array is differ-
ent between each one of the frame periods and another
of the frame periods subsequent thereto; and

[0061] (N) a time difference between the deviation of
the certain period of the second step from the starting
time of the pixel-rows selection operation in the each
one of the frame periods and that in the another of the
frame periods subsequent thereto are regulated to be
shorter than (N-2) times as long as the certain period.

[0062]
[0063]

[0064] (J) a pixel array having a plurality of pixels
arranged two-dimensionally along a first direction and
a second direction, respective groups of the plurality of
pixels arranged along the first direction form a plurality
of pixel-rows juxtaposed along the second direction,
and respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-
columns juxtaposed along the first direction;

[0065] (B) a scanning driver circuit selecting the plu-
rality of pixel-rows by outputting scanning signals;

[0066] (C) a data driver circuit outputting a display
signals to each of the plurality of pixel-columns and
applying the display signal to each of the pixels belong-
ing to any one of the plurality of pixel-columns and at
least one of the plurality of pixel-rows selected by the
scanning signal; and

Driving Method for a Display Device §:

In a display device, comprising:

[0067] (D) a display control circuit controlling display
operation of the pixel array,

[0068] (E) one line of image data is inputted to the data
driver circuit for every vertical scanning period of the
image data;

[0069] (F) the data driver circuit repeats (i) a first step
for performing an operation to generate a first display
signal corresponding to respective one of the lines of
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the image data one after another and to output the first
display signals to each of the plurality of pixel-columns
N-times (N is a natural number equal to or greater than
2), and (ii) a second step for performing an operation to
generate a second display signal (a blanking signal)
making brightness of the pixel thereby equal to or
darker than that before the second display is applied
and to output the second display signals to each of the
plurality of pixel-columns, M-times (M is a natural
number smaller than the M), alternately;

[0070] (O) the scanning driver circuit repeats (i) a first
selection step for selecting every Y rows (Y is a natural
number smaller than the N/M) of the plurality of
pixel-rows in response to every one of the N-times
outputs of the first display signals in the first step
sequentially from one end of the pixel array to another
end of the along the pixel array along the second
direction on a basis of scanning clock signals inputted
to the scanning driver circuit, and (i) a second selection
step for selecting every Z rows (Z is a natural number
not smaller than the N/M) of the plurality of pixel-rows
other than those selected in the first selection step in
response to every one of the M-times outputs of the
second display signals in the second step sequentially
from the one end to the another end of the pixel array
along the second direction, alternately; and

[0071] (P) the scanning driver circuit repeats a selection
operation of the plurality of pixel-rows throughout the
pixel array during every frame period of the image data
and has means for adjusting a number of the scanning
clock signals generated between the last output of the
second display signals in one of the frame periods and
the first output of the second display signals in another
of the frame periods subsequent to the one of the frame
periods to N while the one of the frame periods is
replaced by the another of the frame periods.

[0072]

[0073] 1Inany one of the display devices 4 or 5, the number
Y of the respective rows of the plurality of pixel-rows being
selected in response to each output of the first display signal
is 1, the number N of the first display signal outputs in the
first step is equal to or greater than 4, the number Z of the
respective rows of the plurality of pixel-rows being selected
in response to each output of the second display signal is
equal to or greater than 4, and the number N of the second
display signal outputs in the second step is equal to 1.

[0074]

[0075] (I) In a driving method for a display device
having a pixel array in which a plurality of pixels are
arranged two-dimensionally along a first direction and
a second direction, respective groups of the plurality of
pixels arranged along the first direction form a plurality
of pixel-rows juxtaposed along the second direction,
and respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-
columns juxtaposed along the first direction,

[0076] (B') the plurality of pixel-rows are selected
respectively in response to every scanning signal,

[0077] (C") the plurality of pixel-columns receive a
display signal each and the display signal is supplied to

Driving Method for a Display Device 4

Driving Method for a Display Device §:
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each of the pixels belonging both to the respective
pixel-column and to each one of the plurality of pixel-
rows selected by the scanning signal, repeating:

[0078] (F'+O) (i) a first step for selecting every Y rows
(Y is a natural number) of the plurality of pixel-rows
N-times (N is a natural number equal to or greater than
2) sequentially from one end of the pixel array to
another end of the along the pixel array along the
second direction in response to scanning clock signals,
and applying first display signals generated in accor-
dance with every line component of image data which
is inputted to the display device sequentially in
response to a vertical synchronizing signal of the image
data to the one of the pair of electrodes provided in each
of the pixels belonging to the every Y pixel-rows as
selected sequentially; and (ii) a second step for select-
ing every Z rows (Z is a natural number) of the plurality
of pixel-rows other than those selected during the first
step M-times (M is a natural number satisfying rela-
tionship of M<N, Y<N/M=Z) sequentially from the
one end to the another end, and applying second display
signal to the one of the pair of electrodes provided in
each of the pixels belonging to the Z pixel-rows as
selected sequentially so that brightness of the Z pixel-
rows becomes equal to or lower than that before the
second display signal is supplied thereto, are repeated
alternately, wherein

[0079] (P') a number of the scanning clock signals
generated between the last output of the second display
signals in one of frame periods of the image data and
the first output of the second display signals in another
of the frame periods subsequent to the one of the frame
periods is adjusted to N while the one of the frame
periods is replaced by the another of the frame periods.

[0080]
[0081]

[0082] the first step is performed by setting the num-
ber Y of the respective pixel-rows selected in
response to each output of the first display signal to
1 and the number N of the first display signal outputs
to not smaller than 4, and

[0083] the second step is performed by setting the
number Z of the respective pixel-rows being selected
in response to each output of the second display
signal to not smaller than 4 and the number N of the
second display signal outputs to 1.

Driving Method for a Display Device 6:
In the driving methods for the display device 5,

[0084] The present invention is not limited to the struc-
tures mentioned above, but can be variously modified with-
out departing from the technical idea of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0085] FIG. 1 is a view which shows output timing of
display signals and driving waveforms of scanning lines
which correspond to the output timing explained as the first
embodiment of a driving method of a liquid crystal display
device according to the present invention,

[0086] FIG. 2 is a view showing timing of input wave-
forms (input data) of image data to a display control circuit
(timing controller) and output waveforms (driver data) from
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the display control circuit explained as the first embodiment
of a driving method of a liquid crystal display device
according to the present invention;

[0087] FIG. 3 is a constitutional view showing the sum-
mary of the liquid crystal display device according to the
present invention;

[0088] FIG. 4 is a view showing driving waveforms
which select four scanning lines simultaneously during an
output period of display signals explained as the first
embodiment of a driving method of a liquid crystal display
device according to the present invention,

[0089] FIG. 5 is a view showing respective timings for
writing image data to a plurality of (for example, four) line
memories provided to a liquid crystal display device accord-
ing to the present invention and reading out of the image
data from the line memories;

[0090] FIG. 6 is a view showing pixel display timing of
every frame period (each one of three continuous frame
periods) in the first embodiment of the driving method of the
liquid crystal display device according to the present inven-
tion;

[0091] FIG. 7 is a view showing the brightness response
to display signals (change of optical transmissivity of a
liquid crystal layer corresponding to pixels) when the liquid
crystal display device of the present invention is driven in
accordance with pixel display timing shown in FIG. 6,

[0092] FIG. 8 is a view showing the change of display
signals (m, m+1, m+2, . . . based on image data and B based
on a blanking signal) supplied to respective pixel rows
corresponding to gate lines G1, G2, G3, . . . over a plurality
of continuous frame periods m, m+1, m+2, . . . explained as
the second embodiment of the driving method of the liquid
crystal display device according to the present invention;

[0093] FIG. 9 is a schematic view of one example of a
pixel array provided to an active matrix type display device,

[0094] FIG. 10 is a view showing the change of display
signals (m, m+1, m+2, . . . based on image data and B based
on blanking signal) supplied to respective pixel rows cor-
responding to gate lines G1, G2, G3, . . . in the dot inversion
driving over a plurality of continuous frame periods m, m+1,
m+2, . . . explained as the third embodiment of the driving
method of the liquid crystal display device according to the
present invention,

[0095] FIG. 11 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0096] FIG. 12 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0097] FIG. 13 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0098] FIG. 14 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0099] FIG. 15 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;
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[0100] FIG. 16 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0101] FIG. 17 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0102] FIG. 18 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0103] FIG. 19 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0104] FIG. 20 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0105] FIG. 21 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0106] FIG. 22 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0107] FIG. 23 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0108] FIG. 24 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0109] FIG. 25 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0110] FIG. 26 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0111] FIG. 27 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0112] FIG. 28 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0113] FIG. 29 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0114] FIG. 30 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0115] FIG. 31 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0116] FIG. 32 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;

[0117] FIG. 33 is a view depicting another mode of the
driving method shown in FIG. 10 after a waveform diagram
shown in FIG. 10;
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[0118] FIG. 34 is an explanatory view showing a draw-
back when blanking signals are outputted without generating
the time deviation for every changeover of frames with
respect to the third embodiment, wherein FIG. 34(a) shows
an output of the display signal along a lapse of time during
1 frame period, FIG. 34(b) shows polarities of voltages
applied to respective pixels of a liquid crystal display panel
by supplying display signals shown in FIG. 34(a), and FIG.
34(c) shows bright lateral stripes generated on a screen of
the liquid crystal display panel to which display signals
(image data, blanking signals) are supplied in order shown
in FIG. 34(a);

[0119] FIG. 35 is a view showing a written state of pixels
of respective frames of display signals (m, m+1, m+2, . . .
derived from image data, B derived from blanking data) of
the third embodiment;

[0120] FIG. 36 is a view showing driving waveforms of
image data when the polarity of each blanking signal B is set
to a polarity opposite to the polarity of image data to be
outputted next to the blanking signal, wherein FIG. 36(a)
shows a voltage waveform when the blanking signal of
positive (+) polarity is outputted immediately before the
image data of negative (-) polarity, and FIG. 36(b) shows a
voltage waveform when the blanking signal of negative (-)
polarity is outputted immediately before the image data of
positive (+) polarity;

[0121] FIG. 37 is a view showing driving waveforms of
image data when the polarity of each blanking signal B is set
to a polarity equal to the polarity of image data to be
outputted next to the blanking signal B, wherein FIG. 37(a)
shows a voltage waveform when the blanking signal of
negative (=) polarity is outputted immediately before the
image data of negative (=) polarity in the image data
outputting sequence shown in FIG. 36(a), and FIG. 37(b)
shows a voltage waveform when the blanking signal of
positive (+) polarity is outputted immediately before the
image data of positive (+) polarity in the image data out-
putting sequence shown in FIG. 36(b);

[0122] FIG. 38 is a view showing the waveforms of the
image data and the blanking signal in the driving shown in
FIG. 12, wherein FIG. 38(a) is an n-frame voltage wave-
form which is outputted in accordance with a technique
shown FIG. 36(«) (the blanking signal of +polarity being
followed by image data of - polarity), FIG. 38(b) is an
(n+1)-frame voltage waveform which is outputted in accor-
dance with a technique shown FIG. 36(b) (the blanking
signal of - polarity being followed by image data of +polar-
ity), FIG. 38(c) is an (n+2)-frame voltage waveform which
is outputted in accordance with a technique shown FIG.
36(b), and FIG. 38(d) is an (n+3)-frame voltage waveform
which is outputted in accordance with a technique shown
FIG. 36(a);

[0123] FIG. 39 is a view showing the change of display
signals (m, m+1, m+2, . . . based on image data and B based
on blanking signal) supplied to respective pixel rows cor-
responding to gate lines G1, G2, G3, . . . over a plurality of
continuous frame periods m, m+1, m+2, . . . explained as one
mode of the fourth embodiment of the driving method of the
liquid crystal display device according to the present inven-
tion;

[0124] FIG. 40 is a view showing the change of display
signals (m, m+1, m+2, . . . based on image data and B based
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on blanking signal) supplied to respective pixel rows cor-
responding to gate lines G1, G2, G3, . . . over a plurality of
continuous frame periods m, m+1, m+2, . . . explained as
another mode of the fourth embodiment of the driving
method of the liquid crystal display device according to the
present invention,

[0125] FIG. 41 is a view showing driving waveforms of
the liquid crystal display device explained as the fifth
embodiment (one of the driving methods of the liquid crystal
display device according to the present invention which
simultaneously select 4 scanning lines during an outputting
period of display signals), while the second frame is taking
the place of the first frame wherein the number of inputting
horizontal periods is a multiple of 4;

[0126] FIG. 42 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the third frame is taking the place of the second frame,
wherein the number of inputting horizontal periods is a
multiple of 4;

[0127] FIG. 43 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the fourth frame is taking the place of the third frame,
wherein the number of inputting horizontal periods is a
multiple of 4;

[0128] FIG. 44 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the first frame is taking the place of the fourth frame,
wherein the number of inputting horizontal periods is a
multiple of 4;

[0129] FIG. 45 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the second frame is taking the place of the first frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+1,

[0130] FIG. 46 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the third frame is taking the place of the second frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+1,

[0131] FIG. 47 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the fourth frame is taking the place of the third frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+1,

[0132] FIG. 48 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the first frame is taking the place of the fourth frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+1,

[0133] FIG. 49 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the second frame is taking the place of the first frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+2;

[0134] FIG. 50 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the third frame is taking the place of the second frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+2;
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[0135] FIG. 51 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the fourth frame is taking the place of the third frame,
wherein the number of inputting horizontal periods is “a
multiple of 4”+2;

[0136] FIG. 52 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the first frame is taking the place of the fourth frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+2;

[0137] FIG. 53 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the second frame is taking the place of the first frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+3;

[0138] FIG. 54 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the third frame is taking the place of the second frame,
wherein the number of inputting horizontal periods is “a
multiple of 4”+3;

[0139] FIG. 55 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the fourth frame is taking the place of the third frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+3;

[0140] FIG. 56 is a view showing the driving waveforms
of the liquid crystal display device in the fifth embodiment
while the first frame is taking the place of the fourth frame,
wherein the number of inputting horizontal periods is “a
multiple of 47+3;

[0141] FIG. 57 is a driving waveform diagram showing a
drawback that two blanking signals are generated on a same
line by not performing the adjustment of the number of
scanning clocks at the time of changing over the frames; and

[0142] FIG. 58 is a driving waveform diagram showing a
drawback that blanking signals are not generated on a line by
not performing the adjustment of the number of scanning
clocks at the time of changing over the frames.

DETAILED DESCRIPTION

[0143] Preferred embodiments of a liquid crystal display
device according to the present invention are explained in
conjunction with drawings.

[0144]

[0145] Adisplay device and a method for driving the same
according to the first embodiment of the present invention is
explained in conjunction with FIG. 1 to FIG. 7. In this
embodiment, the explanation is made with respect to a
display device (liquid crystal display device) which uses an
active matrix-type liquid crystal display panel as a pixel
array. However, the basic structure and a driving method of
the display device are applicable to a display device which
uses an electroluminescence array or a light emitting diode
array as a pixel array.

[0146] FIG. 1 is a timing chart showing selection timing
of display signal outputs (data driver output voltages) to the
pixel array of the display device according to the present
invention and scanning signal lines G1 in the inside of the
pixel array corresponding to the respective signal outputs.

<<First Embodiment>>
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FIG. 2 is a timing chart showing timing of inputting (input
data) of image data to a display control circuit (timing
controller) provided to the display device and outputting of
image data (driver data) from the display control circuit.

[0147] FIG. 3 is a constitutional view (block diagram)
showing the summary of the display device of the embodi-
ment of the present invention, wherein one example of a
detail of a pixel array 101 shown in FIG. 3 and a periphery
thereof is shown in FIG. 9. The previously-mentioned
timing charts shown in FIG. 1 and FIG. 2 are depicted based
on the constitution of the display device (liquid crystal
display device) shown in FIG. 3.

[0148] FIG. 4 is a timing chart showing another example
of timing for each selecting of display signal outputs (data
driver output voltages) to the pixel array of the display
device according to this embodiment and scanning signal
lines corresponding to respective outputs. As four of the
scanning signal lines are selected by scanning signals out-
putted from a shift-register type scanning driver during an
outputting period of display signals, display signals are
supplied to pixel rows which respectively correspond to
these scanning signal lines.

[0149] FIG. 5 is a timing chart showing timing in which
image data for 4 lines are written one after another to every
other 4 line memories included in a line-memory circuit
provided to a display control circuit 104 (see FIG. 3) and the
image data is read out from respective line memories and is
transferred to a data driver (video signal driving circuit).
FIG. 6 relates to a method for driving the display device of
the present invention and shows display timing of image
data and blanking signal according to this embodiment in the
pixel array, while FIG. 7 shows the brightness response
(change of optical transmissivity of liquid crystal layer
corresponding to pixels) when the display device of this
embodiment is driven in accordance with this timing.

[0150] Firstly, the summery of the display device 100 of
this embodiment is explained in conjunction with FIG. 3.

[0151] The display device 100 includes a liquid crystal
display panel (hereinafter referred to as “liquid crystal
panel”) having resolution of WXGA class as a pixel array
101. The pixel array 101 having the resolution of WXGA
class is not limited to the liquid crystal panel and is char-
acterized in that 768 pixel rows each of which arranges
pixels of 1280 dots in the horizontal direction are juxtaposed
in the vertical direction in the screen.

[0152] Although the pixel array 101 of the display device
of this embodiment is substantially equal to the pixel array
of the display device explained in conjunction with FIG. 9,
due to resolution thereof, the gate lines 10 consisting of 768
lines and the data lines 12 consisting of 1280 lines are
respectively juxtaposed within the screen of the pixel array
101. Further, in the pixel array 101, 983040 pixels PIX each
of which is selected in response to the scanning signal
transmitted through one of the former lines and receives the
display signal from one of latter lines are arranged two-
dimensionally and images are produced by these pixels PIX.

[0153] When the pixel array displays color images, each
pixel is divided in the horizontal direction corresponding to
the number of primary colors used in color display. For
example, in a liquid crystal panel having a color filter
corresponding to three primary colors (red, green, blue) of
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light, the number of the above-mentioned data lines 12 is
increased to 3840 lines and the total number of pixels PIX
included in the display screen is also three times as large as
the above-mentioned value.

[0154] To explain the above-mentioned liquid crystal
panel used as the pixel array 101 in this embodiment in more
detail, each pixel PIX included in the liquid crystal panel is
provided with a thin film transistor (abbreviated as TFT) as
the switching element SW. Further, each pixel is operated in
a so-called normally black-displaying mode in which the
larger the display signal supplied to each pixel, the pixel
exhibits the higher brightness. Not only the pixel of the
liquid crystal panel of this embodiment, a pixel of the
above-mentioned electroluminescence array or light emit-
ting diode array is also operated in the normally black-
displaying mode.

[0155] In the liquid crystal panel operated in the normally
black-displaying mode, the greater the potential difference
between a gray scale voltage applied to the pixel electrode
PX formed in the pixel PIX in FIG. 9 from the data line 12
through the switching element SW and a counter voltage
(also referred to as reference voltage, common voltage)
applied to the counter electrode CT which faces the pixel
electrode PX while sandwiching a liquid crystal layer LC
therebetween, the optical transmissivity of the liquid crystal
layer LC is elevated so as to increase the brightness of the
pixel PIX. That is, with respect to the gray scale voltage
which is the display signal of the liquid crystal panel, the
remoter the value of the gray scale voltage away from the
value of the counter voltage, the display signal is increased.

[0156] To the pixel array (TFT-type liquid crystal panel)
101 shown in FIG. 3, in the same manner as the pixel array
101 shown in FIG. 9, a data driver (display signal driving
circuit) 102 which supplies display signals (gray scale
voltages or tone voltages) corresponding to the display data
to the data lines (signal lines) 12 formed on the pixel array
101 and scanning drivers (scanning signal driving circuits)
103-1, 103-2, 103-3 which supply scanning signals (voltage
signals) to the gate lines (scanning lines) 10 formed on the
pixel array 101 are respectively provided. In this embodi-
ment, although the scanning driver is divided into three
drivers along the so-called vertical direction of the pixel
array 101, the number of these drivers is not limited to 3.
Further, these drivers may be replaced with one scanning
driver which collects these functions.

[0157] A display control circuit (timing controller) 104
transmits the above-mentioned display data (driver data) 106
and timing signals (data driver control signals) 107 for
controlling display signal outputs corresponding to the dis-
play data to the data driver 102. Further, the display control
circuit 104 transmits scanning clock signals 112 and scan-
ning start signals 113 to the respective scanning drivers
103-1, 103-2, 103-3. Although the display control circuit
104 also transfers scan-condition selecting signals 114-1,
114-2, 114-3 corresponding to the scanning drivers 103-1,
103-2, 103-3 to these scanning drivers 103-1, 103-2, 103-3,
this function is explained later. The scan-condition selecting
signals are also referred to as display-operation selecting
signals in view of a function thereof.

[0158] The display control circuit 104 receives image data
(video signals) 120 and video control signals 121 inputted to
the display control circuit 104 from an external video signal
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source of the display device 100 such as a television receiver
set, a personal computer, a DVD player or the like. Although
a memory circuit which temporarily stores the image data
120 is provided in the inside of or in the periphery of the
display control circuit 104, in this embodiment, a line
memory circuit 105 is incorporated in the display control
circuit 104. The video control signals 121 include a vertical
synchronizing signal VSYNC which controls a transmission
state of the image data, a horizontal synchronizing signal
HSYNC, a dot clock signal DOTCLK and a display timing
signal DTMG The image data which generates an image for
1 screen in the display device 100 is inputted to the display
control circuit 104 in response to (in synchronism with) the
vertical synchronizing signal VSYNC. That is, the image
data is sequentially inputted to the display device 100
(display control circuit 104) from the above-mentioned
video signal source for every cycle (also referred to as
vertical scanning period or frame period) defined by the
vertical synchronizing signal VSYNC, and the image for 1
screen is displayed on the pixel array 101 successively every
frame period.

[0159] The image data in one frame period is sequentially
inputted to the display device by dividing the 1 frame period
with a cycle (also referred to as horizontal scanning period)
defined by the above-mentioned horizontal synchronizing
signals HYNC. That is, each image data which is inputted to
the display device for every frame period includes a plurality
of line data and the image of 1 screen generated by the image
data is generated by sequentially arranging images in the
horizontal direction depending on every line data for every
horizontal scanning period in the vertical direction. Data
corresponding to respective pixels arranged in the horizontal
direction in 1 screen are identified with cycles in which the
above-mentioned respective line data are defined by the
above-mentioned dot clock signals.

[0160] Since the image data 120 and video control signals
121 are also inputted to the display device which uses a
cathode ray tube, it is necessary to ensure time for sweeping
electron lines thereof from the scanning completion position
to the scanning start position for every horizontal scanning
period and every frame period. This time constitutes a dead
time in the transfer of the image information and hence,
regions which are referred to as retracing periods which do
not contribute to the transfer of image information corre-
sponding to the dead time are also provided to the image
data 120. In the image data 120, the regions which corre-
spond to these retracing periods are discriminated from other
regions which contribute to the transfer of image informa-
tion due to the above-mentioned display timing signal
DTMG On the other hand, the active matrix type display
device 100 described in this embodiment generates display
signals corresponding to an amount of image data for 1 line
(the above-mentioned line data) at the data driver 102 and
these display signals are collectively outputted to a plurality
of data lines (signal lines) 12 which are arranged in parallel
in the pixel array 101 in response to the selection of the gate
lines 10 by the scanning driver 103. Accordingly, theoreti-
cally, inputting of the line data to the pixel rows is continued
from one horizontal scanning period to next horizontal
scanning period without sandwiching the retracing period
therebetween, while inputting of the image data to the pixel
array is also continued from one frame period to next frame
period. Accordingly, in the display device 100 of this
embodiment, reading out of every image data (line data) for
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1 line from the memory circuit (line memory) 105 using the
display control circuit 104 is performed in accordance with
the cycle generated by shortening the retracing periods
which are included in the above-mentioned horizontal scan-
ning periods (allocated to storing of the image data for 1 line
to the memory circuit 105).

[0161] Since this cycle is reflected on an output interval of
the display signals to the pixel array 101 described later, the
cycle is referred to as the horizontal period of the pixel array
operation or simply as the horizontal period. The display
control circuit 104 generates a horizontal clock CL1 which
defines the horizontal period and transfers the horizontal
clock CL1 as one of the above-mentioned data driver control
signals 107 to the data driver 102. In this embodiment, with
respect to the time for storing the image data for 1 line to the
memory circuit 105 (the above-mentioned horizontal scan-
ning period), by shortening time for reading out the image
data from the memory circuit 105 (the above-mentioned
horizontal period), time for inputting blanking signals to the
pixel array 101 for every 1 frame period is produced.

[0162] FIG. 2 is a timing chart showing one example of
inputting (storing) of image data to the memory circuit 105
and outputting (reading-out) of the image data from the
memory circuit 105 using the display control circuit 104.
The image data which is inputted to the display device for
every frame period defined by the pulse interval of the
vertical synchronizing signal VSYNC is, as shown in wave-
forms of the input data, sequentially inputted to the memory
circuit 105 using the display control circuit 104 in response
to (in synchronism with) the horizontal synchronizing signal
HSYNC including respective retracing periods for every
plurality of line data (image data of 1 line) L1, 12,13, ...
included in the image data. The display control circuit 104
sequentially reads out the line data L1, 1.2, L3, . . . stored in
the memory circuit 105 in accordance with the above-
mentioned horizontal clock CL1 or the timing signals simi-
lar to the horizontal clock CL1 as shown in the waveforms
of the output data.

[0163] Here, the retracing periods which make respective
line data .1,1.2, L3, . . . outputted from the memory circuit
105 spaced apart from each other along a time axis is made
shorter than the retracing periods which make respective line
data inputted to the memory circuit 105 spaced apart from
each other. Accordingly, between the period necessary for
inputting the line data to the memory circuit 105 N times (N
being a natural number of 2 or more) and the period
necessary for outputting these line data from the memory
circuit 105 (N-time line data outputting period), time which
is capable of outputting the line data M times (M being a
natural number smaller than N) from the memory circuit 105
is produced. In this embodiment, by making use of a
so-called extra time in which the image data for M lines is
outputted from the memory circuit 1085, the pixel array 101
is made to perform a separate display operation.

[0164] Here, the image data (line data included in the
image data in FIG. 2) is temporarily stored in the memory
circuit 105 before being transferred to the data driver 102
and hence, the image data is read out by the display control
circuit 104 during a delay time corresponding to the stored
period. When a frame memory is used as the memory circuit
105, this delay time corresponds to 1 frame period. When the
image data is inputted to the display device at the frequency
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of 30 Hz, 1 frame period thereof is about 33 ms (millisec-
onds) and hence, a user of the display device cannot perceive
the delay of display time of the image with respect to an
input time of the image data to the display device. However,
by providing a plurality of line memories to the display
device 100 in place of the frame memory as the memory
circuit 105, this delay time can be shortened, the structure of
the display control circuit 104 or the peripheral circuit
structure can be simplified or the increase of size can be
suppressed.

[0165] One example of the driving method of the display
device 100 using the line memory for storing a plurality of
line data as the memory circuit 105 is explained in conjunc-
tion with FIG. 5. In the driving of the display device 100
according to this embodiment, in the above-mentioned extra
time between the period for inputting image data for N lines
to the display control circuit 104 and the period for output-
ting image data for N lines from the display control circuit
104 (period for sequentially outputting the display signals
respectively corresponding to the N-line image data from the
data driver 102), display signals (hereinafter, these signals
being referred to as blanking signals) which mask the
display signals which are already held in the pixel array (the
image data which are inputted to the pixel array in one
preceding frame period) are written M times. In this driving
method of the display device 100, the first step in which the
display signals are sequentially generated from respective
N-line image data using the data driver 102 and the image
data is outputted to the pixel array 101 sequentially (N times
in total) in response to the horizontal clocks CL1 and the
second step in which the above-mentioned blanking signals
are outputted to the pixel array 101 in response to the
horizontal clock CL1 M times are repeated. Although the
further explanation of this driving method of the display
device is explained later in conjunction with FIG. 1, the
above-mentioned N value is set to 4 and the above-men-
tioned M value is set to 1 in FIG. 5.

[0166] As shown in FIG. §, the memory circuit 105
includes four line memories 1 to 4 which perform writing
and reading-out of data independently from each other,
wherein the image data 120 for every 1 line which are
sequentially inputted to the display device 100 in synchro-
nism with the horizontal synchronizing signal HSYNC are
sequentially stored into one of these line memories 1 to 4
one after another. That is, the memory circuit 105 has a
memory capacity for 4 lines. For example, in an acquisition
period Tin of image data 120 for 4 lines by the memory
circuit 103, the image data W1, W2, W3, W4 for 4 lines are
inputted to the line memory 4 from the line memory 1
sequentially.

[0167] The acquisition period Tin of image data extends
over time which is substantially four times as long as the
horizontal scanning period defined by the pulse interval of
the horizontal synchronizing signal HSYNC included in the
vide control signals 121. However, before this acquisition
period Tin of image data is finished with storing of the image
data into the line memory 4, the image data which are stored
in the line memory 1, the line memory 2 and the line
memory 3 in this period are sequentially read out as the
image data R1, R2, R3 using the display control circuit 104.
Accordingly, as soon as the acquisition period Tin of image
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data W1, W2, W3, W4 is finished, it is possible to start
storing of image data W5, W6, W7, W8 for next 4 lines to
the line memories 1 to 4.

[0168] In the above-mentioned explanation, the reference
symbol affixed to every 1 line of the image data is changed
between at the time of inputting the image data to the line
memory and at the time of outputting the image data from
the line memory. For example, W1 is affixed to the former
and R1 is affixed to the latter. This reflects that the image
data for every 1 line includes the above-mentioned retracing
period and when the image data are read out from any one
of line memories 1 to 4 in response to (in synchronism with)
the horizontal clock CL1 having higher frequency than the
above-mentioned horizontal synchronizing signal HSYNC,
the retracing periods included in the image data are short-
ened. Accordingly, for example, compared to the length of
the image data for 1 line (referred to as line data hereinafter)
W1 inputted to the line memory 1 along a time axis, the
length of the line data R1 outputted from the line memory 1
along a time axis is shorter as shown in FIG. 5.

[0169] In the period from inputting of the line data to the
line memory to outputting of the line data from the line
memory, even when image information (for example, gen-
erating image of 1 line along the horizontal direction of the
screen) included in the line data is not processed, the length
of the image information along the time axis can be com-
pressed as described above. Accordingly, between the finish
time of outputting of the 4-line image data R1, R2, R3, R4
from the line memories 1 to 4 and the start time of outputting
of the 4-line image data RS, R6, R7, R8 from the line
memories 1 to 4, the above-mentioned extra time Tex is
generated.

[0170] The 4-line image data R1, R2, R3, R4 which are
read out from the line memories 1 to 4 are transferred to the
data driver 102 as the driver data 106 and display signals L1,
1.2, 1.3, L4 which respectively correspond to the image data
R1,R2,R3, R4 are produced (display signals L.5,1.6, 1.7, L8
being also produced correspond to the image data RS, R6,
R7, R8 which are read out next time). These display signals
are respectively outputted to the pixel array 101 in response
to the above-mentioned horizontal clock CL1 in order
indicated by an eye diagram of outputting display signals
shown in FIG. 5. Accordingly, by allowing the memory
circuit 105 to include at least the line memory (or a mass
thereof) having capacity of the above-mentioned N line, it is
possible to input image data of 1 line inputted to the display
device during a certain frame period to the pixel array during
this frame period and hence, the response speed of the
display device in response to inputting of image data can be
enhanced.

[0171] On the other hand, as can be clearly understood
from FIG. 5, the above-mentioned extra time Tex corre-
sponds time for outputting the image data of 1 line from the
line memory in response to the above-mentioned horizontal
clock CLL1. In this embodiment, another or separate display
signal is outputted to the pixel array one time by making use
of this extra time Tex. Another display signal according to
this embodiment is a so-called blanking signal B which
decreases the brightness of the pixel to which another
display signal is inputted to a level equal to or below the
brightness before another display signal is not inputted to the
pixel. For example, the brightness of the pixel which is
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displayed with a relatively high gray scale (white or bright
gray color close to white in a monochromatic image display)
before 1 frame period is decreased lower than the above-
mentioned level in response to the blanking signal B. On the
other hand, the brightness of the pixel which is displayed
with a relatively low gray scale (black or dark gray color like
charcoal gray close to black in a monochromatic image
display) before 1 frame period is hardly changed even after
inputting of the blanking signal B. This blanking signal B
temporarily converts the image generated in the pixel array
for every frame period into the dark image (blanking image).
Due to such display operation of the pixel array, even with
respect to a hold-type display device, the image display in
response to the image data inputted to the display device for
every frame period can be performed in the same manner as
the image display of an impulse type display device.

[0172] By applying the above-mentioned driving method
of the display device which repeats the first step in which
N-line image data are sequentially outputted to the pixel
array and the second step in which the blanking signal B is
outputted to the pixel array M times to the hold-type display
device, the image display due to the hold-type display device
can be performed in the same manner as the image display
due to the impulse-type display device. This driving method
of the display device is applicable not only to the display
device which has been explained in conjunction with FIG.
5 and includes the line memory having the capacity of at
least N lines as the memory circuit 105 but also, for
example, to a display device which replaces the memory
circuit 105 with a frame memory.

[0173] Such a driving method of the display device is
further explained in conjunction with FIG. 1. Although the
operation of the display device in the above-mentioned first
and second steps define outputting of the display signals
using the data driver 102 in the display device 100 shown in
FIG. 3, outputting of the scanning signals (selection of pixel
rows) using the scanning driver 103 which is performed
corresponding to outputting of the display signals is
described as follows. In the explanation set forth hereinafter,
“scanning signal” which is applied to the gate line (scanning
signal line) 10 and selects the pixel row (a plurality of pixels
PIX arranged along the gate line) corresponding to the gate
line 10 indicates pulses (gate pulses) of the scanning signals
which make the scanning signals respectively applied to the
gate lines G1, G2, G3, . . . shown in FIG. 1 assume a High
state. In the pixel array shown in FIG. 9, the switching
element SW which is provided to the pixel PIX receives the
gate pulse through the gate line 10 connected to the switch-
ing element SW and allows the display signal supplied from
the data line 12 to be inputted to the pixel PIX.

[0174] During the period corresponding to the above-
mentioned first step, for every outputting of the display
signal corresponding to the N-line image data, the scanning
signal which selects the pixel row corresponding to the Y
line of gate line is applied to the Y line of gate line.
Accordingly, the scanning signal is outputted N times from
the scanning driver 103. Such an application of the scanning
signal is sequentially performed in the direction from one
end (for example, an upper end in FIG. 3) to another end of
the pixel array 101 (for example, a lower end in FIG. 3)
every other Y lines of gate lines for the above-mentioned
every outputting of the display signal. Accordingly, in the
first step, the pixel rows corresponding to gate lines of
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(YxN) lines are selected and the display signals generated
based on the image data are supplied to respective pixel
rows. FIG. 1 shows output timing (see the eye diagram of
data driver output voltage) of the display signals when the
value of N is set to 4 and the value of Y is set to 1 and
waveforms of the scanning signals which are applied to
respective gate lines (scanning lines) corresponding to the
output timing. Here, the period of the first step corresponds
to the data driver output voltage 1to 4,5t0 8,9 t0 12,. ..
, 313 to 516, . . . respectively.

[0175] For the data drive output voltages 1 to 4, the
scanning signal is sequentially applied to the gate lines G1
to G4. For the next data drive output voltages 5 to 8, the
scanning signal is sequentially applied to the gate lines GS
to G8. After a lapse of further time, for the data drive output
voltages 513 to 516, the scanning signal is sequentially
applied to the gate lines G513 to G516. That is, outputting
of scanning signals from the scanning driver 103 is sequen-
tially performed in the direction that the address number
(G1, G2, G3, . . ., G257, G258, G259, . . ., G513, G514,
G515, . . . ) of the gate line 10 in the pixel array 101 is
increased.

[0176] On the other hand, during the period corresponding
to the above-mentioned second step, for every M-times
outputting of the display signal, the scanning signal which
selects the pixel rows corresponding to the Z-line of the gate
lines is applied to the line of the gate lines as the blanking
signal. Accordingly, the scanning signal is outputted M
times from the scanning driver 103. The combination of gate
lines (scanning lines) to which the scanning signal is applied
for outputting of the scanning signal from the scanning
driver 103 one time is not particularly limited. However,
from a viewpoint of holding the display signal supplied to
the pixel row in the first step and reducing a load applied to
the data driver 102, it is preferable to sequentially apply the
scanning signal to every other Z lines of gate lines for every
outputting of the display signal. The application of the
scanning signal to the gate lines in the second step is
sequentially performed from one end of the pixel array 101
to another end of the pixel array 101 in the same manner as
the first step. Accordingly, in the second step, the pixel rows
corresponding to the gate lines consisting of (ZxM) lines are
selected and the blanking signal is supplied to respective
pixel rows.

[0177] FIG. 1 shows output timing of the blanking signals
B in the second step which follows the first step when the
value of M is set to 1 and the value of Z is set to 4 and
waveforms of the scanning signals which are applied to
respective gate lines (scanning lines) in response to the
output timing. In the second step which follows the first step
in which the scanning signal is sequentially applied to the
gate lines G1 to G4, for outputting the blanking signal B one
time, the scanning signal is sequentially applied to 4 gate
lines ranging from G257 to G260. Then, in the second step
which follows the first step in which the scanning signal is
sequentially applied to the gate lines G5 to G8, for output-
ting of the blanking signal B one time, the scanning signal
is sequentially applied to 4 gate lines ranging from G261 to
G264. Further, in the second step which follows the first step
in which the scanning signal is sequentially applied to the
gate lines G513 to G516, for outputting the blanking signal
B one time, the scanning signal is sequentially applied to 4
gate lines ranging from G1 to G4.
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[0178] As described above, in the first step, the scanning
signal is sequentially applied to four gate lines respectively,
while in the second step, to apply the scanning signal to four
gate lines collectively or simultaneously, for example, in
response to outputting of the display signal from the data
driver 102, it is necessary to match the operation of the
scanning driver 103 to respective steps. As mentioned pre-
viously, the pixel array used in this embodiment has the
resolution of WXGA class and gate lines consisting of 768
lines are juxtaposed to the pixel array. On the other hand, a
group of four gate lines (for example, G1 to G4) which are
sequentially selected in the first step and a group of four gate
lines (for example, G257 to G260) which are sequentially
selected in the second step which follows the first step are
spaced apart from each other by the gate lines consisting of
252 lines along the direction that the address number of the
gate lines 10 in the pixel array 101 is increased. Accordingly,
the gate lines consisting of 768 lines which are juxtaposed
in the pixel array are divided into three groups each con-
sisting of 256 lines along the vertical direction thereof
(extending direction of the gate lines) and the outputting
operation of scanning signals from the scanning driver 103
is independently controlled for every group. To enable such
a control, in the display device shown in FIG. 3, three
scanning drivers 103-1, 103-2, 103-3 are arranged along the
pixel array 101 and the outputting operation of scanning
signals from respective scanning drivers 103-1, 103-2,103-3
are controlled in response to the scanning state selection
signals 114-1, 114-2, 114-3.

[0179] For example, when the gate lines G1 to G4 are
selected in the first step and the gate lines G257 to G260 are
selected in the second step which follows the first step, the
scanning state selection signal 114-1 instructs the scanning
driver 103-1 to assume a scanning state in which outputting
of the scanning signal for sequentially selecting the gate line
for continuous 4 pulses of the scanning clock CL3 one after
another and stopping of outputting of the scanning signals
for one pulse of the scanning clock CL3 which follows the
outputting of the scanning signal are repeated. On the other
hand, the scanning state selection signal 114-2 instructs the
scanning driver 103-2 to assume a scanning state in which
stopping of outputting of scanning signals for 4 continuous
pulses of the scanning clock CL3 and outputting of scanning
signals to the 4 line gate lines for 1 pulse of the scanning
clock CL3 which follows the stopping of outputting. Further,
the scanning state selection signal 114-3 makes the scanning
clock CL3 inputted to the scanning driver 103-3 ineffective
and stops outputting of the scanning signal initiated by the
scanning clock CL3. The respective scanning drivers 103-1,
103-2, 103-3 are provided with two control signal transfer
networks corresponding to the above-mentioned two
instructions by the scanning state selection signals 114-1,
114-2, 114-3.

[0180] On the other hand, a waveform of a scanning start
signal FLM shown in FIG. 1 includes two pulses which rise
at points of time t1 and t2. A series of gate line selection
operations in the above-mentioned first step are started in
response to the pulse (described as pulse 1, hereinafter
referred to as the first pulse) of the scanning start signal FLM
which is generated at the point of time t1, while a series of
gate line selection operations in the above-mentioned second
step are started in response to the pulse of the scanning start
signal FLM (described as pulse 2, hereinafter referred to as
the second pulse) which is generated at the point of time t2.
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The first pulse of the scanning start signal FLM also
responds to starting of inputting image data (defined by a
pulse of the above-mentioned vertical synchronizing signal
VSYNC) to the display device during 1 frame period.
Accordingly, the first pulse and the second pulse of the
scanning start signals FLM are repeatedly generated every
frame period.

[0181] Further, by adjusting an interval between the first
pulse of the scanning start signal FLM and the second pulse
which follows the first pulse of the scanning start signal
FLM or an interval between this second pulse and the pulse
which follows the second pulse (for example, the first pulse
of the next frame period), time for holding the display signal
based on image data in the pixel array during 1 frame period
can be adjusted. That is, the pulse interval including the first
pulse and the second pulse generated on the scanning start
signal FLM can take two different values (time widths)
alternately. On the other hand, the scanning start signal FLM
is generated by the display control circuit (timing controller)
104. From the above, the above-mentioned scanning state
selection signals 114-1, 114-2, 114-3 can be generated in
reference to the scanning start signal FLM in the display
control circuit 104.

[0182] FIG. 1 shows the operation in which every time the
image data shown in FIG. 1 are written 4 times in the pixel
array for every 1 line, the blanking signal is written in the
pixel array one time. As has been explained in conjunction
with FIG. 5, such blanking signal writing operation is
completed within time necessary for inputting the image
data for 4 lines to the display device. Further, in response to
the above-mentioned operation, the scanning signal is out-
putted to the pixel array 5 times. Accordingly, the horizontal
period necessary for operating the pixel array becomes % of
the horizontal scanning period of the video control signal
121. In this manner, inputting of the image data (display
signals based on the image data) and the blanking signal to
be inputted to the display device during 1 frame period to the
whole pixels within the pixel array is completed within this
1 frame period.

[0183] The blanking signal shown in FIG. 1 generates the
pseudo image data (hereinafter referred to as blanking data)
in the display control circuit 104 and the peripheral circuit
thereof. Here, the pseudo image data may be transferred to
the data driver 102 and the blanking data may be generated
in the data driver 102. Alternatively, a circuit which gener-
ates the blanking signal may be preliminarily formed in the
data driver 102 and the blanking signal may be outputted to
the pixel array 101 in response to a specific pulse of the
horizontal clock CL1 transferred from the display control
circuit 104.

[0184] In the former case, a frame memory is provided in
the display control circuit 104 or in the vicinity of the
display control circuit 104 and the pixel in which the
blanking signal is to be strengthened based on the image data
for every frame period (pixel displayed with high brightness
due to the image data) stored in the frame memory is
specified using the display control circuit 104, and the
blanking data which makes the data driver 102 generate
blanking signal which differs in darkness in response to the
pixel may be generated.

[0185] In the latter case, the number of pulses of the
horizontal clock CL1 is counted by the data driver 102 so as
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to make the data driver 102 output the display signal which
enables the pixel display black or dark color close to black
(for example, color such as charcoal gray) in response to the
count number. At a portion of the liquid crystal display
device, a plurality of gray scale voltages which determine
the brightness of the pixels are generated by the display
control circuit (timing converter) 104. In such a liquid
crystal display device, a plurality of gray scale voltages are
transferred by the data driver 102, the gray scale voltages
corresponding to the image data are selected and are out-
putted to the pixel array by the data driver 102. In the same
manner, the blanking signals may be generated by selection
of the gray scale voltages in response to pulses of the
horizontal clock CL1 due to the data driver 102.

[0186] The outputting manner of display signals to the
pixel array and the outputting manner of scanning signals to
respective gate lines (scanning lines) corresponding to the
display signals according to the present invention shown in
FIG. 1 are suitable for driving the display device having the
scanning driver 103 which has a function of simultaneously
outputting the scanning signal to a plurality of gate lines in
response to the inputted scanning state selection signal 114.
On the other hand, the image display operation according to
the present invention can be performed without simulta-
neously outputting the scanning signal to a plurality of
scanning lines to a plurality of scanning lines as explained
above, by making the respective scanning drivers 103-1,
103-2, 103-3 sequentially output the scanning signals for
every 1 line of the gate lines (scanning lines) for every pulse
of the scanning clock CL3. The image display operation of
this embodiment repeating to input the blanking data into 4
of pixel rows (the above-mentioned second step in which the
blanking data is outputted one time) every time the image
data of 4 lines are sequentially inputted to one of other pixel
rows one after another thereof (the above-mentioned first
step in which the image data are outputted four times) due
to such operations of the scanning drivers 103 is explained
in conjunction with respective output waveforms of the
display signals and the scanning signals shown in FIG. 4.

[0187] The display device shown in FIG. 3 is referred in
the same manner as FIG. 1 with respect to the driving
method of the display device explained in conjunction with
FIG. 4. Each scanning driver 103-1, 103-2, 103-3 includes
256 terminals for outputting the scanning signals. That is,
each scanning driver 103 can output the scanning signals to
gate lines consisting of 256 lines at maximum. On the other
hand, the pixel array 101 (for example, the liquid crystal
display panel) is provided with gate lines 10 consisting of
768 lines and pixel rows which correspond to the respec-
tively gate lines. Accordingly, three scanning drivers 103-1,
103-2, 103-3 are sequentially arranged at one side of the
pixel array 101 along the vertical direction (extending
direction of the data lines 12 provided to the pixel array).
The scanning driver 103-1 outputs the scanning signals to a
group of gate lines G1 to G256, the scanning driver 103-2
outputs the scanning signals to a group of gate lines G257 to
G512, and the scanning driver 103-3 outputs the scanning
signals to a group of gate lines G513 to G768 so as to control
the image display on the whole screen (whole region of the
pixel array 101) of the display device 100.

[0188] The display device to which the driving method
explained in conjunction with FIG. 1 is applied and the
display device to which the driving method explained here-
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inafter in conjunction with FIG. 4 is applied are in common
with respect to a point that they both have the above-
mentioned arrangement of scanning drivers. Further, with
respect to the provision that the waveform of the scanning
start signal FLLM includes the first pulse which starts out-
putting of a series of scanning signals which are served for
inputting the image data to the pixel array and the second
pulse which starts outputting of a series of scanning signals
which are served for inputting the blanking data to the pixel
array in every frame period, the driving method of the
display device which is explained in conjunction with FIG.
1 and the driving method of the display device which is
explained in conjunction with FIG. 4 are in common.
Further, also with respect to the provision that the scanning
driver 103 acquires the first pulse and the second pulse of the
above-mentioned scanning start signal FLM in response to
the scanning clock CL 3 and, thereafter, terminals (or a
group of terminals) from which the scanning signals are to
be outputted in response to the scanning clock CL3 are
sequentially shifted in response to the acquisition of the
image data or the blanking data into the pixel array, the
driving method of the display device using the signal
waveforms shown in FIG. 1 and the driving method of the
display device using the signal waveforms shown in FIG. 4
are common.

[0189] However, the driving method of the display device
of this embodiment which is explained in conjunction with
FIG. 4 differs from the driving method of the display device
which is explained in conjunction with FIG. 1 in the roles
of the scanning state selection signals 114-1, 114-2, 114-3.
In FIG. 4, respective waveforms of the scanning state
selection signals 114-1, 114-2, 114-3 are indicated as DISP1,
DISP2, DISP3. The scanning state selection signals 114, first
of all, determine the output conditions of the scanning
signals in the regions which the scanning state selection
signals 114 control (a group of pixels corresponding to a
group of gate lines G257 to G512 in case of DISP2, for
example) in response to operational conditions applied to
these regions.

[0190] In FIG. 4, in the period in which the data driver
output voltages exhibit outputs of the display signals [.513
to L516 in response to the image data of 4 lines (the
above-mentioned first step in which the display signals .513
to L516 are outputted), the scanning signals are applied to
the gate lines G513 to G516 from the scanning driver 103-3
corresponding to the pixel rows to which these display
signals are inputted. Accordingly, the scanning state selec-
tion signal 114-3 which is transferred to the scanning driver
103-3 performs a so-called gate line selection for every 1
line which sequentially outputs the scanning signal for every
1 line of the gate lines G513 to G516 in response to the
scanning clock CL3 (for every outputting of the gate pulse
one time). Accordingly, the display signal 1513 is supplied
to the pixel rows corresponding to the gate line G513 over
1 horizontal period (defined by the pulse interval of the
horizontal clock CL1). Then, the display signal 1514 is
supplied to the pixel rows corresponding to the gate line
G514 over 1 horizontal period. Subsequently, the display
signal 1.515 is supplied to the pixel rows corresponding to
the gate line G515 over 1 horizontal period. Finally, the
display signal 1516 is supplied to the pixel rows correspond-
ing to the gate line G516 over 1 horizontal period.
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[0191] On the other hand, in the above-mentioned second
step which follows the first step and in which these display
signals [.513 to 1516 are sequentially outputted for every
horizontal period (in response to the pulse of the horizontal
clock CL1), the blanking signal B is outputted in 1 hori-
zontal period which follows 4 horizontal periods corre-
sponding to the first step. In this embodiment, the blanking
signal B which is outputted between outputting of the
display signal 1.516 and outputting of the display signal
LL517 is supplied to respective pixel rows corresponding to
the group of gate lines G5 to G8. Accordingly, the scanning
driver 103-1 is required to perform the so-called 4-line
simultaneous gate-line selection which applies the scanning
signal to all 4 lines of the gate lines G35 to G8 within the
outputting period of the blanking signal B. However, in the
display operation of the pixel array according to FIG. 4, as
mentioned above, although the scanning driver 103 starts the
application of scanning signal to only one gate line in
response to the scanning clock CL3 (for the pulse generated
one time), the scanning driver 103 does not start the appli-
cation of scanning signal to a plurality of gate lines. That is,
the scanning driver 103 does not simultaneously rise the
scanning signal pulses for a plurality of gate lines.

[0192] Accordingly, the scanning state selection signal
114-1 transferred to the scanning driver 103-1 applies the
scanning signal to at least (Z-1) lines out of Z lines of gate
lines to which the scanning signal is to be applied before
outputting the blanking signal B, and controls the scanning
driver 103-1 such that the application time of the scanning
signal (pulse width of the scanning signal) is prolonged to a
period which is at least N times as long as the horizontal
period. These variables Z, N are defined as the selection
number: Z of gate lines in the second step and as the
outputting number: N of display signals in the first step,
which are described in the explanation of the first step for
writing the image data to the pixel array and the second step
for writing the blanking data to the pixel array.

[0193] For example, scanning signals are respectively
applied to the gate lines G5 to G8 in the following manner.
The scanning signal is supplied to the gate line G5 from an
outputting start time of the display signal L.514 over a period
which is 5 times as long as the horizontal period. The
scanning signal is supplied to the gate line G6 from an
outputting start time of the display signal L515 over a period
which is 5 times as long as the horizontal period. The
scanning signal is supplied to the gate line G7 from an
outputting start time of the display signal 1516 over a period
which is 5 times as long as the horizontal period. The
scanning signal is supplied to the gate line G8 from an
outputting completion time of the display signal L.516 (start
time for outputting the blanking signal B subsequent to the
output period of the display signal L516) over a period
which is 5 times as long as the horizontal period. That is,
although the respective rising times of the gate pulses of a
group of gate lines G5 to G8 due to the scanning driver 103
are sequentially shifted for every 1 horizontal period in
response to the scanning clock CL3, by delaying the respec-
tive falling times of the respective gate pulses after N
horizontal period of the rising time, all of the gate pulses of
the groups of gate lines G5 to G8 are made to assume a state
in which the gate pulses rise (High in FIG. 4) during the
above-mentioned blanking signal outputting period. In con-
trolling outputting of the gate pulses in this manner, it is
preferable to make the scanning driver 103 have a shift
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resistor operational function. Here, hatching regions indi-
cated in the gate pulses of the gate lines G1 to G12 in which
the blanking signal is supplied to the corresponding pixel
rows are explained later.

[0194] On the other hand, between this period (the above-
mentioned first step in which the display signals L513 to
1516 are outputted) and the second step which follows the
first step, the display signals are not supplied to the pixel
rows which correspond to the group of gate lines G257 to
G512 which receive the scanning signals from the scanning
driver 103-2. Accordingly, the scanning state selection sig-
nal 114-2 which is transferred to the scanning driver 103-2
makes the scanning clock CL3 ineffective for the scanning
driver 103-2 during the period extending over the first step
and the second step. Such an operation to make the scanning
clock CL3 ineffective using the scanning state selection
signal 114 is applicable at a given timing to a case in which
the display signals and the blanking signals are supplied to
the group of pixels within the region to which the scanning
signals are outputted from the scanning driver 103 to which
the scanning state selection signal 114-2 is transferred.

[0195] InFIG.4,the waveform of the scanning clock CL3
corresponding to the scanning signal output from the scan-
ning driver 103-1 is shown. Although the pulse of the
scanning clock CL3 is generated in response to the pulse of
the horizontal clock CL1 which defines an output of interval
of the display signal and the blanking signal, the pulses are
not generated at the output start time of the display signals
1513, 517 . . . . In this manner, the operation to make the
scanning clock C13 transferred to the scanning driver 103
from the display control circuit 104 ineffective at a specific
time can be performed using the scanning state selection
signal 114. The operation to make the scanning clock CL3
partially ineffective for the scanning driver 103 may be
performed such that a signal processing path corresponding
to the scanning clock CL3 is incorporated in the scanning
driver 103 and the operation of the signal processing path
may be started in response to the scanning state selection
signal 114 transferred to the scanning driver 103. Here,
although not shown in FIG. 4, the scanning driver 103-3
which controls writing of the image data to the pixel array
also becomes dead for the scanning clock LC3 at the
outputting start time of the blanking signal B. Accordingly,
it is possible to prevent the scanning driver 103-3 from
erroneously supplying the blanking signal to the pixel rows
to which the display signals based on the image data are
supplied in the first step which follows the second step due
to outputting of the blanking signal B.

[0196] Next, the scanning state selection signals 114 make
the pulses of the scanning signals (gate pulses) which are
sequentially generated in the regions which the scanning
state selection signals 114 respectively control ineffective at
a stage in which the gate pulses are outputted to the gate
lines. This function, in the driving method of the display
device shown in FIG. 4, makes the scanning state selection
signal 114 transferred to the scanning driver 103 concerned
with the signal processing inside the scanning driver 103
which supplies the blanking signal to the pixel array. Three
waveforms DISP1, DISP2, DISP3 shown in FIG. 4 show
those of the scanning state selection signals 114-1, 114-2,
114-3 which are concerned with the signal processing inside
the respective scanning drivers 103-1, 103-2, 103-3. When
these waveforms DISP1, DISP2, DISP3 are at Low-level,
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outputting of the gate pulse becomes effective. Further, the
waveform DISP1 of the scanning state selection signal 114-1
assumes the High-level during the period in which the
display signals are outputted to the pixel array in the
above-mentioned first step so as to make outputting of the
gate pulse generated by the scanning driver 103-1 during
this period ineffective.

[0197] For example, the gate pulses which are generated
on the scanning signals respectively corresponding to the
gate lines G1 to G7 during 4 horizontal periods in which the
display signals 1.513 to 1516 are supplied to the pixel array
have respective outputs thereof made ineffective as indicated
by hatching in response to the scanning state selection signal
DISP1 which assumes the High-level during this period.
Accordingly, it is possible to prevent the display signals
based on the image data from being erroneously supplied to
the pixel rows to which the blanking signals are to be
supplied during a certain period. And hence, the blanking
display due to these pixel rows (erasing of images displayed
in these pixel rows) can be surely performed and, at the same
time, the loss of intensity of the display signals based on the
image data per se can be prevented. Further, during 1
horizontal period which outputs the blanking signal B and is
arranged between 4 horizontal periods which output the
display signals 1.513 to 1.516 and next 4 horizontal periods
which output the display signals 1.517 to 1520, the scanning
state selection signal DISP1 assumes the Low-level. Accord-
ingly, the gate pulses which are generated on the scanning
signals corresponding to respective gate lines G5 to G8
during these periods are collectively outputted to the pixel
array, the pixel rows corresponding to these gate lines
consisting of 4 lines are simultaneously selected, and the
blanking signals B are supplied to the respective pixel rows.

[0198] As described above, in the display operation of the
display device shown in FIG. 4, based on the scanning state
selection signals 114, it is possible to determine not only the
operational state of the scanning driver 103 to which the
scanning state selection signal 114 is transferred (the opera-
tional state of either one of the above-mentioned first step
and the above-mentioned second step or the non-operational
state which depends on neither of them) but also the validity
of outputting of the gate pulses generated by the scanning
driver 103 in response to these operational states. Here, a
series of controls of the scanning driver 103 (outputting of
scanning signals from the scanning driver 103) based on
these scanning state selection signals 114 are started from
outputting the scanning signal to the gate line G1 in response
to the scanning start signal FLM with respect to both of
writing the display signals based on the image data to the
pixel array and writing of the blanking signals.

[0199] FIG. 4 mainly shows the line selection operation (4
line simultaneous selection operation) of the gate lines using
the scanning driver 103 which is sequentially shifted by the
scanning state selection signal DISP1 in response to the
above-mentioned second pulse of the scanning start signal
FLM. Although not shown in FIG. 4, due to the operation
of the display device in response to the scanning state
selection signal DISP1, the sclection operation of gate line
for every 1 line using the scanning driver 103 is sequentially
shifted in response to the first pulse of the scanning start
signals FLM. Accordingly, also in the operation of the
display device shown in FIG. 4, it is necessary to start
scanning of two types of the pixel arrays one time for each
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in response to the scanning start signal FLM for every frame
period and hence, as the waveform of the scanning start
signal FLM, the first pulse and the second pulse which
follows the first pulse appear.

[0200] 1Inboth of the above-mentioned driving methods of
the display device shown in FIG. 1 and FIG. 4, the number
of the scanning drivers 103 which are arranged along one
side of the pixel array 101 and the number of scanning state
selection signals 114 which are transmitted to the scanning
drivers 103 can be changed without changing the structure
of the pixel array 101 which has been explained in conjunc-
tion with FIG. 3 and FIG. 9, wherein respective functions
which are shared by three scanning drivers 103 may be
collectively held by one scanning driver 103 (for example,
the inside of the scanning driver 103 is divided into circuit
sections respectively corresponding to the above-mentioned
three scanning drivers 103-1, 103-2, 103-3).

[0201] FIG. 6 is a timing chart showing image display
timing of a display device of this embodiment over three
continuous frame periods. At the beginning of each frame
period, writing of image data from the first scanning line
(corresponding to the above-mentioned gate line G1) to the
pixel array is started in response to the first pulse of the
scanning start signal FLM. After a lapse of time: Atl from
this point of time, writing of blanking data from the first
scanning line to the pixel array is started in response to the
second pulse of the scanning start signal FLM. Further, after
a lapse of time: At2 from the point of time that the second
pulse of the scanning start signal FLM is generated, writing
of image data to be inputted to the display device to the pixel
array in the next frame period is started in response to the
first pulse of the scanning start signal FLM. Here, in this
embodiment, time: At1' shown in FIG. 6 is equal to the time:
Atl and time: At2' shown in FIG. 6 is equal to time At2.

[0202] With respect to the advance of writing of image
data to the pixel array and the advance of writing of the
blanking data, although they differ in the number of lines
(the former: 1 line the latter: 4 lines) of gate lines which they
select during 1 horizontal period, these writings advance
substantially equally with respect to a lapse of time. Accord-
ingly, irrespective of positions of the scanning lines in the
pixel array, the period that the pixel rows which correspond
to respective scanning lines hold display signals based on
the image data (substantially covering the above-mentioned
time: including time for receiving the display signals) and
the period in which the pixel rows hold the blanking signal
(substantially covering the above-mentioned time: Af2
including time for receiving the blanking signal) become
substantially uniform over the vertical direction of the pixel
array. That is, the irregularities of display brightness
between the pixel row (along the vertical direction) in the
pixel array can be suppressed.

[0203] In this embodiment, 67% and 33% of 1 frame, are
respectively allocated to the display period of the image data
in the pixel array and the display period of the blanking data
as shown in FIG. 6, and the timing adjustment of the
scanning start signal FLM corresponding to the allocation of
frame period is performed (the above-mentioned times Atl
and At2 are adjusted). However, by changing the timing of
the scanning start signal FLM, the display period of the
image data and the display period of the blanking data can
be suitably changed.
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[0204] One example of the brightness response of the
pixel rows when the display devices is operated at the image
display timing shown in FIG. 6 is shown in FIG. 7. In this
brightness response, a liquid crystal display panel which has
the resolution of WXGA class and is operated in the nor-
mally black display mode is used as the pixel array 101
shown in FIG. 3, and display ON data which display the
pixel rows in white are written in the pixel rows as the image
data, while display OFF data which display the pixel rows
in black are written in the pixel rows as the blanking data.
Accordingly, the brightness response shown in FIG. 7
shows the change of optical transmissivity of the liquid
crystal layer corresponding to the pixel rows of the liquid
crystal display panel.

[0205] As shown in FIG. 7, pixel rows (each pixel
included in these pixel rows), during 1 frame period,
respond to the brightness corresponding to the image data
first of all and, thereafter, respond to the black brightness.
Although the optical transmissivity of the liquid crystal layer
responds to the change of an electric field applied to the
liquid crystal layer relatively gradually, as clearly under-
stood from FIG. 7, the value of optical transmissivity
sufficiently responds to the electric field corresponding to
the image data for every frame period and an electric field
corresponding to the blanking data. Accordingly, with
respect to an image due to image data generated on the
screen (pixel rows) during the frame period, the image is
sufficiently erased from the screen (pixel rows) within the
frame period and hence, the image is displayed in the same
state as an impulse type display device. Due to such an
impulse-type response of the image based on the image data,
blurring of animated image which is generated on the image
can be reduced. Such an advantageous effect can be obtained
in the same manner by changing the resolution of the pixel
array or by changing the rate of retracing period in the
horizontal period of the driver data shown in FIG. 2.

[0206] In the above-mentioned embodiment, in the first
step, the display signals which are generated for every 1 line
of image data are sequentially outputted to the pixel array
four times and are respectively sequentially supplied to the
pixel row corresponding to 1 line of the gate lines, and in the
succeeding second step, the blanking signals are sequen-
tially outputted to the pixel array one time and are supplied
to the pixel rows corresponding to 4 lines of gate lines.
However, the outputting number: N (this value also corre-
sponding to the number of line data written in the pixel
array) of the display signals in the first step is not limited to
4, while the outputting number: M of the blanking signals in
the second step is not limited to 1. Further, the line number:
Y of the gate lines to which the scanning signals (selection
pulses) are applied for one-time outputting of the display
signals in the first step is not limited to 1, while the line
numbers: Z of the gate lines to which the scanning signal is
applied for one-time blanking signal output in the second
step is not limited to 4. These factors N, M are required to
be natural numbers which satisfy the condition that M<N
and N is required to be 2 or more. Further, it is also required
that the factor Y is a natural number smaller than N/M and
the factor Z is a natural number equal to or greater than N/M.
Still further, 1 cycle in which N-time display signal output-
ting and M-time blanking signal outputting are performed is
completed within a period in which N-line image data are
inputted to the display device. That is, the value which is
(N+M) times as large as the horizontal period in the opera-
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tion of the pixel array is set to a value equal to or smaller
than the value which is N times as large as the horizontal
scanning period in inputting of the image data to the display
device. The former horizontal period is defined by the pulse
interval of the horizontal clock CL1, while the latter hori-
zontal scanning period is defined by the pulse interval of the
horizontal synchronizing signal HSYNC which constitutes
one of the video control signals.

[0207] According to such operational conditions of the
pixel array, during the period Tin in which N-line image data
are inputted to the display device, the (N+M) times signal
outputting from the data driver 102 is performed, that is, the
pixel array operation of 1 cycle consisting of the first step
and second step which follows the first step is performed.
Accordingly, time (referred to as Tinvention hereinafter)
allocated respectively to outputting of display signals and
outputting of blanking signals in this one cycle is reduced to
a value which is (N/(N+M)) times as large as the time
(Tprior) necessary for outputting signal one time for sequen-
tially outputting the display signal corresponding to the
N-line image data during the period Tin. However, since the
factor M is the natural number smaller than N, according to
the present invention, the outputting period Tinvention of
the present invention in which signals during 1 cycle are
outputted can ensure a length which is equal to or longer
than % of the above-mentioned Tprior. That is, from a
viewpoint of writing the image data to the pixel array, an
advantageous effect described in the above-mentioned SID
01 Digest, pages 994 to 997 is obtained against a technique
described in the above-mentioned Japanese Unexamined
Patent Publication 2001-166280.

[0208] Further, according to the present invention, by
supplying the blanking signals to the pixels during the
period Tinvention, it is possible to rapidly lower the bright-
ness of the pixel. Accordingly, compared to the technique
described in SID 01 Digest, pages 994 to 997, according to
the present invention, the video display period and the
blanking display period of each pixel row during 1 frame
period can be clearly divided and hence, the motion blur can
be efficiently reduced. Further, in the present invention,
although the supply of the blanking signals to the pixels is
performed intermittently for every (N+M) times, the blank-
ing signals can be supplied to the pixel row corresponding
to Z-line gate lines with respect to 1-time blanking signal
outputting and hence, the irregularities of ratio between the
video display period and the blanking display period which
is generated between the pixel rows can be suppressed.
Further, by sequentially applying the scanning signal to the
gate line every other Z line of the gate lines for every
outputting of the blanking signal, the load for one-time
outputting of the blanking signal from the data driver 102
can be also reduced due to the restriction on the number of
pixel rows to which the blanking signal is supplied.

[0209] Accordingly, the driving of the display device
according to the present invention is not limited to the
example which has been explained in conjunction with FIG.
1 to FIG. 7 and in which N is set to 4, M is set to 1 an Z is
set to 4. So long as the above-mentioned conditions are
satisfied, the driving method of the display device according
to the present invention is universally applicable to the
whole driving of the hold-type display device. For example,
when the image data are inputted to the display device in an
interlace method through either one of odd-numbered lines
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and even-numbered lines for every frame period, by apply-
ing the image data of the odd-numbered lines or the even-
number lines sequentially to every 1 line thereof and the
scanning signals sequentially to every 2 lines of gate lines,
the display signals may be supplied to the pixel rows
corresponding to the two lines of the gate lines (in this case,
at least the above-mentioned factor Y assuming 2). Further,
in the driving of the display device according to the present
invention, the frequency of the horizontal clock CL1 is set
to a value which is (N+M)/N) times (1.25 times in the
examples shown in FIG. 1 and FIG. 4) as large as the
frequency of the horizontal synchronizing signal HSYNC.
However, the frequency of the horizontal clock CLL1 may be
increased further so as to narrow the pulse interval and to
ensure the operational margin of the pixel array. In this case,
a pulse oscillation circuit may be provided to or in the
vicinity of the display control circuit 104 and hence, the
frequency of the horizontal clock CL1 may be increased in
conjunction with the reference signal having frequency
higher than a dot clock DOTCLK included in the video
control signals generated by the pulse oscillation circuit.

[0210] With respect to the above-mentioned respective
factors, the factor N may preferably be set to the natural
number of 4 or more, while the factor M may preferably be
set to 1. Further, the factor Y may preferably take the equal
value as the factor M, while the factor Z may preferably take
the equal value as the factor N.

[0211]

[0212] Also in this embodiment, in the same manner as the
above-mentioned first embodiment, with respect to the
image data which are inputted to the display device shown
in FIG. 3 at the timing shown in FIG. 2, the display signals
and the scanning signals are outputted from the data driver
102 with the waveforms shown in FIG. 1 or FIG. 4 and the
display is performed in accordance with the display timing
shown in FIG. 6. However, in this embodiment, the output
timing of the blanking signals with respect to the outputting
of the display signals based on the image data shown in FIG.
1 and FIG. 4 is changed every frame period as shown in
FIG. 8.

[0213] In the display device using the liquid crystal dis-
play panel as the pixel array, the output timing of the
blanking signals of this embodiment shown in FIG. 8 has an
advantageous effect that the influence of rounding of wave-
forms of the signals generated in the data lines of the liquid
crystal display panel to which the blanking signals are
supplied can be dispersed whereby the display quality of the
image can be enhanced. In FIG. 8, periods Th1, Th2, Th3,
... which respectively correspond to pulses of the horizontal
clock CL1 are sequentially arranged in the lateral direction
and, in any one of these periods, eye diagrams each of which
includes the display signal m, m+1, m+2, m+3, . .. for every
1 line of the image data outputted from the data driver 102
and the blanking signal B are sequentially arranged in the
longitudinal direction for every one of continuous frame
periods n, n+1, n+2, n+3, . . . . The display signals m, m+1,
m+2, m+3 described in this embodiment are not limited to
the image data of specific lines and, for example, can be used
as the display signals L1, L2, 1.3, L4 as well as the display
signals [.S11, L.S12, LS13, 1.S14 in FIG. 1.

[0214] Every time the image data are written in the pixel
array four times in the manner explained in conjunction with
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the first embodiment, the blanking data are written in the
pixel array one time. In this case, terms for applying the
blanking data to the pixel array shown in FIG. 8 are
sequentially changed for every frame from any one of group
of periods which are arranged every 4 other periods in the
above-mentioned periods Th1, Th2, Th3, Th4, ThS, The, . .
. (for example, a group consisting of the periods Thl, Thé,
Th12, . . .) to another group of the periods (for example, a
group consisting of periods Th2, Th7, Thl3, . . . ). For
example, in the frame period n, before inputting the mth line
data into the pixel array (before applying the display signal
based on the mth line data to the mth pixel row), the
blanking data are inputted to the pixel array (the blanking
data is applied to the pixel row corresponding to the given
4 lines of the gate lines). In the frame period n+1, after
inputting the mth line data into the pixel array and before
inputting the display signal based on the (m+1)th line data
to the pixel array, the above-mentioned blanking data are
inputted to the pixel array. Inputting of the (m+1)th line data
to the pixel array follows that of the mth line data and the
display signal based on the (m+1)th line data is applied to
the (m+1)th pixel row. In succeeding inputting of respective
line data to the pixel array, the display signal based on the
line data is applied to the pixel row having the same address
(order) as the line data.

[0215] Inthe frame period n+2, after inputting the (m+1)th
line data into the pixel array and before applying the display
signal based on the (m+2)th line data to the pixel array, the
blanking data are inputted to the pixel array. In the subse-
quent frame period n+3, after inputting the (m+2)th line data
into the pixel array and before inputting the display signal
based on the (m+3)th line data to the pixel array, the
blanking data are inputted to the pixel array. Thereafter, such
inputting of the line data and the blanking data to the pixel
array is repeated by shifting or deviating the timing of the
blanking data every 1 horizontal period and, in the frame
period n+4, the inputting returns to the input pattern of the
line data and the blanking data to the pixel array in the frame
period n. By repeating a series of operations, the influence
of the rounding of the signal waveforms which are generated
along the extending direction of data line when not only the
blanking signal but also the display signal based on the line
data are outputted to respective data lines of the pixel array
can be uniformly dispersed so that the quality of image
displayed on the pixel array can be enhanced.

[0216] Also in this embodiment, in the same manner as the
first embodiment, the display device can be operated at the
image display timing shown in FIG. 6. In this embodiment,
however, since the timing for applying the blanking signal to
the pixel array is shifted every frame period as mentioned
above, a point of time for generating the second pulse of the
scanning start signal FLM which starts scanning of the pixel
array by the blanking signal is deviated corresponding to the
frame period. Corresponding to the change of the second
pulse generating timing of the scanning start signal FLM, the
time: Atl indicated in the frame period 1 in FIG. 6 becomes
the time: At1' which is shorter (or longer) than the time: Atl
in the succeeding frame period 2, and the time: At2 indicated
in the frame period 1 becomes the time: At2' which is longer
(or shorter) than the time: At2 in the succeeding frame period
2. To consider “the deviation” of the scanning start time of
the pixel array on the display signals based on the line data
m which is observed between a pair of frame periods n and
n+1 and between another pair of frame periods n+3 and n+4
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shown in FIG. 8, in this embodiment, at least one of two
time intervals: Atl, At2 corresponding to the pulse interval
of the scanning start signal FLM is changed in response to
the frame period.

[0217] As described above, when the display operation is
performed following the image display timing shown in
FIG. 6 in accordance with the driving method of the display
device according to this embodiment which shifts the out-
putting period of blanking signal along the time axis direc-
tion for every frame period, some change is necessary in
setting the scanning start signal. However, the advantageous
effects obtained by this embodiment are almost comparable
to the advantageous effects obtained by the first embodiment
shown in FIG. 7. Accordingly, also in this embodiment, the
image corresponding to the image data can be displayed on
the hold-type display device substantially in the same man-
ner as the impulse-type display device. Further, compared to
the hold-type pixel array, the animated images do not
damage the brightness and hence, it is possible to perform
the display by reducing the motion blur generated in the
animated image. Also in this embodiment, the ratio between
the display period of image data and the display period of
blanking data during 1 frame period can be suitably changed
by adjusting the timing of the scanning start signal FLM (for
example, the distribution of the above-mentioned pulse
intervals: Atl, At2). Further, the applicable range of the
driving method of this embodiment to the display device is
not limited, as in the case of the driving method of the first
embodiment, by the resolution of the pixel array (for
example, liquid crystal display panel). Still further, in the
display device according to this embodiment, in the same
manner as the display device of the first embodiment, by
suitably changing the ratio of retracing period included in
the horizontal period defined by the horizontal clock CL1,
the outputting number: N of display signals in the first step
and the line number: Z of the gate lines selected by the
second step can be increased or decreased.

[0218]

[0219] FIG. 10 is a view which shows another embodi-
ment of the liquid crystal display device according to the
present invention and corresponds to FIG. 8.

[0220] That is, in the same manner as FIG. 8, FIG. 10 also
shows the change of display signals, wherein the display
signals and the scanning signals are outputted from the data
driver 102 with waveforms shown in FIG. 1 or FIG. 4 in
accordance with the display timing shown in FIG. 6. In this
embodiment, however, the output timing of the blanking
signals with respect to outputting of the display signals
based on the image data shown in FIG. 1 or FIG. 4 is
changed for every frame period. Moreover, waveform of the
scanning signal CL1 is omitted in FIG. 10.

[0221] 1In this case, the blanking signal B which is
included in the N-time display signals which are sequen-
tially outputted are not juxtaposed in the direction orthogo-
nal to a time axis and have their output timing shifted or
deviated from each other. That is, as shown in FIG. 8, with
respect to the periods Thl, Th2, Th3, . . . which respectively
correspond to pulses of the horizontal clock CL1, the
blanking signal of the n-frame is allocated to the period Thl,
the blanking signal of the (n+1)-frame is allocated to the
period Th3, the blanking signal of the (n+2)-frame is allo-
cated to the period Th4 and, further, the blanking signal of
the (n+3)-frame is allocated to the period ThS.
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[0222] That is, in any one of the above-mentioned periods
Thl, Th2, Th3, . . ., the blanking signal B which is included
in the above-mentioned sequentially outputted N-time dis-
play signals is present by only one. In other words, the
blanking signal B is outputted at different times from each
other in the display of respective frames by shifting time.

[0223] Then, as the constitution which is not shown in
FIG. 8, the above-mentioned display signals are subjected to
so-called alternation. That is, in FIG. 10, with respect to the
n-frame display signal, the image data of respective lines
from m to m+3 which are outputted between the blanking
signal B and the next blanking signal B, the polarity thereof
is converted such that a—polarity thereof is given to the m
line, a + polarity thereof is given to the m+1 line, a — polarity
thereof is given to the m+2 line, and a + polarity thereof is
given to the m+3 line.

[0224] Here, - polarity in m line means that the polarity is
headed by -polarity and then is sequentially changed in
order of +, -, +, -, . . . in accordance with pixel unit in the
line direction. + polarity in m+1 line means that the polarity
is headed by + polarity and then is sequentially changed in
order of —, +, -, +, . .. in accordance with pixel unit in the
line direction. - polarity in m+2 line means that the polarity
is headed by polarity and then is sequentially changed in
order of +, -, +, -, . . . in accordance with pixel unit in the
line direction. + polarity in m+3 line means that the polarity
is headed by + polarity and then is sequentially changed in
order of —, +, -, +, . .. in accordance with pixel unit in the
line direction.

[0225] Further, the fact that polarity is + in each pixel
means that the voltage applied to the pixel electrode PX
assumes a positive polarity with respect to the counter
electrode CT, while the fact that polarity is — in each pixel
means that the voltage applied to the pixel electrode PX
assumes a negative polarity with respect to the counter
electrode CT.

[0226] Accordingly, when the polarity of a certain pixel
assumes +, the polarity of other neighboring pixels in the
row direction and other neighboring pixels in the column
direction assumes -, while when the polarity of a certain
pixel assumes —, the polarity of other neighboring pixels in
the row direction and other neighboring pixels in the column
direction assumes +, whereby the so-called alternation of dot
inversion is realized.

[0227] Such change of polarity is performed in the same
manner also with respect to the blanking signal B. However,
it is important that the polarity of a certain blanking signal
B assumes the polarity opposite to the polarity of the image
data to be outputted next to the blanking signal B. That is,
in FIG. 10, although the polarity of the blanking signals B
which are arranged by shifting the output timing for every
frame period is set to + by a chance, the polarity of the image
data which are outputted next to the respective blanking
signals B is set to -.

[0228] FIG. 11 to FIG. 33 are views showing other
embodiments of the driving method of the liquid crystal
display device respectively and correspond to FIG. 10.

[0229] 1In all these drawings, as mentioned above, the
blanking signals B are not juxtaposed in the direction
orthogonal to the time axis and the output timing thereof is
shifted or deviated along the time axis so as to perform the
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so-called dot inversion driving. At the same time, the cases
shown in these drawings satisfy the condition that the
polarity of the blanking signal B assumes the polarity
opposite to the polarity of the image data to be outputted
next to the blanking signal B.

[0230] That is, in respective cases shown FIG. 11 to FIG.
33, compared to the case shown in FIG. 10, the blanking
signal B in each frame is made different with respect to the
blanking data B of another frame in the deviation of time and
the polarity of the blanking signal B also differs accordingly.

[0231] However, this embodiment is equal to other
embodiments with respect to the point that the polarities of
the image data are allocated such that all of them can
perform the dot inversion driving and hence, the polarity of
each blanking signal B is set to the polarity opposite to the
polarity of the image data to be outputted next to the
blanking signal B.

[0232] The driving method of each liquid crystal display
device shown in the third embodiment aims at, on the
premise that the so-called dot inversion driving is per-
formed, the further enhancement of the display quality by
shifting or deviating the output timing of the blanking signal
B for every frame period. To be more specific, the driving
method of each liquid crystal display device shown in the
third embodiment aims at minimizing lateral stripes which
are relatively brighter than the background in display and
can be observed by naked eyes.

[0233] FIG. 34 shows a drawback when the so-called dot
inversion driving is performed, wherein the blanking signals
B are included in the display signals, and the blanking
signals B are inserted at the same timing for every frame.

[0234] First of all, FIG. 34(a) shows the case that the
display signals are outputted along a lapse of time in 1 frame
such that m-line image data come next to the blanking signal
B, then, (m+1)-line image data, (m+2)-line image data,
(m+3)-line image data, and the next planking signal B,
(m+4)-line image data, . . . are outputted. Then, although not
shown in the drawing, the same goes for 2 frame and
succeeding frames, wherein respective blanking signals B
are arranged in the direction orthogonal to the axis of time.
That is, in the changeover of respective frames, the blanking
signals B are outputted at the same timing for every frame.

[0235] In this case, the respective image data change
polarities thereof for every line or for every pixel on the line.
For example, although the polarity of the image data on the
m line is described as - in FIG. 34, this - polarity indicates
the polarity of the first pixel on the m-line.

[0236] Further, in this case, the polarity of each blanking
signal B assumes the polarity opposite to the polarity of the
image data to be outputted next to the blanking signal B.

[0237] Further, FIG. 34(b) is a plan view of the polarities
of voltages applied to respective pixels of a liquid crystal
display panel when the display signals shown in FIG. 34(a)
are supplied to the liquid crystal display panel.

[0238] The m-line image data, the (m+1)-line image data,
the (m+2)-line image data and the (m+3)-line image data
shown in FIG. 34 are respectively written in the m-line
(row), the (m+1)-line (row), the (m+2)-line (row) and the
(m+3)-line (row) in FIG. 34(b). In this case, with respect to
respective pixels of the m-line (row), the polarities are
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determined sequentially in order of +, —, +, —, . . . to the right
in the drawing after being headed by the - polarity given to
a portion of the image data of the m-line in FIG. 34(a). In
the same manner, with respect to respective pixels of the
(m+1)-line (row), the polarities are determined sequentially
in order of -, +, -, +, . . . to the right in the drawing after
being headed by the + polarity given to a portion of the
image data of the (m+1)-line in FIG. 34(a).

[0239] Then, the blanking signals B which are outputted
next to the above-mentioned respective image data are
simultaneously written in the (m+c) line (row), the (m+c+1)

line (row), the (m+a+2) line (row) and the (m+a+3) line
(row) in FIG. 34(b).

[0240] As can be clearly understood from FIG. 34(b), the
polarities of the respective pixels to which the blanking
signals B are supplied (for example, the polarities of respec-
tive pixels in the (m+ct) to (m+ci+3) rows in the drawing) are
made different from each other in the direction of the video
lines (the direction orthogonal to the scanning lines) with
respect to respective pixels to which the display signals of 1
line are supplied after outputting the blanking signals B (for
example, polarities of respective pixels in the (m+4) row in
the drawing).

[0241] On a display surface of the liquid crystal display
panel having such a constitution, as shown in FIG. 34(c), on
lines after supplying the blanking signal B, that is, on the
m-line (row) and the (m+4)-line (row), the line-shaped
lateral stripes which are relatively brighter than the back-
ground are displayed. Since the display of the lateral stripes
does not change positions thereof even in subsequent
frames, the lateral stripes are observed with naked eyes. In
view of the above, in this third embodiment, as in the case
of respective modes shown in FIG. 10 to FIG. 33, the
blanking signals B which are included in the sequentially
outputted N-times display signals have outputting timing
thereof shifted or deviated at different times without being
juxtaposed in the direction orthogonal to the time axis. FIG.
35 shows the positions of lateral stripes in a line shape in
respective frames when the blanking signals B which are
included in the sequentially outputted N-times display sig-
nals have outputting timing thereof shifted or deviated at
different times without being juxtaposed in the direction
orthogonal to the time axis.

[0242] FIG. 35 shows that the lateral stripe in a line shape
is displayed on the m-line in the n-frame display, the lateral
stripe in a line shape is displayed on the (m+2)-line in the
(n+1)-frame display, the lateral stripe in a line shape is
displayed on the (m+1)-line in the (n+2)-frame display, and
the lateral stripe in a line shape is displayed on the (m+3)-
line in the (n+3)-frame display. In such a case, the lateral
stripe in a line shape does not stay on the same line and
moves to other line when the frames are changed over and
hence, the lateral stripe is hardly observed with naked eyes
and is displayed in an unnoticeable manner.

[0243] Next, the reason that the polarity of each blanking
signal B is set opposite to the polarity of the image data
outputted next to the blanking signal B in such driving is
explained.

[0244] FIG. 36(a), (b) are waveform diagrams of the
respective image data and the blanking data B in the n-frame
and the (n+1) frame when the polarity of each blanking
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signal B is set opposite to the polarity of the image data
outputted next to the blanking signal B. The blanking signal
B shown in FIG. 36(a) has the + polarity and the blanking
signal B shown in FIG. 36(b) has the — polarity.

[0245] The waveform diagrams correspond to the voltage
applied to the pixel electrode PX against the counter voltage
(reference voltage, common voltage) which is applied to the
counter electrode CT, wherein when the voltage applied to
the pixel assumes the +polarity, the voltage applied to the
pixel electrode PX against the reference voltage assumes the
positive polarity, while when the voltage applied to the pixel
electrode PX assumes the - polarity, the voltage applied to
the pixel electrode PX against the reference voltage assumes
the negative polarity.

[0246] Then, in case of FIG. 36(a), the polarity of the
image data outputted next to the blanking signal B is set to
- and this - is changed from the polarity + of the blanking
signal B. Here, however, the polarity of the image data
outputted before the blanking signal B has the + polarity and
hence, the waveform change of the voltage during a transi-
tion period of the blanking signal B having + polarity to the
reference voltage and during a transition period to the
voltage of the image data having - polarity with respect to
the reference voltage does not become sharp or acute and
hence, the integrated value which is served for white display
of the image data outputted next to the blanking signal B is
displayed as a relatively large value. This implies that, in
FIG. 36(a), the voltage (absolute value) at the time of
transition from the blanking signal B having + polarity to the
image data having - polarity becomes larger than the voltage
(absolute value) at the time of transition from the image data
having + polarity to the image data having polarity. The
difference between these voltages is indicated as the poten-
tial difference in the drawing.

[0247] In the same manner, in case of FIG. 36(b), the
polarity of the image data outputted next to the blanking
signal B is set to + and this + is changed from the polarity
- of the blanking signal B. Here, however, the polarity of the
image data outputted before the blanking signal B has the —
polarity and hence, the waveform change of the voltage
during a transition period of the blanking signal B having -
polarity to the reference voltage and during a transition
period to the voltage of the image data having + polarity
with respect to the reference voltage does not become sharp
or acute and hence, the integrated value which is served for
white display of the image data outputted next to the
blanking signal B is displayed as a relatively large value.
This implies that, in FIG. 36(b), the voltage (absolute value)
at the time of transition from the blanking signal B having
- polarity to the image data having + polarity becomes larger
than the voltage (absolute value) at the time of transition
from the image data having - polarity to the image data
having + polarity. The difference between these voltages is
indicated as the potential difference in the drawing.

[0248] However, since the polarity of each blanking signal
B has the polarity opposite to the polarity of the image data
outputted next to the blanking signal B, the magnitude of the
above-mentioned potential difference is configured to be
minimized.

[0249] That is, FIG. 37(a), (b) are views which respec-
tively correspond to the above-mentioned FIG. 36(a), (b),
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wherein the polarity of each blanking signal B is set equal
to the polarity of the image data outputted next to the
blanking signal B.

[0250] In this case, as shown in FIG. 37(a), the polarity of
the image data which is outputted next to the blanking signal
B is set to — and this - is changed from the polarity - of the
blanking signal B. Here, however, the polarity of the image
data outputted before the blanking signal B has the + polarity
and hence, the waveform change of the voltage during a
transition period of the blanking signal B having - polarity
to the reference voltage and during a transition period to the
voltage of the image data having polarity with respect to the
reference voltage is temporarily dropped to minus and the
absolute value of minus polarity is increased due to the
image data outputted next to the blanking signal B. Accord-
ingly, the integrated value which is served for white display
is displayed as a larger value. This implies that, in FIG.
37(a), the voltage (absolute value) at the time of transition
from the blanking signal B having - polarity to the image
data having - polarity becomes larger than the voltage
(absolute value) at the time of transition from the image data
having + polarity to the image data having — polarity. The
difference between these voltages is indicated as the poten-
tial difference in the drawing. In this case, the potential
difference assumes a larger value than the potential differ-
ence shown in FIG. 36(a).

[0251] In the same manner, as shown in FIG. 37(b), the
polarity of the image data which is outputted next to the
blanking signal B is set to + and this + is changed from the
polarity + of the blanking signal B. Here, however, the
polarity of the image data outputted before the blanking
signal B has the + polarity and hence, the waveform change
of the voltage during a transition period of the blanking
signal B having - polarity to the reference voltage and
during a transition period to the voltage of the image data
having + polarity with respect to the reference voltage is
temporarily elevated to plus and the absolute value of plus
polarity is increased due to the image data outputted next to
the blanking signal B. Accordingly, the integrated value
which is served for white display is displayed as a larger
value. This implies that, in FIG. 37(b), the voltage (absolute
value) at the time of transition from the blanking signal B
having + polarity to the image data having + polarity
becomes larger than the voltage (absolute value) at the time
of transition from the image data having + polarity to the
image data having polarity. The difference between these
voltages is indicated as the potential difference in the draw-
ing. In this case, the potential difference assumes a larger
value than the potential difference shown in FIG. 36(b).

[0252] FIG. 38(a), (b), (c), (d) respectively show wave-
form diagrams of the image data and the blanking signal B
in the n-frame, the (n+1)-frame, (n+2)-frame and the (n+3)-
frame as an example of a driving mode shown in FIG. 12.

[0253] As can be clearly understood from these drawings,
FIG. 38(a) corresponds to the case shown in FIG. 36(a),
FIG. 38(b) corresponds to the case shown in FIG. 36(b),
FIG. 38(c) corresponds to the case shown in FIG. 36(b), and
FIG. 38(d) corresponds to the case shown in FIG. 36(a).

[0254] Accordingly, the image data for 1 line which are
supplied next to the blanking signal B exhibit brightness
higher than that of the image data of other line. However, the
brightness can be suppressed to a minimum level.
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[0255] Further, the image data for 1 line which are sup-
plied next to the blanking signal B do not stay on the same
line in the changeover of respective frames in the same
manner as the blanking signal B and move to other line.
Accordingly, the image data are hardly observed with naked
eyes and are displayed in an unnoticeable manner. The
embodiment described in the third embodiment can be also
directly applicable to the modification shown in the first
embodiment. For example, the outputting number: M of
display signals in the first step is not limited to 4 and the
outputting number: M of blanking signals in the second step
is not limited to 1.

[0256] As can be clearly understood from the foregoing
explanation, according to the liquid crystal display device
and the driving method of this embodiment, it is possible to
prevent the generation of lateral stripes displayed on the
screen.

[0257]

[0258] FIG. 39 is a view which shows the change of
display signals (m, m+1, m+2 derived from the image data
and B derived from the blanking data) supplied to respective
pixel rows corresponding to gate lines G1, G2, G3, . . .
explained as the third embodiment of the driving method of
the display device according to the present invention over a

<<Fourth Embodiment>>

plurality of continuous frame periods n, n+1, n+2, . . . . FIG.
39 corresponds to FIG. 8.
[0259] In the same manner as the case shown in FIG. 8,

with respect to the image data inputted at the timing shown
in FIG. 2, the display signals and the scanning signals are
outputted from the data driver 102 in waveforms shown in
FIG. 1 or FIG. 4 and are displayed in accordance with the
display timing shown in FIG. 6. However, in this embodi-
ment, the outputting timing of the blanking signals with
respect to outputting of the display signals based on the
image data shown in FIG. 1 and FIG. 4 is changed for every
frame period.

[0260] That is, in the embodiment shown in FIG. 39, in
the same manner as the embodiment shown in FIG. 8, the
display signals and the scanning signals are outputted from
the data driver 102 in waveforms shown in FIG. 1 or FIG.
4 and are displayed in accordance with the display timing
shown in FIG. 6. However, in this embodiment, the output-
ting timing of the blanking signals with respect to outputting
of the display signals based on the image data shown in FIG.
1 and FIG. 4 is changed for every frame period.

[0261] However, in case of the embodiment shown in
FIG. 39, the blanking signals B which are included in the
sequentially outputted N-times display signals are, as a
matter of course, not juxtaposed in the direction orthogonal
to the time axis and have outputting timing thereof shifted or
deviated. Further, the blanking signals B are distributed on
the straight line (straight line extending from the left upper
side to the right lower side in the drawing) such that all of
them are not juxtaposed. That is, the blanking signal B of
each one of frames which are sequentially displayed in
response to N-times display signals is distributed such that
the time-sequential deviation (shift) of the period does not
include (N-2) pieces of Thl (Th2, Th3, Thd, . . . ) at
maximum with respect to the next blanking signal.

[0262] FIG. 39 shows a case in which N is set to N=4.
Assuming a group consisting of successive four frames (e.g.
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frames n, n+1, n+2, n+3), time-sequential deviation as long
as one of the periods Thl, Th2, Th3, Th4, . . . (one cycle of
the horizontal clock CL1 in FIG. 39) is recognized between
respective output terms of the blanking signals in each frame
belonging to the group and another frame just before the
each frame.

[0263] Asshown in FIG. 39, in the periods Th1, Th2, Th3,
.. . which correspond to respective pulses of the horizontal
clock CL1, the blanking signal of the n-frame is allocated to
the period Thl, the blanking signal of the (n+1) frame is
allocated to the period Th3, the blanking signal of the (n+2)
frame is allocated to the period Th2 and, further, the blank-
ing signal of the (n+3) frame is allocated to the period Th4.
Here, after the transition to the (n+4) frame, the above-
mentioned relationship is repeated.

[0264] Therefore, in the aforementioned group consisting
of the frames n, n+1, n+2, and n+3, only the term for
outputting the blanking signal B in the (n+2) frame is shifted
to one of the aforementioned periods Th1, Th2, Th3, Th4, .
. . adjacent to another thereof for outputting the blanking
signal B in the (n+1) frame just before the (n+2) frame.
Moreover, each term for outputting the blanking signals B in
the (n+2) frame is shifted toward the scanning start signal
FLM for the (n+2) frame in contrast to another frame (the
(n+1) frame) just before the (n+2) frame, while each term for
outputting the blanking signals B in the other frame belong-
ing to the group is shifted away from the scanning start
signal FLM for the other frame in contrast to another frame
just before the other frame. In FIG. 39, the (n+06) frame
appearing 4 frames after the (n+2) frame has similar features
to those of the (n+2) frame.

[0265] The reason that this embodiment adopts the above
constitution is as follows. For example, when the driving of
the display device shown in FIG. 8 is performed, due to the
influence of the rounding waveforms, the display data which
are outputted next to the blanking signals B of respective
frames, that is, the display signals m, m+4, . . . in the
n-frame, the display signals m+1, m+5, . . . in the (n+1)-
frame, the display signals m+2, m+6, . .. in the (n+2)-frame,
the display signals m+3, m+7, . . . in the (0+3) frame are
respectively displayed with relatively large brightness and
are displayed such that they are arranged linearly on the
pixel region. Accordingly, the retracing lines which are
relatively bright compared to the other region are displayed
(display flow) such that they flow in response to changeover
of respective frames whereby the display data can be easily
observed with naked eyes.

[0266] The embodiment shown in the fourth embodiment
is provided for solving this drawback and is configured such
that, as described above, the respective blanking signals B
are distributed such that they are not juxtaposed on a straight
line which starts from the left upper portion and reaches the
right lower portion in FIG. 39. Due to such a constitution,
to observe the screen as a whole, the line which receives the
influence of rounding of waveforms moves in the downward
direction on the screen in the changeover from the n-frame
to the (n+1)-frame, moves in the upward direction on the
screen in the changeover from the (n+1)-frame to the (n+2)-
frame, moves in the downward direction on the screen in the
changeover from the (n+2)-frame to the (n+3)-frame, and
moves in the upward direction on the screen in the
changeover from the (n+3)-frame to the (n+4)-frame,
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whereby it is possible to make it difficult for a user to
observe the display flow with naked eyes.

[0267] FIG. 40 is a view which shows another mode based
on the above-mentioned same concept and also corresponds
to FIG. §.

[0268] In the case shown in FIG. 40, with respect to the
periods Th1, Th2, Th3, which respectively correspond to the
pulses of the horizontal clock CL1, the blanking signal of the
n-frame is allocated to the period Thl, the blanking signal of
the (n+1)-frame is allocated to the period Th3, the blanking
signal of the (n+2)-frame is allocated to the period Th4 and,
further, the blanking signal of the (n+3)-frame is allocated to
the period Th2. Here, in succeeding frames including the
(0+4) frame, the above-mentioned relationship is repeated.

[0269] From the above, with respect to the blanking sig-
nals B of respective frames, the frame which exhibits the
time-sequential deviation of the period Thl (Th2, Th3, Th4,
... ) with respect to the next blanking signal is only the (n+2)
frame. This mode is substantially equal to the mode shown
in FIG. 39.

[0270] The embodiment described in the fourth embodi-
ment can be also directly applicable to the modification
shown in the first embodiment. For example, the outputting
number: M of display signals in the first step is not limited
to 4 and the outputting number: M of blanking signals in the
second step is not limited to 1.

[0271] <<Fifth Embodiment>>

[0272] FIG. 41 to FIG. 56 show output waveforms of
signals from the display control circuit (timing controller)
and respective output waveforms of signals from the scan-
ning driver and the data driver corresponding to the these
signals which are explained as the fifth embodiment of the
display device and the driving method thereof according to
the present invention, wherein the waveforms are shown in
the same manner as those shown in FIG. 4. However, this
embodiment shown in FIG. 41 to FIG. 56 differs from the
embodiment shown in FIG. 4 in that, as can be clearly
understood from pulses of the scanning start signal FIL
which is depicted at the center of the respective drawings, a
boundary between a certain frame period and next frame
period is arranged at the center in the lateral direction of
respective frames.

[0273] In the fifth embodiment, at the time of changeover
from the frame to the next frame, the number of scanning
clocks CL3 which are generated between the blanking signal
B which is outputted last in the former frame and the
blanking signal B which is outputted first in the next frame
is always adjusted to N pieces while preventing the number
of scanning clocks CL3 from becoming uncertain or indefi-
nite (becomes 2, 3 or

[0274] The reason to perform such an adjustment is as
follows. For example, as shown in FIG. 57, there may be a
case that the number of scanning clocks CL3 which are
generated between the blanking signal B which is outputted
last in the former frame and the blanking signal B which is
outputted first in the next frame becomes 3. In this case,
there arises a phenomenon that the blanking signal B is
written twice in 1 frame in which the scanning start signal
FLM is positioned at the center thereof on the line of the gate

lines G, 5. In such a case, this line works as a boundary and
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the ratio between the holding time of the image data and the
holding time of the blanking signal B differs between the
upper and lower portions of the pixel array and hence, the
brightness difference is generated whereby the line portion
is displayed darker than other background.

[0275] Further, as shown in FIG. 58, there may be a case
that the number of scanning clocks CL3 which are generated
between the blanking signal B which is outputted last in the
former frame and the blanking signal B which is outputted
first in the next frame becomes 5. In this case, there arises
a phenomenon that the blanking signal B is not written at all
in 1 frame in which the scanning start signal FLM is
positioned at the center thereof on the line of the gate lines
G;,4- In such a case, this line works as a boundary and the
ratio between the holding time of the image data and the
holding time of the blanking signal B differs between the
upper and lower portions of the pixel array and hence, the
brightness difference is generated whereby the line portion
is displayed brighter than other background.

[0276] Accordingly, in this fifth embodiment, as men-
tioned above, the number of scanning clocks CI.3 which are
generated between the blanking signal B which is outputted
last in the former frame and the blanking signal B which is
outputted first in the next frame is always adjusted to N
pieces so that the holding time of the image data and the
holding time of the blanking signal B are made to agree with
each other in accordance with the N frame unit whereby the
brightness difference between the upper and lower portions
of the pixel array can be eliminated.

[0277] Here, since the timing between the input waveform
(input data) of the image data to the display control circuit
(timing controller) and the output waveform (driver data)
from the display control circuit is preliminarily set, the
adjustment of the number of the scanning clocks CL3 at the
time of changeover of frame can be easily performed using
the timing controller (display control circuit) 104, for
example.

[0278] Hereinafter, a case adopting a method in which the
image data for 4 lines and the blanking data for 4 lines are
written using the input 4 horizontal periods and the blanking
data are distributed using the embodiments shown in FIG.
41 to FIG. 56 is explained.

[0279] Here, in the above-mentioned respective drawings,
all of symbols CL31, CL32, CL33 indicate scanning clocks,
wherein the scanning clock C131 is inputted to the scanning
driver 103-1, the scanning clock CL32 is inputted to the
scanning driver 103-2 and the scanning clock CL33 is
inputted to the scanning driver 103-3.

[0280] In this case, although pulses are outputted at the
same timing with respect to all of respective scanning clocks
C131, CL32, CL33, one of them is served for display based
on the display signals other than the blanking signals B and
two remaining scanning clocks are served for display based
on the blanking signals B.

[0281] Accordingly, with respect to two other remaining
scanning clocks, at the time of changeover of frame, the
number of scanning clocks which are generated between the
blanking signal B which is outputted lastly in the preceding
frame and the blanking signal B which is outputted firstly in
the next frame can be adjusted.
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[0282] 1In such a constitution, first of all, it is judged
whether the number of inputting horizontal periods in 1
frame is a multiple of 4, a multiple of 4+1, a multiple of 442
or a multiple of 4+3. Further, the input frames are monitored
and the number of inputting horizontal periods is allocated
to the first, the second, the third and the fourth frames and
this operation is repeated. Based on the above, the case in
which the number of inputting horizontal periods is the
multiple of 4 is explained hereinafter.

[0283] As shown in FIG. 41, at the time of changeover
between the first frame and the second frame, 2 horizontal
periods are present between writing of the final blanking
signal B to the first frame and writing of the beginning
blanking signal B to the second frame. In this manner,
during 2 horizontal periods, when the usual scanning clock
CL3 is inputted to the scanning driver, the output timing is
shifted by only 2 lines and hence, the scanning clock CL3 is
short of 2 clocks. Accordingly, the scanning clocks CL3 are
added by two clocks which are in short to the beginning 1
horizontal period of the second frame so as to output 3
pulses.

[0284] As shown in FIG. 42, at the time of changeover
between the second frame and the third frame, 3 horizontal
periods are present between writing of the final blanking
signal B to the second frame and writing of the beginning
blanking signal B to the third frame. In this manner, during
3 horizontal periods, when the usual scanning clock CL3 is
inputted to the scanning driver, the output timing is shifted
by only 3 lines and hence, the scanning clock CL3 is short
of 1 clock. Accordingly, the scanning clocks CL3 are added
by one clock which is in short to the beginning 1 horizontal
period of the third frame so as to output 2 pulses.

[0285] As shown in FIG. 43, at the time of changeover
between the third frame and the fourth frame, 6 horizontal
periods are present between writing of the final blanking
signal B to the third frame and writing of the beginning
blanking signal B to the fourth frame. In this manner, during
6 horizontal periods, when the usual scanning clock CL3 is
inputted to the scanning driver, the output timing is shifted
by 6 lines and hence, two lines in which the blanking signals
are not written appears. Accordingly, the scanning clocks
CL3 becomes excessive by 2 clocks. Accordingly, the scan-
ning clocks CL3 are stopped from the beginning of the
fourth frame by 2 horizontal periods.

[0286] As shown in FIG. 44, at the time of changeover
between the fourth frame and the first frame, 5 horizontal
periods are present between writing of the final blanking
signal B to the fourth frame and writing of the beginning
blanking signal B to the first frame. In this manner, during
5 horizontal periods, when the usual scanning clock CL3 is
inputted to the scanning driver, the output timing is shifted
by 5 lines and hence, 1 line in which the blanking signals B
are not written appears. Accordingly, the scanning clocks
CL3 becomes excessive by 1 clock. Accordingly, the scan-
ning clocks CL3 are stopped at the beginning horizontal
period of the first frame.

[0287] Accordingly, writing of the blanking signal B is
performed with respect to all lines by 1 time/1 frame so that
the favorable display quality can be obtained. To consider
four frames in total as a result of adjustment, the scanning
clocks CL3 are added by 3 clocks and are stopped by three
clocks and hence, the numbers of adjustments agree to each
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other. Accordingly, the ratio between the image data holding
time and blanking signal B holding time agree to each other
throughout 4 frames inclusive and hence, the brightness
difference between upper and lower portions of the pixel
array is eliminated whereby the image quality can be
enhanced.

[0288] Further, under the premise of the above-mentioned
conditions, a case in which the number of inputting hori-
zontal periods is a multiple of 4+1 is explained.

[0289] In this case, writing of the blanking signal B is
performed by making use of the retracing period for input 4
lines. That is, the output 5 line periods are generated based
on the input 4 line periods. Here, the fractions are present
when the number of inputting horizontal periods in 1 frame
is a multiple of 4+1. To obviate this situation, the four frames
is set as one unit and the fractions obtained from four frames
are combined to further generate the output 1 line period.

[0290] As shown in FIG. 45, at the changeover of the first
frame and the second frame, 4 horizontal periods are present
between writing of the final blanking signal B in the first
frame and writing of the beginning blanking signal B in the
second frame. Accordingly, the adjustment of the number of
pulses of the scanning clock CL3 is not performed.

[0291] Subsequently, as shown in FIG. 46, at the
changeover of the second frame and the third frame, 4
horizontal periods are present between writing of the final
blanking signal B in the second frame and writing of the
beginning blanking signal B in the third frame. Accordingly,
the adjustment of the number of pulses of the scanning clock
CL3 is not performed.

[0292] Then, as shown in FIG. 47, at the changeover of
the third frame and the fourth frame, 3 horizontal periods are
present between writing of the final blanking signal B in the
third frame and writing of the beginning blanking signal B
in the fourth frame. In this manner, with respect to 3
horizontal periods, when the usual scanning clock CL3 is
inputted to the scanning driver, the output timing is shifted
by 3 lines and hence, 1 line in which the blanking signal is
written twice appears. Accordingly, the scanning clock CL.3
is short of 1 clock. Accordingly, the scanning clock CL3 is
added in the beginning 1 horizontal period of the third frame
by a shortage amount of 1 clock so as to output two pulses.

[0293] Then, as shown in FIG. 48, at the changeover of
the fourth frame and the first frame, 5 horizontal periods are
present between writing of the final blanking signal B in the
fourth frame and writing of the beginning blanking signal B
in the first frame. In this manner, with respect to 5 horizontal
periods, when the usual scanning clock CL3 is inputted to
the scanning driver, the output timing is shifted by 5 lines
and hence, 1 line in which the blanking signal B is not
written appears. Accordingly, the scanning clock CL3
includes 1 clock excessively. Accordingly, the scanning
clock CL3 is stopped in the beginning of the horizontal
period of the first frame.

[0294] Accordingly, writing of the blanking signal B is
performed with respect to all lines by 1 time/1 frame so that
the favorable display quality can be obtained. Further, to
consider four frames in total as a result of adjustment, the
scanning clock CL3 is added by 1 clock and is stopped by
1 clock and hence, the numbers of adjustments agree to each
other. Accordingly, the ratio between the image data holding
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time and blanking signal B holding time agree to each other
throughout 4 frames inclusive over the whole pixel array and
hence, the brightness difference between upper and lower
portions of the pixel array is eliminated whereby the image
quality can be enhanced.

[0295] Further, under the premise of the above-mentioned
conditions, a case in which the number of inputting hori-
zontal periods is a multiple of 4+2 is explained.

[0296] In this case, writing of the blanking signal B is
performed by making use of the retracing period for input 4
lines. That is, the output 5 line periods are generated based
on the input 4 line periods. Here, the fractions are present
when the number of inputting horizontal periods in 1 frame
is a multiple of 4+2. To obviate this situation, the four frames
is set as one unit and the fractions obtained from four frames
are combined to further generate the output 2 line periods.

[0297] As shown in FIG. 49, at the changeover of the first
frame and the second frame, 4 horizontal periods are present
between writing of the final blanking signal B in the first
frame and writing of the beginning blanking signal B in the
second frame. Accordingly, the adjustment of the number of
pulses of the scanning clock CL3 is not performed.

[0298] Subsequently, as shown in FIG. 50, at the
changeover of the second frame and the third frame, 5
horizontal periods are present between writing of the final
blanking signal B in the second frame and writing of the
beginning blanking signal B in the third frame. Accordingly,
the adjustment of the number of pulses of the scanning clock
C13 is not performed. In this manner, with respect to 5
horizontal periods, when the usual scanning clock C13 is
inputted to the scanning driver, the output timing is shifted
by 5 lines and hence, 1 line in which the blanking data is not
written appears. Accordingly, the scanning clock CL3
includes 1 clock excessively. Accordingly, the scanning
clock CL3 is stopped in the leading horizontal period the
third frame.

[0299] Then, as shown in FIG. 51, at the changeover of
the third frame and the fourth frame, 4 horizontal periods are
present between writing of the final blanking signal B in the
third frame and writing of the beginning blanking signal B
in the fourth frame. Accordingly, the adjustment of the
number of pulses of the scanning clock CL3 is not per-
formed.

[0300] Then, as shown in FIG. 52, at the changeover of
the fourth frame and the first frame, 3 horizontal periods are
present between writing of the final blanking signal B in the
fourth frame and writing of the beginning blanking signal B
in the first frame. In this manner, with respect to 3 horizontal
periods, when the usual scanning clock CL3 is inputted to
the scanning driver, the output timing is shifted only by 3
lines and hence, 1 line in which the blanking signal B is
written twice appears. Accordingly, the scanning clock CL3
is short of 1 clock. Accordingly, the scanning clock CL3 is
added in the beginning 1 horizontal period of the third frame
by a shortage amount of 1 clock so as to output two pulses.

[0301] Accordingly, writing of the blanking signal B is
performed with respect to all lines by 1 time/1 frame so that
the favorable display quality can be obtained. Further, to
consider four frames in total as a result of adjustment, the
scanning clock CL3 is added by 1 clock and is stopped by
1 clock and hence, the numbers of adjustments agree to each
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other. Accordingly, the ratio between the image data holding
time and blanking signal B holding time agree to each other
throughout 4 frames inclusive over the whole pixel array and
hence, the brightness difference between upper and lower
portions of the pixel array is eliminated whereby the image
quality can be enhanced.

[0302] Further, under the premise of the above-mentioned
conditions, a case in which the number of inputting hori-
zontal periods is a multiple of 4+3 is explained.

[0303] In this case, writing of the blanking signal B is
performed by making use of the retracing period for input 4
lines. That is, the output 5 line periods are generated based
on the input 4 line periods. Here, the fractions are present
when the number of inputting horizontal periods in 1 frame
is a multiple of 4+3. To obviate this situation, the four frames
are set as one unit and the fractions obtained from four
frames are combined to further generate the output 2 line
periods.

[0304] As shown in FIG. 53, at the changeover of the first
frame and the second frame, 5 horizontal periods are present
between writing of the final blanking signal B in the first
frame and writing of the beginning blanking signal B in the
second frame. In this manner, with respect to 5 horizontal
periods, when the usual scanning clock CL3 is inputted to
the scanning driver, the output timing is shifted by 5 lines
and hence, 1 line in which the blanking signal B is not
written appears. Accordingly, the scanning clock CL3
includes 1 clock excessively. Accordingly, the scanning
clock CL3 is stopped in the heading horizontal period of the
second frame.

[0305] Subsequently, as shown in FIG. 54, at the
changeover of the second frame and the third frame, 2
horizontal periods are present between writing of the final
blanking signal B in the second frame and writing of the
beginning blanking signal B in the third frame. In this
manner, with respect to 2 horizontal periods, when the usual
scanning clock CL3 is inputted to the scanning driver, the
output timing is shifted by 2 lines and hence, two lines in
which the blanking signal B is written twice appears.
Accordingly, the scanning clock CL3 is short of 2 clocks.
Accordingly, the scanning clock CL3 is added in the begin-
ning 1 horizontal period of the third frame by a shortage
amount of 2 clocks so as to output three pulses.

[0306] Then, as shown in FIG. 55, at the changeover of
the third frame and the fourth frame, 5 horizontal periods are
present between writing of the final blanking signal B in the
third frame and writing of the beginning blanking signal B
in the fourth frame. In this manner, with respect to 5
horizontal periods, when the usual scanning clock CL3 is
inputted to the scanning driver, the output timing is shifted
by 5 lines and hence, 1 line in which the blanking signal B
is not written appears. Accordingly, the scanning clock CL3
includes 1 clock excessively. Accordingly, the scanning
clock CL3 is stopped in the beginning horizontal period of
the second frame.

[0307] Then, as shown in FIG. 56, at the changeover of
the fourth frame and the first frame, 4 horizontal periods are
present between writing of the final blanking signal B in the
fourth frame and writing of the beginning blanking signal B
in the first frame. Accordingly, the adjustment of the number
of pulses of the scanning clock CL3 is not performed.
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[0308] Accordingly, writing of the blanking signal B is
performed with respect to all lines by 1 time/1 frame so that
the favorable display quality can be obtained. Further, to
consider four frames in total as a result of adjustment, the
scanning clock CL3 is added by 2 clocks and is stopped by
2 clocks and hence, the numbers of adjustments agree to
each other. Accordingly, the ratio between the image data
holding time and blanking data B holding time agrees to
each other throughout 4 frames inclusive over the whole
pixel array and hence, the brightness difference between
upper and lower portions of the pixel array is eliminated
whereby the image quality can be enhanced.

[0309] The embodiment described in the fifth embodiment
can be also directly applicable to the modification shown in
the first embodiment. For example, the outputting number:
M of display signals in the first step is not limited to 4 and
the outputting number: M of blanking signals in the second
step is not limited to 1.

[0310] As can be clearly understood from the foregoing
explanation, according to the display device and the driving
method thereof described in the fourth embodiment and the
fifth embodiment of the present invention, it is possible to
prevent the generation of the display flow of brightness line
on the screen.

[0311] Further, the present invention can obtain the uni-
formity of black display in respective frames.

What is claimed is:
1. A display device comprising:

a pixel array having a plurality of pixels arranged two-
dimensionally along a first direction and a second
direction, each of the plurality of pixels includes a pair
of electrodes applying a voltage to liquid crystals,
respective groups of the plurality of pixels arranged
along the first direction form a plurality of pixel-rows
juxtaposed along the second direction, and respective
groups of the plurality of pixels arranged along the
second direction form a plurality of pixel-columns
juxtaposed along the first direction;

a scanning driver circuit selecting the plurality of pixel-
rows by outputting scanning signals;

a data driver circuit outputting a display signals to each of
the plurality of pixel-columns and applying the display
signal to each of the pixels belonging to any one of the
plurality of pixel-columns and at least one of the
plurality of pixel-rows selected by the scanning signal,
and

a display control circuit controlling display operation of
the pixel array,

one line of image data is inputted to the data driver circuit
for every vertical scanning period of the image data,

the data driver circuit repeats

a first step for generating a first display signal corre-
sponding to respective one of the lines of the image
data one after another and outputting the first display
signals N-times (N is a natural number equal to or
greater than 2) to each of the plurality of pixel-
columns, and
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a second step for generating a second display signal (a
blanking signal) making brightness of the pixel
thereby equal to or darker than that before the second
display is applied and outputting the second display
signals M-times (M is a natural number smaller than
the M) to each of the plurality of pixel-columns,
alternately,

the scanning driver circuit repeats

a first selection step for selecting every Y rows (Y is a
natural number smaller than the N/M) of the plurality
of pixel-rows in response to every one of the N-times
outputs of the first display signals in the first step
sequentially from one end of the pixel array to
another end of the along the pixel array along the
second direction, and

a second selection step for selecting every Z rows (Z is
a natural number not smaller than the NIM) of the
plurality of pixel-rows other than those selected in
the first selection step in response to every one of the
M-times outputs of the second display signals in the
second step sequentially from the one end to the
another end of the pixel array along the second
direction, alternately,

a polarity of one of the pair of electrodes provided for
cach of the plurality of pixels against another thereof is

different from one another among ones of the plurality
of pixels adjacent to one another along at least one of
the first direction and the second direction by the first
signals applied thereto during the first step, and

different from each other between one of the plurality
of pixels selected in the second selection step and
another of the plurality of pixels selected subse-
quently to the second selection step by the second
signals applied to the one of the plurality of pixels
wherever the one and the another of the plurality of
pixels belong to the same one of the plurality of
pixel-columns.

2. A display device according to claim 1, wherein

the scanning driver circuit starts to output the scanning
signals for every frame period of the image data, and

an output timing of the second display signal in the second
step against the start of the scanning signal output
during one of the frames is different from that during
another of the frames subsequently to the one of the
frames.

3. A display device according to claim 1, wherein

the number Y of the respective rows of the plurality of
pixel-rows being selected in response to each output of
the first display signal is 1, the number N of the first
display signal outputs in the first step is equal to or
greater than 4, the number Z of the respective rows of
the plurality of pixel-rows being selected in response to
each output of the second display signal is equal to or
greater than 4, and the number N of the second display
signal outputs in the second step is equal to 1.

4. A driving method for a display device having a pixel
array in which a plurality of pixels are arranged two-
dimensionally along a first direction and a second direction,
each of the plurality of pixels includes a pair of electrodes
applying a voltage to liquid crystals, respective groups of the
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plurality of pixels arranged along the first direction form a
plurality of pixel-rows juxtaposed along the second direc-
tion, and respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-columns
juxtaposed along the first direction,

the plurality of pixel-rows are selected respectively in
response to every scanning signal,

the plurality of pixel-columns receive a display signal
each, and

the display signal is applied to one of the pair of elec-
trodes of each of the plurality of pixels belonging to
each one of the plurality of pixel-rows selected by the
scanning signal while a reference voltage is applied to
another of the pair of electrodes provided in the each of
the plurality of pixels,

repeating:

a first step for selecting every Y rows (Y is a natural
number) of the plurality of pixel-rows N-times (N is
a natural number equal to or greater than 2) sequen-
tially from one end of the pixel array to another end
of the along the pixel array along the second direc-
tion, and applying first display signals generated in
accordance with every line component of image data
which is inputted to the display device sequentially
in response to a vertical synchronizing signal of the
image data to the one of the pair of electrodes
provided in each of the pixels belonging to the every
Y pixel-rows as selected sequentially; and

a second step for selecting every Z rows (Z is a natural
number) of the plurality of pixel-rows other than
those selected during the first step M-times (M is a
natural number satisfying relationship of M<N,
Y<N/MZZ) sequentially from the one end to the
another end, and applying a second display signal to
the one of the pair of electrodes provided in each of
the pixels belonging to the Z pixel-rows as selected
sequentially so that brightness of the Z pixel-rows
becomes equal to or lower than that before the
second display signal is supplied thereto, alternately,

wherein polarity of the first display signals against the
reference voltage is different from one another between
one of the N-times of the every Y pixel-rows selections
and another thereof subsequent to the one thereof, and

the second display signal inputted in the Z pixel-rows
selected in the second step has different polarity against
the reference voltage from that of the display signal
other than the second display signal which is inputted
to at least one of the pixel-rows being selected subse-
quently to the second step in every one of the plurality
of pixel-columns.

5. A driving method for a display device having a pixel
array in which a plurality of pixels are arranged two-
dimensionally along a first direction and a second direction,
each of the plurality of pixels includes a pair of electrodes
applying a voltage to liquid crystals, respective groups of the
plurality of pixels arranged along the first direction form a
plurality of pixel-rows juxtaposed along the second direc-
tion, and respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-columns
juxtaposed along the first direction,
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the plurality of pixel-rows are selected respectively in
response to every scanning signal,

the plurality of pixel-columns receive a display signal
cach, and

the display signal is applied to one of the pair of elec-
trodes of each of the plurality of pixels belonging to
each one of the plurality of pixel-rows selected by the
scanning signal while a reference voltage is applied to
another of the pair of electrodes provided in the each of
the plurality of pixels,

repeating:

a first step for selecting every Y rows (Y is a natural
number) of the plurality of pixel-rows N-times (N is
a natural number equal to or greater than 2) sequen-
tially from one end of the pixel array to another end
of the along the pixel array along the second direc-
tion, and applying first display signals generated in
accordance with every line component of image data
which is inputted to the display device sequentially
in response to a vertical synchronizing signal of the
image data to the one of the pair of electrodes
provided in each of the pixels belonging to the every
Y pixel-rows as selected sequentially; and

a second step for selecting every Z rows (Z is a natural
number) of the plurality of pixel-rows other than
those selected during the first step M-times (M is a
natural number satisfying relationship of M<N,
Y<N/M=7Z7) sequentially from the one end to the
another end, and applying a second display signal to
the one of the pair of electrodes provided in each of
the pixels belonging to the Z pixel-rows as selected
sequentially so that brightness of the Z pixel-rows
becomes equal to or lower than that before the
second display signal is supplied thereto, alternately,

wherein polarity of the first display signals against the
reference voltage is different from one another among
mutually adjacent columns of the pixel-columns, and

the second display signal inputted in the Z pixel-rows
selected in the second step has different polarity against
the reference voltage from that of the display signal
other than the second display signal which is inputted
to at least one of the pixel-rows being selected subse-
quently to the second step in every one of the plurality
of pixel-columns.

6. A driving method for a display device according to

claim 4, wherein

the image data are inputted to the display device every
frame period thereof,

a selection operation of the plurality of pixel-rows is
started for the every frame period, and

a timing of the second step with respect to the start of the
selection operation of the plurality of pixel-rows in one
of the frames is different from that in another of the
frames subsequently to the one of the frames.

7. A driving method for a display device according to

claim 4, wherein

the first step is performed by setting the number Y of the
respective pixel-rows selected in response to each
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output of the first display signal to 1 and the number N
of the first display signal outputs to not smaller than 4,
and

the second step is performed by setting the number Z of
the respective pixel-rows being selected in response to
each output of the second display signal to not smaller
than 4 and the number N of the second display signal
outputs to 1.

8. A driving method for a display device according to

claim 5, wherein

the image data are inputted to the display device every
frame period thereof,

a selection operation of the plurality of pixel-rows is
started for the every frame period, and

a timing of the second step with respect to the start of the
selection operation of the plurality of pixel-rows in one
of the frames is different from that in another of the
frames subsequently to the one of the frames.

9. A driving method for a display device according to

claim 5, wherein

the first step is performed by setting the number Y of the
respective pixel-rows selected in response to each
output of the first display signal to 1 and the number N
of the first display signal outputs to not smaller than 4,
and

the second step is performed by setting the number Z of
the respective pixel-rows being selected in response to
each output of the second display signal to not smaller
than 4 and the number N of the second display signal
outputs to 1.

10. A display device comprising:

a pixel array having a plurality of pixels arranged two-
dimensionally along a first direction and a second
direction, respective groups of the plurality of pixels
arranged along the first direction form a plurality of
pixel-rows juxtaposed along the second direction, and
respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-
columns juxtaposed along the first direction;

a scanning driver circuit selecting the plurality of pixel-
rows by outputting scanning signals;

a data driver circuit outputting a display signals to each of
the plurality of pixel-columns and applying the display
signal to each of the pixels belonging to any one of the
plurality of pixel-columns and at least one of the
plurality of pixel-rows selected by the scanning signal,
and

a display control circuit controlling display operation of
the pixel array,

wherein one line of image data is inputted to the data
driver circuit for every vertical scanning period of the
image data;

the data driver circuit repeats a first step for performing an
operation to generate a first display signal correspond-
ing to respective one of the lines of the image data one
after another and to output the first display signals to
each of the plurality of pixel-columns in every certain
period N-times (N is a natural number equal to or
greater than 2), and a second step for performing an
operation to generate a second display signal (a blank-
ing signal) making brightness of the pixel thereby equal
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to or darker than that before the second display is
applied and to output the second display signals to each
of the plurality of pixel-columns, alternately in the
every certain period M-times (M is a natural number
smaller than the M), alternately;

the scanning driver circuit repeats a first selection step for
selecting every Y rows (Y is a natural number smaller
than the N/M) of the plurality of pixel-rows in response
to every one of the N-times outputs of the first display
signals in the first step sequentially from one end of the
pixel array to another end of the along the pixel array
along the second direction, and a second selection step
for selecting every Z rows (Z is a natural number not
smaller than the N/M) of the plurality of pixel-rows
other than those selected in the first selection step in
response {0 every one of the M-times outputs of the
second display signals in the second step sequentially
from the one end to the another end of the pixel array
along the second direction, alternately;

the scanning driver circuit repeats a selection operation of
the plurality of pixel-rows throughout the pixel array
during every frame period of the image data,

a deviation of the certain period of the second step from
a starting time of the pixel-rows selection operation
throughout the pixel array is different between each one
of the frame periods and another of the frame periods
subsequent thereto; and

time difference between the deviation of the certain
period of the second step from the starting time of the
pixel-rows selection operation in the each one of the
frame periods and that in the another of the frame
periods subsequent thereto are regulated to be shorter
than (N-2) times as long as the certain period.

11. A display device according to claim 10, wherein

&

the number Y of the respective rows of the plurality of
pixel-rows being selected in response to each output of
the first display signal is 1, the number N of the first
display signal outputs in the first step is equal to or
greater than 4, the number Z of the respective rows of
the plurality of pixel-rows being selected in response to
each output of the second display signal is equal to or
greater than 4, and the number N of the second display
signal outputs in the second step is equal to 1.

12. A display device comprising:

a pixel array having a plurality of pixels arranged two-
dimensionally along a first direction and a second
direction, respective groups of the plurality of pixels
arranged along the first direction form a plurality of
pixel-rows juxtaposed along the second direction, and
respective groups of the plurality of pixels arranged
along the second direction form a plurality of pixel-
columns juxtaposed along the first direction;

a scanning driver circuit selecting the plurality of pixel-
rows by outputting scanning signals;

a data driver circuit outputting a display signals to each of
the plurality of pixel-columns and applying the display
signal to each of the pixels belonging to any one of the
plurality of pixel-columns and at least one of the
plurality of pixel-rows selected by the scanning signal,
and

a display control circuit controlling display operation of
the pixel array,
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respective groups of the plurality of pixels arranged along
the first direction form a plurality of pixel-rows juxtaposed
along the second direction, and respective groups of

wherein one line of image data is inputted to the data
driver circuit for every vertical scanning period of the
image data;

the data driver circuit repeats

a first step for performing an operation to generate a
first display signal corresponding to respective one
of the lines of the image data one after another and
to output the first display signals to each of the
plurality of pixel-columns N-times (N is a natural
number equal to or greater than 2), and

a second step for performing an operation to generate
a second display signal (a blanking signal) making
brightness of the pixel thereby equal to or darker
than that before the second display is applied and to
output the second display signals to each of the
plurality of pixel-columns, M-times (M is a natural
number smaller than the M), alternately;

the scanning driver circuit repeats

a first selection step for selecting every Y rows (Y is a
natural number smaller than the N/M) of the plurality
of pixel-rows in response to every one of the N-times
outputs of the first display signals in the first step
sequentially from one end of the pixel array to
another end of the along the pixel array along the
second direction on a basis of scanning clock signals
inputted to the scanning driver circuit, and

a second selection step for selecting every Z rows (Z is
a natural number not smaller than the N/M) of the
plurality of pixel-rows other than those selected in
the first selection step in response to every one of the
M-times outputs of the second display signals in the
second step sequentially from the one end to the
another end of the pixel array along the second
direction, alternately; and

the scanning driver circuit repeats a selection operation of
the plurality of pixel-rows throughout the pixel array
during every frame period of the image data and has
means for adjusting a number of the scanning clock
signals generated between the last output of the second
display signals in one of the frame periods and the first
output of the second display signals in another of the
frame periods subsequent to the one of the frame
periods to N while the one of the frame periods is
replaced by the another of the frame periods.

13. A display device according to claim 12, wherein

the number Y of the respective rows of the plurality of
pixel-rows being selected in response to each output of
the first display signal is 1,

the number N of the first display signal outputs in the first
step is equal to or greater than 4,

the number Z of the respective rows of the plurality of
pixel-rows being selected in response to each output of
the second display signal is equal to or greater than 4,
and

the number N of the second display signal outputs in the
second step is equal to 1.

14. A driving method for a display device having a pixel

array in which a plurality of pixels are arranged two-

dimensionally along a first direction and a second direction,

the plurality of pixels arranged along the second direction
form a plurality of pixel-columns juxtaposed along the
first direction,

the plurality of pixel-rows are selected respectively in
response to every scanning signal, the plurality of
pixel-columns receive a display signal each and the
display signal is supplied to each of the pixels belong-
ing both to the respective pixel-column and to each one
of the plurality of pixel-rows selected by the scanning
signal,

repeating:

a first step for selecting every Y rows (Y is a natural
number) of the plurality of pixel-rows N-times (N is
a natural number equal to or greater than 2) sequen-
tially from one end of the pixel array to another end
of the along the pixel array along the second direc-
tion in response to scanning clock signals, and apply-
ing first display signals generated in accordance with
every line component of image data which is input-
ted to the display device sequentially in response to
a vertical synchronizing signal of the image data to
the one of the pair of electrodes provided in each of
the pixels belonging to the every Y pixel-rows as
selected sequentially; and

a second step for selecting every Z rows (Z is a natural
number) of the plurality of pixel-rows other than
those selected during the first step M-times (M is a
natural number satisfying relationship of M<N,
Y<N/M=7Z) sequentially from the one end to the
another end, and applying second display signal to
the one of the pair of electrodes provided in each of
the pixels belonging to the Z pixel-rows as selected
sequentially so that brightness of the Z pixel-rows
becomes equal to or lower than that before the
second display signal is supplied thereto, alternately,
wherein

a number of the scanning clock signals generated
between the last output of the second display
signals in one of frame periods of the image data
and the first output of the second display signals in
another of the frame periods subsequent to the one
of the frame periods is adjusted to N while the one
of the frame periods is replaced by the another of
the frame periods.

15. A driving method for a display device according to

claim 14, wherein

the first step is performed by setting the number Y of the
respective pixel-rows selected in response to each
output of the first display signal to 1 and the number N
of the first display signal outputs to not smaller than 4,
and

the second step is performed by setting the number Z of
the respective pixel-rows being selected in response to
each output of the second display signal to not smaller
than 4 and the number N of the second display signal
outputs to 1.
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