AR O 0 0 0 R
US 20040178977A1
a9 United States

a2 Patent Application Publication (i) Pub. No.: US 2004/0178977 Al

Nakayoshi et al. (43) Pub. Date: Sep. 16, 2004
(54) LIQUID CRYSTAL DISPLAY DEVICE (30) Foreign Application Priority Data
(76) Tnventors: Yoshiaki Nakayoshi, Ooamishirasato Mar. 10, 2003 (JP) cccoeeerrrrvicimrisencernriiicrenns 2003-063392
(JP); Yoshihiro Imajo, Mobara (JP); . .
Kazuhiko Yanagawa, Mobara (JP) Publication Classification
(51) Int. CL7 o, G09G 3/36

Correspondence Address:

ANTONELLI, TERRY, STOUT & KRAUS, (52) US. Cl o 345/87
LLP 7) ABSTRACT

1300 NORTH SEVENTEENTH STREET

SUITE 1800 In a liquid crystal display device, drain signal lines which
ARLINGTON, VA 22209-9889 (US) supply the video signal are arranged to cross gate signal lines

which supply the scanning signal and counter voltage signal
lines which supply the reference signal. The reference signal
(21) Appl. No.: 10/796,192 is supplied to the pixels for every selected pixel row. Further,
the counter voltage signal lines in other pixel rows except for
the selected pixel rows are respectively configured to

(22) Filed: Mar. 10, 2004 assume a floating state.
He
\

r—--aDLl D2l DLY ______ DLy
|~ L '}’(ng 5,’(ng 5,’(ng Kng S
o CLlL 4
5 5 Nt o [Xeo X Ged 5 5
H N [ N B et 1 '
| 0L KCed  [KCed  [KCed '}’(ngCin i
o e ok
oo ot [Xeer ¥ ot N Ged b C
A D U A I
! a1 % Ced ™% Ced % Ced % Cgd ! !

Ve ;_u :GLS A A A A oL E .
i ; oo [Nt [Xco X ced E E
L\ EGM '}’(ng ')’(ng nggg__—— Xngm § é
: f ] | 1 ] ’ ! N
o X o | X o | X ¢od i Xced ||
R [ N P
b Y T%Ced | T®Ced | T™Ced | %Ced !
v o o e )‘{ Cod  temed

SW2

'.
21,
=i
— L



Patent Application Publication Sep. 16,2004 Sheet 1 of 48 US 2004/0178977 Al

FIaG, 1

He
§
DL1 DL2 DL3| ______ DLn
GL1 ﬂ,j_rTFT C})T LT AT oLt
Clc Cle Clc
PX~tea | e | Pred
—] —] —
GL2 LT TP [ TFT oL
C!c C!c Cle
T C ¥ C ""C_ |~ Cm
—] —] —]
V] GL3 C L £ L L L oL3
| o | o
Cstd Cste Cstd
u—ﬁﬂ B U—fﬁ
G'L4 LOTFT [ TFT LI TFT oL
| Cle Cle Clc \
| o | Do | e i
_"| _| _| 1
y GLn LATFT [T (YT oL
Cle C!c Clc
He ke ““WE'
— —] —]



Patent Application Publication Sep. 16,2004 Sheet 2 of 48 US 2004/0178977 Al
FIG, 2
He
)
r=--+ DL 1| DL2 DLy ______ DLn
! \EGU Xng '}’(ng 7‘ng Kng .
T CLILAL
Lo Xeed  pXeed o X Ged too
| loofkCed % TG %o E E
'\EGLZ A A A A of |
P e [Wow  [¥e Xed || | Cm
Vel i—~§GL3 K0 [%Ced  [%0Csd Vgcgdcmé i
] | OOyt
- Nt N (X cu X ced b
b igla[&Cd  [%Ced  %Cwd KCed |
i A% R0 % WP
i X God i X Cod i X Cod JI Xcod ||
b o T%Ced | PxCe | T®Ced | MOl ||
Ii' N .G Ln| & A A A ot
Lo Need PN o XCed Lol
SW1- SW2
FIG, 4
Ve
CL! ,
Y 1c] pCm
CL2
L1
T C2
CL3
—L 1
T | C3
Cln : | :
STD ]| Cn
SW5(n) G




Patent Application Publication Sep. 16,2004 Sheet 3 of 48 US 2004/0178977 Al

FiG 34

VeOFF VgON
| G
Gi
— 7| qu
) o |
G2| T T
V~ = GL3
@l T |'¥
M —1J | |
Gt T 1t !
i |p1s Gln
Gnlp g T~
— G N SWin)
Gn+iI d—\\
SW2(n)

FIG, 35

1 I '

ON | |

G l OFF ! OFF | OFF !
| |

| |

]
ON
G+ I' OFF| ~ | OFF | OFF!

] |
Gn+2 | OFF ! OFF OFF |

| FIG, 3C

GLn! ON
OFF ——+———

] i | ‘
Gln#1 LET| N op [ FT. ION

| |

| I l

| ! |——I FT OFF OFF FT FT FT
SWiln ) | ON ,OFFlOFF.OFFu

I

SWi(+)1 | OFF | ON | 0FF| OFF !
I

SW1(n+2) | OFF OFF, ON ' OFF .
I

SWZ( ) |0FF| ON IOFF|0FFI
I I

Sw2(n+1) | OFFI OFF' ON . OFF | |
I I

SW2(n+2) ; OFF} OFF | OFF: ON i
| [ I




US 2004/0178977 Al

Patent Application Publication Sep. 16,2004 Sheet 4 of 48

| NO | 440 | 440 | 440 | (¢+U)YMS
1440 | NO | 340|340 | (C+U)EMS
_ NO _H_o_&o_&o; +WZMS
| 440 | NO | 440 | 440 | (Z+W)IMS
1440 NO | 440 | 440 | (L +WPMS
_&o “&o“ NO “to _ (L+UEMS
_&_o_ NO 144014401 (14+U)ZMS
| 440 | 440 | NO {440 | (1+Y)IMS
1430|440} NO | 440 | (WPMS
:_“_o _“_.._o _“_“_o_ NO _ (WEMS
1440|440} NO | 440 | (WZMS
! 440 | 440 | 440 | NO | (U)IMS
NO E“E“E“Tﬁo
| | |
NO | 14 14, ¢tu19
| |
{340 NO ﬂ [+UTD

TP o |
+U

NG &om&o_&omm O

"330 4401440, ¢+YO

| NO “ _“

340 1 440 4401 1+U9

-

F+1 A L T/ T I [
I&?nﬂﬂUUI =
5] mHH__H =1 1 #®
CO I N.r A sl [

u = u
L WIMS | i 1 |
.IgnﬂﬂUUI ! B
) ﬂHUH =2 _HJ. )
AR = = T o
D =1 )
04 NOSA 4403

Ve D14

™A




Patent Application Publication Sep. 16,2004 Sheet 5 of 48 US 2004/0178977 Al
FIG, 6
He
e DL1 DL2 DL _ _____ DLn

N :EGLI KCed [KCd [0 LN
P o oY |
; ii Neoo  [N¥ew X e X Ced - {
1 TR N SN G A I
i-o . E!GLZ Xng '7/{ng 5,’(ng XngCLz :E i {
P niln i
P Neoo  IXeo  [Xcad Xed I }
A R U (st o !
L T I T L . N A [V

Gl oo
o e [(Now  [New X ced ii i i

! a1 1 ] ' i
b oral%ced  T™®Ced  %Ced %Cd !
":'°I\°'H§L4 ’{ g '( g '( g 4 g ol h oi i
X Ei X Ced i X Cod i X Cod _i Ko B ]|
E \CJEIGLn 5/{ng ! '7,’{ng ! iggg— !_ 5/(ng :E E :
i Clny~i i
. Xood  (NXod 1N God et Mo !
SWi! W2
______ 4 L=

GD CD




Patent Application Publication Sep. 16,2004 Sheet 6 of 48

FIG, 74

EELEYT O

DD

GD CD

US 2004/0178977 Al

FIG, 78

GD <§ CD

CD GD
{ )
GL1
CL1
GL2
cL
GL3
CL3
I I
' GLn




Patent Application Publication Sep. 16,2004 Sheet 7 of 48 US 2004/0178977 Al

VgOFF  VgON FG Ve
o R L L L EEEL R e -
: s L
Gl r 3= — : GL1
| —G :.L.\M,... t—r—CL2
@l T = T | o
18 g, H::}LW“"' | ¥ - eu
G| [ o = G
A en . |
vie ] T 1 i SWi(n) _E\;}wa SV{S(n) ;
. T ) sw) | [T CL(’ZL(n)
é =W — —Gﬁi-w»m ’_I_l—i' CL(n+1)
Gttt | T T = g GL)
i 1 _ —f }-l—vw-o 'ﬂ_l—:- CL(n+2)
G2 | [ Y = L GL(n2)
wi| T *SEWI B Ry
T L
DD
__—_,S,M aaoOg SEE
GL
CL
CC
5 GL
GD § ] CL
GL
5 CL




Patent Application Publication Sep. 16,2004 Sheet 8 of 48 US 2004/0178977 Al

FIG, 9

'—on R
Gn OFF | OFF | OFF |
|

C [onl 1
Gn+ LOFF| " |OFF |OFF!

| | |
ON
Gn+2 LOFF |OFF |~ | OFF]
| |

| | | ON
Gn+3 L OFF | OFF | OFF

GLn ON L FT

o =
CLn# | I
Cln#2 |

ClLn+3 l |
SWi(n ) ' ON IOFF'OFF'OFFI

l_

SW2(n) IOFFI ON IOFFIOFFI

SW3(n) | ON | OFF | OFF | OFF |

SW4(n) }OFF' ON | OFF ! OFF !

SW5(n) | ON IOFFIOFFIOFFI
SWi(n+1 ):OFFI ON 'OFF | OFF'
SW2(n+ ):OFF:OFFI ON |OFF|
SW3(n+ ):OFFI ON IOFFIOFFl
SW4(n+1)|OFF | 0FF| ON |OFF|
SW5(n+1) | OFF | ON ! OFF ! OFF |
SW1 (n+2){OFF.0FF. ON | OFF |
SW2(n+2) | OFF | OFF | OFF ! ON |
SW3(n+2)|OFF|OFFI ON |0FF|
SW4(n+2) | OFF | OFF | OFF | ON |
SW5(n+2) ! OFF | OFF ! ON ! OFF !



Patent Application Publication Sep. 16,2004 Sheet 9 of 48 US 2004/0178977 Al

FIG, 104
CD

AR AML

CL1 <
"N
cL2 %
\
CL3 §\
| N
| N
Cln %
N
S N

ASL

FIG, 108 FIG 10C
oD o)

CuT

i AR [ AML AR A
CLi = < CLi e
N N
cL2 § CL2 %x\g
L3 N CL3 N
| \ | \
Cln N Cln N
\
N N
ASL ASL
FiaG, 11
DLn DLn+1
Va '
Y

Va

I




Patent Application Publication Sep. 16,2004 Sheet 10 of 48 US 2004/0178977 Al

FiG 12

DLn DLn+
/ /

Va

{ W GlLn

FIG, 134 FIG, 1358

cLi CL1
co ™ ® oo™ ®
oL3 |~ Gm oL3 |~ Cm
o™ ° cL4

] L

| | | |

‘Gl OB

T I _OLGBn)° ]
SW2 CL(Gn+2)| SW2

FiG, 13C

N
GD<§ O




Patent Application Publication Sep. 16,2004 Sheet 11 of 48 US 2004/0178977 Al

FIG, 144

Ve
I

CD—

CL

FIG, 148
DD CD

et N /

D/L“‘\Fjﬁ“\

CL




Patent Application Publication Sep. 16,2004 Sheet 12 of 48

FIG, 154

W CLi

(R

w___ CL3

R CL4_°=\°_ Cm

N ioLn i

R o e

FIG 155

w— OL1 >

(o ot

W O3~ |

(( CL4 ;lio_ Cm
| I
' [

W 10l S|

(( ClLn+1 O\L_

US 2004/0178977 Al



Patent Application Publication Sep. 16,2004 Sheet 13 of 48 US 2004/0178977 Al

FIG, 164

\ CLI 3~

z CL2 5~

W CL3 |

2( clL4 Cm

.

-

o
—
N
S
e

? ?———_—_

« CL(4n+2
R CL(4n+3)

Y

R
~
D
N
Sy
SV

W CL1

z CL2

w__ COL3

( CL4
|

\\ C=3L(4n)

(( CL{4n+1)

Y

 CL(4n+2)

)
3

( (/A /Y

(( CL(4n+3)




Patent Application Publication Sep. 16,2004 Sheet 14 of 48 US 2004/0178977 Al

FIG 174
DL o DL FIG, 178

floh_
Vizzzggzrrzzzsri Gl TH?
TH1 oY
BM DL | aL |
{ A
AN \ 1-PAS
A ez N 3Gl
@ 1~INS
\/ T™~SUB1
NN W LTPS
T ; Nhnaaa
y

b TH2
|/

Lx
Hi PX

Vizzze2z8777zzz2222222227222727 Gl

ot -—!
|_u




Patent Application Publication Sep. 16,2004 Sheet 15 of 48 US 2004/0178977 Al

FiG, 184 FiG 188

PX
DL
DL 5 DL : G
ol AN ]-PAS
S \ L
] N / - SUB
BM | L-PX §§ TPS
CT CcT §§
\ FIG 18¢C
.
RS N PX
NN\ N\ AL
I 2
TN [N i
-CT N N
CT"§§ ( [ 1-susi
N cT cT
bT(HZ §§
b N
HINM== N
THH@R L&’j’} \§ F]G. .l 8D
I N
%’/7%//4'//////////////////////////7// GL pL PX DL
‘ . ( (
| | L my 1~ PAS
= =g
NS
T~ SUBI




Patent Application Publication Sep. 16,2004 Sheet 16 of 48 US 2004/0178977 Al

FIG 194

DL DL
ielal | L
70z GL CL _
- PX FIG 198
cT
T X CcT  PX T
/,4_7 N
1 4Gl
NS
b b \ ( 1~ SUB
y DL DL
L [ [ | | TH2 TH3 | | Pt
) i
T ST
TH1“\f% —HE= . ¢

BM F%/// a7ACL CL

FIG, 19C

cT PX CT

m

p— SSS— -PAS
; \ ; \ ~INS
' ) ) fosua
i STM |

o ) . 4
DL THI ™ 7Ps THZ & S

Cstg



Patent Application Publication Sep. 16,2004 Sheet 17 of 48 US 2004/0178977 Al

FIG, 204

DL fog— \ DL GL()
/;27_’///// 47///////// L~ CL(n+1) F.[G 203

L

Ll
CT =S =L pAS
¢
Y Y T-INS
, - suBf
i DL DL
scan(GL)
e | FIG 20D
\ ON
THBL @'H‘I_AA\ (RN (GL(nH) GL(n) |_OFFFT FT
W/J 7T /////////,,]/,1 <+ CL(n+2) GL) FT ON -y
oo — | u Ad
GL(n) ON FT FT FT
F[G 200 CL(n+1) FT ON FT FT
. CL(h+2) FT FT ON FT
CL PX CL
I'TTG Am \\\I(L \\\\\ | mﬂLﬁTﬂTﬁ‘
- VP | \\\m; = 1~ PAS
oz o B \ ! : I~Gl
—— IS
L N S D N
ol | GL LTPS T STM | pL
THI TH2 T Cstg



Patent Application Publication Sep. 16,2004 Sheet 18 of 48 US 2004/0178977 Al

FIG 214

DﬁL oT— DL GL(n+2)
/W)//_/ 77777 L~ OL(n+1) F [ G, 2 .Z 0

TH3
ON
ON
scan(GL) GL(n) ON FT FT FT

CL(n+1) FT ON FT FT
CL(n+2) FT FT ON FT

THIAS 0 ) _A\ U/ Gln)

NN 7 7, 77 7 CL(n)

FiG 218

CL PX CL
rvv(;rmm \\\£\\\\\| Rﬂfm&m“
s \ [ O —— £ 1~ PAS
i S| " i A
— TS
K| 1 ] N gquBi
pL | GL LTPS  STM_pt
TH1 TH2 " Cstg



Patent Application Publication Sep. 16,2004 Sheet 19 of 48 US 2004/0178977 Al

FIG 224

L=y Do
7277 7. T w1 CLin+)

p——

77/////////%‘% 7 //%//A\\bCLA( )

\

\ \
HP T @\ R
] @f\ L GL(n+1)
BM 9 1o A 44/, CL(n)

ST

FiG 228

TH3
CL PX | CL
i r— S i i s A
i\ N Y AR I : N
T e R T N
pL_ | GL LTPS . CLA iDL
THI TH2 :~ -



Patent Application Publication Sep. 16,2004 Sheet 20 of 48

FiG 234

US 2004/0178977 Al

L B —w  Doa
— ]
Z/// T 7 )

\\T

////////JWZV//AZV///,L

b
PX

~ CLA

TH2

\
TH ﬁ \ Ul g
—
//A/’// e

7 T lﬁ -
FIG 238
:q&@glm@_/PAS

— CL

] F——~INS
/ / T SUBT
\ A
CLA GL
FIG 23C
FTM CT
scroteerreritTTeeny - PAS
7R o 1-Gl
1~ INS
\ ( T~ SUBT

CLA GL



Patent Application Publication Sep. 16,2004 Sheet 21 of 48 US 2004/0178977 Al

FIG 24

DL S1— DL
[OI 7L

[l _ \ G,L
T O A o

27T TR0,

-CL

NN

A/W
| TS THz / oL
y DA A CL

R



Patent Application Publication Sep. 16,2004 Sheet 22 of 48 US 2004/0178977 Al

FIG, 254

DL DL
oL o

%% 77777007007 Gl

IN- BM

o O O Ol o O o
g e G v Gy e g e e s [ | g e ey v e ey o B v g = S == i

S TZENENS
=

= .
/r i iz ’///T[V///////////’//JJV/A//’AI GL eTieL)

=

| TH2 PX L

X

FIG 258 FIG, 250D
ot F;X R\ép%@\m

T \ 1 PAS m 1~ PAS
>::$k n NNN§$S§N$“N§;§;iiﬁE
1-SuB1 F \ = _ SUBT

T | 7 ] /

O 1 O LTS qp T oL or oL
FIG, 25C
PX
Fxnnﬁi§§§i§§ kﬁiyn 1~ PAS
I Gl
sﬁf““““sfﬁxsssssﬁﬁﬁffﬂNs
\ \ \ - SUBT
] ! '



Patent Application Publication Sep. 16,2004 Sheet 23 of 48 US 2004/0178977 Al

FiG, 264
DL DL
oL o]

Wirzpz75002272722222227:73 Gl BM
z

\
/

b BM
_____% 5 = /
y TH‘E{/j’//:_"/A‘ 07 oL oTeD
‘ | tHp  pxUl -BM
X
FIG 268
CT cT
“i:‘m 3 PAS
| ' -d
A7 T3NS A
/ 1-SUB1
1 7 /
DL gy G- LTPS 7y PX
FIG 26C
CT
1~ PAS
I Tt
BT T 1-ms B
R | - suBt
] I T

DL PX DL



Patent Application Publication Sep. 16,2004 Sheet 24 of 48 US 2004/0178977 Al

FIG, 274

Vs

CL1

:

Cn

High Voltage
OPA
v
Sl

FIG, 278 FIG, 27C

near near

T T

far away far away




Patent Application Publication Sep. 16,2004 Sheet 25 of 48 US 2004/0178977 Al

FIG, 284

I -CD RS 3533
I DLrﬂaX & y y n:: xR
AR - B b, X

N “PAL
)
TCON

Ve
/‘\Vsig Ve GN

FlG. 285’

i step] i
: I} :
N Step? | = TOON
R I """""""" g
l §| stepd H stepb i ‘|’
i
stepd El stepd H step’ ] step8




Patent Application Publication Sep. 16,2004 Sheet 26 of 48 US 2004/0178977 Al

FIG, 294

//"____"’jzgl\““""“‘\\
S SRR RS
N P
§; | | CL
GD ! !
GL
;::::::F::::::::::::::::::F:::::::::::
D ! : (- SUBT1
| i
\ | |
\ [ |
....... .
FIG 298
,/’;;__—"'/EBFI““""“‘\\
Y SRy NN
Fe———- Fommmeeeemeeaomaas Fommmmmm
N :
) | | GL
CD ¥2L ! | ol
::::::::F::::::::::::::::::?:::::::::::
! : : (™ SUBT
GD -Ei ] |
. s
e '- __________________ '- -----------




Patent Application Publication Sep. 16,2004 Sheet 27 of 48 US 2004/0178977 Al

FIG 304 FIG 300
§‘“’ FIG 308 §ﬁ
MJT GD
CD 4 L CD
j% < o R oo j%
SUBI |
- e [
FiIaG, 30C |

%co '\J"JT 3‘3 CD%
3 SUBI |
§Go SCL §;

TCON TCON




Patent Application Publication Sep. 16,2004 Sheet 28 of 48 US 2004/0178977 Al

FiG 314 FIG 318

MJL MJL
CH CH ;{
N—SCL
B __ FB
-———\\\:,/’ __—“\\gf///
TCP/% TCP/%
(GD.CD) SUBI (GD.CD) SUBI

FiIG 31C FiG, 310

— | | soL

— FB — FB
v --\\\\?///
T;;:;\\\\ TCP/ﬂ
(GD,CD) SuBI (GD,CD) SuBI



US 2004/0178977 Al

Patent Application Publication Sep. 16,2004 Sheet 29 of 48

FIG 324 FIG 32B FIG 32C

&) O (&)
o 5 o o B oo o 5 oo
» § [ P 8 P e 3 (9
B S R —
] N [ I B I N % I
.%nﬁnﬂmﬂ__vm ) o0 ez \ D ez
ST (odl (o L (5
B 5 oo B o & h o
= k= = B= = k=
5 o . 5 5
3 _{ @ 8 ( 7 S {
zm
IE_A zzzzzEzZa %Eﬂﬂ.l
S ( = ( g ( o
(70] w
(@] w (&)
? = = =
(an]
(&)
7

TCON

GD

MST

FiIG 32D

FiG 32F

SUBT

FiIG 32F

CL
CL

CD

MST

SUBT

SCL



Patent Application Publication Sep. 16,2004 Sheet 30 of 48 US 2004/0178977 Al

FIG 334 FIG 338 FiG 33C

SO
)
W~mgg GOT GCS
| > S ~GSR
=il \
B—g—0L0 4 P2 \\
g o cH-” AR
i G}\IDL LR
~la
I
=
. E'__—CLnGLn
W’g@
Sl

FiG 33D FIG 33F  FIG 33F

SO SO SO

) ) )
WNR#Za| 6o WNF#a] | GoT W\gm_/GOT
. Y N g af - I
CoT E:g—cu L2 COT»E_:g—cu aL2 coT tg—cu oL
F—CL GL3 F—C2 1 3 §—C2 L3
—CL3 g4 B B2 Gl D_——Cm GL4
—CL4 s—cL S—cL4
iy | iy ' | i g |
CH T il | CH |t ] CH T af
I l | | |
| : i o
- 1 { I o
a——s—CLn G B GGl Z—E—cm
W’gﬂ Wﬁ@ Wz

2
1224
n



Patent Application Publication Sep. 16,2004 Sheet 31 of 48 US 2004/0178977 Al
FiG 344 FiG 348 FIG 34C

G-ON G-ON G-ON

C-ON C-ON
C-ON
FT T FT FT FT
FT

G-OFF G-OFF G-OFF




Patent Application Publication Sep. 16,2004 Sheet 32 of 48 US 2004/0178977 Al

FIG 358

GL(n-3)
CL(n-3)

GL(-2)
CL(n-2)
GL({n-1)
CL(n-1)

GL(n)
CL()

GL(n+1)
CL(nt+1)

GL(n+2)
CL(h+2)

GL(n+3)
CL(n+3)

CL(nxCOM
X(n)ON

FIG 35C FiG, 35D

GL(n+1)
CL(n+1)

GL(n+2)
CL(n+2)

GL(n+3)
CL{n+3)

X(n}COM



Patent Application Publication Sep. 16,2004 Sheet 33 of 48

FIG, 364

G-ON—

Xad) —L— QL)
= CLr-3)
SN— ) o/ GlLT2)

COM—s Iss, s/~ 02
SON— Xrt) foof— Gl
- CL(n-1)

GON—

X(nt1) :[ GL(n+1)
GE%:&: CL(n+)
G-ON—

X(n+2) :[ GL(n+2)
G—(?CI):I\I;I—o CL(n+2)
G%?:'\l_!: X(n+3) D[ gliéng
n
COM— Gt 7

CL(n}FT

X(n)}COM
FIG 36C
SN— ¥rg) o GLn3

COM — CL(n—3§
o ) ;3[ Gl
COM — CLn-2)
GoFr — o) :j[ GL-1)
COM — CC )
G%cl):lg_a A | gL n)
GQ%NW GLin
G-oFF — N oL

U=l
—o
X(nt2) 1 GL
= L2
SO xm3) —f— GLN3
COM —o I CL(m3)
GL(n)}OFF
CLnYFT

X(n}OFF

G

C

G

COM —s C

—> GO X0, =6
G

FIG, 368

G-ON—
. X(n-3) GL(h-3)
G-OFF — A, CLi-3)

COM —
G(EE)% . Xn2) GL(n-2)

COM — CL(n-2)
G-ON —

- X(n-1)g[ GL(n-1)

G-OFF CLi-1)

COM— 155, SShy
G-ON — !

—_— X(n) GL()
S CLin)

COM — | }
SN—! X))
COM
R oy
COM —
S8 iy
COM — I

/

FIG 36D

G(E;)Of#: X(n-3) G :—3

CoN—

G-OFF — X02)
COM—

GO - Hirl)

COM — L(n
G%%’# . Xo) L(n+1)

COM — | ! ClL(n+1)

» X(n+2) GL(n+2)
G-OFF —o | | oLm2)

COM —! i
R
COM—" et [
CL(nXFT
X(nkFT

US 2004/0178977 Al



Patent Application Publication Sep. 16,2004 Sheet 34 of 48 US 2004/0178977 Al

FIG 374
iVsig

§ STEP1 §

g T | TCON

] STEP? | |
— By T

§ STEP4 ;

| L ! v
STEP3 _|i|  STEPS { | STEPS
o B S~ : CD

lGLn DL(1 ~max)l DD ! Cln

FIG 378 FIG 37C

¢?;f /D DIT BIT  SIT
—“E“D[n:-
DLi | Dlmax
' FIG, 37D
GD “~PNL ‘
BOD
T%ON roa {apa Y Boa X Y

Vsig




Patent Application Publication Sep. 16,2004 Sheet 35 of 48 US 2004/0178977 Al

FIG 384
VEOFF  VgON
GL1
o W
e GL3
v a3 T
"_l_—_l F 4 ry
Gd . !
H |
GLn
Gn 1 IT=
'_'l___l <1 .xswll(n)
Gn+1 -
BSD
FIG 394
VEOFF  VgON
GL1
G1 JH]" L1 oL
G2 _lTl-r T
| g=r= GL3
v |as i T
o HP BT
H 1
GLn
Gn Lﬁt\ -1—:\
POt - SWi(n)
Gnt1 I- ) k
BSD

FVL

FIG 388
Ve
CL1 .
= | Cl
CL2 .
= | C2
CL3 |
= 'C3 Cm
| |
Cln i i
= ' Cn
/
BSD  SW5(n)
FIG 398
Ve
CL1
= C1
CL2
= C2
CL3
C3

Cm

Cn

BSD  sws(n) FVL



Patent Application Publication Sep. 16,2004 Sheet 36 of 48 US 2004/0178977 Al
VgOFF VgON Ve
GL1 GL1
Gl {HT Y L] Cf
u re GL2 CL2 .
G2 =1 1] 2
T re GL3 CL3 .
v |as M 1) 63 o
1 1_ " | |
st T i
| i
= GLn Cln ' !
Gn £Er T\_ - ’ Cn
= — ~SWi(n)
G40 ¢
( EH)\ BSD N
FVL VL
FIG, 41
VgOFF VgON Ve
GLT CL1
G A e iy
\gu > GL2 CL2
o T ] @
\gm| : GL3 CL3
v |G3 T T |%T L C3 om
lm —
o HHAT ]
H [
( i ' !
Gln Cln ! '
Gn o I — =l SW1(I"I) L= L
Gotit—F & ’
\\_' FVL~—
FVL
BSD - BSD 2$z
-9~ 2 hd

GNDL




Patent Application Publication Sep. 16,2004 Sheet 37 of 48 US 2004/0178977 Al

FIG, 424

A,
Rt

FIG 42B FIG 42C

V A

LTPS(1) 1 —PAS
N T N
] \ N SUBH
|
— — LTPS(1)

e FIG, 42D
SEEmso 1-PAS
I Y NG
( 1-INS
™ SUBT1

)
LTPS(2)



Patent Application Publication Sep. 16,2004 Sheet 38 of 48

Y EAD

T——e»x CT CT

FIG 430

PAET

FIG, 434
PX
1
N7

OO

NN

PAE2

D

PAE2

EAD

EAD

US 2004/0178977 Al

FIG, 438

PX

N

§\
/

v O Vv

A
Y
A

PAE1 PAE2

NIRRT ..

CT CT

FiG, 43C

PX

N
W

PAE2

AIIIIIININININININNNNN

CT CT



Patent Application Publication Sep. 16,2004 Sheet 39 of 48 US 2004/0178977 Al

FIG, 444
DL DL
[\17/ N\NNNNNN\NNNNY KQLGCLT
= =T~ —BM
A /. /
NAEe
% wll7 FIG, 4458
| px 7
2; N cT gﬁ
“ U A~ CT Cs CT
% \ Z T YoeiZa | 4/ 409 ,\_GI
2 PX | [/ \ AN I~ INS
7 ZIl \ N NSUBH
22 b 22 DL PX
- -
715 17
AN
)
TH | oL
Nl 7 N iss2ll7 I
v o e s | ol gy
A T Y/
l x" PSI cT
FIG, 44C
DL GL cT
Vs ///L///////////IX///////////77////)’/////////////// / P AS
I . ~al

[ttt TR AR RS \ T~ [NS

L hsu
TH  PSI THZ py




Patent Application Publication Sep. 16,2004 Sheet 40 of 48 US 2004/0178977 Al

FIG 454
DL DL
3 GL
NNV ANANNANAANNNNNANNNRY %mf/_ oT
Y= 117 gl
7 \ / I
g g FIG, 45B
é CTﬂ‘é’ cT PX |
é PX~ é i mef
% / Z - PAS
/ / | TGl
Z % g I~ INS
7 2 \ -
é é EAD o
; é DL
z /
2 2
% Z
Z 2
/ /
b1 —b 1
7 T
]| TH3 ~ 7
TH1 / \ ¢ / CT
7
c /;\\\ YONNANNN \\~\«\II\~|\2\ ZS—(’ GL|BM
————t—
PSI CT
FIG, 45C
DL G CT [ & py
f////)’(////////////x/////////// ;/;; ,,,,,,,/,,I;///A | P AS
8 N A :VIGI\}S
Y 1 IN-SUBT
TH1  PSI TH2

\
CM TH3



Patent Application Publication Sep. 16,2004 Sheet 41 of 48 US 2004/0178977 Al
DL DL
;2, A CT
DOAFZAANNNNANNANNNNANNNANNAN
Z /E\GL
//A . /| 7 l
7 B
T iy
% o1 |
7 %, CcT PX
é PA Z 72 ezl pps
é g il -al
/ / \ I~ NS
7 7 \ - SUBT
é é
Z Z
% 7%
Z Z
/ z
b 1 b |
% %
Z %
2 71
THI é TH& L ? cT
= SIS \/% < s
\\\ N \\\\)\~\\\\\\\\\ é?l- CT BM
s \ s
PSI
FIG, 46C
Cstg
DL GL cT _/ PX
e mm |PAS
U & N[ A I~ GIS
[Tl Al A AR ALY | T— IN
T S T ™~ SUBI1
TH1 PSI TH2




Patent Application Publication Sep. 16,2004 Sheet 42 of 48 US 2004/0178977 Al
FIG, 474
DL b CH4 DL
. ~GL
N\ ? ANNANNSTCNNNNNNNNNNNN/
7 ////////(//////,é cL
% 71 \_—~BM
N <
A verl | O | FIG, 478
Sre o
Z ~~ Z T |
~d \]/ |~ 7, - PAS
/ Z s 1~ Gl
\ é / I’////Ai/ Lcla ( A 1 lNS
PP |7 [ N
T T g EAD o o
/
~ é -
/
TH2 CT§,%_
TH1 CT
\ %@%é 4
ng: : 7 BM
ANVENNNANIANNNNNNN
% : 7
—
PSI oL T
FiG, 47C
DL GL CT CT
( PN 1-PAS
:?_sﬁ N A\ -Gl
[AAAMAAARRR R Y AL AALRRARRAR R T~ INS
T IT\ ™-SUB1
THI Pl TH2



Patent Application Publication Sep. 16,2004 Sheet 43 of 48 US 2004/0178977 Al

FIG 48

TH GL

/ /
\\\W\\\\\\\\\\\\ m T
CL

BM

CT;\ A

-

—
-
—

O

1%
O

PX—{

EAD

TH3 CT

TH1 —

N

NN
o
N

71— > CT
12 T 1/ BM

Y NZW \\\\\\w\\\\\\\\\% N
T—_) % cT
>

PSI GL

yd




Patent Application Publication Sep. 16,2004 Sheet 44 of 48

FIG.

y

TH1 —

-
=

TH
/

49

DL GL

A
NN

NN

/
Tr,rOrO,O,O,O,O,O,OrUaOOOOOOOO,OOOOOrrr

\\\>>2(\\\\\\\\\\\\\\\

PX—

=

TH3

CTA

-

-

CTp

CT

RN RAY AR -

|

T R

=5

|1

N

=i

NHRINN

H—TH?

Z,

NN

N

PSI

GL

/
S
: ; BM

US 2004/0178977 Al

N

EAD

r—
> CT

NN 77 NN NIRRT NN ~N
I—_€> CT
X

BM




Patent Application Publication Sep. 16,2004 Sheet 45 of 48 US 2004/0178977 Al

FIG 50
DL DL SL
&%\\\\\\\\\\\\\\\\\\\\\Zm > oT
- é /
1| BM
/
Z
PX— é l
é EAD
TH ;
— > é ™~ CL
~ j‘\ % ——
2
CTp é
%
/
é
é
TH3 CT~<HA-
17
s é // ——~>CT(gMm
R SEICS N/ Sy
\ SZ\ I TN % >

——=xX PSI GL



US 2004/0178977 Al

/

CT|gMm

DL GL

s

GL

FIG, 51

PSI

— —1 (e
mo LB 2 s
S TS OO NN
Z g N N7
m 5 > 2 5 wm
“ R
Z 317,
% Z
1 i %
Y

DL

S

Patent Application Publication Sep. 16,2004 Sheet 46 of 48

g

THI —Z_

I

S

X

L.



Patent Application Publication Sep. 16,2004 Sheet 47 of 48

DL
o

FiG, 52

)
—
\

2

NN

RN

PX

TH3

CTA

2

BM

N

SO
/

CT

Y

CT

O

T~—TH?

\J

yd

N

PSI -

NN

N7 NN NIRRT RN N
é a éf CT

GL

US 2004/0178977 Al

CL EAD

BM



Patent Application Publication Sep. 16,2004 Sheet 48 of 48 US 2004/0178977 Al
He
DL117 DL2 DL3L. =" DLn
GL1 Ced Ced Ced Ced
A0 TR PR A%
Cz Ced CI Ced CI Ced .)\chd
GL?2 Ced Cgd Cgd ™ Ced
4 A %]
ichd Cchd Cz Ced 9\[ Ced
3 Cgd Cgd Ced 4 Ced
T Vo)
Wow o Mo Moo
GL4 ™7%Ced T%Cgd % Ced % Ced
L A%
T Mo Mot Mot Pea!
| l | B |
Gln  T%Cedl T%Ced! T™%Ced | T%Ced|
(01 PRO T DX |




US 2004/0178977 Al

LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device which forms gate signal lines, drain signal
lines and counter voltage signal lines on a liquid-crystal-side
surface of one substrate out of respective substrates which
are arranged to face each other with liquid crystal therebe-
tween.

[0003] 2. Description of the Related Art

[0004] For example, a so-called lateral-electric field type
(IPS type) liquid crystal display device forms pixels on a
liquid crystal side of one substrate and each pixel includes
a pixel electrode and a counter electrode which generates an
electric field between the counter electrode and the pixel
electrode.

[0005] Further, video signals are supplied to the pixel
electrode from a drain signal line by way of a switching
element which is driven in response to a scanning signal
from a gate signal line, while a reference signal which
becomes the reference with respect to the above-mentioned
video signals is supplied to the counter electrodes through
counter voltage signal lines.

[0006] Here, as shown in FIG. 53, on a liquid-crystal-side
of one substrate, for example, the above-mentioned gate
signal lines GL1, GL.2, . . ., GLn are usually configured such
that they extend in the x direction and are arranged in
parallel in the y direction, while the above-mentioned drain
signallines DL1, DL2,. .., DLn are usually configured such
that they extend in the y direction and are arranged in
parallel in the x direction. Further, counter voltage signal
lines CL1, CL2, . .., CLn are usually arranged between
respective gate signal lines GL1, GL2, . . . , GLn such that
the counter voltage signal lines CL1, CL2, ..., CLn are
arranged substantially parallel to the gate signal lines GL1,
GL2, ..., GLn.

[0007] Here, the respective gate signal lines GL.1, GL2, .
.., GLn are, for example, sequentially selected in response
to the scanning signals from a scanning signal driver circuit
V which is connected with one ends of the respective gate
signal lines GL1, GL2, . . . , GLn. In conformity with this
selection timing, to the respective drain signal lines DL1,
DL2,.. ., DLn, for example, the video signals are supplied
from a video signal driver circuit He which is connected
with one ends of the drain signal lines DL1, DL2, . .., DLn.
The respective counter voltage signal lines CL1, CL2, . . .,
CLn have, for example, one ends thereof connected in
common and hence, the reference signal is supplied to the
respective counter voltage signal lines CL1, CL2,. .., CLn.
Such a technique is disclosed in Japanese Unexamined
Patent Publication Heill (1999)-271788.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0008] However, with respect to the liquid crystal display
device having such a constitution, a large number of gate
signal lines GL and a large number of counter voltage signal
lines CL are arranged to cross the respective drain signal
lines DL.
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[0009] For example, when the resolution of the liquid
crystal display device is SXGA (1280x1024), the gate signal
lines GL and the counter voltage signal lines CL respectively
have at least 1024 crossing points with respect to the drain
signal lines DL and the number of these crossing points is
increased along with the enhancement of the resolution.

[0010] Here, a drain-gate parasitic capacitance Cgd which
is generated at the crossing point of the drain signal line DL
and the gate signal line GL and a drain-common parasitic
capacitance Ccd which is generated at the crossing point of
the drain signal line DL and the counter voltage signal line
CL are respectively connected in parallel and hence, for
example, with the resolution SXGA, the liquid crystal
display device has the parasitic capacitance of at least
1024x(Cgd+Ccd) for one drain signal line DL.

[0011] This implies that writing of the signal to the drain
signal line DL brings about simultaneous charging of a
charge to the parasitic capacitance.

[0012] Further, although the signal which is written in the
pixel by the drain signal line DL via the switching element
is supplied for every pixel, the parasitic capacitance is
generated over all pixels.

[0013] That is, this implies that to supply a charge to one
pixel, it is necessary to supply the charge to respective
parasitic capacitances of the 1024 pixels. That is, it is
necessary to supply the undesired charge for display.

[0014] Accordingly, a large quantity of charge is con-
sumed by the above-mentioned respective parasitic capaci-
tances and hence, an electric current which is to be supplied
to the drain signal lines DL largely exceeds a value which is
an originally required thus leading to a large increase of the
power consumption.

[0015] A technique to cope with the similar drawback is
suggested in the above-mentioned Japanese Unexamined
Patent Publication Heill(1999)-271788. That is, in para-
graph [0015] of this publication, for example, there exists a
description that by performing the supply of signals from
counter voltage signal lines to counter electrodes through
switching elements, it is possible to set the counter elec-
trodes in a floating state and hence, parasitic capacitances
can be decreased.

[0016] However, the technique disclosed in the publica-
tion has not yet achieved the reduction of the parasitic
capacitances at the above-mentioned respective crossing
portions.

[0017] The present invention has been made under such
circumstances and it is an advantage of the present invention
to provide a liquid crystal display device which can largely
reduce the generation of an undesired power consumption
when video signals are supplied to drain signal lines.

[0018] Further, it is another advantage of the present
invention to provide a liquid crystal display device which
can sufficiently cope with static electricity in achieving the
above-mentioned advantage.

[0019] To briefly explain the summary of representative
inventions out of inventions disclosed in this specification,
they are as follows.
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[0020] (1)

[0021] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

[0022] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
supply the scanning signal and counter voltage sig-
nal lines which supply the reference signal, and

[0023] the reference signal is supplied to the pixels
for every selected pixel row and, at the same time,
the counter voltage signal lines in other pixel rows
except for the selected pixel rows are respectively
configured to assume a floating state.

[0024] (2)

[0025] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

[0026] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
supply the scanning signal and counter voltage sig-
nal lines which supply the reference signal, and

[0027] the reference signal is supplied to the pixels
for every selected pixel row and, at the same time,
most of the gate signal lines and the counter voltage
signal lines in other pixel rows except for the
selected pixel rows are respectively configured to
assume a floating state.

[0028] (3)

[0029] The liquid crystal display device according to the
present invention, for example, defines regions which are
surrounded by gate signal lines which extend in the first
direction and are arranged in parallel in the second direction
and drain signal lines which extend in the second direction
and are arranged in parallel in the first direction as pixel
regions, wherein

[0030] each pixel region includes a thin film transis-
tor which is driven in response to a scanning signal
from the gate signal line, a pixel electrode to which
a video signal is supplied from the drain signal line
by way of the thin film transistor and a counter
electrode which generates an electric field between
the counter electrode and the pixel electrode,

[0031] the liquid crystal display device includes
counter voltage signal lines which run between
respective gate signal lines and are connected to the
counter ¢lectrodes;
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[0032] the liquid crystal display device includes
means which makes most of other gate signal lines
except for the gate signal line for supplying scanning
signal assume a floating state, and

[0033] the liquid crystal display device includes
means which supplies counter voltage signal to the
counter voltage signal lines which run in the pixel
regions which the thin film transistors drive by the
gate signal lines to which the scanning signal is
supplied to make other counter voltage signal line a
floating state.

[0034] (4)

[0035] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of any one of the means (1) to (3) and is characterized in that
to each counter voltage signal line, a counter voltage signal
is supplied through a switch which is turned on in response
to a signal scanned by a drive circuit thereof, and when the
signal is scanned and supplied to the next counter voltage
signal line, the counter voltage signal line to which the
counter voltage signal is supplied before the supply of the
counter voltage signal to the next counter voltage signal line
is made to assume a floating state.

[0036] (5)

[0037] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (4) and is characterized in that with respect to
respective counter voltage signal lines, a plurality of selected
counter voltage signal lines are formed into groups.

[0038] (6)

[0039] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (4) and is characterized in that the respective
groups of counter voltage signal lines have end portions
thereof opposite to the counter-voltage-signal supply side
connected to each other.

[0040] (7)

[0041] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (4) and is characterized in that the respective
counter voltage signal lines are formed such that the respec-
tive counter voltage signal lines are connectable with cor-
rection wiring to which the counter voltage signal can be
always supplied at respective end portions thereof opposite
to the counter-voltage-signal supply side.

[0042] (8)

[0043] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of any one of the means (2) or (3) and is characterized in that
the scanning signal is supplied to the respective gate signal
lines through switches which are turned on in response to the
signal scanned by the drive circuit, when the signal is
scanned and supplied to the next gate signal line, the
switches are turned off in response to an OFF signal, and
when the scanning signal is supplied to the further next gate
signal line, the gate signal line to which the scanning signal
is supplied at the two preceding stage is made to assume a
floating state.
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[0044] (9)

[0045] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (2) or (3) and is characterized in that the
polarities of the video signals which are respectively sup-
plied to the respective drain signal lines have the same phase
with respect to the neighboring drain signal lines.

[0046] (10)

[0047] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (9) and is characterized in that the polarity of
the counter voltage signal which is supplied to the respective
counter voltage signal lines by scanning is inverted every
supply of the counter voltage signal.

[0048] (11)

[0049] The liquid crystal display device according to the
present invention, for example, includes pixels which are
surrounded by gate signal lines which extend in the first
direction and are arranged in parallel in the second direction
which crosses the first direction and drain signal lines which
extend in the second direction and are arranged in parallel in
the first direction,

[0050] each pixel includes a switching element which
is turned on in response to a scanning signal from the
gate signal line, a pixel electrode to which a video
signal is supplied from the drain signal line through
the switching element, and a counter electrode which
is an electrode for generating an electric field
between the counter electrode and the pixel electrode
and to which a counter voltage signal scanned from
a counter voltage signal line arranged substantially
parallel to the gate signal line is supplied,

[0051] the counter voltage signal line is formed to
cover the gate signal line by way of an insulation film
and, at the same time, the counter electrode is
connected to a counter voltage signal line which
covers the gate signal line and another gate signal
line which is formed to sandwich the pixel with the
gate signal line, and

[0052] most of other gate signal lines except for the
gate signal line to which the scanning signal is
supplied are made to assume a floating state, and
other counter voltage signal lines other than counter
voltage signal lines to which counter video signal is
supplied are made to assume a floating state.

[0053] (12)

[0054] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (11) and is characterized in that the counter
voltage signal lines and the counter electrodes which are
connected to the counter voltage signal lines are formed of
a light transmitting conductive layer.

[0055] (13)

[0056] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (12) and is characterized in that the counter
voltage signal lines are electrically connected with metal
conductive layers which are arranged on the same layer as
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and close to the gate signal lines which are covered with the
counter voltage signal lines via a through hole.

[0057] (14)

[0058] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

[0059] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
supply the scanning signal and counter voltage sig-
nal lines which supply the reference signal,

[0060] the reference signal is supplied to the pixels
for every selected pixel row and, at the same time,
most of the gate signal lines and the counter voltage
signal lines in other pixel rows except for the
selected pixel rows are respectively configured to
assume a floating state, and

[0061] the scanning signal and the reference signal
are respectively supplied from a single circuit and
signals containing ON/OFF of the scanning signal
and the reference signal are transmitted by shifting
transmitting times from each other.

[0062] (15)

[0063] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (14) and is characterized in that the circuit
includes terminals to which the signal containing ON/OFF
of the scanning signal is always supplied and terminals to
which the reference signal is always supplied, and the
scanning signal and the reference signal are respectively
transmitted to the gate signal lines and the counter voltage
signal lines from the respective terminals selected through a
switch circuit.

[0064] (16)

[0065] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (1) and is characterized in that the reference
signal supplied to the counter voltage signal lines is a signal
obtained by boosting an AC voltage waveform.

[0066] (17)

[0067] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

[0068] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
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supply the scanning signal and counter voltage sig-
nal lines which supply the reference signal, and

[0069] the reference signal is supplied to the pixels
for every selected pixel row and, at the same time, a
voltage value of the signal is set corresponding to a
voltage value of the video signal supplied to the pixel
[OW.

[0070] (18)

[0071] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

[0072] drain signal lines which supply the video
signals are arranged to cross gate signal lines which
supply the scanning signal and counter voltage sig-
nal lines which supply the reference signal,

[0073] the reference signal is supplied to the pixels
for every selected pixel row and, at the same time,
the counter voltage signal lines of other pixel rows
except for the selected pixel row are made to assume
a floating state, and

[0074] a drive circuit which transmits the reference
signal is arranged parallel to a drive circuit which
transmits the video signal.

[0075] (19)

[0076] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (18) and is characterized in that the drive
circuit which transmits the reference signal and the drive
circuit which transmits the video signal are respectively
constituted of a plurality of semiconductor devices, the
semiconductor devices which transmit the reference signal
and the semiconductor device which transmits the video
signal are alternately arranged and, at the same time, these
respective semiconductor devices are connected to each
other through data transmission lines.

[0077] (20)

[0078] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal to
the respective pixels in each selected pixel row, wherein

[0079] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
supply the scanning signal,

[0080] the scanning signal is supplied to the respec-
tive gate signal lines through switches which are
turned on in response to signal scanned by the drive
circuit, when the signal is scanned and supplied to
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the next gate signal line, the switches are turned off
in response to an OFF signal, and when the scanning
signal is supplied to the further next gate signal line,
the gate signal line to which the scanning signal is
supplied at the two preceding stage is made to
assume a floating state, and

[0081] the respective gate signal lines are connected
to the signal lines to which the OFF signal is supplied
through portions thereof which assume a floating
state and diodes.

[0082] (21)

[0083] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal to
the respective pixels in each selected pixel row, wherein

[0084] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
supply the scanning signal,

[0085] the scanning signal is supplied to the respec-
tive gate signal lines through switches which are
turned on in response to signal scanned by a drive
circuit thereof, when the signal is scanned and sup-
plied to the next gate signal line, the switches are
turned off in response to an OFF signal, and when the
scanning signal is supplied to the further next gate
signal line, the gate signal line to which the scanning
signal is supplied at the two preceding stage is made
to assume a floating state, and

[0086] the respective gate signal lines are connected
to a voltage signal line which is made to assume a
floating state through portions thereof which assume
a floating state and diodes.

[0087] (22)

[0088] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, wherein

[0089] the pixel includes a counter electrode which
generates an electric field between the counter elec-
trode and a pixel electrode and a counter voltage
signal line which supplies a counter voltage signal to
counter electrodes of respective pixels of the sequen-
tially selected pixel row in response to the selection,

[0090] drain signal lines which supply the video
signals to the pixel electrode are arranged to cross
the counter voltage signal line,

[0091] the counter voltage signal is supplied to the
respective counter voltage signal lines through
switches which are turned on in response to a signal
scanned by a drive circuit thereof, when the signal is
scanned and supplied to the next counter voltage
signal line, the counter voltage signal line to which
the counter voltage signal is supplied before the
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supply of the counter voltage signal to the next
counter voltage signal line is made to assume a
floating state, and

[0092] the respective counter voltage signal lines are
connected to the voltage signal line to which the
counter voltage signal is supplied through portions
thereof which assume a floating state and diodes.

[0093] (23)

[0094] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, wherein

[0095] the pixel includes a counter electrode which
generates an electric field between the counter elec-
trode and a pixel electrode and a counter voltage
signal line which supplies a counter voltage signal to
the counter electrodes of respective pixels of the
sequentially selected pixel row in response to the
selection,

[0096] drain signal lines which supply the video
signals to the pixel electrode are arranged to cross
the counter voltage signal line,

[0097] the counter voltage signal is supplied to the
respective counter voltage signal lines through
switches which are turned on in response to a signal
scanned by a drive circuit thereof, when the signal is
scanned and supplied to the next counter voltage
signal line, the counter voltage signal line to which
the counter voltage signal is supplied before the
supply of the counter voltage signal to the next
counter voltage signal line is made to assume a
floating state, and

[0098] the respective counter voltage signal lines are
connected to the voltage signal line which is made to
assume a floating state through portions thereof
which assume a floating state and diodes.

[0099] (24)

[0100] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

[0101] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
supply the scanning signal and counter voltage sig-
nal lines which supply the reference signal,

[0102] the reference signal is supplied to the pixels
for every selected pixel row and, at the same time,
most of the gate signal lines and the counter voltage
signal lines in other pixel rows except for the
selected pixel rows are respectively configured to
assume a floating state,
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[0103] the respective gate signal lines are connected
to a first voltage signal line which is made to assume
a floating state through portions thereof which
assume a floating state and first diodes and the
respective counter voltage signal lines are connected
to a second voltage signal line which is made to
assume a floating state through portions thereof
which assume a floating state and second diodes, and

[0104] the first voltage signal line and the second
voltage signal line are connected to each other via a
third diode.

[0105] (25)

[0106] The liquid crystal display device according to the
present invention, for example, includes respective pixels
which are arranged in a matrix array by arranging a plurality
of pixel rows each of which includes a plurality of pixels
arranged in parallel in one direction in another direction
which crosses one direction, selects each pixel row in
response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

[0107] drain signal lines which supply the video
signal are arranged to cross gate signal lines which
supply the scanning signal and counter voltage sig-
nal lines which supply the reference signal,

[0108] the reference signal is supplied to the pixels
for every selected pixel row and, at the same time,
most of the gate signal lines and the counter voltage
signal lines in other pixel rows except for the
selected pixel rows are respectively configured to
assume a floating state,

[0109] the respective gate signal lines are connected
to a first voltage signal line which is made to assume
a floating state through portions thereof which
assume a floating state and first diodes and the
respective counter voltage signal lines are connected
to a second voltage signal line which is made to
assume a floating state through portions thereof
which assume a floating state and second diodes, and

[0110] the first voltage signal line and the second
voltage signal line are connected to signal lines
which are grounded via a third diode and a fourth
diode respectively.

[0111] (26)

[0112] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of any one of the means (20) to (25) and is characterized in
that the diode is a double-way diode.

[0113] (27)

[0114] The liquid crystal display device according to the
present invention is, for example, based on the constitution
of the means (26) and is characterized in that the double-way
diode has a semiconductor layer thereof formed of polysili-
con and the double-way diodes are formed on a substrate on
which the gate signal lines and the counter voltage signal
lines are formed.



US 2004/0178977 Al

[0115] The present invention is not limited to the above-
mentioned constitutions and various modifications are con-
ceivable without departing from the technical concept of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0116] FIG. 1 is an equivalent circuit diagram showing
one embodiment of the liquid crystal display device accord-
ing to the present invention;

[0117] FIG. 2 is a conceptual view of one embodiment of
the liquid crystal display device according to the present
invention;

[0118] FIG. 3 is a specific circuit diagram showing one
embodiment of a switching circuit SW1 shown in FIG. 2
and also is an operational view;

[0119] FIG. 4 is a specific circuit diagram showing one
embodiment of a switching circuit SW2 shown in FIG. 2;

[0120] FIG. 5 is a specific circuit diagram showing
another embodiment of the switching circuit SW1 shown in
FIG. 2 and also is an operational view;

[0121] FIG. 6 is a view showing another embodiment of
the liquid crystal display device according to the present
invention and also is a view showing a driver which incor-
porates the above-mentioned switching circuits in a drive
circuit;

[0122] FIG. 7 is a view showing an arrangement state of
the driver;
[0123] FIG. 8 is a view showing another embodiment of

the liquid crystal display device according to the present
invention and also is a view showing a circuit diagram in
which a switching circuit SW2 for changing over counter
voltage signal lines is incorporated into a switching circuit
SW1 at a scanning signal drive circuit side;

[0124] FIG. 9 is a timing operational view of the circuit
shown in FIG. §;

[0125] FIG. 10 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing the con-
stitution which can repair the disconnection of a counter
voltage signal line;

[0126] FIG. 11 is an explanatory view of another embodi-
ment of the liquid crystal display device according to the
present invention and also is a view showing a state that
video signals having the same polarity are supplied to
neighboring drain signal lines;

[0127] FIG. 12 is an explanatory view for explaining
drawbacks when the video signals having different polarities
are supplied to the neighboring drain signal lines;

[0128] FIG. 13 is an explanatory view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing the con-
stitution which simultaneously supplies a counter voltage
signal to a plurality of counter voltage signal lines;

[0129] FIG. 14 is an explanatory view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing the arrange-
ment of a driver on a surface of a transparent substrate;
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[0130] FIG. 15 is an explanatory view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing a state that
a plurality of counter voltage signal lines are constituted in
aloop shape when a counter voltage signal is simultaneously
supplied to the plurality of counter voltage signal lines;

[0131] FIG. 16 is an explanatory view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing the embodi-
ment in which a plurality of counter voltage signal lines to
which a counter voltage signal is simultaneously supplied
are arranged in a telescopic manner;

[0132] FIG. 17 is a constitutional view showing one
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0133] FIG. 18 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0134] FIG. 19 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0135] FIG. 20 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0136] FIG. 21 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0137] FIG. 22 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0138] FIG. 23 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0139] FIG. 24 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0140] FIG. 25 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0141] FIG. 26 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0142] FIG. 27 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a circuit diagram and an
explanatory view showing a periphery of a common elec-
trode drive circuit;

[0143] FIG. 28 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a flow chart and an
explanatory view showing a control until an image signal
from the outside is outputted through respective drivers;

[0144] FIG. 29 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing the arrange-
ment of respective drivers and the like;



US 2004/0178977 Al

[0145] FIG. 30 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view in which a gate
driver and a common driver which are constituted of semi-
conductor chips are connected using data transfer wiring;

[0146] FIG. 31 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view in which a gate
driver and a common driver which are constituted of TCP
method semiconductor devices are connected using data
transfer wiring;

[0147] FIG. 32 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing the specific
constitution in which a gate driver and a common driver
which are constituted of semiconductor chips are connected
using data transfer wiring;

[0148] FIG. 33 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing another
specific constitution in which a gate driver and a common
driver which are constituted of semiconductor chips are
connected using data transfer wiring;

[0149] FIG. 34 is an explanatory view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing signal
waveforms when a scanning signal and a counter voltage
signal are transmitted from one circuit;

[0150] FIG. 35 is a view showing a changeover operation
of a switch when a scanning signal and a counter voltage
signal are transmitted from one circuit in the liquid crystal
display device according to the present invention;

[0151] FIG. 36 is a view showing another changeover
operation of a switch when a scanning signal and a counter
voltage signal are transmitted from one circuit in the liquid
crystal display device according to the present invention;

[0152] FIG. 37 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a flow chart and an
explanatory view showing a control until an image signal
from the outside is outputted through respective drivers;

[0153] FIG. 38 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing a state in
which a circuit for coping with static electricity is incorpo-
rated in the liquid crystal display device;

[0154] FIG. 39 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing a state in
which a circuit for coping with static electricity is incorpo-
rated in the liquid crystal display device;

[0155] FIG. 40 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing a state in
which a circuit for coping with static electricity is incorpo-
rated in the liquid crystal display device,

[0156] FIG. 41 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing a state in

Sep. 16, 2004

which a circuit for coping with static electricity is incorpo-
rated in the liquid crystal display device,

[0157] FIG. 42 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and also is a view showing the con-
stitution of a double-way diode incorporated into a circuit
for coping with static electricity;

[0158] FIG. 43 is an explanatory view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention and also is a view
showing basic conditions thereof;

[0159] FIG. 44 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0160] FIG. 45 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0161] FIG. 46 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0162] FIG. 47 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0163] FIG. 48 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0164] FIG. 49 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0165] FIG. 50 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0166] FIG. 51 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention;

[0167] FIG. 52 is a constitutional view showing another
embodiment of a pixel of the liquid crystal display device
according to the present invention; and

[0168] FIG. 53 is an equivalent circuit diagram showing
one example of a conventional liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0169] Embodiments of a liquid crystal display device
according to the present invention are explained in detail in
conjunction with drawings hereinafter.

Embodiment 1

[0170] FIG. 1 is an equivalent circuit diagram showing
one embodiment of the liquid crystal display device accord-
ing to the present invention.

[0171] With respect to respective substrates which are
arranged to face each other with liquid crystal therebeween,
the equivalent circuit shown in FIG. 1 shows a circuit which
is formed on a liquid-crystal-side surface of one substrate
out of the respective substrates.
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[0172] In the drawing, gate signal lines GL (GL1, GL.2, .
.., GLn, . . .) which extend in the x direction and are
arranged in parallel in the y direction and drain signal lines
DL (DL1, DL2, ..., DLn, . . . ) which extend in the y
direction and are arranged in parallel in the x direction are
formed.

[0173] Regions which are surrounded by the respective
gate signal lines GL and the respective drain signal lines DL
constitute pixel regions and a mass of these respective pixel
regions in a matrix array constitute a liquid crystal display
part AR.

[0174] Further, in respective pixel regions which are
arranged in parallel in the x direction, a common counter
voltage signal line CL (CL1, CL2, .. ., CLn, .. .) which
runs within respective pixel regions is formed. The counter
voltage signal line CL becomes a signal line for supplying
a counter voltage signal which becomes the reference with
respect to a video signal to respective counter electrodes CT
of the respective pixel regions described later.

[0175] In each pixel region, a thin film transistor TFT
which is operated in response to a scanning signal from the
one-side gate signal line GL and a pixel electrode PX to
which the video signal from the one-side drain signal line
DL is supplied through the thin film transistor TFT are
formed.

[0176] An electric field is generated between the pixel
electrode PX and the counter electrode CT and the optical
transmissivity of liquid crystal is controlled based on the
electric field. Here, in the drawing, a capacitance which is
generated between the pixel electrode PX and the counter
electrode CT by way of the liquid crystal is indicated by Clc.

[0177] One ends (at the left side of the drawing, for
example) of the respective gate signal lines GL are con-
nected to a scanning signal drive circuit V. Further, one ends
(at the upper side of the drawing, for example) of the
respective drain signal lines DL are connected to a video
signal drive circuit He.

[0178] One of the respective gate signal lines GL is
sequentially selected one after another in response to the
scanning signals from the scanning signal drive circuit V and
the video signals are supplied to the respective drain signal
lines DL at the timing of selecting the gate signal lines GL.

[0179] Further, in this embodiment, one ends (at the right
side of the drawing, for example) of the respective counter
voltage signal lines CL are connected to a common electrode
drive circuit Cm. The common electrode drive circuit Cm is
configured to supply a reference signal which becomes the
reference with respect to the video signals to the counter
voltage signal line CL which is connected to the counter
electrodes CT of the pixel row selected by the scanning
signal drive circuit V. Here, in the explanation made here-
inafter, the reference signal is referred to as a counter voltage
signal in some case.

[0180] Further, in FIG. 1, a capacitive element Cstg is
formed between the pixel electrode PX and the counter
voltage signal line CL. The capacitive element Cstg is
provided for storing the video signal supplied to the pixel
electrode PX for a relatively long time.

[0181] FIG. 2 is a view showing a concept of driving
method of the above-mentioned common electrode drive
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circuit Cm, wherein the thin film transistors TFT, the pixel
electrodes PX, the counter electrodes CT and the capacitive
elements Cstg shown in FIG. 1 are omitted from the
drawing.

[0182] In the drawing, the supply of the scanning signals
from the scanning signal drive circuit V is performed by
changing over a switching circuit SW1 and, here, it is
assumed that the gate signal line GL3 is selected. In this
case, the supply of a counter voltage signal from the
common electrode drive circuit Cm is performed by the
changeover of a switching circuit SW2 so as to select the
counter voltage signal line CL3.

[0183] Here, the gate signal line GL3 functions as the gate
signal line for driving the respective thin film transistors
TFT of the pixel row in which the pixels PX are arranged in
parallel in the x direction, while the counter voltage signal
line CL3 functions as a counter voltage signal line which is
connected to the counter electrodes CT in the pixel row. The
gate signal lines GL and the counter voltage signal lines CL
in the pixel rows other than the above-mentioned pixel row
are electrically separated from the scanning signal drive
circuit V and the common electrode drive circuit Cm respec-
tively thus assuming a floating state.

[0184] Here, the liquid crystal display part AR which is a
mass of respective pixel regions is positioned in the inside
of a sealing material not shown in the drawing, while the
scanning signal drive circuit V, the video signal drive circuit
He and the common electrode drive circuit Cm are respec-
tively positioned in the outside of the sealing material. The
sealing material is formed for fixing another substrate to one
substrate and for sealing the liquid crystal between the
substrates.

[0185] In the liquid crystal display device having such a
constitution, the gate signal lines GL and the counter voltage
signal lines CL in another pixel rows except for the pixel row
selected by the scanned gate signal line GL are made to
assume a floating state.

[0186] Due to such a constitution, the parasitic capaci-
tance between the drain signal line DL and the gate signal
line GL in which the potential fluctuates and the counter
voltage signal line CL becomes O ideally. Here, to consider
the constitution in an ideal state, out of 1024 gate signal lines
GL, a single line constitutes the parasitic capacitance and
hence, the parasitic capacitance Cgd is drastically reduced to
Y024, Further, out of 1024 counter voltage signal lines CL,
also a single line constitutes the parasitic capacitance and
hence, the parasitic capacitance Ccd is drastically reduced to
Yioz4. Accordingly, the parasitic capacitance as a whole can
be drastically reduced to Yioza.

[0187] Inthiscase, it is necessary that both of the scanning
signal and the counter voltage signal are turned off. It is
because that when only one of these signals is turned off by
a chance, for example, when the parasitic capacitance Cgd
is becomes Yio24, so long as the parasitic capacitance Ced is
not changed and is held at a conventional value, the parasitic
capacitance as a whole is only reduced to approximately %
and hence, there arises the difference by two digits in
advantageous effects as compared with Y1024 of the case in
which both signals are turned off.

[0188] Here, in this embodiment, both of the gate signal
lines GL and the counter voltage signal lines CL in other
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pixel rows except for the selected pixel row are made to
assume the floating state. However, it may be possible to
make only the counter voltage signal lines CL assume the
floating state.

[0189] By making only the counter voltage signal lines CL
assume the floating state, it is possible to obtain another
advantageous effect which is different from the advanta-
geous effect obtained by making the gate signal lines GL
assume the floating state.

[0190] That is, to focus on one counter voltage signal line
CL, the capacitive element Cstg is connected between the
counter voltage signal line CL and the pixel electrodes PX
of respective pixels and hence, a large number of capacitive
elements Cstg are formed.

[0191] Insuch a case, the respective potentials of the pixel
electrodes PX when the thin film transistors TFT are turned
on are determined based on the potential of the video signal
D supplied to the pixel electrodes PX through the thin film
transistors TFT. Assuming the voltage supplied to the pixel
electrode PX when the thin film transistor TFT assumes the
ON state as PXon, due to a jump voltage which is generated
at the changeover of the thin film transistor TFT from the
ON state to the OFF state, the pixel electrode PX assumes
the potential PXoff during the hold time. Here, the jump
voltage means the voltage difference (PXon-PXoff) of the
pixel electrode PX. The liquid crystal molecules are driven
based on the PXoff and the potential of the counter electrode
CT.

[0192] The above-mentioned jump voltage depends on
sizes of respective portions of the thin film transistor TFT, a
crossing area, a film thickness of an insulation film and the
like. Further, irregularities within a certain range inevitably
occur during the manufacturing steps with respect to these
values and hence, it is extremely difficult to maintain the
same values in all individual products. Accordingly, the
value of the jump voltage also exhibits different character-
istics for respective products.

[0193] On the other hand, the liquid crystal is usually
driven by alternation in accordance with every line unit or
every frame unit to avoid flickers, image retention attributed
to the storage of a DC voltage. The alternation is performed
with respect to the potential of the counter voltage signal line
CL. That is, the alternation is performed to prevent the
generation of the DC voltage in the voltage difference
between the counter voltage signal line and the pixel elec-
trode PX in an average for a long time.

[0194] Conventionally, the potential of the counter voltage
signal line CL is supplied from the outside even during the
OFF period of the thin film transistor TFT and the voltage
of the counter voltage signal line CL is a preset voltage.
Further, this voltage is set to a center voltage between the
PXoff of positive pole and negative pole to prevent the
storage of the DC voltage. This center voltage is a voltage
which is referred to as an optimum Vcom.

[0195] However, in a method which supplies the optimum
Veom from the outside, it is difficult to cope with the
irregularities of PXoff attributed to the difference of the
jump voltage among the above-mentioned respective prod-
ucts. Further, the characteristics of the thin film transistor
TFT may fluctuate due to the use thereof for a long time
depending on an environment where the thin film transistor
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TFT is used. Under the current circumstances in which the
product lifetime of the personal computer is prolonged or the
use of the liquid crystal display device for a TV receiver set
for 10 years or more is taken for granted, this becomes a
problem on which a more attention should be focused.

[0196] Further, even when the characteristics of the thin
film transistor TFT fluctuate, the jump voltage receives the
influence of such fluctuation and differs from the jump
voltage at the time of manufacturing the product. Further, a
driver which generates the gate voltage and a power source
circuit which supplies the gate voltage to the driver may also
give rise to the fluctuation in characteristics thereof due to
the use thereof for a long time. This also influences the jump
voltage.

[0197] Accordingly, in the conventional method which
supplies the optimum Vcom as the preset voltage from the
outside, it has been pointed out that the method cannot cope
with also such a fluctuation for a long time.

[0198] To the contrary, as described above, by making the
counter voltage signal line CL assume the floating state
corresponding to the OFF time of the thin film transistor
TFT, the counter voltage signal line CL is always set to the
center voltage of the PXOFF in accordance with the line unit
through the capacitive element Cstg in a self aligning
manner. Here, the remarkable increase of the electric capaci-
tance between the pixel electrode PX and the counter
voltage signal line CL due to the capacitive element Cstg
effectively works.

[0199] Accordingly, even when the irregularities of jump
voltage arises among individual products or jump voltage
fluctuates due to the use of products for a long time, the
voltage of the counter voltage signal line CL is adjusted to
the optimum voltage in a self aligning manner in conformity
with the change of the circumstances. Accordingly, it is
possible to obtain advantageous effects which can not be
obtained by the conventional method such as the avoidance
of influence attributed to individual specificity of individual
products or the avoidance of influence of fluctuation of
characteristics attributed to the use for a long time.

Embodiment 2

[0200] FIG. 3A is a circuit diagram showing one embodi-
ment of the switching circuit SW1 shown in FIG. 2.

[0201] First of all, with respect to respective gate signal
lines GL1, GL2, . . ., GLn, GLn+1 to which the scanning
signals G1, G2, . . ., Gn+1 are respectively supplied from
the scanning signal drive circuit V, to take the gate signal
line GLn as an example, the signal line which supplies the
scanning signal Gn from the scanning signal line drive
circuit V is firstly connected to a gate electrode G of the
switching element SW1(n).

[0202] The switching element SW1(n) has, for example, a
drain electrode D thereof connected to a signal line VgON
and a source electrode S thereof connected to the above-
mentioned gate signal line GLn.

[0203] Further, the source electrode S of the switching
element SW1(n) is connected to a source electrode S of the
switching element SW2(n). The above-mentioned switching
element SW2(n) has a gate electrode G thereof connected to
a signal line which supplies a scanning signal Gn+1 from the
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scanning signal line drive circuit V and a drain electrode
thereof connected to a signal line VgOFF.

[0204] The respective other gate signal lines GL except for
the gate signal line GLn also have the substantially same
constitution and use the above-mentioned signal line VgON
and signal line VgOFF in common.

[0205] Here, it is needless to say that the switching ele-
ment SW1 may be formed on a surface of one substrate out
of the respective substrates which are arranged to face each
other with liquid crystal therebetween or may be incorpo-
rated into the scanning signal drive circuit V.

[0206] FIG. 3B is a flowchart showing the operation of the
above-mentioned switching element SW1.

[0207] FIG. 3B indicates, from above, the scanning sig-
nals Gn, Gn+1, Gn+2 which are transmitted from the scan-
ning signal drive circuit V, the scanning signals which are
supplied to the scanning signal lines GLn, GLn+1, GLn+2 in
such a case, and ON/OFF states of the switch SW1(n), the
switch SW1(n+1), the switch SWI1(o+2), the switch
SW2(n), the switch SW2(n+1) and the switch SW2(n+2) in
such a case.

[0208] In other words, in conformity with timing of the
scanning signals Gn, Gn+1, Gn+2 which are transmitted
from the scanning signal drive circuit V, the switch SW1(n),
the switch SW1(n+1), the switch SW1(n+2), the switch
SW2(n), the switch SW2(n+1) and the switch SW2(n+2) are
turned on or off as shown in the drawing whereby the
scanning signals shown in the drawing are supplied to the
scanning signal lines GLn, GLn+1, GLn+2.

[0209] Here, even when “n” described above is replaced
with numeral such as 1 or 2, this embodiment is also
established in the same manner.

[0210] In the drawing, when the scanning signal Gn is
supplied, the switch SW1(n) is turned on and the ON voltage
is supplied to the gate signal line GL(n) through the signal
line VgON. Then, when the scanning signal is not supplied
any more and the next scanning signal Gn+1 is supplied, the
switch SW1(n) is turned off and the switch SW2(n) is turned
on.

[0211] Accordingly, the OFF voltage is supplied to the
gate signal line GLn through the signal line VgOFF.

[0212] Thereafter, neither one of scanning signals Gn,
Gn+1 is supplied and both of the switches SW1(n), SW2(n)
are turned off, the gate signal line GL(n) assumes the
floating state FT and, thereafter, this floating state is main-
tained until the scanning signal Gn is supplied again.

[0213] In this embodiment which is operated in the above-
mentioned manner, the explanation is made with respect to
the case in which OFF is written for 1 line and, thereafter,
the gate signal line GL(n) is shifted to the floating state.
However, as shown in FIG. 3C, it is needless to say that OFF
may be written for two lines (or more) and thereafter, the
gate signal line GL(n) is shifted to the floating state. It is
because that by sufficiently setting the thin film transistor
TFT at the OFF potential, leaking from the thin film tran-
sistor TFT during the floating period can be prevented.

[0214] To extend such an OFF period, there may be
provided another switch SW3(n) which supplies a signal
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from the signal line VgOFF by controlling the gate signal
line GLn in response to the scanning signal Gn+2.

[0215] Further, FIG. 4 is a circuit diagram showing one
embodiment of the switching circuit SW2 shown in FIG. 2.

[0216] First of all, out of respective counter voltage signal
lines CL1, CL2,. .., CLn, . .. to which the counter voltage
signals C1, C2, ..., Cn, . .. are respectively supplied from
the common electrode drive circuit Cm, to take the counter
voltage signal line CLn as an example, the signal line which
supplies the counter voltage signal from the common elec-
trode drive circuit Cm is connected to the gate electrode G
of the switching element SW4(n).

[0217] Further, the switching element SW4(n) has a drain
electrode D thereof connected to a signal line Vc and a
source electrode S thereof connected to the counter voltage
signal line CLn.

[0218] The respective other counter voltage signal lines
CL except for the counter voltage signal line CLn also have
the substantially same constitution and use the above-men-
tioned signal line Ve in common.

[0219] Here, it is needless to say that the switching ele-
ment SW4 may be formed on a surface of one substrate out
of respective substrates which are arranged to face each
other with liquid crystal therebetween or the switching
element SW4 may be incorporated into the scanning signal
drive circuit V.

[0220] In such a constitution, respective counter voltage
signals C1, C2, . . ., Cn, . . . from the common electrode
drive circuit Cm are respectively supplied substantially in
conformity with the timing of the supply of the scanning
signals G1, G2, . . ., Gn, from the scanning signal drive
circuit V, wherein when the scanning signal G is supplied to
the gate signal line GL in the pixel row of which a certain
gate signal line GL is in charge, the counter voltage signal
C is supplied to the counter voltage signal line CL which is
formed in the inside of the pixel row.

[0221] Due to such a constitution, it is possible to make
the counter voltage signal lines CL assume a floating state
during a period in which the counter voltage signal is not
supplied from the common electrode drive circuit Cm to the
counter voltage signal lines CL.

Embodiment 3

[0222] FIG. 5A is a circuit diagram showing another
embodiment of the switching circuit SW1 shown in FIG. 2
and corresponds to FIG. 3A.

[0223] The constitution which makes this embodiment
different from the embodiment shown in FIG. 3A lies in that
the respective gate signal lines GL which assume a floating
state are connected to the floating potential line FG with a
high resistance and are electrically connected to the other
gate signal lines GL which are arranged close to the respec-
tive gate signal lines GL and assume a floating state.

[0224] That is, to take the gate signal line GLn as an
example, a signal which is supplied from the signal line
VgON via the switching element SW1 is inputted to a
parallel connection body formed of a switching element
SW3(n) and a switching element SW4(n).
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[0225] Here, the switching element SW3(n) is driven in
response to a signal Gn from a scanning signal drive circuit
V and the switching element SW4(n) is driven in response
to a signal Gn+1 from a scanning signal drive circuit V.

[0226] An output terminal of the parallel connection body
formed of the switching element SW3(n) and the switching
element SW4(n) is connected to the above-mentioned gate
signal line GLn and also connected to a floating potential
line FG via a high resistance R.

[0227] The respective other gate signal lines GL except for
the above-mentioned gate signal GLn also have the substan-
tially same constitution and use the above-mentioned float-
ing potential line FG in common.

[0228] In such a constitution, the respective gate signal
lines GL respectively traverse the drain signal line DL in a
substantially same manner. Accordingly, the influences
which the drain signal line DL receives from the respective
gate signal lines GL are considered substantially equal for
respective gate signal lines GL during the floating state.

[0229] Subsequently, by electrically connecting the gate
signal lines GL with each other with high resistance during
the floating state, an advantageous effect obtained by float-
ing can be maintained and also the resistance against the
disturbance such as external noises or the like can be
improved.

[0230] FIG. 5B is a flowchart showing an operation of the
above-mentioned switching circuit SW1 and corresponds to
FIG. 3B.

[0231] FIG. 3B indicates, from above, the scanning sig-
nals Gn, Gn+1, Gn+2, Gn+3 which are transmitted from the
scanning signal drive circuit V, the scanning signals which
are supplied to the scanning signal lines GLn, GLn+1,
GLn+2, GLn+3 in such a case, and ON/OFF states of the
switch SW1(n) to the switch SW4(n), the switch SW1(n+1)
to the switch SW4(n+1) and the switch SW1(n+2) to the
switch SW4(n+2) in such a case.

[0232] In FIG. 5B, in response to the supply (ON) of the
scanning signal Gn, the switch SW1(n) and the switch
SW3(n) are turned on and an ON voltage is supplied to the
gate signal line GLn via the signal line VgON. Then, when
the scanning signal Gn is turned off and the scanning signal
Gn+1 is supplied (ON), the switch SW1(n), the switch
SW3(n) are turned off and the switch SW2(n), the switch
SW4(n) are turned on, and the OFF voltage is supplied to the
gate signal line GLn via the signal line VgOFF.

[0233] Further, when the scanning signals Gn, Gn+1 are
turned off and the scanning signal and the scanning signals
after Gn+2 are turned on, all of the switch SW1(n) to the
switch SW4(n) are turned off and the gate signal line GL(n)
is connected to the floating potential line FG via the high
resistance R. Accordingly, during most of the time, the gate
signal line GL(n) assumes a floating state.

[0234] Here, the connection between the scanning signal
line GL(n) and the floating potential line FG may be
performed using a transistor before the scanning signal line
G(n+1) and after the scanning signal line G(n+2). Here, the
high resistance R may be or not be inserted between the
scanning signal line GL(n) and floating potential line FG.
This is because that, although when a transistor is not
mounted, the high resistance R is indispensable to avoid an
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inverse flow of voltage during the ON time, when the
ON/OFF control is performed by a transistor circuit, the
voltage can be controlled by the transistor.

Embodiment 4

[0235] FIG. 6 is a plan view showing another embodiment
of the liquid crystal display device according to the present
invention and corresponds to FIG. 2.

[0236] In thisembodiment, a switching circuit SW1 which
is formed in the vicinity of the scanning signal drive circuit
V is configured as a gate driver GD together with the
scanning signal drive circuit V and a switching circuit SW2
which is formed in the vicinity of the common electrode
drive circuit Cm is constituted as a common driver CD
together with the common electrode drive circuit Cm.

[0237] Insuch a constitution, not to mention that the video
signal drive circuit (drain driver DD) is formed usually with
a plurality of semiconductor devices, the gate driver GD and
the common driver CD are also formed with a plurality of
semiconductor devices and the gate driver GD and the
common driver CD are arranged with respect to a transpar-
ent substrate SUB1 as shown in FIG. 7A.

[0238] However, the arrangement is not limited to such an
arrangement. For example, as shown in FIG. 7B, the gate
driver GD and the common driver CD may be arranged in
the vicinity of one end side of the transparent substrate
SUBI1. For example, the common driver CD may be
arranged at the outer side of the gate driver GD.

[0239] Then, when the gate driver GD and the common
driver CD are arranged as shown in FIG. 7B, the gate driver
GD may be arranged such that the gate driver GD strides
over the respective counter voltage signal lines CL which are
extended from the common-driver-CD side. In other words,
the respective counter voltage signal lines CL may be
constituted such that the respective counter voltage signal
lines CL run below the gate driver GD.

[0240] This is because that, even when the counter voltage
signal line CL and the gate signal line GL are formed on the
same layer, these counter voltage signal line CL and the gate
signal line GL can be formed not to cause short-circuiting
therebetween. In this case, it is needless to say that the
counter voltage signal line CL and the gate signal line GL are
formed on different layers while inserting an insulation film
therebetween.

Embodiment 5

[0241] FIG. 8A is a circuit showing another embodiment
of the above-mentioned switching circuit SW1 and corre-
sponds to FIG. 5A.

[0242] The constitution which makes this embodiment
different from the embodiment shown in FIG. 5A lies in that
a circuit which supplies the counter voltage signals to the
respective counter voltage signal lines CL is incorporated
into the circuit shown in FIG. SA.

[0243] As shown in FIG. 8A, a circuit which resembles
the circuit shown in FIG. 4 is incorporated into a rear stage
and the scanning signal Gn supplied from the scanning
signal drive circuit V is used as a signal (gate signal) for
driving respective switches SW5(n) of the circuit.
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[0244] That is, this embodiment is configured such that the
counter voltage signal is supplied to the counter voltage
signal line CL(n) through the signal line Ve by means of the
switch SW5 which is turned on in response to the supply of
the scanning signal Gn. The other counter voltage signal
lines CL except for the above-mentioned counter voltage
signal line CL(n) also have the substantially same constitu-
tion and, further, the signal line Vc is used in common.

[0245] The circuit having such a constitution can reduce
the number of parts and can reduce a mounting space for
parts.

[0246] The circuit shown in FIG. 8A may be configured
in the semiconductor device together with the scanning
signal drive circuit V, or as shown in FIG. 8B, the circuit
may be formed on the surface of the transparent substrate
SUBL. In this case, the transistor which is provided in the
above-mentioned circuit is usually formed of polysilicon,
for example.

[0247] Here, in FIG. 8B, the other circuits except for the
scanning signal drive circuit V out of the circuit shown in
FIG. 8A are shown as the control circuits CC.

[0248] FIG. 9 is a flowchart showing an operation of the
above-mentioned switching circuit SW1 and corresponds to
FIG. 5B.

[0249] The flowchart in FIG. 9 differs from the flowchart
in FIG. 5B in that, with respect to the counter voltage signal
which is respectively supplied to the counter voltage signal
lines CLn to CLn+3, the ON/OFF states of the switch
SW5(n) to SW5(n+2) are newly added.

Embodiment 6

[0250] FIG. 10A is a plan view showing another embodi-
ment of the liquid crystal display device according to the
present invention. This embodiment is configured on the
premise that, as mentioned above, the counter voltage signal
is scanned and supplied to the respective counter voltage
signal lines CL1, CL2, ..., CLu, ... from the common
electrode drive circuit Cm (in which the switching circuit
SW2 is formed).

[0251] In the region outside the liquid crystal display part
AR, a correction wiring AML is formed such that the
correction wiring AML respectively crosses the other end
portions of the respective counter voltage signal line CL
(common electrode drive circuit Cm and the other end
portion of the opposite side) and via the counter voltage
signal line CL and the insulation film. To the correction
wiring AML, for example, the counter voltage signal is
regularly supplied via an assisting wiring ALS (mounted in
the region outside the liquid crystal display part AR) from
the common electrode drive circuit Cm, for example.

[0252] With respect to the liquid crystal display device
having such a constitution, for example, as shown in FIG.
10B, when a disconnection CUT is generated in the counter
voltage signal lines CL1, a defective display is generated at
the pixel row of the portion which is separated from the
common electrode drive circuit Cm out of the counter
voltage signal line CL1.

[0253] Insuch a case, as shown in FIG. 10C, for example,
by irradiating laser beams to the crossing portion of the
counter voltage signal line CL1 which is separated from the
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common electrode drive circuit Cm and the correction
wiring AML, the counter voltage signal line CL1 and the
correction wiring AML are electrically connected to each
other (shown as an arrow Q in the drawing). By this means,
the counter voltage signal is always supplied to the counter
voltage signal line CL1 which is separated from the common
electrode drive circuit Cm via the above-mentioned assisting
wiring ASL and the correction wiring AML.

[0254] The portion of the common voltage signal line-CL1
which the connection is recovered does not assume a float-
ing state and hence, the parasitic capacitance between the
common voltage signal line CL1 and the drain signal line
DL increases. However, even when a few lines of discon-
nections are corrected, the effect in which one several
hundredth parasitic capacitance can be reduced can be
maintained.

Embodiment 7

[0255] The aspect of this embodiment lies in that, based on
the constitution in which, as mentioned above, the gate
signal line GL assumes a floating state during the most of
other period except for the writing period, the polarity of the
video signal to the respective drain signal lines DL is made
to have the same phase with the polarity of the video signal
which is supplied to the drain signal lines arranged close to
each other for every line, for example.

[0256] FIG. 11 is a view showing fluctuations of the
potential at a point between the drain signal line DLn and the
drain signal line DLn+1 in a certain line (gate signal line Gn)
when the respective polarities of the drain signal line DLn
and the drain signal line DLn+1 are assumed as +, for
example, and the polarities of the drain signal lines DL1 to
DLn at a next stage are assumed as —.

[0257] In this case, when the above-mentioned gate signal
line GLn is made to assume a floating state, the potential at
the point fluctuates corresponding to the polarity of the
signal supplied to the drain signal lines DLn and DLn+1.

[0258] That is, the respective potential differences of the
drain signal lines DLn, DLn+1 with respect to the above-
mentioned point of the gate signal line Gn firstly assume Va,
for example, and the respective potential differences of the
drain signal lines DLn, DLn+1 in the next stage assume also
Va.

[0259] This implies that no parasitic capacitance is gen-
erated between the respective gate signal lines GL which are
made to assume a floating state and the drain signal line DL
to which video signals are supplied and hence, it is possible
to obtain an advantageous effect that the power consumption
can be reduced.

[0260] For a comparison purpose, FIG. 12 is a view which
shows fluctuations of the potential at the point between the
drain signal line DLn and the drain signal line DLn+1 in a
certain line (gate signal line Gn) when video signals are
supplied so that the drain signal line DLn assumes + polarity,
the drain signal line DLn+1 assumes - polarity and, at a next
stage, the drains signal line DLn assumes — polarity and the
drain signal line DLn+1 assume + polarity.

[0261] In this case, when the gate signal line GLn is made
to assume a floating state, the voltage between the drain
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signal line DLn and the DLn+1 varies alternately in such a
manner that the voltage assumes Va in one side and assumes
Vb in another side.

[0262] Accordingly, it is necessary to perform charging
and discharging of the drain signal lines DLn and the drain
signal line DLn+1 with respect to the gate signal line GL and
this interrupts the reduction of the power consumption.

[0263] Although the above-mentioned embodiment shows
an example in which the polarities of the neighboring drain
signal lines DL have the same phase for every one line, it is
needless to say that the polarities of the neighboring drain
signal lines DL have the same phase for every plurality of
lines such as for every two lines or for every three lines or
for every frame. Also in these cases, no parasitic capacitance
is generated between the gate signal lines GL and the drain
signal lines DL and hence, the power consumption can be
reduced.

Embodiment 8

[0264] This embodiment is characterized in that, along
with the constitution shown in the embodiment 7, that is,
along with the constitution in which the polarities of the
video signals to the respective drain signal lines DL are
made to have the same phase with the polarities of the video
signals supplied to the drain signal lines which are arranged
close to each other for every one or several lines, for
example, the counter voltage signal lines CL are inversely
driven at the time of scanning.

[0265] Due to such a constitution, an amplitude per se of
the signal at the drain signal line DL can be halved and
hence, the reduction of the power consumption can be
realized.

[0266] Then, by reducing the amplitude of the signal at the
drain signal line DL, a fluctuation width of the scanning
signal G is reduced whereby the reduction effect of the
power consumption by floating can be further enhanced.

[0267] Further, a so-called common inversion which is
performed conventionally always drives the potential of the
counter electrodes CT on the whole screen and hence, there
arises a drawback that a load is extremely heavy and the
power consumption at the drive circuit for counter elec-
trodes CT is large.

[0268] However, according to the above-mentioned
embodiment, the counter voltage signal lines CL are also
made to assume a floating state after the supply of the
voltage. That is, the number of the driving counter voltage
signal lines CL can be largely reduced to a several hundredth
or less, the power consumption at the above-mentioned
common electrode drive circuit Cm can be minimized and
hence, the effect of the reduction of the power consumption
of the video signal drive circuit He substantially leads to the
reduction of the power consumption of the whole liquid
crystal display device.

[0269] Further, it is no more necessary to supply a large
current to the respective counter electrodes CT and hence,
the reliability of the liquid crystal display device can be
enhanced and the cost of parts can be reduced.

[0270] As mentioned above, the counter voltage signal
lines CL assume the floating state after writing of signals and
the potential thereof follows the potential of the video
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signals D in the same manner as the gate signal lines GL and
hence, provided that the polarity of the neighboring video
signal lines DL has the same phase as the polarity of the
counter voltage signal line CL, the floating effect can be
sufficiently achieved.

[0271] That is, due to the combination of the respective
constitutions constituted of the combination (1) that the gate
assumes a floating state at most of other period except for the
writing period, the constitution (2) that the common assumes
a floating state at the most period other than the writing
period, the constitution (3) that the neighboring video signal
lines are driven at the same phase, and the constitution (4)
that the common is inversely driven, the maximum power
consumption reduction effect can be realized.

Embodiment 9

[0272] FIG. 13 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and shows another embodiment of the
connection between the common electrode drive circuit Cm
and the respective counter voltage signal lines CL via the
switching circuit SW2.

[0273] FIG. 13A shows that the respective counter volt-
age signal lines CL are connected such that, for example,
each two lines are connected to each other at a connecting
portion sequentially from above and, the counter voltage
signal is sequentially supplied to the counter voltage signal
lines CL through these connecting portions. FIG. 13B shows
that the respective counter voltage signal lines CL are
connected such that, for example, each three lines are
connected to each other at a connecting portion sequentially
from above and, the counter voltage signal is sequentially
supplied to the counter voltage signal lines CL through these
connecting portions. Although not shown in the drawing,
further the counter voltage signal lines CL may be connected
by each four or more lines.

[0274] 1In such a constitution, as shown in FIG. 13C, the
number of the common drivers CD of the common electrode
drive circuit Cm can be made smaller than the number of the
gate drivers GD of the scanning signal drive circuit V.

[0275] Subsequently, as shown in FIG. 14, for example,
the common driver CD of the common electrode drive
circuit Cm can be arranged next to the gate driver GD of the
scanning signal drive circuit V (FIG. 14A) or can be
arranged next to the drain driver DD of the video signal
drive circuit He (FIG. 14B). Due to such an arrangement, a
space which the liquid crystal display panel requires can be
reduced.

Embodiment 10

[0276] FIG. 15 is an explanatory view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 13A. In FIG.
15A, a plurality of counter voltage signal lines CL to which
one scanning signal to be scanned and supplied is supplied
from the common electrode drive circuit Cm are formed in
a loop shape.

[0277] That is, this embodiment provides the redundant
structure to cope with the disconnection of the counter
voltage signal lines CL. That is, even when the gate signal
line GL and the counter voltage signal line CL are short-
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circuited, for example, by cutting the line at the both sides
of a short-circuited portion, a drawback attributed to the
short-circuit can be eliminated and a normal state can be
restored.

[0278] Further, although a plurality of counter voltage
signals CL are not formed in a loop shape in FIG. 15B, by
simultaneously supplying the counter voltage signals from
other end sides of a plurality of counter voltage signals CL
which are connected to each other at one end sides, the
plurality of counter voltage signals CL are substantially
configured in a loop shape in the same manner as the
constitution shown in FIG. 15A and hence, the counter
voltage signals CL can have the substantially same func-
tions.

[0279] Here, in the constitution shown in FIG. 15, a pair
of neighboring counter voltage signal lines CL is formed
into the redundant structure. However, it is needless to say
that, as shown in FIG. 16A and FIG. 16B, a loop shape may
be formed by, for example, connecting one counter voltage
signal line CL with another counter voltage signal line CL
which is counted as a third counter voltage signal line from
the above-mentioned one counter voltage signal line CL.
That is, respective loops may be formed in a telescopic
manner.

[0280] Here, FIG. 16A corresponds to FIG. 15A and FIG.
16B corresponds to FIG. 15B.

Embodiment 11

[0281] FIG.17A is a plan view showing one embodiment
of a pixel of the liquid crystal display device according to the
present invention and FIG. 17B is a cross-sectional view
taken along a line b-b in FIG. 17A.

[0282] First of all, on a liquid-crystal-side surface of a
transparent substrate SUB1, a semiconductor layer LTPS
which is formed of, for example, a polysilicon layer is
formed. This semiconductor layer LTPS is formed, for
example, by polycrystallizing an amorphous Si film which is
formed by a plasma CVD device using an excimer laser.

[0283] The semiconductor layer LTPS is a semiconductor
layer LTPS of a thin film transistor TFT and is formed in a
pattern such that the semiconductor layer LTPS runs about
a gate signal line GL which will be explained later while
traversing the gate signal line GL twice, for example.

[0284] Then, over the surface of the transparent substrate
SUBI1 on which the semiconductor layer LTPS is formed in
this manner, a first insulation film INS which is formed of
SiO2 or SiN, for example, is formed in such a manner that the
first insulation film INS also covers the semiconductor layer
PS.

[0285] This first insulation film INS functions as a gate
insulation film of the above-mentioned thin film transistor
TFT and also functions as one of dielectric films of the
capacitive element Cstg which will be explained later.

[0286] Then, on the upper surface of the first insulation
film INS, the gate signal lines GL which extend in the x
direction and are arranged in parallel in the y direction in the
drawing are formed. These gate signal lines GL are arranged
such that the gate signal lines GL define rectangular pixel
regions together with the drain signal lines DL described
later.
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[0287] The gate signal line GL runs in such a manner that
the gate signal line GL traverses the above-mentioned semi-
conductor layer LTPS twice and the portion thereof which
traverses the semiconductor layer LTPS functions as a gate
electrode of the thin film transistor TFT.

[0288] Further, between the respective gate signal lines
GL, a capacitive signal line CLN is formed in the same
manufacturing process as the gate signal line GL, for
example, in parallel with the gate signal line GL. This
capacitive signal line CNL constitutes a - electrode of the
above-mentioned capacitive element Cstg in the pixel
region.

[0289] Here, after this gate signal line GL is formed, by
performing the ion implantation of the impurities via the first
insulation film INS and by making the region except for the
region directly below the above-mentioned gate signal line
GL conductive in the above-mentioned semiconductor layer
LIPS, the source region and the drain region of the thin film
transistor TFT are formed.

[0290] A second insulation film GI which is formed of, for
example, SiO, or SiN is formed over the above-mentioned
first insulation film INS covering both of the gate signal line
GL and the capacitive signal line CNL.

[0291] On the surface of this second insulation film GI, the
drain signal lines DL which extend in the y direction and are
arranged in parallel in the x direction are formed. Then, a
portion of this drain signal line DL is connected to the
above-mentioned semiconductor layer LTPS via a through
hole TH1 which passes through the second insulation film
GI and the first insulation film INS below the portion. The
portion of the semiconductor layer LTPS which is connected
to the drain signal line DL constitutes one region of the thin
film transistor TFT which becomes a drain region, for
example.

[0292] Further, over the surface of the second insulation
film GI covering the drain signal line DL, a third insulation
film PAS is formed. This third insulation film PAS is formed
of, for example, an organic material such as resin or the like,
and constitutes a protective film for preventing a direct
contact of liquid crystal with the thin film transistor TFT
together with the second insulation film GI. The reason why
the third insulation film PAS is formed of an organic material
is for reducing the dielectric constant as a protective film and
for flattening the surface.

[0293] Over the third insulation film PAS, pixel electrodes
PX are formed. The pixel electrode is formed of a light
transmitting conductive layer made of ITO (Indium Tin
Oxide), ITZO (Indium Tin Zinc Oxide), IZO (Indium Zinc
Oxide), Sn0, (Tin Oxide), In,0, (Indium Oxide) or the like
and extends to cover the most area of the pixel region. The
pixel electrode PX is configured such that the pixel electrode
PX generates an electric field between the pixel electrode
PX and the counter electrode (light transmitting conductive
layer) which is formed in common in the pixel regions on a
liquid-crystal side surface of another transparent substrate
which is arranged to face one substrate with liquid crystal
therebetween thus controlling the optical transmissivity of
the liquid crystal. Further, the pixel electrode PX is config-
ured such that a portion thereof is connected to other region
of the thin film transistor TFT, for example, a source region
via a through hole TH2 formed in a penetrating manner in
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the third insulation film PAS, the second insulation film GI
and the first insulation film INS disposed below the portion.

[0294] This pixel electrode PX functions also as the other
electrode of the capacitive element Cstg which is formed
over a region which is overlapped to the capacitive signal
line CNL. Here, dielectric films of the capacitive element
Cstg are formed of a second insulation film GI and a third
insulation film PAS.

[0295] Here, the capacitive signal line CNL replaces the
counter voltage signal line CL which is shown in the
above-mentioned FIG. 2. As explained in conjunction with
FIG. 2, for example, a voltage signal is scanned and
supplied for every line and other capacitive signal lines CNL
except for the scanned line assume a floating state.

[0296] Due to such a constitution, parasitic capacitances at
the crossing points of the drain signal lines DL and the
capacitive signal lines CNL can be drastically reduced.

Embodiment 12

[0297] FIG. 18A is a plan view showing one embodiment
of the pixel of the liquid crystal display device according to
the present invention, FIG. 18B is a cross-sectional view
taken along a line b-b in FIG. 18A and FIG. 18C is a
cross-sectional view taken along a line c-c in FIG. 18A.

[0298] Although the constitution of this embodiment is
substantially same as the constitution of the embodiment
shown in FIG. 17, the counter electrodes CT are formed on
the surface side of the substrate SUB1 on which the thin film
transistor TFT is formed. Further, the counter electrodes CT
and the pixel electrode PX are respectively arranged in a
strip pattern from one drain signal line DL side to the other
drain signal line DL within the pixel region in order of the
counter electrode CT, the pixel electrode PX and the counter
electrode CT, for example. It is needless to say that the
number of these electrodes is not specified.

[0299] An clectric field which has a component substan-
tially parallel to the surface of the transparent substrate
SUBL is generated between the pixel electrode PX and the
counter electrode CT and the optical transmissivity of the
liquid crystal is controlled by this electric field.

[0300] The pixel electrode PX is formed of a light trans-
mitting conductive layer such as ITO, for example, so as to
improve the numerical aperture and is arranged on the upper
surface of the third insulation film PAS. Further, the pixel
electrode PX is configured such that a portion thereof is
connected to other region of the thin film transistor TFT, for
example, a source region via a through hole TH2 which is
formed in a penetrating manner in the third insulation film
PAS, the second nsulation film GI and the first insulation
film INS disposed below the portion.

[0301] Further, the counter electrode CT is an electrode
which is formed by extending the electrode in the y direction
in the drawing from the counter voltage signal line CL which
is formed having the substantially same constitution as the
capacitive signal line CNL shown in FIG. 17. The counter
electrodes CT are formed respectively close to the respective
drain signal lines DL.

[0302] The counter voltage signal line CL is the counter
voltage signal line CL shown in FIG. 2 explained above. As
explained in conjunction with FIG. 2, for example, the
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counter voltage signal is scanned and supplied for every line
and other counter voltage signal lines CL except for the
scanned counter voltage signal line assume a floating state.

[0303] Due to such a constitution, the parasitic capaci-
tances at the crossing points of the drain signal lines DL and
the counter voltage signal line CL can be drastically reduced.

[0304] Here, in the above-mentioned embodiment, the
pixel electrode PX is formed on the upper surface of the
third insulation film PAS. However, it is needless to say that,
as shown in FIG. 18D, the pixel electrode PX can be formed
such that the pixel electrode PX is formed as a layer below
the third insulation film PAS, that is, on the same layer as the
drain signal line DL. It is because that the substantially same
advantageous effects can be achieved.

Embodiment 13

[0305] FIG. 19A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 18A.
Further, FIG. 19B is a cross-sectional view taken along a
line b-b in FIG. 19A and FIG. 19C is a cross-sectional view
taken along a line c-c in FIG. 19A.

[0306] The constitution which makes this embodiment
different from the embodiment shown in FIG. 18A lics in
that, first of all, the counter electrode CT and the counter
voltage signal line CL which is connected to the counter
electrode CT are formed in the same layer as the pixel
electrode PX which is formed on the upper surface of the
third insulation film PAS.

[0307] The counter electrode CT and the counter voltage
signal line CL are formed of a light transmitting conductive
layer made of ITO (Indium Tin Oxide), ITZO (Indium Tin
Zinc Oxide), IZO (Indium Zinc Oxide), SnO, (Tin Oxide),
In,O; (Indium Oxide) or the like, for example. Due to such
a constitution, the numerical aperture of the pixel can be
further enhanced.

[0308] Here, the counter voltage signal line CL is config-
ured to be overlapped to the gate signal line GL which drives
the pixel electrode, wherein a center axis of the counter
voltage signal line CL is substantially aligned with a center
axis of the gate signal line GL and a width of the counter
voltage signal line CL is set larger than a width of the gate
signal lien GL. Further, the counter electrode CT is config-
ured to be overlapped to the drain signal line DL, wherein
a center axis of the counter electrode CT is substantially
aligned with a center axis of the drain signal line DL and a
width of the counter electrode CT is set larger than a width
of the drain signal lien DL. This provision is provided for
facilitating the termination of electric lines of force from the
drain signal line DL or the gate signal line GL to the counter
voltage signal line CL and the counter electrode CT, while
preventing the termination of the lines of electric force to the
pixel electrode PX. This is because that the generation of
electric line of force which reaches the electrode PX causes
noises.

[0309] Further, the pixel electrode PX which is formed on
the upper layer of the third insulation film PAS is pulled out
via a through hole TH3 which is formed in the third
insulation film PAS to a position below the third insulation
film PAS. This pull-out line STM is formed in an overlapped
manner on a portion of the counter voltage signal line CL
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formed on the upper layer of the third insulation film PAS in
the same manner as the pixel electrode PX. This provision
is provided for generating the capacitive element Cstg at the
overlapped portion.

[0310] Further, in such a constitution, other neighboring
counter voltage signal lines CL which are different from the
counter voltage signal line CL formed in an overlapped
manner on the gate signal line GL which drives the pixel
electrode and the counter electrode CT of the pixel are
separated from each other, that is, are electrically discon-
nected. That is, the counter voltage signal line CL which is
used in common with the pixel row arranged in parallel in
the x direction in the drawing is formed electrically sepa-
rated from the other counter voltage signal line CL which is
in common with the pixel row also arranged in parallel in the
x direction in the drawing.

[0311] As explained in conjunction with the embodiment
shown in FIG. 2, this provision is provided for scanning and
supplying the counter voltage signal to the respective
counter voltage signal line CL for every counter voltage
signal line CL.

[0312] Here, for making the counter electrode CT of the
pixel sufficiently perform functions thereof, the separation
of the counter voltage signal line CL from the above-
mentioned other counter voltage signal line CL is performed
in the vicinity of the other counter voltage signal line CL.

[0313] In the previously-mentioned embodiments, the
third insulation film PAS is formed of an organic material
layer such as resin or the like. As mentioned above, this
selection is made for reducing the dielectric constant as a
protective film. That is, by reducing the dielectric constant
of the protective film, it is possible to obtain the advanta-
geous effect that the parasitic capacitance at the crossing
portion of the drain signal line DL and the counter voltage
signal line CL can be reduced.

[0314] However, the counter voltage signal to the counter
voltage signal line CL is scanned and supplied for every
counter voltage signal line CL and, at the same time, the
other counter voltage signal lines CL are made to assume a
floating state and hence, the parasitic capacitance of the
crossing point of the drain signal line DL and the counter
voltage signal line CL can be drastically reduced.

[0315] Accordingly, it is possible to have an advantageous
effect that the protective film can be formed only of the
second insulation film GI (inorganic material layer) without
forming the third insulation film PAS. Due to such a con-
stitution, it is no more necessary to form an organic film and
hence, it is possible to realize the simplification of the
manufacturing process and the reduction of the cost. Further,
a yield rate can be enhanced.

[0316] Further, the above-mentioned embodiment
describes the constitution in which the counter voltage
signal line CL which is provided in common with the pixel
row arranged in parallel in the x direction in the drawing is
electrically separated from other neighboring counter volt-
age signal line CL which is provided in common with the
pixel row which is also arranged in parallel in the x direction
in the drawing.

[0317] However, it is needless to say that, for example, as
shown in FIG. 15 and FIG. 16, when a plurality of counter
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voltage signal lines CL are connected in a loop shape, or
when the substantially same function is provided to the
counter voltage signal lines CL, it is unnecessary to elec-
trically separate the plurality of counter voltage signal lines
CL at the connecting portions.

Embodiment 14

[0318] FIG. 20A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 19A.
Further, FIG. 20B is a cross-sectional view taken along a
line b-b in FIG. 20A and FIG. 20C is a cross-sectional view
taken along a line c-c in FIG. 20A.

[0319] The constitution which makes this embodiment
different from the embodiment shown in FIG. 19A lies in
that, first of all, a counter voltage signal line CL(n+2) which
is formed in an overlapped state over a gate signal line
GL(n+1) which drives the pixel is connected with a counter
electrode CT in a pixel at a lower side of the drawing and is
electrically separated from the counter electrode CT of the
pixel. In other words, the counter electrode CT of the pixel
is configured such that the counter electrode CT of the pixel
is connected to the counter voltage signal line CL(n+1)
which is formed in an overlapped state over the gate signal
line GL(n) which drives the upper-side pixel in the pixel.

[0320] Further, a capacitive element Cstg of the pixel is
formed between the pixel electrode PX of the pixel and the
counter voltage signal line CL(n+1) which is formed in an
overlapped manner over the gate signal line(n) for driving
the upper-side pixel of the pixel.

[0321] In this case, as shown in FIG. 20C, the capacitive
element Cstg is formed between a lead line STM which is
pulled out as a layer below a third insulation film PAS via
a through hole TH3 formed in the third insulation film PAS
and the counter voltage signal line CL(n+1) using the third
insulation film PAS as a dielectric film.

[0322] Here, the scanning direction in respective gate
signal lines GL is from the upper side to the lower side in the
drawing, that is, from the gate signal line GL(n) to the gate
signal line GL(n+1).

[0323] That is, when the scanning signal is supplied to the
gate signal line GL(n+1) of the pixel (the gate signal line
GL(n+1) being in an ON state), the counter voltage signal
line CL(n+1) which is overlapped to the gate signal line
GL(n+1) assumes a floating state and hence, to the counter
electrode CT of the pixel, the counter voltage signal is
supplied from the counter voltage signal line CL(n+1) which
is overlapped to the gate signal line GL(n) for driving the
upper-side pixel of the pixel.

[0324] 1In the above-mentioned constitution, FIG. 20D is
an explanatory view showing an ON state (ON), an OFF
state (OFF) and a floating state (FT) of the neighboring gate
signal lines GL(n), GL(n+1), GL(n+2) and the neighboring
counter voltage signal lines CL(n), CL(n+1), CL(n+2) along
time. As can be clearly understood from the drawing, when
the scanning signal is supplied to the gate signal lines GL
(the ON state) covering the whole pixels of the liquid crystal
display part AR, the counter voltage signal lines CL which
are overlapped to the gate signal lines GL assume the
floating state.
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[0325] Accordingly, the parasitic capacitance between the
gate signal line GL and the counter voltage signal line CL
can be largely reduced whereby lowering of writing effi-
ciency can be obviated.

[0326] Here, different from the constitution shown in FIG.
19A, the constitution shown in FIG. 20A is configured such
that the drain signal lines DL, the counter electrodes CT and
the pixel electrode PX are respectively bent at the center of
the pixel. The reason for adopting such a constitution is as
follows. That is, even when the liquid crystal has the same
molecular arrangement, the polarization state of the trans-
mitting light is changed in response to the incident direction
of light on the liquid crystal display panel and the optical
transmissivity differs corresponding to the incident direc-
tion. In view of the above phenomenon, by making the
electric field applied between the respective electrodes dif-
ferent from each other in one region and another region
which are divided using an imaginary line connecting bent
points of respective electrodes, it is possible to compensate
for coloring of images attributed to the viewing angle. Such
a constitution is applicable to above-mentioned respective
pixels or other pixels described later.

Embodiment 15

[0327] FIG. 21A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 20A.

Further, FIG. 21B is a cross-sectional views taken along a
line b-b in FIG. 21A.

[0328] The constitution which makes this embodiment
different from the embodiment shown in FIG. 20A only lies
in that the scanning direction of the gate signal lines GL is
different. That is, the gate signal lines GL are driven from the
lower-side pixel to the upper-side pixel in the drawing.
Accordingly, in naming the neighboring gate signal lines
GL(*) and the neighboring counter voltage signal lines
CL(*), they are denoted by replacing the (*) portions.

[0329] Further, FIG. 21C is an explanatory view showing
an ON state (ON), an OFF state (OFF) and a floating state
(FT) of the neighboring gate signal lines GL(n), GL(n+1),
GL(n+2) and the neighboring counter voltage signal lines
CL(n), CL{n+1), CL(n+2) along time.

[0330] Also in this embodiment, when the scanning signal
is supplied to the gate signal line GL(n+1) which drives the
pixel (the ON state), the counter voltage signal line CL
which is overlapped to the gate signal line GI(n+1) assume
the floating state and hence, the parasitic capacitance
between the gate signal line GL(n+1) and the counter
voltage signal line CL(n) can be largely reduced.

[0331] Further, even in a stage that the gate signal line
GL(n+1) is shifted from the ON state to the OFF state, it is
possible to make the counter voltage signal line CL(n)
assume the floating state.

[0332] Accordingly, it is possible to make the gate signal
line GL assume the floating state during a period corre-
sponding to two continuous lines for writing ON and OFF to
the thin film transistor TFT and hence, the OFF character-
istics of the thin film transistor TFT can be enhanced.

Embodiment 16

[0333] FIG. 22A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
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ing to the present invention and corresponds to FIG. 21A.
Further, FIG. 22B is a cross-sectional views taken along a
line b-b in FIG. 22A.

[0334] The constitution which makes this embodiment
different from the embodiment shown in FIG. 21A lies in
that an auxiliary wiring layer CLA(n+1) is formed in the
same step for forming the gate signal line GL, for example,
such that the auxiliary wiring layer CLA(n+1) is arranged
close to other gate signal line GL(n+2) which is adjacent to
the gate signal line GL(n+1) for driving the pixel. Due to
such a constitution, the auxiliary wiring layer CLA(n+1) can
be made of a material equal to a material of the gate signal
line GL and hence, the resistance can be set to a low value.

[0335] Above the auxiliary wiring layer CLA(n+1), the
counter voltage signal line CL(n+1) is formed in an over-
lapped manner together with the above-mentioned gate
signal line GL(n+2). Portions of the auxiliary wiring layers
CLA(n+1) are connected to each other via through holes
TH3 formed in the third insulation film PAS and the second
insulation film GI in a penetrating manner.

[0336] The reason that the counter voltage signal line
CL(n+1) is formed such that the counter voltage signal line
CL(n+1) also covers the auxiliary wiring layers CLA(n+1)
is to impart a shielding function to the counter voltage signal
line CL(n+1).

[0337] The counter voltage signal line CL and the counter
electrode CT which is integrally formed with the counter
voltage signal line CL are formed of a light transmitting
conductive layer made of a material such as ITO (Indium Tin
Oxide), ITZO (Indium Tin Zinc Oxide), IZO (Indium Zinc
Oxide), SnO, (tin oxide), In,05 (indium oxide), for example.

[0338] Such a light transmitting conductive layer can,
although the wiring resistance is increased compared to
other metal layer or the like, obviate such a drawback with
the use of the auxiliary wiring layer CLA. Accordingly, it is
possible to reduce the rounding of a waveform of the counter
voltage signal supplied to the counter voltage signal line CL
whereby the luminance difference which is generated
between the counter-voltage-signal supply side and the side
opposite to the supply side can be prevented.

[0339] Here, this embodiment is not limited to the con-
stitution shown in FIG. 22A and is applicable to all cases in
which the counter voltage signal line CL is integrally formed
with the counter electrode CT and uses the light transmitting
conductive layer is used as the material thereof.

Embodiment 17

[0340] FIG. 23A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 22A.
Further, FIG. 23B, FIG. 23C are cross-sectional views
taken along a line b-b in FIG. 23A.

[0341] A portion which makes this embodiment different
from the embodiment shown in FIG. 22A lies in that the
connection between an auxiliary wiring layer CLA and a
counter voltage signal line CL which is arranged to be
overlapped with the auxiliary wiring layer CLA is performed
by capacitive coupling.

[0342] Forexample, as shown in FIG. 23B, an opening (or
a recessed portion) is formed in a third insulation film PAS
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at a portion where the capacitive coupling is performed with
the auxiliary wiring layer CLA and the counter voltage
signal line CL is formed in such a manner that the counter
voltage signal line CL covers the opening. At the portion
where the capacitive coupling is to be performed, a second
insulation film GI having a relatively thin film thickness is
formed between the auxiliary wiring layer CLA and the
counter voltage signal line CL whereby the capacitive cou-
pling is performed between the auxiliary wiring layer and
the counter voltage signal line CL.

[0343] Further, FIG. 23C is a view showing another
embodiment of the portion shown in FIG. 23B. As shown in
the drawing, at a portion where the capacitive coupling
between he auxiliary wiring layer CLA and the counter
voltage signal line CL is to be performed, a metal layer FTM
in a floating state may be formed between the second
insulation film GI and the third insulation film PAS.

Embodiment 18

[0344] FIG. 24 is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 23A.

[0345] The constitution which makes this embodiment
different from the embodiment shown in FIG. 23A lies in
that a second auxiliary wiring layer CLA' is formed such that
the second auxiliary wiring layer CLA' is arranged close to
a gate signal line GL which drives the pixel and crosses a
pixel electrode PX and counter electrodes CT, while the
second auxiliary wiring layer CLA' is not covered with a
counter voltage signal line CL which is arranged to be
overlapped to the gate signal line GL.

[0346] Here, the second auxiliary wiring layer CLA' is
configured to be formed simultaneously with the formation
of the above-mentioned gate signal line GL, for example.

[0347] Further, the above-mentioned second auxiliary wir-
ing layer CLA' which is provided in common with respect to
the pixel row arranged in the x direction in the drawing and
the second auxiliary wiring layer CLA' which is provided in
common in other similar pixel row in regions outside the
liquid crystal display region such that they are configured to
perform the electrically same function.

[0348] Accordingly, at a region where the second auxiliary
wiring layer CLA' and the pixel electrode PX cross each
other, a capacitive element Cstg may be formed. Further, by
forming crossing portions between the second auxiliary
wiring layer CLA' and the counter electrodes CT, it is
possible to make respective potentials at the second auxil-
iary wiring layer CLA' and the counter electrodes CT stable.

Embodiment 19

[0349] FIG. 25A is a plan view showing one embodiment
of the pixel of the liquid crystal display device according to
the present invention and corresponds to FIG. 18A. Further,
FIG. 25B is a cross-sectional view taken along a line b-b in
FIG. 25A and FIG. 25C is a cross-sectional view taken
along a line c-c in FIG. 25A.

[0350] This embodiment differs from the embodiment
shown in FIG. 18A in the pattern of pixel electrodes PX and
counter electrodes CT and other constitutions are substan-
tially equal to the constitutions shown in FIG. 18A.
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[0351] First of all, the counter electrodes CT are formed
over an upper surface of a first insulation film INS, wherein
the counter electrode CT is formed substantially over the
whole area of the pixel region and is connected to the
counter electrode CT in another neighboring pixel region in
the x direction. In other words, in respective pixel regions
which are arranged in parallel in the x direction, the counter
electrodes CT are continuously formed and, at the same
time, are formed electrically separated from the counter
electrode CT of other neighboring pixels in the y direction.

[0352] The counter electrode CT also has a function of a
counter voltage signal line CL and is formed of a light
transmitting conductive layer made of a material such as
ITO (Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide),
IZ0 (Indium Zine Oxide), SnO, (tin oxide), In,O5 (indium
oxide), for example.

[0353] Further, the pixel electrode PX is formed over an
upper surface of a third insulation film PAS at a most center
region in each pixel region except for a periphery of the
pixel region. The pixel electrode PX is also formed of a light
transmitting conductive layer made of a material such as
ITO (Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide),
IZO (Indium Zinc Oxide), SnO, (tin oxide), In,O, (yttrium
oxide), for example.

[0354] Then, in the pixel electrode PX, openings each
having an V-shape with a peak portion at a center portion of
the pixel region, for example, are arranged in parallel in the
y direction in the drawing.

[0355] The pixel having such a constitution can generate
an electric field having a component substantially parallel to
a surface of the transparent substrate SUB1 between the
pixel electrode PX and the counter electrode CT whereby the
numerical aperture can be enhanced.

[0356] Further, in the above-mentioned explanation, the
counter electrode CT is formed over the upper surface of the
first insulation film INS. However, it is needless to say that,
as shown in FIG. 25C, for example, it is possible to form the
counter electrode CT over the surface of the transparent
substrate SUBI1.

[0357] Here, the reason that the above-mentioned pattern
of the openings formed in the pixel electrode PX is adopted
is that by forming regions which differ in the direction of
electric field between the pixel electrode PX and the counter
electrode CT it is possible to compensate coloring of the
images attributed to a viewing angle.

[0358] FIG. 26A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 25A.
Further, FIG. 26B is a cross-sectional view taken along a
line b-b in FIG. 26A and FIG. 26C is a cross-sectional view
taken along a line c-c in FIG. 26A.

[0359] This embodiment is different from the embodiment
shown in FIG. 25A with respect to the constitutions of a
pixel electrode PX and a counter electrode CT. That is, the
pixel electrode PX is formed over a surface of a second
insulation film GI and is formed over most of a center area
in the pixel region except for a periphery thereof. The pixel
electrode PX is formed of a light transmitting conductive
layer made of the above-mentioned material.
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[0360] On the other hand, the counter electrode CT is
formed over the substantially whole area of the pixel region
and is also connected to the counter electrode CT in other
neighboring pixel region in the x direction thus also having
a function of a counter voltage signal line CL. In the same
manner as the embodiment shown in FIG. 25A, the pixel
electrode PX is electrically separated from the counter
electrode CT in the neighboring pixel region in the y
direction. As the material of the counter electrode CT, in the
same manner as the embodiment shown in FIG. 25A, the
counter electrode CT is formed of a light transmitting
conductive layer.

[0361] Then, in each pixel region corresponding to the
counter electrode CT, openings in a herringbone pattern each
having an V-shape with a peak portion at a center portion of
the pixel region, for example, are arranged in parallel in the
y direction in the drawing.

[0362] Also with the provision of the pixels having such a
constitution, it is possible to provide functions similar to
those obtained by the constitution shown in FIG. 25A.

Embodiment 20

[0363] FIG. 27A is a circuit diagram showing another
embodiment of a connecting portion between the above-
mentioned common electrode drive circuit Cm and the
above-mentioned respective counter voltage signal lines CL
and corresponds to FIG. 4.

[0364] The constitution which makes this embodiment
different from the embodiment shown in FIG. 4 lies in that
the counter voltage signal V¢ which is supplied to the
counter voltage signal lines CL through switches SW5(n)
which are turned on in response to a signal form the common
electrode drive circuit Cm is supplied from an operational
amplifier OPA.

[0365] The operational amplifier OPA performs so-called
“boosting” of an AC voltage waveform supplied to the
operational amplifier OPA and uses this boosted signal as the
counter voltage signal Ve. This boosting makes use of, for
example, an overshooting phenomenon which occurs with
respect to an operational amplifier or a transistor thereof,
wherein by properly setting a circuit constant, the counter
voltage signal Vc shown in FIG. 27B is obtained.

[0366] In FIG. 27B, a waveform A at the left side of the
drawing indicates the counter voltage signal obtained
through the above-mentioned operational amplifier OPA,
while a waveform B at the right side of the drawing indicates
the counter voltage signal when the counter voltage signal is
supplied to the counter voltage signal lines CL. The drawing
shows that the waveform distortion is generated from a side
near to the supply end to a side far away from the supply
side. As can be clearly understood from this drawing, the
counter voltage signal which receives the waveform distor-
tion at the side far away from the supply side of the counter
voltage signal lines CL can sufficiently maintain a square
waveform.

[0367] By adopting such a constitution, the signal is
selectively supplied to the respective counter voltage signal
lines CL, compared to the conventional method which
drives all counter voltage signal lines CL simultaneously, a
load can be drastically reduced to a several hundredth and
hence, it is possible to perform the above-mentioned cor-
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rection of waveform using only a simple circuit formed of
the operational amplifier OPA or the transistors thereof.
Further, due to the small load, it is also possible to suffi-
ciently exhibit advantageous effects of correction. Still fur-
ther, as parts which are used in the correction circuit can be,
since the load is drastically small, inexpensive parts which
exhibit low current resistance can be used. Still further, since
the current which flows the circuit can be reduced to a
several hundredth ideally and hence, the liquid crystal
display device can realize the long lifetime through the
enhancement of reliability.

[0368] Here, in FIG. 27C, in the conventional method
which simultaneously drives all counter voltage signal lines
CL, a waveform A at the left side of the drawing indicates
the counter voltage signal and a waveform B at the right side
of the drawing indicates the counter voltage signal when the
counter voltage signal is supplied to the counter voltage
signal lines CL. The waveform distortion is generated from
a side near to the supply end to a side far away from the
supply side as shown in the drawing. As can be understood
from this drawing, the counter voltage signal cannot main-
tain the square waveform at the side far away from the
supply side of the counter voltage signal lines CL.

Embodiment 21

[0369] FIG. 28 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention.

[0370] A counter voltage signal line CL which is used in
common for a pixel row constituted of respective pixels
arranged in parallel in the x direction is formed such that a
large number of drain signal lines DL traverse the counter
voltage signal line CL. For example, when SXGA is
adopted, the counter voltage signal line CL traverses
approximately 1280 drain signal lines DL.

[0371] Then, when the completely same signal is given to
these drain signal lines DL as an ideal state, there is no
influence from the drain signal lines DL to the counter
voltage signal line CL. However, in an actual state, due to a
display pattern displayed by a user, as shown in FIG. 28C,
different patterns are displayed for respective regions such
as regions “a”, “b”, for example, in a liquid crystal display
part AR.

[0372] Accordingly, voltages which differ corresponding
to respective regions are supplied to the respective drain
signal lines DL. In this case, each counter voltage signal line
CL has an optimum voltage for the region “a” and an
optimum voltage for the region “b” and these voltages are
different from each other.

[0373] Accordingly, in writing the counter voltage signal
to each counter voltage signal line CL, by supplying the
counter voltage signal having a value corresponding to the
actual image, it is possible to reduce a so-called smear.

[0374] FIG. 28A shows the constitution of the liquid
crystal display device which displays an image on the liquid
crystal display part AR of a liquid crystal display panel PNL
by supplying respective signals from a video control circuit
TCON to a gate driver GD, a drain driver DD and a common
driver CD of the liquid crystal display panel PNL respec-
tively. Further, a counter voltage signal Vc is configured to
be supplied from the video control circuit TCON through a
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Ve generating circuit VeGN. Here, the Ve generating circuit
VeGN is configured to convert the optimum data calculated
by the video control circuit TCON into a Ve voltage by a DA
converter or the like, for example, and to outputs the Ve
voltage.

[0375] Here, in FIG. 28A, an image signal Vsig which is
inputted to the video control circuit TCON is a video signal
which is supplied from the outside of the liquid crystal
display panel PNL.

[0376] FIG. 28B shows an operational flow of the above-
mentioned respective circuits. First of all, the video signal
Vsig is inputted to the video control circuit TCON, wherein
data of the video signal is firstly measured in the inside of
the video control circuit TCON (step 1). Thereafter, the
optimum counter voltage signal Vc is calculated based on
the measured data (step 2).

[0377] In this case, the measurement of the data of the
video signal is performed by either an addition method or a
differential method.

[0378] (1) In an example which uses the addition method,
DLbest is calculated as follows.

[0379] DLtotal=2(DLn):n=1 to max
[0380] DLbest=DLtotal/DL
[0381] (2) In an example which uses the differential

method, DLbest is calculated as follows.

[0382]
max

DLbest=VCcenter+2(DLn-VCcenter):n=1 to

[0383] Then, the counter voltage signal Vc is obtained by
a formula Ve=DLbest-a

[0384] Here, DLbest is a value of DL on calculation for
calculating the optimum value of Ve and VCcenter is a value
of Ve on calculation which is arbitrarily set. In this case, it
is preferable to set the Ve value to a value which is an
average value between the maximum DL value and the
minimum DL value or a value slightly lower than the
average value. Further, o is a correction value which is
introduced by taking a jump voltage to the pixel or the like
into consideration.

[0385] The signal is supplied from the video control
circuit TCON to the gate driver GD and the gate driver GD
selects the next gate signal line GL in response to a syn-
chronizing signal in the inside of the image signal (step 3).

[0386] Here, a signal is supplied from the video control
circuit TCON to the drain driver DD and information on the
video signal for respective lines transmitted from the video
control circuit TCON is stored (step 4). The video signal is
outputted in response to the synchronizing signal (step 5).

[0387] Further, a signal is supplied to the Vc generating
circuit VeGN from the video control circuit TCON and the
Ve generating circuit VeGN generates the Vc data based on
the signal (step 6) and changes the Vc data to the optimum
Ve value (step 7).

[0388] Further, in such an operation, a signal is supplied to
the common driver CD from the video control circuit TCON
and the common driver CD selects the next counter voltage
signal line CL in response to the synchronizing signal in the
inside of the image signal Vsig (step 8).
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[0389] Also in this embodiment, other counter voltage
signal lines CL to which the counter voltage signal scanned
in at least each counter voltage signal line CL is not supplied
is made to assume a floating state. However, it is needless to
say that this embodiment is applicable to a case in which
other counter voltage signal lines CL do not assume the
floating state.

Embodiment 22

[0390] FIG. 29A is a plan view showing another embodi-
ment of the liquid crystal display device according to the
present invention. This drawing shows a gate driver GD, a
common driver CD and a drain driver DD which are
arranged on a transparent substrate SUB1 on which gate
signal lines GL, counter voltage signal lines CL and drain
signal lines DL (not shown in the drawing) are formed.

[0391] Out of these components, the gate driver GD and
the common driver CD are respectively arranged in parallel
at one side of the transparent substrate SUB1 thus giving rise
to an advantageous effect that a width of a so-called picture
frame of a liquid crystal display panel PNL can be narrowed.

[0392] The gate drivers GD and the common drivers CD
are alternately arranged, wherein the number of common
drivers CD exceeds the number of gate drivers GD in this
arrangement. The gate driver GD and the common driver
CD are respectively operated by different drive voltages,
wherein provided that these drivers adopt the separate chip
constitutions as shown in the drawing, the drivers differ in
the constitution of the inside of the chips. Accordingly, by
forming chips with the number of unit terminals suitable for
the gate driver GD and the common driver CD, the number
of the drivers can be reduced whereby it is possible to realize
space saving and reduction of cost.

[0393] Further, FIG. 29B is a plan view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 29A. The
constitution which makes this embodiment different from
the embodiment shown in FIG. 29A lies in that in arranging
the gate drivers GD and the common drivers CD, the number
of common drivers CD is set smaller than the number of the
gate drivers GD. Since an amplitude of the counter voltage
signal from the common driver CD is smaller than an
amplitude of the scanning signal from the gate driver GD,
the common driver CD can reduce the dielectric strength.
Due to such a constitution, the common driver CD can have
a larger output per one chip. Accordingly, by reducing the
number of chips of the common driver CD than the number
of chips of the gate driver GD, it is possible to obtain the
above-mentioned advantageous effect.

[0394] In this case, by selecting the counter voltage signal
lines CL to which the counter voltage signal C is supplied by
scanning every plural lines, the number of chips of the
common driver CD can be easily reduced.

[0395] Here, in this embodiment, it is unavoidable that
portions where the gate signal lines GL and the counter
voltage signal lines CL are made to cross each other are
formed in the vicinity of the gate driver GD and the common
driver CD and hence, it is necessary to make the gate signal
line GL and the counter voltage signal line CL have the
hetero-layer structure which respectively interposes insula-
tion films. Accordingly, it is desirable to make the gate signal



US 2004/0178977 Al

lines GL and the counter voltage signal lines CL have the
arrangement shown in FIG. 20, FIG. 25 or FIG. 26, for
example.

Embodiment 23

[0396] FIG. 30A is a plan view showing another embodi-
ment of the case in which gate drivers GD and common
drivers CD are alternately arranged at one side of the
transparent substrate SUB1 as explained in conjunction with
the embodiment 22. In FIG. 30A, in arranging the gate
drivers GD and the common drivers CD, the number of gate
drivers GD is set larger than the number of the common
drivers CD.

[0397] Due to such a constitution, it is possible to easily
realize a data transfer method which transfers signals on the
transparent substrate SUB1. That is, the same start pulse is
outputted from a video control circuit TCON to the gate
drivers GD and the common drivers CD which are arranged
electrically close to the video control circuit TCON, while a
scanning signal is sequentially scanned and outputted from
the gate drivers GD to respective gate signal lines GL which
the gate drivers GD control respectively. Further, in such an
operation, a counter voltage signal is sequentially scanned
and outputted from the common drivers CT to respective
counter voltage signal lines CL which the common drivers
CD are in charge of.

[0398] Then, at a stage that the sequential supply of the
scanning signal to respective gate signal lines GL by the gate
driver GD and the sequential supply of the counter voltage
signal to respective counter voltage signal lines CL by the
common driver CD are finished, the same start pulse is
outputted to other gate drivers GD which are arranged close
to the gate driver GD and other common drivers CD which
are arranged close to the common driver CD from the gate
driver GD and the common driver CD respectively.

[0399] That is, upon completion of outputting of one chip,
the transmission of an output signal to the next chip is
instructed and outputting of the signal is succeeded to the
next line.

[0400] In this case, while the scanning signal from each
gate driver GD is outputted through every gate signal line
GL, the counter voltage signal C from each common driver
CD is outputted for every plurality of counter voltage signal
lines CL.

[0401] Accordingly, as shown in FIG. 30A, it is preferable
to adopt the wiring such that the start pulse from the video
control circuit TCON is individually inputted to the gate
driver GD and the common driver CD respectively.

[0402] In this manner, outputting of the scanning signal
from the common driver CD is performed for every plurality
of counter voltage signal lines DL and hence, it is desirable
to set such that a fixed time which becomes changeover
timing in the inside of the chip is multiplied by n times to
perform the changeover of outputting of the common driver
CD for every n-times outputting of the gate driver GD.

[0403] FIG. 30B is a side view of the gate driver GD
mounted on the transparent substrate SUB1 and FIG. 30C
is a side view of the common driver CD, wherein mode
changeover terminals MJT are mounted on these chips, for
example and short-circuiting portions of these mode
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changeover terminals MJT are changed using short-circuit-
ing wiring SCL formed on the surface of the transparent
substrate SUBI so that it is possible to cope with the change
of “n” of the n multiplication.

[0404] For example, in the gate driver GD shown in FIG.
30B, the mode changeover terminals MJT are not connected
and hence, the n-times multiplication is not performed.
However, in the common driver CD shown in FIG. 30C, the
mode changeover terminals MJT are short-circuited to each
other and hence, outputting of the common driver CD is set
to be changed n-times outputting. The value of “n” can be
easily set by preliminarily providing a plurality of mode
changeover terminals MJT at the short-circuiting portions in
conformity with the number of “n”.

[0405] FIG. 30D is a plan view showing another embodi-
ment and corresponds to FIG. 30A. As shown in FIG. 30D,
by providing respective inter-driver wiring between the gate
driver GD and the common driver CD in an opposite manner
with respect to the respective drivers, crossing of the wiring
can be prevented. With respect to transmission timing of the
start pulse between drivers, the supply of the counter voltage
signal C of the common driver CD is performed using a
plurality of counter voltage signal lines CL as a unit and
hence, the supply of the scanning signal G and the supply of
the counter voltage signal C are displaced from each other
and hence, there arises a fear that an erroneous operation
occurs due to the interference of these signals when a
crossing portion of lines is present.

[0406] Accordingly, by adopting the arrangement in which
the lines do not cross each other as in the case of the
embodiment shown in FIG. 30D, the stable operation can be
realized.

[0407] Further, this embodiment is explained by taking an
example in which the respective drivers are formed of chips
(semiconductor chips). However, the respective drivers may
be formed of a driver TCP which is constituted by a
so-called tape carrier method. Also in this case, the above-
mentioned judgment of mode can be performed based on the
presence or the non-presence of the short-circuiting wiring
SCL on the transparent substrate SUBL.

[0408] Here, with respect to the driver TCP constituted by
the tape carrier method, as shown in FIG. 31A, a semicon-
ductor chip CH is mounted on a flexible printed circuit board
FB and respective input terminals and respective output
terminals of the semiconductor chip CH are respectively
pulled out to respective opposing sides by way of input
wiring and output wiring formed on a surface of the flexible
printed circuit board FB. Further, in such a constitution, end
portions (terminals) of the output wiring are pulled out to
end peripheries of the surface of the transparent substrate
SUBI and are electrically connected with the gate signal
lines GL or the counter voltage signal lines CL, for example.

[0409] In this case, lines MIL are configured to be
extended over the flexible printed circuit board FB from
respective mode judgment terminals of the semiconductor
chip CH and, as shown in FIG. 31B, these lines MIL may
be positioned on the short circuiting lines SCL formed on the
transparent substrate SUB1.

[0410] Further, the embodiment is not limited to such a
case, that is, it is needless to say that, as shown in FIG. 31C
and FIG. 31D, when the drivers TCP are separately consti-
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tuted for the gate driver GD use and the common driver CD
use, short-circuiting lines SCL for judgment may be formed
on the drivers TCP. This is because such a constitution can
be realized by changing only the driver TCP and the driver
chips per se can be used in common.

Embodiment 24

[0411] FIG. 32A is a plan view of another embodiment in
which in the same manner as the embodiment shown in FIG.
23, gate drivers GD and common drivers CD are alternately
arranged at one side of a transparent substrate SUB1. Also
in FIG. 32A, in arranging the gate drivers GD and the
common drivers CD, the number of gate drivers GD is set
larger than the number of common drivers CD.

[0412] Further, as shown in FIG. 32A, a signal from a
video control circuit TCON is, first of all, supplied to the
gate driver GD arranged close to the video control circuit
TCON and, thereafter, is supplied to the common driver CD
arranged close to the gate driver GD.

[0413] In this case, the supply of the signal to the common
driver CD is performed using a wiring layer on a transparent
substrate SUB1 which runs on a mounting region of the gate
driver GD.

[0414] Further, the supply of the signal from the gate
driver GD to another gate driver GD which is arranged next
to the former gate driver GD is performed by a wiring layer
on the transparent substrate SUB1 which runs on a mounting
region of the common driver CD which is arranged between
the gate drivers GD.

[0415] By repeating the above arrangement hereinafter, it
is possible to realize the data transfer without requiring the
crossing of respective wiring layers. Further, since it is
possible to prevent the wiring layer for data transfer from
extending beyond both sides of the respective drivers which
are arranged in parallel, an area which the wiring layers
occupy in the so-called picture frame of the liquid crystal
display panel can be decreased.

[0416] Here, FIG. 32B specifically shows the connection
relationship between the wiring layers of the gate drivers
GD and the common drivers CD in FIG. 32A. In the
drawing, symbol OTG indicates a group of output terminals,
symbol ITG indicates a group of input terminals, symbol SI
indicates a signal input, and SO indicates a signal output.

[0417] FIG. 32C indicates a plan view showing another
embodiment and corresponds to FIG. 32B.

[0418] The constitution which makes this embodiment
different from the embodiment shown in FIG. 32B lies in
that wiring layers which, for example, run in the regions of
the common driver CD, are arranged at both sides of the
common driver CD, and connect respective gate drivers GD
are formed in the inside of a chip of the common driver CD.
That is, the wiring layers (indicated by a dotted line in the
drawing) which are formed in the inside of the common
driver CD are provided with the signal input terminal SI and
the signal output terminal SO at both ends thereof. The gate
drivers GD also adopt the substantially equal constitution as
the common drivers CD.

[0419] In this case, as shown in FIG. 32B, a mode
selection terminal MST may be formed in each semicon-
ductor chip and the operation of the chip may be changed
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over due to the connection/non-connection with short-cir-
cuiting wiring SCL formed on a surface of the transparent
substrate SUBI.

[0420] FIG. 32D and FIG. 32E show that the drivers are
used as the gate drivers GD or as the common drivers CD
based on the connection/non-connection judgment of the
short-circuiting wiring SCL.

[0421] Due to such a constitution, the gate driver GD and
the common driver CD can have the same constitution and
hence, these drivers can be used either as the gate driver GD
or the common driver CD. Accordingly, it is possible to
realize the reduction of kinds of parts and the easy assem-
bling.

[0422] Here, FIG. 32F shows a case in which, for setting
the number of common drivers CD smaller than the number
of the gate drivers GD, counter voltage signal lines CL in
number substantially equal to the number of gate signal lines
GL, that is, for example, every two counter voltage signal
lines CL are connected from above, and counter voltage
signals are sequentially scanned and supplied to these
respective counter voltage signal lines CL which are con-
nected to each other.

Embodiment 25

[0423] FIG. 33A is a plan view showing a case in which,
in the same manner as the embodiment 24, when gate drivers
GD and common drivers CD are alternately arranged on one
side of a transparent substrate SUB1, at least a pair of gate
driver GD and a common driver CD which are arranged
close to each other are incorporated into one semiconductor
chip.

[0424] That is, when a gate signal line GL and a counter
voltage signal line CL are arranged in the semiconductor
chip CH at a right side of the drawing, gate output terminals
GTO are arranged along the right side of the semiconductor
chip CH in the drawing, while common output terminals
CTO are arranged along the left side of the semiconductor
chip CH in the drawing.

[0425] Further, each one of respective common output
terminals CTO is arranged between the gate output terminals
GTO which are arranged close to each other. Due to such a
constitution, without being obstructed by the gate output
terminals GTO, it is possible to form the counter voltage
signal lines CL by extending the counter voltage signal lines
CL to the common output terminals CTO.

[0426] Further, on respective other sides except for the
side on which the gate output terminals GTO and the
common output terminals CTO are formed in parallel, a
power source terminal VV is formed in the vicinity of the
other side, wherein a signal input terminal SI is formed on
one side and a signal output terminal SO is formed on
another side.

[0427] 1In the semiconductor chip CH having such a con-
stitution, as shown in FIG. 33B, between a group of gate
output terminals GTO and a group of common output
terminals CTO, a ground line GNDL which runs in parallel
with these groups of terminals is formed. Further, substan-
tially using the ground line GNDL as a boundary, a common
electrode drive circuit Cm is formed on a C circuit side CCS
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at the left side of the drawing and a scanning signal drive
circuit V is formed on a G circuit side GCS at the right side
of the drawing.

[0428] Further, the semiconductor chip CH having such a
constitution is, as shown in FIG. 33C, divided into three
zones in the direction perpendicular to the direction of the
group of gate output terminals GTO and the group of
common output terminals CTO, wherein circuits are respec-
tively incorporated into the center region LR, the left-side
region CSR and the right-side region GSR thus forming a
logic region, a common switch region and a gate switch
region respectively.

[0429] Here, it is not always necessary for the semicon-
ductor chip CH to include all of the above-mentioned
constitutions and it is sufficient that the semiconductor chip
CH is provided with at least one of following constitutions.

[0430] First of all, the gate output terminals GTO and the
common output terminals CTO are respectively formed on
opposing sides. Due to such a constitution, the common
electrode drive circuit Cm and the scanning signal line drive
circuit V can be separately formed in the inside of the chip
and hence, the interference between these circuits can be
prevented.

[0431] Next, the power source terminal VV is formed at
the common output terminal CTO side. Due to such a
constitution, the output voltages of the scanning signal G
and the counter voltage signal C are different from each
other and the ON-time voltage of the counter voltage signal
C is lower than the ON-time voltage of the scanning signal
G and hence, the counter voltage signal C receives a smaller
amount of influence of power source noises.

[0432] Next, the common output terminals CTO are
arranged at the side away from a liquid crystal display part
AR. This is because, by arranging the common potential at
the outside of the liquid crystal display part AR, it is possible
to have a shielding effect against external noises.

[0433] Next, in the inside of the semiconductor chip CH,
the ground line GNDL extends between the common elec-
trode drive circuit Cm and the scanning signal drive circuit
V. Due to such a constitution, the mutual interference
between the respective circuits can be prevented.

[0434] Further, in the inside of the semiconductor chip
CH, the logic circuit is arranged at the center thereof, the
gate switch circuit is arranged at one side thereof, and the
common switch circuit is arranged at another side thereof.
Due to such a constitution, the switching parts which use the
equal drive voltage are collectively arranged at the common
logic part of the scanning signal drive circuit V and the
common electrode drive circuit Cm, and the switching parts
which use different drive voltages are respectively separated
into the scanning signal drive circuit V and the common
electrode drive circuit Cm. Accordingly, it is possible to
realize the downsizing of the circuit, the reduction of power
consumption and the prevention of the interference. Here,
the maximum voltage may be set to satisfy the relationship:
gate switch region>common switch region>logic region.

[0435] FIG. 33D is a plan view showing another embodi-
ment and corresponds to FIG. 33A. The constitution which
makes this embodiment different from the constitution
shown 1n FIG. 33A lics in that the common connection of
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a plurality of counter voltage signal lines CL is constituted
by increasing a terminal area of each common output
terminal COT of the semiconductor chip CH and by facing
down the common output terminals COT. Due to such a
constitution, a circuit size of the common electrode drive
circuit Cm in the inside of the semiconductor chip CH can
be reduced.

[0436] Further, FIG. 33E is a plan view showing another
embodiment and corresponds to FIG. 33A. The constitution
which makes this embodiment different from the constitu-
tion shown in FIG. 33A lies in that one line pulled out from
each common output terminal COT of a semiconductor chip
is branched and a plurality of counter voltage signal lines CL
are connected to the branched lines.

[0437] Due to such a constitution, it is possible to increase
a connection area of each common output terminal COT and
hence, the connection resistance can be reduced. Further,
compared to a case in which sizes of respective common
output terminals are continuously formed, the size of the
common output terminals can be made miniaturized.
Accordingly, it is possible to obtain an advantageous effect
that the manufacture of the connection portions of the
semiconductor chip CH is facilitated.

[0438] Further, FIG. 33F is a plan view showing another
embodiment and corresponds to FIG. 33A. The constitution
which makes this embodiment different from the constitu-
tion shown in FIG. 33A lies in that respective common
output terminals COT of a semiconductor chip CH are
respectively connected to counter voltage signal lines CL
and a plurality of neighboring common output terminals
COT are connected to each other in the inside of the chip.

[0439] Due to such a constitution, the size of a common
electrode drive circuit Cm can be reduced. Further, the
common output terminals COT can be constituted at a pitch
substantially equal to a pitch of gate output terminals GOT
and hence, it is possible to prevent the non-uniformity of
height among terminals which may occur at the time of
connecting terminals of the semiconductor chip CH and
terminals on a transparent substrate SUB1 through an aniso-
tropic conductive film, for example. Accordingly, the con-
nection stability is enhanced whereby it is possible to realize
the reduction of the connection resistance and the enhance-
ment of reliability. Further, a nonstop rate (a rate that the
terminals are connected by a single time without performing
aregeneration operation which becomes necessary when the
connection failure occurs) can be enhanced thus realizing
the reduction of cost.

Embodiment 26

[0440] In the liquid crystal display device according to the
present invention, as has been explained in conjunction with
the above-mentioned respective embodiments, both of the
gate signal lines GL and the counter voltage signal lines CL
are made to assume the floating state in most of time. This
implies that the semiconductor chips CH corresponding to
such gate signal lines GL and counter voltage signal lines CL.
are in an idling state during the period and hence, the
utilization efficiency of the semiconductor chips per time is
low.

[0441] Accordingly, in this embodiment, both of a scan-
ning signal G and a counter voltage signal C are outputted
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from one output terminal of the semiconductor chip CH with
a time difference so as to change the output destinations of
the signals thus reducing the number of semiconductor
chips.

[0442] Due to such a constitution, by outputting the scan-
ning signal G and the counter voltage signal C from one
terminal of the semiconductor chip CH, for example, the
number of semiconductor chips can be reduced. Further, by
constituting a common electrode drive circuit Cm and a
scanning signal drive circuit V such that these circuits can be
used in common, compared to a case that a dedicated
common electrode drive circuit Cm and a dedicated scan-
ning signal drive circuit V are separately provided, the area
that the semiconductor chips occupy can be reduced
whereby the further reduction of cost can be realized.

[0443] When both of the scanning signal G and the
counter voltage signal C are outputted and supplied to the
gate signal line GL and the counter voltage signal line CL
from the same output terminal of the semiconductor chip CH
with the time difference respectively, at the time of writing
signals into respective pixels, it becomes necessary to simul-
taneously supply the signals to the gate signal lines GL and
the counter voltage signal lines CL respectively.

[0444] Since it is impossible to simultaneously output the
different values to the same output terminal, it is necessary
to supply the scanning signal G and the counter voltage
signal C to the original gate signal lines GL and the counter
voltage signal lines CL by adopting a design which makes
terminals which differ in a plan view output the scanning
signal G and the counter voltage signal C having different
potentials and lines for respective signal intersect each other.

[0445] Here, as shown in FIG. 34A, when the gate signal
G-ON is firstly outputted from the same output terminal, the
counter voltage signal C-ON is supplied from the output by
two or more lines away from the first output. This is because
it is necessary to supply the signal G-OFF next to the
scanning signal G-ON and the supply of the counter voltage
signal C-ON comes thereafter.

[0446] In this case, as shown in FIG. 34B, three lines or
more may be provided until the counter voltage signal C-ON
is supplied after outputting of the gate signal G-ON thus
providing a period in a floating state between the gate signal
G-OFF and the counter voltage signal C-ON. In this case,
time necessary for performing the changeover from the gate
signal G to the counter voltage signal C can be sufficiently
ensured.

[0447] Further, as shown in FIG. 34C, the counter voltage
signal C-ON is firstly supplied and, thereafter, the gate
signal G-ON and the gate signal G-OFF may be sequentially
outputted. In this case, it is sufficient to ensure one line or
more as a period from the supply of the counter voltage
signal C to the supply of the gate signal G. In this case, the
counter voltage signal C-ON is once lifted to the potential
state from the floating state and, thereafter, the gate signal
G-ON is supplied and hence, the gate signal G-ON is
precharged in appearance. Accordingly, the rise of the gate
signal G-ON becomes steep and hence, the further enhance-
ment of the writing characteristics is achieved. Further, since
the number of wiring crossing is reduced, the enhancement
of a yield rate can be realized. Here, the floating state may
be set by supplying the floating potential from the outside
via the high resistance.
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[0448] FIG. 35 is an explanatory view which schemati-
cally shows one embodiment of a circuit which has the
common electrode drive circuit Cm and the scanning signal
drive circuit V in common and is configured to output the
signal shown in FIG. 34A.

[0449] First of all, as shown in FIG. 35A, signal supply
terminals are provided at the right side in the drawing and
the G-ON signal, the G-OFF signal, the COM (counter
voltage) signal, the G-ON signal, the G-OFF signal, the
COM signal, the G-ON signal, the G-OFF signal, the COM
signal, . . ., the COM signal are sequentially inputted to
these signal supply terminals from above in the drawing.
These respective signals are always supplied. Further, with
respect to other terminal to which the G-ON signal is
supplied, for example, the similar signal is supplied to other
terminal to which the same G-ON signal is supplied. The
same goes for other signals such as the G-OFF signal.

[0450] Further, the respective terminals to which the
G-ON signal, the G-OFF signal, the COM signal are sequen-
tially supplied and are arranged close to each other are
connected to respective terminals X by way of, for example,
scanning switches which rejects the reception of all of the
above-mentioned signals or receives any one of the respec-
tive signals. For example, with respect to a case shown in
FIG. 35A, in the drawing, the terminal X(n-2) is connected
to the terminal to which the COM signal is supplied through
the scanning switch SSa, the terminal X(n-1) is connected
to the terminal to which the G-OFF signal is supplied
through the scanning switch SSa, and the terminal X(n) is
connected to the terminal to which the G-ON signal is
supplied through the scanning switch SSa. Further, none of
the G-ON signal, the G-OFF signal and the COM signal is
supplied to other terminals X except for these terminals.

[0451] Further, the above-mentioned respective terminals
X are configured such that out of the gate signal lines GL and
the counter voltage signal lines CL, some of them receive no
signals from the terminals X or receive only one specified
signal lines by way of the scanning switch SSb, for example.
For example, in the case shown in FIG. 35A, in the drawing,
the COM signal from the terminal X(n-2) is supplied to the
counter voltage signal line CL(n) by way of the scanning
switch SSb, the G-OFF signal from the terminal X(n-1) is
supplied to the gate signal line GL(n-1) by way of the
scanning switch SSb, and the G-ON signal from the terminal
X(n) is supplied to the gate signal line GL(n) by way of the
scanning switch SSb.

[0452] From the above, to the nth gate signal line GL(n)
and the nth counter voltage signal line CL(n), the G-ON
signal and the COM signal are respectively supplied, while
to the (n-1)th gate signal line GL(n-1) which is one
preceding line, the G-OFF signal is supplied.

[0453] In the next stage, as shown in FIG. 35B, in a state
that the respective connection relationships of the input side
and output side of the scanning switches SSa, SSb with the
terminals X are maintained, the scanning switches SSa, SSb
are shifted to next lines as it is. In the drawing, the terminal
X(n-1) is connected to the terminal to which the COM
signal is supplied by way of the scanning switch SSa and the
terminal X(n) is connected to the terminal to which the
G-OFF signal is supplied by way of the scanning switch
SSa. Further, the terminal X(n+1) is connected to the ter-
minal to which the G-ON signal is supplied by way of the
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scanning switch SSa. Here, to other terminals X except for
the above-mentioned terminals, none of the G-ON signal,
the G-OFF signal and the COM signal is supplied.

[0454] Further, with respect to a case shown in FIG. 35B,
in the drawing, the COM signal from the terminal X(n-1) is
supplied to the counter voltage signal line CL(n+1) by way
of the scanning switch SSb, the G-OFF signal from the
terminal X(n) is supplied to the gate signal line GL(n) by
way of the scanning switch SSb, and the G-ON signal from
the terminal X(n+1) is supplied to the gate signal line
GL(n+1) by way of the scanning switch SSb.

[0455] From the above, to the nth gate signal line GL(n),
the G-OFF signal is supplied and the counter voltage signal
line CL(n) assumes a floating state. On the other hand, to
the(n+1)th gate signal line GL(n+1) and the(n+1)th counter
voltage signal line CL(n+1) which come next, the G-ON
signal and the COM signal are respectively supplied.

[0456] Also in the next stage, as shown in FIG. 35C, in a
state that the respective connection relationships of the input
sides and output sides of the scanning switches SSa, SSb
with the terminals X are maintained, the scanning switches
SSa, SSb are shifted to next lines as it is. In the drawing, the
terminal X(n) is connected to the terminal to which the COM
signal is supplied by way of the scanning switch SSa and the
terminal X(n+1) is connected to the terminal to which the
G-OFF signal is supplied byway of the scanning switch SSa.
Further, the terminal X(n+2) is connected to the terminal to
which the G-ON signal is supplied by way of the scanning
switch SSa. Here, to other terminals X except for the
above-mentioned terminals, none of the G-ON signal, the
G-OFF signal and the COM signal is supplied.

[0457] Further, with respect to a case shown in FIG. 35C,
in the drawing, the COM signal from the terminal X(n) is
supplied to the counter voltage signal line CL(n+2) by way
of the scanning switch SSb, the G-OFF signal from the
terminal X(n+1) is supplied to the gate signal line GL(n+1)
by way of the scanning switch SSb, and the G-ON signal
from the terminal X(n+2) is supplied to the gate signal line
GL(n+2) by way of the scanning switch SSb.

[0458] From the above, to the(n+1)th gate signal line
GL(n+1), the G-OFF signal is supplied and the counter
voltage signal line CI(n+1) assumes a floating state. On the
other hand, to the (n+2)th gate signal line GL(n+2) and
the(n+2)th counter voltage signal line CL(n+2) which come
next, the G-ON signal and the COM signal are respectively
supplied.

[0459] Also in the next stage, as shown in FIG. 35D, in a
state that the respective connection relationships of the input
side and output sides of the scanning switches SSa, SSb with
the terminals X are maintained, the scanning switches SSa,
SSb are shifted to next lines as it is. In the drawing, the
terminal X(n+1) is connected to the terminal to which the
COM signal is supplied by way of the scanning switch SSa,
the terminal X(n+2) is connected to the terminal to which the
G-OFF signal is supplied by way of the scanning switch
SSa, and the terminal X(n+3) is connected to the terminal to
which the G-ON signal is supplied by way of the scanning
switch SSa. Here, to other terminals X except for the
above-mentioned terminals, none of the G-ON signal, the
G-OFF signal and the COM signal is supplied.

[0460] Further, with respect to a case shown in FIG. 35D,
in the drawing, the COM signal from the terminal X(n+1) is
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supplied to the counter voltage signal line CL(n+3) by way
of the scanning switch SSb, the G-OFF signal from the
terminal X(n+2) is supplied to the gate signal line GL(n+2)
by way of the scanning switch SSb, and the G-ON signal
from the terminal X(n+3) is supplied to the gate signal line
GL(n+3) by way of the scanning switch SSb.

[0461] From the above, to the(n+2)th gate signal line
GL(n+2), the G-OFF signal is supplied and the counter
voltage signal line CL(n+2) assumes a floating state. On the
other hand, to the (n+3)th gate signal line GL(n+3) and
the(n+3)th counter voltage signal line CL(n+3) which come
next, the G-ON signal and the COM signal are respectively
supplied.

[0462] Then, the above-mentioned operation is repeated,
wherein the scanning switches SSa, SSb are shifted while
maintaining the above-mentioned relationship even when
the operation advances from the lowermost line to the
uppermost line.

[0463] FIG. 36 is an explanatory view which schemati-
cally show another embodiment of a circuit which has the
common electrode drive circuit Cm and the scanning signal
drive circuit V in common as described above and is
configured to output the signal shown in FIG. 34C.

[0464] FIG. 36 corresponds to FIG. 35 and the constitu-
tion which makes this embodiment different from the con-
stitution shown in FIG. 35 only lies in that the connection
relationship between the input side and the output side of the
scanning switches SSa, SSb with respect to the terminals X
is different.

[0465] As shown in FIG. 36A, in the drawing, the termi-
nal X(n-2) is connected to the terminal to which the G-OFF
signal is supplied through the scanning switch SSa, the
terminal X(n-1) is connected to the terminal to which the
G-ON signal is supplied through the scanning switch SSa,
and the terminal X(n) is connected to the terminal to which
the COM signal is supplied through the scanning switch
SSa. Further, none of the G-ON signal, the G-OFF signal
and the COM signal is supplied to other terminals X except
for these terminals.

[0466] Further, in the case shown in FIG. 36A, in the
drawing, the G-OFF signal from the terminal X(n-2) is
supplied to the gate signal line GI(n-2) by way of the
scanning switch SSb, the G-ON signal from the terminal
X(n-1) is supplied to the gate signal line GL(n-1) by way
of the scanning switch SSb, and the COM signal from the
terminal X(n) is supplied to the counter voltage signal line
C(n-1) by way of the scanning switch SSb.

[0467] In this stage, the nth gate signal line GL(n) and the
counter voltage signal line CL(n) are made to assume a
floating state respectively, the G-ON signal is supplied to the
(n-)th gate signal line GL(n-1) which is the one-line
preceding line, and the COM signal is supplied to the
counter voltage signal line CI(n-1)

[0468] In the next stage, as shown in FIG. 36B, in a state
that the respective connection relationships of the input side
and output side of the scanning switches SSa, SSb with the
terminals X are maintained, the scanning switches SSa, SSb
are shifted to next lines as it is. In the drawing, the terminal
X(n-1) is connected to the terminal to which the G-OFF
signal is supplied byway of the scanning switch SSa, the
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terminal X(n) is connected to the terminal to which the
G-ON signal is supplied by way of the scanning switch SSa,
and the terminal X(n+1) is connected to the terminal to
which the COM signal is supplied by way of the scanning
switch SSa. Here, to other terminals X except for the
above-mentioned terminals, none of the G-ON signal, the
G-OFF signal and the COM signal is supplied.

[0469] Further, with respect to a case shown in FIG. 36B,
in the drawing, the G-OFF signal from the terminal X(n-1)
is supplied to the gate signal line GL(n-1) by way of the
scanning switch SSb, the G-ON signal from the terminal
X(n) is supplied to the gate signal line GL(n) by way of the
scanning switch SSb, and the COM signal from the terminal
X(n+1) 1s supplied to the counter voltage signal line CL(n)
by way of the scanning switch SSb.

[0470] From the above, to the nth gate signal line GL(n),
the G-ON signal is supplied, while to the counter voltage
signal line CL(n), the COM signal is supplied.

[0471] Also in the next stage, as shown in FIG. 36C, in a
state that the respective connection relationships of the input
side and output sides of the scanning switches SSa, SSb with
the terminals X are maintained, the scanning switches SSa,
SSb are shifted to next lines as it is. In the drawing, the
terminal X(n) is connected to the terminal to which the
G-OFF signal is supplied by way of the scanning switch
SSa, the terminal X(n+1) is connected to the terminal to
which the G-ON signal is supplied by way of the scanning
switch SSa, and the terminal X(n+2) is connected to the
terminal to which the COM signal is supplied by way of the
scanning switch SSa. Here, to other terminals X except for
the above-mentioned terminals, none of the G-ON signal,
the G-OFF signal and the COM signal is supplied.

[0472] Further, with respect to a case shown in FIG. 36C,
in the drawing, the G-OFF signal from the terminal X(n) is
supplied to the gate signal line G(n) by way of the scanning
switch SSb, the G-ON signal from the terminal X(n+1) is
supplied to the gate signal line GL(n+1) by way of the
scanning switch SSb, and the COM signal from the terminal
X(n+2) is supplied to the counter voltage signal line CL(n+
1) by way of the scanning switch SSb.

[0473] From the above, the(n+2)th gate signal line GL(n+
2) and the counter voltage signal line CL(n+2) which come
next assume a floating state.

[0474] Also in the next stage, as shown in FIG. 36D, in a
state that the respective connection relationships of the input
side and output sides of the scanning switches SSa, SSb with
the terminals X are maintained, the scanning switches SSa,
SSb are shifted to next lines as it is. In the drawing, the
terminal X(n+1) is connected to the terminal to which the
G-OFF signal is supplied by way of the scanning switch
SSa, the terminal X(n+2) is connected to the terminal to
which the G-ON signal is supplied by way of the scanning
switch SSa, and the terminal X(n+3) is connected to the
terminal to which the COM signal is supplied by way of the
scanning switch SSa. Here, to other terminals X except for
the above-mentioned terminals, none of the G-ON signal,
the G-OFF signal and the COM signal is supplied.

[0475] Further, with respect to a case shown in FIG. 36D,
in the drawing, the G-OFF signal from the terminal X(n+1)
is supplied to the gate signal line GL(n+1) by way of the
scanning switch SSb, the G-ON signal from the terminal
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X(n+2) is supplied o the gate signal line GL(n+2) by way
of the scanning switch SSb, and the COM signal from the
terminal X(n+3) is supplied to the counter voltage signal line
CL(n+2) by way of the scanning switch SSb.

[0476] From the above, the (n+3)th gate signal line GL(n+
3) which comes next assumes a floating state and the G-ON
signal and the COM signal are respectively supplied to the
counter voltage signal line CL(n+3).

[0477] Then, the above-mentioned operation is repeated,
wherein the scanning switches SSa, SSb are shifted while
maintaining the above-mentioned relationships even when
the operation advances from the lowermost line to the
uppermost line.

[0478] Here, in FIG. 35 and FIG. 36, the timing that the
G-ON signal, the G-OFF signal and the COM (counter
voltage) signal are respectively supplied to the respective
gate signal lines GL and the respective counter voltage
signal lines CL from the terminals is indicated by the
operation of the scanning switches SSa, SSb to facilitate the
understanding of the signal supply timing. However, it is
needless to say that any constitution is applicable including
the constitution which used a transistor circuit or the like, for
example.

Embodiment 27

[0479] FIG. 37 is an explanatory view showing another
embodiment of the liquid crystal display device according to
the present invention and is also a flow chart showing
control signals supplied to a gate driver GD, a drain driver
DL and a common driver of the liquid crystal display device.

[0480] For example, as explained in conjunction with the
embodiment (embodiment 21) shown in FIG. 28, when a
region having bright luminance and a region having dark
luminance are present in a liquid crystal display part AR,
signals which differ corresponding to respective regions are
outputted to the respective drain signal lines DL. That is,
voltages of video signals D differ corresponding to respec-
tive regions and hence, loads applied to the drain signal lines
DL differ corresponding to the regions. Here, the difference
in load means the difference in a required electric current.

[0481] In the related art, a maximum load is estimated in
advance and a circuit is driven with an equal bias electric
current univocally. However, in this case, the electric current
which exceeds a necessary amount is also supplied to a
region which can be driven with a low electric current and
hence, an electric current is wastefully consumed thus
increasing the power consumption.

[0482] In view of the above, according to this embodi-
ment, a bias current is controlled in response to apparent
load capacities for respective regions of the liquid crystal
display part AR so as to realize the reduction of the power
consumption.

[0483] In this case, although the constitution explained in
this embodiment may be used in a single form, as explained
in conjunction with the above-mentioned embodiments, the
constitution exhibits a particularly remarkable advantageous
effect when the constitution is used in combination with the
technique to make the gate signal lines GL and the counter
voltage signal lines CL assume a floating state simulta-
neously.
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[0484] This is because that, while the load of video signals
D is in a heavy state in the related art, by making the gate
signal lines GL and the counter voltage signal lines CL
assume a floating state respectively during most of the OFF
period of these signals, the load of the video signals can be
drastically reduced to one several hundredth ideally. Accord-
ingly, it is possible to control the bias current for every
region with high accuracy thus realizing the further reduc-
tion of the power consumption of the video signal drive
circuit He.

[0485] 1In FIG. 37A, first of all, a video signal Vsig is
inputted to a video control circuit TCON from the outside.
As shown in FIG. 37B, the video control circuit TCON is
configured to supply signals to the gate driver GD, the drain
driver DD and the common driver CD of a liquid crystal
display panel PNL respectively. Here, in this embodiment,
as shown in the drawing, a bias amount instruction signal
BSS is configured to be inputted to the drain driver DD.

[0486] The video control circuit TCON to which the video
signal Vsig is inputted, first of all, measures the data of the
video signal Vsig in step 1. Then, in step 2, a necessary bias
current is calculated based on the measured data.

[0487] Here, the calculation of the necessary bias current
may set the necessary bias current based on a value of the
video signal D. For example, it is possible to adopt a current
which is proportional to a voltage value determined by the
video signal D as a value of the bias current.

[0488] In transmitting the signal from the video control
circuit TCON to the gate driver GD, in step 3, a next gate
signal line GL is selected in response to a synchronizing
signal contained in the video signal Vsig.

[0489] Then, in transmitting the signal from the video
control circuit TCON to the drain driver DD, in step 4, first
of all, the video signals D for respective lines transferred
from the video control circuit TCON are stored.

[0490] Next, in step 5, the bias current for output ampli-
fiers corresponding to respective video signal lines DL is set
and the respective video signals D are outputted in response
to the synchronizing signal.

[0491] Further, in step 6, in transmitting the signal from
the video control circuit TCON to the gate driver GD, a next
counter voltage signal line CL is selected in response to a
synchronizing signal contained in the video signal Vsig.

[0492] As another embodiment, when the embodiment is
applied to the constitution which makes the counter voltage
signal line CL assume a floating state, it is needless to say
that, as explained in conjunction with the above-mentioned
embodiments, a change amount of the counter voltage signal
in the counter voltage signal lines corresponding to the sum
of respective drain signal lines DL is calculated and a value
of the above-mentioned bias amount instruction signal BSS
may be determined by taking the influence of the change
quantity of the counter voltage signals into consideration.

[0493] Further, it is needless to say that the constitution of
this embodiment may be used in combination with the
constitution shown in the embodiment 21 which controls the
potentials of the counter voltage signals in the respective
counter voltage signal lines CL in response to the data of the
drain signal line DL.
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[0494] Here, in this embodiment, it is needless to say that
the above-mentioned bias amount instruction signal from the
video control circuit TCON to the drain driver DD may be
configured to be inputted to a bias amount input terminal
BIT which is additionally provided to the drain driver DD as
shown in FIG. 37C, or a transfer period for bias amount data
BQD may be contained in data which is transmitted to the
drain driver DD from the video control circuit TCON as
shown in FIG. 37D.

[0495] In FIG. 37C, symbol DIT indicates a video data
input terminal and symbol SIT indicates a synchronizing
signal input terminal, while in FIG. 37D, symbols RDA,
GDA and BDA respectively indicate red-color data, green-
color data and blue-color data.

Embodiment 28

[0496] FIG. 38A is a circuit diagram showing another
embodiment of the periphery at a gate signal line GL side of
a scanning signal drive circuit V and FIG. 38B is a circuit
diagram showing another embodiment of the periphery at a
counter voltage signal line CL side of a common electrode
drive circuit Cm. FIG. 38A and FIG. 38B respectively
correspond to FIG. 3A and FIG. 4.

[0497] As explained in conjunction with the embodiment
shown in FIG. 3A and FIG. 4, in the structure which makes
the most portions of the gate signal lines GL and the counter
voltage signal lines CL assume a floating state, when the
switches SW1, SWS5 are not turned on, the signal lines
become independent from each other and hence, the struc-
ture is fragile against the static electricity from the outside.
Accordingly, the disconnection or the fluctuation of a thresh-
old value is liable to easily occur due to the static electricity
during the manufacturing process. Accordingly, to realize
the easy manufacture of the liquid crystal display device, it
is necessary to take countermeasures to cope with the static
electricity.

[0498] According to the embodiment shown in FIG. 38, in
a liquid crystal display device having the structure in which
signal lines in the inside of a liquid crystal display part AR
assume a floating state, by connecting respective signal lines
to a common line using diodes, when the static electricity
infiltrates, the rapid dispersion of the static electricity is
realized thus providing the strong structure against the static
electricity.

[0499] Thatis, in FIG. 38A, to take a gate signal line GLn
as an example among respective gate signal lines GL, a
connecting portion of a switch SW1(n) of the gate signal line
GLn and a signal line VgOFF are connected by a double-
way diode BSD. Further, in FIG. 38B, to take a counter
voltage signal line CLn as an example among respective
counter voltage signal lines CL, a connecting portion of a
switch SW5(n) of the counter voltage signal line CLa and a
signal line Vc are connected by a double-way diode BSD.

[0500] Due to such a constitution, as shown in FIG. 38A,
when a high voltage is applied to the gate signal line GL, it
is possible to rapidly release the high voltage from the gate
signal line GL to the signal line VgOFF. Further, by adopting
the double-way diode BSD as an element which connects
the gate signal line GL and the signal line VgOFF, it is
possible to cope with the static electricity irrespective of the
polarity of the static electricity. However, it is needless to
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say that in place of the double-way diode BSD, diodes
having polarities opposite to each other or a one-way diode
may be used.

[0501] In this embodiment, as the signal line for releasing
the high voltage, the signal line VgOFF is used to enhance
the stability of the operation. However, it is needless to say
that a data bus line dedicated to the static electricity is
provided and wiring layers formed of a signal line VgON
and the dedicated bus line may be used.

[0502] Further, as shown in FIG. 38B, also when a high
voltage is applied to the counter voltage signal line CL, it is
possible to rapidly release the high voltage from the counter
voltage signal line CL to the signal line Vc. Also in this case,
it is needless to say that a bus line dedicated to the static
electricity is provided and the bus line is used in place of the
signal line Ve.

[0503] FIG. 39A and FIG. 39B are views showing
another embodiment when a floating voltage line FVL is
used in place of the above-mentioned dedicated bus line and
correspond to FIG. 38A and FIG. 38B.

[0504] Due to such a constitution, while taking a counter-
measure against the static electricity, it is also possible to
simultaneously obtain an advantageous effect that the fluc-
tuation of the potential of the gate signal line GL or the
counter voltage signal line CL in a floating state can be
suppressed and hence, the potential can be stabilized.

[0505] In this case, to maintain the OFF state of the thin
film transistor TFT, it is desirable to set the potential of the
floating voltage line FVL at the gate signal line GL side
smaller than the potential of the floating voltage line FVL at
the counter voltage signal line CL side.

[0506] Further, FIG. 40 is a circuit diagram showing
another embodiment. Here, when a floating voltage line
FVL, for example, is used as another bus line as shown in
FIG. 39A and FIG. 39B, it is needless to say that the floating
voltage line FVL at the gate signal line GL side and the
floating voltage line FVL at the counter voltage signal line
CL side are connected to each other by a double-way diode
BSD.

[0507] Further, FIG. 41 is also a circuit diagram showing
another embodiment. In this embodiment, a floating voltage
line FVL at a gate signal line GL side is connected to a GND
line GNDL by way of a double-way diode BSD and, at the
same time, a floating voltage line FVL at a counter voltage
signal line CL side is also connected to the GND line GNDL
by way of other double-way diode BSD. Due to such a
constitution, the constitution which can more effectively
cope with the static electricity can be realized.

[0508] Here, the double-way diode BSD is constituted of
an equivalent circuit shown in FIG. 42A. That is, the
double-way diode BSD is constituted by connecting a pair of
respective diodes in parallel while changing their polarities.
Although such a double-way diode BSD may be constituted
by being incorporated into a semiconductor chip which
constitutes a driver, the double-way diode may be formed on
a surface of a transparent substrate SUBI separately from
the driver.

[0509] In the latter case, the double-way diode may be
configured as shown in FIG. 42B, for example. FIG. 42B is
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a plan view and is depicted by making the view geometri-
cally correspond to the equivalent circuit shown in FIG.
2A.

[0510] InFIG. 42A, one diode is formed at the upper side
in the drawing and this diode uses one end of a semicon-
ductor layer LTPS(1) at the left side in the drawing as a
cathode and another end of the semiconductor layer LTPS(1)
at the right side in the drawing as an anode. Here, between
the cathode and the anode, a gate electrode is formed on the
semiconductor layer LTPS(1) by way of an insulation film
and the gate electrode is connected to the anode. Further,
another diode is formed at the lower side in the drawing and
this diode uses one end of a semiconductor layer LTPS(2) at
the left side in the drawing as an anode and another end of
the semiconductor layer LTPS(2) at the right side in the
drawing as a cathode. Here, between the anode and the
cathode, a gate electrode is formed on the semiconductor
layer LTPS(2) by way of an insulation film and the gate
electrode is connected to the cathode.

[0511] FIG. 42C is a cross-sectional view taken along a
line c-c in FIG. 42B and FIG. 42D is a cross-sectional view
taken along a line d-d in FIG. 42B. Here, as the insulation
films which are interposed between the respective semicon-
ductor layers LTPS(1), LTPS(2) and the respective gate
electrodes which are formed over the respective semicon-
ductor layers LTPS(1), LTPS(2), the above-mentioned first
insulation film INS is used.

[0512] Since the double-way diode BSD is formed in
parallel to the thin film transistor TFT in the inside of the
pixel of the liquid crystal display device, the double-way
diode BSD has the substantially same constitution with the
thin film transistor TFT with respect to the laminar structure.
The difference merely lies in that the gate electrode is
connected to the anode or the cathode of the diode.

[0513] The double-way diode BSD having such a consti-
tution can use one potential of the wiring layer as the gate
electrode potential at it is and hence, the double-way diode
BSD can be turned on only when the high voltage is applied.
Further, by reversing the wiring layer which is used as the
gate electrode, the polarity can be reversed.

[0514] Further, to reduce a leak current during the normal
operation, it is desirable to form the wiring layer by the gate
electrode layer. In performing the ion implantation for
reducing the resistance of the semiconductor layer, ions are
not implanted to a region below the wiring layer and hence,
the layer assumes the high resistance state whereby leaking
of current from the vicinity of a through hole to a region
where the ions are implanted can be reduced. Further, when
the semiconductor layer is made of amorphous silicon, by
preventing the extension of the distance of the gate electrode
to the region below the through hole, the high resistance
region can be formed.

[0515] Further, various modes are conceivable and it is
sufficient when these modes have the structure which can
release the high voltage when the high voltage is applied.

Embodiment 29

[0516] As apixel of the liquid crystal display device, there
has been known a pixel which forms a pixel electrode and
a counter electrode which generates an electric field between
the pixel electrode and the counter electrode on a liquid-
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crystal-side surface of one substrate out of a pair of sub-
strates which are arranged to face each other with liquid
crystal therebetween.

[0517] The pixel is configured to control an optical trans-
missivity of the liquid crystal in response to the electric field
which is generated between the pixel electrode and the
counter electrode and has a component parallel to the
substrate.

[0518] Further, in a so-called multi-domain type liquid
crystal display device which forms regions having different
directions of electric field within a region of each pixel and
compensates for coloring of an image depending on viewing
angles, there has been known a liquid crystal display device
which adopts a design for transmitting the behavior of the
liquid crystal (rotation of liquid crystal molecules) in respec-
tive regions from one end side which has a relatively strong
electric field to another side. This is because that there may
be a case that only with the electric field generated between
the pixel electrode and the counter electrode which are
arranged in parallel, a force which rotates the liquid crystal
molecules is weak.

[0519] However, with respect to the pixel having such a
constitution, since the behavior of the liquid crystal is
transmitted from one end side having the relatively strong
electric field to the other end, the response speed is slow and
hence, it has been found that the enhancement of the
response speed is demanded.

[0520] Further, with respect to the pixel disclosed in U.S.
Pat. No. 6,266,116, one electrode has another end portion
which extends while having the same width at another end
side. With respect to the pixel disclosed in U.S. Pat. No.
6,260,116, it has been pointed out that the direction of an
electric field which is generated between another end portion
and another electrode is relatively non-uniform and hence, a
so-called domain region is generated in such a portion
whereby it is necessary to perform light shielding thus
narrowing a so-called numerical aperture of the pixel.

[0521] Following embodiments including this embodi-
ment provide a liquid crystal display device having pixels
which can enhance the response speed of the liquid crystal.

[0522] Further, this embodiment provides a liquid crystal
display device which can enhance a numerical aperture of
pixels.

[0523] To briefly explain the summary of typical embodi-
ments, they are as follows.

[0524] (A)

[0525] The liquid crystal display device according to this

embodiment includes, for example, a first region and a
second region which are formed by dividing in a pixel
region, wherein

[0526] each region is formed by being surrounded by
first and second electrodes,

[0527] first and second electrodes respective have an
elongated first electrode portion and a short second
electrode portion,

[0528] the first electrode portion and the second
electrode portion are connected to each other with a
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relationship that the first electrode portion and the
second electrode portion make an obtuse angle ther-
ebetween,

[0529] the respective second electrode portions of the
first electrode and the second electrode are arranged
at sides which are remotest from each other in the
inside of each region, and

[0530] the obtuse angle is formed at sides different
from each other in the first region and the second
region.

[0531] (B)

[0532] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (A), characterized in that the respective
obtuse angles are positioned at sides different from each
other with respect to the initial orientation direction.

[0533] (C)

[0534] The liquid crystal display device according to this
embodiment includes, for example, a first region and a
second region which are formed by dividing in a pixel
region, wherein

[0535] ecach region includes first and second elec-
trodes,
[0536] each region includes a main region in which

the first electrode and the second electrode extend in
parallel and an auxiliary region in which the first and
second electrodes gradually approach to each other,

[0537] the auxiliary regions are arranged at both ends
of the pixel region and are arranged to gradually
approach in the inverse direction, and

[0538] the first region and the second region are
formed in a substantially line symmetry.

[0539] (D)

[0540] The liquid crystal display device according to this
embodiment includes, for example, a pixel electrode and a
counter electrode which generates an electric field therebe-
tween in each pixel region and each pixel includes at least
two sectional regions which are surrounded by the pixel
electrode and the counter electrode, wherein

[0541] the respective sectional regions have a dia-
mond shape and the sectional regions are formed
while having a back-to-back relationship and having
a line symmetry with respect to the initial orientation
direction of liquid crystal,

[0542] in each sectional region, a first side which has
a back-to-back relationship with another sectional
region and a second side which intersects the first
side with an opening of an obtuse angle at one-
direction-side end portion of the first side are formed
by either one of the pixel electrode and the counter
electrode by framing, and

[0543] a third side which is arranged parallel to the
first side and a fourth side which intersects the third
side with an opening of an obtuse angle at an end
portion opposite to the one end direction side of the
third side are framed by another one of the pixel
electrode and the counter electrode.
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[0544] (E)

[0545] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (D), characterized in that respective
lengths of the first side and the third side of each sectional
region are set larger than a distance between the first side and
the third side.

[0546] (F)

[0547] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means D, characterized in that a video signal is
supplied to the pixel electrode from a drain signal line
through a thin film transistor and the drain signal line is
formed by being substantially aligned with the initial ori-
entation direction of the liquid crystal.

[0548] (G)

[0549] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (D), characterized in that the electrodes
which frame the first sides of the respective sectional regions
are constituted as common electrodes in the respective
sectional regions.

[0550] (H)

[0551] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (D), characterized in that the respective
sectional regions which are formed in the back-to-back
relationship and in the line symmetry are formed in a plural
number along the initial orientation direction of liquid
crystal and electrodes which frame the first side and the
second side of each sectional region are integrally consti-
tuted and, further, electrodes which frame the third side and
the fourth side of each sectional region are integrally con-
stituted.

[0552] (1)

[0553] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (D), characterized in that a video signal
is supplied to the pixel electrode from a drain signal line
through a thin film transistor, the drain signal line is sub-
stantially aligned with the initial orientation direction of
liquid crystal, and the second side of each sectional region
is positioned at a video-signal-line supply side of the drain
signal line.

[0554] ()

[0555] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (D), characterized in that a video signal
is supplied to the pixel electrode from a drain signal line
through a thin film transistor, the drain signal line is sub-
stantially aligned with the initial orientation direction of
liquid crystal, and the fourth side of each sectional region is
positioned at a video-signal-line supply side of the drain
signal line.

[0556] (K)

[0557] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (D), characterized in that the electrodes
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which frame the first side and the second side of each
sectional region are pixel electrodes and the electrodes
which frames the third side and the fourth side of each
sectional region are counter electrodes.

[0558] (L)

[0559] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (K), characterized in that a video signal
is supplied to the pixel electrode from a drain signal line
through a thin film transistor, the drain signal line is sub-
stantially aligned with the initial orientation direction of
liquid crystal, and the counter electrode is formed such that
the counter electrode covers the drain signal line by way of
an insulation film.

[0560] (M)

[0561] The liquid crystal display device according to this
embodiment is, for example, on the premise of the consti-
tution of the means (L), characterized in that the counter
electrode is constituted of a light transmitting conductive
layer.

[0562] Hereinafter, this embodiment is explained in detail
in conjunction with drawings.

[0563] FIG. 43A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and is also a view which
schematically shows a pattern and an arrangement state of a
pixel electrode PX and counter electrodes CT.

[0564] InFIG. 43A, the pixel region is configured to have
two-split regions in the x direction in the drawing, that is, a
first pixel region PAE1 and a second pixel region PAE2.

[0565] Here, a gate signal line GL (not shown in the
drawing) runs in the x direction in the drawing and a drain
signal line DI(not shown in the drawing) runs in the y
direction in the drawing. The first pixel region PAE1 and the
second pixel region PAE2 are formed in a region surrounded
by these signal lines. Here, the so-called initial orientation
direction in the pixel is substantially aligned with the y
direction in the drawing.

[0566] Further, the first pixel region PAE1 and the second
pixel region PAE2 respectively have a diamond shape which
is elongated in the y direction.

[0567] The first pixel region PAE1 has a left side and
lower side thereof defined by the counter electrode CT in the
drawing and has a right side and an upper side thereof
defined by the pixel electrode PX in the drawing. Further,
the second pixel region PAE2 has a left side and an upper
side thereof defined by the pixel electrode PX in the drawing
and has a right side and a lower side thereof defined by the
counter electrode CL in the drawing,

[0568] In this embodiment, the pixel electrode PX in the
first pixel region PAE1 and the pixel electrode PX in the
second pixel region PAE2 are formed in common at a
portion which partitions the first pixel region PAE1 and the
second pixel region PAE2.

[0569] Then, as shown in the drawing, in the first pixel
region PAE1, assuming the right side thereof which also
constitutes the side of the pixel electrode PX as a first side
portion A and the upper side thereof which also constitutes
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the side of the pixel electrode PX as a second side portion
B, an angle made by the first side portion A and the second
side portion B is set to an obtuse angle (>90°). Further,
assuming the left side thereof which also constitutes the side
of the counter electrode CT as a third side portion C and the
lower side thereof which also constitutes the side of the
counter electrode CT as a fourth side portion D, an angle
made by the third side portion C and the fourth side portion
D is set to an obtuse angle (>90°). That is, the first pixel
region PAE1 forms a diamond-shaped pattern, wherein two
sides which form an angle having one obtuse angle out of
interior angles are formed by the sides of one electrode and
two sides which form an angle having another obtuse angle
are formed by the sides of another electrode.

[0570] Further, the second pixel region PAE2 has the
substantially linear symmetrical relationship in a back-to-
back relationship with the first pixel region PAE1 using a
center axis of the pixel electrode PX which is used in
common with the pixel electrode PX of the first pixel region
PAE1 and hence, has the substantially same constitution as
the first pixel region PAEL.

[0571] The pixel having the pixel electrode PX and the
counter electrode CT having such a pattern exhibits the
distribution of an electric field which is generated between
the pixel electrode PX and the counter electrode CT as
shown in FIG. 43B. In both of the first pixel region PAE1L
and the second pixel region PAE2, at respective upper and
lower portions thereof, that is, to illustrate with respect to the
first pixel region PAE1, at other acute angle portions except
for the obtuse angle portion of respective angles of the
diamond shape, an electric field is strengthened and, at the
same time, the direction of the electric field thereof is also
set to facilitate the rotational motion of the liquid crystal
molecules LQM due to twisting in one direction as shown in
FIG. 43D. Here, in FIG. 43D, symbol EAD indicates the
initial orientation direction, a liquid crystal molecule LQM
disposed at the left side of the drawing is a liquid crystal
molecule in the first pixel region PAE1 and a liquid crystal
molecule LQM disposed at the right side of the drawing is
a liquid crystal molecule in the second pixel region PAE2.

[0572] Accordingly, as shown in FIG. 43C, at the above-
mentioned upper and lower portions of the first pixel region
PAE1 and the second pixel region PAE2, that is, at the
respective regions which are surrounded by a circle, the
liquid crystal molecules LQM in the inside of the regions are
driven in a high electric field and hence, the rotational
motion due to twisting in one direction defined in the
respective regions is directly succeed by other regions
(regions at the center of the pixels) except for respective
regions whereby driving of normal liquid crystal molecules
at a high speed can be achieved and the generation of smears
can be suppressed.

[0573] Further, lengths of the first side portion A and the
second side portion C in the first pixel region PAE1 and the
second pixel region PAE2 are set relatively long compared
to the distance between the sides and the first side portion A
and the second side portion C are arranged in parallel and
hence, it is possible to obtain an advantageous effect that the
manufacture is facilitated and a yield rate is enhanced.

[0574] Further, at the time of performing the orientation
treatment, the extension direction of the electrodes corre-
sponding to the first side portion A and the second side
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portion C is arranged substantially parallel to the initial
orientation direction EAD and hence, the orientation treat-
ment can be performed easily and surely and the initial
orientation direction is stabilized whereby it is possible to
obtain an advantageous effect that a contrast ratio can be
enhanced.

[0575] Further, with respect to the respective pixel regions
PAE1, PAE2 having such a constitution, the normal behavior
of the liquid crystal molecules is ensured at any portions in
the inside of these regions and hence, for example, portions
which become the so-called domain regions can be elimi-
nated. Accordingly, in these regions, portions which are
blocked from light by other members such as black matrixes
BM, for example, or the like can be eliminated at all.

[0576] In the explanation of this embodiment, the liquid
crystal display device is configured such that the electrode
which runs at the center of the pixel is used as the pixel
electrode PX and the electrodes which are arranged at both
sides of the pixel electrode PX are used as the counter
electrodes CT. However, it is needless to say that the pixel
electrode PX and the counter electrode CT are respectively
constituted as the counter electrode CT and the pixel elec-
trode PX.

Embodiment 30

[0577] Further, FIG. 44A is a plan view showing one
embodiment of a pixel of the liquid crystal display device
according to the present invention. FIG. 44B is a cross-
sectional view taken along a line b-b in FIG. 44A and FIG.
44C is a cross-sectional view taken along a line c-c in FIG.
44A.

[0578] In the drawing, first of all, a semiconductor layer
PSI constituted of a polysilicon layer, for example, is formed
on a liquid-crystal-side surface of the transparent substrate
SUBI. The semiconductor layer PSI is, for example, formed
by polycrystallizing an amorphous Si film which is formed
by a plasma CVD device using an excimer laser.

[0579] The semiconductor layer PSI is a semiconductor
layer of a thin film transistor TFT and is formed in a
roundabout pattern which traverses a gate signal line GL
described later twice, for example.

[0580] Then, on a surface of the transparent substrate
SUBI1 on which the semiconductor layer PSI is formed, a
first insulation film INS which is made of Si0O, or SiN, for
example, is formed such that the first insulation film INS
also covers the semiconductor layer PSI.

[0581] The first insulation film INS functions as a gate
insulation film of the thin film transistor TFT.

[0582] Then, on an upper surface of the first insulation
film INS, gate signal lines GL which extend in the x
direction and are arranged in parallel in the y direction in the
drawing are formed and these gate signal lines GL define
rectangular pixel regions together with drain signal lines DL
described later.

[0583] The gate signal lines GL run such that the gate
signal line GL traverses the semiconductor layer PSI twice
and a portion which traverses the semiconductor layer PSI
functions as a gate electrode of the thin film transistor TFT.

[0584] Here, after the formation of the gate signal line GL,
the ion implantation of impurities is performed by way of the
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first insulation film INS so as to make a region of the
semiconductor layer PSI except for a region right below the
gate signal line GL conductive thus forming a source region
and a drain region of the thin film transistor TFT.

[0585] Asecond insulation film GI which is made of SiO,
or SiN, for example, is formed on an upper surface of the
first insulation film INS such that the second insulation film
GI also covers the gate signal line GL.

[0586] On a surface of the second insulation film GI, the
drain signal lines DL which extend in the y direction and are
arranged in parallel in the x direction are formed. A portion
of the drain signal line DL is connected to the semiconductor
layer PSI via a through hole THI which is formed in a
penetrating manner in the second insulation film GI and the
first insulation film INS disposed below the drain signal line
DL. A portion of the semiconductor layer PSI which is
connected with the drain signal line DL is a portion which
constitutes one of regions of the thin film transistor TFT, for
example, the drain region.

[0587] Further, on a surface of the second insulation film
GI in the inside of a pixel region which is surrounded by the
drain signal lines DL and the gate signal lines GL, a pixel
electrode PX is formed. The pixel electrode PX is consti-
tuted of a strip-like pattern which runs in the approximately
center of the pixel region in the y direction and branch-like
patterns which respectively extend from left and right sides
of the strip-like pattern.

[0588] To explain this constitution in more detail, the pixel
electrode PX has one end of the strip-like pattern thereof at
the thin film transistor TFT side in the pixel region con-
nected to another region of the thin film transistor TFT, that
is, the source region via a through hole TH2 which is formed
in a penetrating manner in the third insulation film PAS, the
second insulation film GI and the first insulation film INS
disposed below the pixel electrode PX.

[0589] Further, from the portion which is connected with
the source region to another end of the strip-like pattern, in
this embodiment, three branch-like patterns which extend
from the left and right sides of the strip-like pattern are
formed substantially at an equal interval and the extending
direction of these branch-like patterns makes an obtuse
angle (>90°) with respect to the strip-like pattern.

[0590] Here, distal ends of the branch-like patterns of the
pixel electrode PX which are formed on the same layer as
the drain signal lines DL are configured to be physically
separated to avoid the electrical connection with the drain
signal lines DL.

[0591] Due to such a constitution, the pixel region which
is surrounded by the drain signal lines DL and the gate signal
lines GL has six regions which are defined by the pixel
electrode PX. These six respective regions form the same
functionally independent pixel regions with respect to the
relationship with counter electrodes CT described later. This
constitution will be explained in detail later.

[0592] Here, with respect to the pixel electrode PX, a
material thereof may be a metal. However, in this embodi-
ment, the pixel electrode is formed of a light transmitting
conductive layer made of ITO (Indium Tin Oxide), ITZO
(Indium Tin Zinc Oxide), IZO (Indium Zinc Oxide), SnO,
(Tin Oxide), In,0; (Indium Oxide) or the like, for example.
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These materials are preferable for enhancing a so-called
numerical aperture as much as possible.

[0593] Further, on the surface of the second insulation film
GI, a third insulation film PAS is formed such that the third
insulation film PAS also covers the drain signal line DL and
the pixel electrode PX. The third insulation film PAS is
formed of an organic material such as resin or the like, for
example, and constitutes a protective film for avoiding a
direct contact of liquid crystal with the thin film transistor
TFT together with the second insulation film GI. The reason
that the third insulation film PAS is formed of the organic
material is for reducing a dielectric constant as a protective
film and for flattening the surface.

[0594] On an upper surface of the third insulation film
PAS, a counter electrodes CT is formed. The counter elec-
trode CT is formed integrally with the counter voltage signal
line CL. Although the counter voltage signal line CL is
formed covering the gate signal line GL (lower-side gate
signal line GL in the drawing) which drives the thin film
transistor TFT in the pixel region, the counter voltage signal
line CL is formed without covering another gate signal lines
GL (gate signal lines GL at an upper side in the drawing)
which is formed in a state that these gate signal lines GL
sandwich the pixel region. This is because that liquid crystal
display device is configured such that a counter voltage
signal is supplied to the counter voltage signal line CL which
is used in common with another pixel arranged in parallel in
the x direction in the drawing with respect to the pixel shown
in the drawing.

[0595] The counter electrode CT is formed such that, first
of all, the strip-like pattern of the pixel electrode PX is
arranged between the respective counter electrodes CT and
the counter electrodes CT are overlapped to respective drain
signal lines DL. Due to such a constitution, the drain signal
line DL and the counter electrode CT which is overlapped to
the drain signal line DL are arranged such that their axes are
substantially aligned with each other and a width of the
counter electrode CT is set larger than a width of the drain
signal line DL. This provision is made for terminating the
lines of electric force from the drain signal line DL at the
counter electrode CT side and for avoiding the termination
of the lines of electric force at the pixel electrode PX side.

[0596] Here, in this embodiment, the counter electrode CT
which is overlapped to the one-side drain signal line DL and
the counter electrode CT which is overlapped to another-side
drain signal line DL are connected to each other at the
portion where the branch-like pattern of the pixel electrode
PX is formed.

[0597] That is, in the pixel region, the counter electrode
CT assumes a so-called ladder-like pattern and, due to the
connecting portions over the branch-like pattern of the pixel
electrode PX, six independent pixel regions having the same
function are formed by the ladder-like pattern of the counter
electrodes CT together with the branch-like pattern of the
pixel electrode PX.

[0598] Further, to explain the constitution in more detail,
the above-mentioned connecting portions (connecting pat-
tern) of the counter electrode CT which is overlapped to the
one-side drain signal line DL and the counter electrode CT
which is overlapped to another-side drain signal line DL
form the substantially same pattern as the branch-like pat-
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tern of the above-mentioned pixel electrode PX. However,
such a connecting pattern is not completely overlapped to
the branch-like pattern and is slightly shifted to the upper
side in the drawing (y direction) and hence, a portion of the
connecting pattern is overlapped to the branch-like pattern
and the rest of the connecting pattern is not overlapped to the
branch-like pattern.

[0599] Due to this constitution, when observing one
divided pixel region, on the upper side of the pixel region,
the pixel electrode PX (branch-like pattern) is formed with-
out being overlapped to the counter electrode CT (connect-
ing pattern), while below the pixel region, the counter
electrode CT (connecting pattern) is formed without being
overlapped to the pixel electrode PX (branch-like pattern).
This mmplies that, the influence of the pixel electrode PX
(branch-like pattern) is large at the upper side of the pixel
region, while the influence of the counter electrode CT
(connecting pattern) is large at the lower side of the pixel
region.

[0600] That is, this implies that each of respective divided
pixel regions obtains an advantageous effect similar to the

advantageous effect obtained by the respective pixel regions
shown in FIG. 43A.

[0601] Accordingly, in the divided pixel region close to
the counter voltage signal line CL within the pixel region
which is surrounded by the drain signal lines DL and the gate
signal lines GL, although there is no connecting patiern
which is overlapped to the pixel electrode PX (branch-like
pattern), the connecting pattern is formed as if the connect-
ing pattern which is overlapped to the pixel electrode PX
(branch-like pattern) is translated or displaced in parallel in
the (-) y direction. Similarly, at a side opposite to the side
close to the counter voltage signal line CL within the pixel
region which is surrounded by the drain signal lines DL and
the gate signal lines GL, the divided pixel regions have the
substantially same constitution.

[0602] In this embodiment, the branch-like pattern of the
pixel electrode PX and the connecting pattern of the counter
electrode CT are partially overlapped to each other for
forming capacitive elements Cstg at the overlapped portions.

[0603] Further, with respect to the counter electrode CT
and the counter voltage signal line CL which are integrally
formed, although a material thereof may be a metal, in this
embodiment, the pixel electrode is formed of a light trans-
mitting conductive layer made of ITO (Indium Tin Oxide),
ITZO (Indium Tin Zinc Oxide), IZO (Indium Zinc Oxide),
SnO, (Tin Oxide), In,05 (Indium Oxide) or the like, for
example. These materials are used for improving a so-called
numerical aperture as much as possible.

[0604] Further, in this embodiment, for example, on the
liquid-crystal-side surface of another transparent substrate
which is arranged to face the transparent substrate SUB1 in
an opposed manner with liquid crystal therebetween, black
matrixes BM are formed. The black matrixes BM are formed
along the gate signal line GL while covering regions where
the thin film transistors TFT are formed.

[0605] This black matrixes BM are formed without cov-
ering the respective divided pixel regions. As explained
above, the liquid crystal can be normally operated at any
portions within the respective pixel regions and hence, there
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is no need to perform light shielding of the portions which
may form so-called domain regions.

[0606] Then, even when the pixel electrodes PX and the
counter electrode CT which define the respective divided
pixel regions are used as light-transmitting conductive lay-
ers, by using liquid crystal for normally white mode, for
example, the pixel electrodes PX and the counter electrodes
CT can perform the function of the light shielding films.

[0607] Due to such a constitution, it is possible make the
black matrixes BM cover only the thin film transistors TFT
and hence, the degradation of the characteristics of the thin
film transistor TFT attributed to the irradiation of light can
be prevented.

Embodiment 31

[0608] FIG. 45A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 44A.
Further, FIG. 45B is a cross-sectional view taken along a
line b-b in FIG. 45A and FIG. 45C is a cross-sectional view
taken along a line c-c in FIG. 45A.

[0609] The constitution which makes this embodiment
different from the embodiment shown in FIG. 44A lies in
that, first of all, the pixel electrodes PX and the counter
electrodes CT (the counter voltage signal lines CL) are
formed on the same layer and are respectively formed on the
surface of the third insulation film PAS.

[0610] Then, the pixel region which is surrounded by the
drain signal lines CL and the gate signal lines GL is divided
into two regions by the pixel electrode PX. That is, the pixel
electrode PX extends in the y direction from one end thereof
at the gate signal line GL side which drives the thin film
transistor TFT and is formed such that a width thereof is
gradually increased in an obtuse angle (>90°) state at
another end which is adjacent to another gate signal line GL.

[0611] On the other hand, the counter electrodes CT, as
shown in FIG. 45A, are configured such that the counter
electrodes CT extend along the respective drain signal lines
DL from the counter voltage signal line CL which covers the
gate signal line GL side which drives the thin film transistor
TFT and a width thereof is gradually decreased at a con-
necting portion between the counter electrode CT and the
counter voltage signal line CL. Due to such a constitution,
a width of the counter electrode CT is gradually increased in
an obtuse angle (>90°) state as the counter electrode CT
approaches the counter voltage signal line CL. Further, an
angle forming the obtuse angle is substantially equal to an
angle which increases gradually at another end of the pixel
electrode PX.

[0612] Here, one end of the pixel electrode PX is con-
nected to a connection line CM which is formed on the
second insulation film GI surface via a through hole TH3
which is formed in a penetrating manner in the third insu-
lation film PAS disposed below the one end of the pixel
electrode PX. The connection line CM is connected to the
source region of the thin film transistor TFT via a through
hole TH2 which is formed in a penetrating manner in the
second insulation film GI and the first insulation film INS
which are disposed under the connection line CM. Here, the
connection line CM is configured such that a portion thereof
forms an overlapped portion with the counter voltage signal
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line CL. At this overlapped portion, a capacitive element
Cstg which uses the third insulation film PAS as a dielectric
film is formed.

[0613] In the pixel of the liquid crystal display device
having such a constitution, a pixel region surrounded by the
drain signal lines DL and the gate signal lines GL is divided
into two regions by the pixel electrode PX and the counter
electrode CT. Further, in the respective regions, it is possible
to obtain the advantageous effects as explained in conjunc-
tion with FIG. 43. That is, a strong electric field can be
generated in the vicinity of the pixel electrodes PX and the
counter electrodes CT and hence, the rotational direction of
the liquid crystal on the rest of surface can be controlled by
using the strong electric field as a drive force.

Embodiment 32

[0614] FIG. 46A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 45A.
Further, FIG. 46B is a cross-sectional view taken along a
line b-b in FIG. 46 A and FIG. 46C is a cross-sectional view
taken along a line c-c in FIG. 46A.

[0615] The constitution which makes this embodiment
different from the embodiment shown in FIG. 45A lies in
the constitution of the counter voltage signal lines CL. That
is, the counter voltage signal line CL which covers the gate
signal line GL which drives the pixel is electrically separated
from the counter electrode CT which is formed on the pixel.
Further, the counter electrode CT is electrically connected to
the counter voltage signal line CL which covers one gate
signal line GL which drives the pixel and another gate signal
line GL which is formed sandwiching the pixel with one gate
signal line GL.

[0616] Further, a portion where the counter voltage signal
line CL covering the gate signal line GL which drives the
pixel and the counter electrode CT of the pixel are electri-
cally separated from each other is covered with a light
shielding film BM.

[0617] Due to such a constitution, as explained in the
above-mentioned embodiment, during the writing period of
the gate signal line GL, it is possible to make the counter
voltage signal line CL on the gate signal line GL assume a
floating state and hence, the writing characteristics can be
improved.

[0618] Further, in the same manner as the constitution
shown in FIG. 45A, a strong electric field can be formed in
the vicinity of the pixel electrode PX and the counter
electrode CT and the rotational direction of the liquid crystal
on the rest of surface can be controlled by using the strong
electric field as a drive force. Accordingly, it is necessary to
make the generated electric field stronger and hence, the
above-mentioned constitution which can, during the writing
period of the gate signal line GL, make the counter voltage
signal line CL on the gate signal line GL assume a floating
state becomes extremely advantageous.

Embodiment 33

[0619] FIG. 47A is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 44A.
Further, FIG. 47B is a cross-sectional view taken along a
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line b-b in FIG. 47A and FIG. 47C is a cross-sectional view
taken along a line c-c in FIG. 47A.

[0620] The constitution which makes this embodiment
different from the embodiment shown in FIG. 44A lies in
that, first of all, the counter electrode CT and the counter
voltage signal line CL are formed on the surface of the third
insulation film PAS and these counter electrode CT and the
counter voltage signal line CL are formed of a light trans-
mitting conductive layer such as ITO (Indium Tin Oxide),
ITZO (Indium Tin Zinc Oxide), IZO (Indium Zinc Oxide),
SnO, (Tin Oxide), In,O, (Indium Oxide) or the like, for
example.

[0621] Further, for reducing the whole electric resistance
of these counter electrode CT and the counter voltage signal
line CL, the counter voltage signal line CL' which is formed
of metal is additionally provided and the counter voltage
signal line CL' and the above-mentioned counter voltage
signal line CL are connected.

[0622] The counter voltage signal line CL' is formed close
to another gate signal line GL which is formed such that
another gate signal line GL sandwiches the pixel with the
gate signal line GL which drives the pixel. Further, since the
counter voltage signal line CL' is formed, for example, at the
time of forming another gate signal line GL, the counter
voltage signal line CL'is formed of the same material as
another gate signal line GL.

[0623] The connection between this counter voltage signal
line CL' and the counter voltage signal line CL on the third
insulation film PAS is performed via a through hole TH4
which is formed in a penetrating manner in the third insu-
lation film PAS and the second insulation film GI (see FIG.
47B).

[0624] Here, the counter voltage signal line CL' and the
gate signal line GL arranged close to the counter voltage
signal line CL' are covered with the counter voltage signal
line CL formed on the third insulation film PAS and, at the
same time, the counter voltage signal line CL' is integrally
connected to the counter electrode CT of the pixel. Then, the
counter electrode CT of the pixel is configured to be
electrically separated from the counter voltage signal line
CL in the vicinity of the counter voltage signal line CL,
wherein the counter voltage signal line CL is formed such
that the counter voltage signal line CL covers the gate signal
line GL which drives the pixel.

[0625] Due to such a constitution, the light shielding film
BM which is formed in the vicinity is formed so as to cover
at least the portion where the counter voltage signal line CL
and the counter electrode CT are electrically separated.

[0626] Further, in the same manner as the constitution
shown in FIG. 44A, the region which is surrounded by the
drain signal line DL and the gate signal line GL is divided
into six regions by the pixel electrodes PX and the counter
electrodes CT. However, the constitution which makes this
embodiment different from the embodiment shown in FIG.
44A lies in that the patterns formed at the outermost frames
of the respective regions are set upside down compared with
the patterns shown in FIG. 44A.

[0627] That is, with respect to the constitution shown in
FIG. 44A, the pixel electrode PX which extends in the y
direction has the branch-like pattern which has an obtuse
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angle (>90°) directed from the side which is connected to the
thin film transistor TFT to the side opposite to the above-
mentioned side of the pixel. Further, due to such a branch-
like pattern, the connecting pattern of the counter electrode
CT on one drain signal line DL and the counter electrode CT
on another drain signal line DL has the substantially same
constitution as the above-mentioned branch-like pattern.

[0628] To the contrary, in this embodiment, the pixel
electrode PX which extends in the y direction has a branch-
like pattern which has an obtuse angle (>90°) directed
toward the thin film transistor TFT from the side opposite to
the side which is connected to the thin film transistor TFT of
the pixel. Further, due to such a branch-like pattern, the
connecting pattern of the counter electrode CT on one drain
signal line DL and the counter electrode CT on another drain
signal line DL has the substantially same constitution as the
above-mentioned branch-like pattern.

[0629] The connecting pattern of the counter electrodes
CT is arranged at the position where the branch-like pattern
of the pixel electrode PX is shifted to the thin film transistor
TFT side leaving a region where the connecting pattern is
partially overlapped with the branch-pattern of the pixel
electrode PX. The partially overlapped region of the con-
necting pattern of the counter electrodes CT and the branch-
pattern of the pixel electrode PX is provided for generating
the capacitive element Cstg which uses the third insulation
film PAS as a dielectric film at the portion.

[0630] Here, although the pixel electrode PX may be
formed of metal, it is needless to say that the pixel electrode
may be formed of a light transmitting conductive layer made
of ITO (Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide),
IZO (Indium Zinc Oxide), SnO, (Tin Oxide), In, O (Indium
Oxide) or the like, for example. In this case, a so-called
numerical aperture can be enhanced as much as possible.

Embodiment 34

[0631] FIG. 48 is a plan view showing another embodi-
ment of the pixel of the liquid erystal display device accord-
ing to the present invention and corresponds to FIG. 46A.

[0632] The constitution which makes this embodiment
different from the embodiment shown in FIG. 46A lies in
that, first of all, the counter voltage signal line CL' is
arranged close to another gate signal line GL which is
arranged to sandwich the pixel region with the gate signal
line GL which drives the pixel and the counter voltage signal
line CL' is made of metal.

[0633] On an upper surface of the third insulation film
PAS which is arranged above the counter voltage signal line
CL' and another gate signal line GL arranged close to the
counter voltage signal line CL', the counter voltage signal
line CL which is formed of a light transmitting conductive
film is formed such that the counter voltage signal line CL
covers the counter voltage signal line CL' and another gate
signal line GL. Here, the counter voltage signal line CL is
integrally formed with the counter electrode CT of the pixel.

[0634] Further, in the same manner as the constitution
shown in FIG. 46A, the pixel region which is surrounded by
the gate signal lines GL and the drain signal lines DL is
divided into two regions by the pixel electrode PX and the
counter electrodes CT. However, these respective regions
differ from the regions shown in FIG. 46A in that these
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regions have an upside-down pattern compared to the pat-
tern of the respective regions shown in FIG. 46A.

[0635] That is, the pixel electrode PX which extends in the
y direction in the drawing has a pattern in which a width
thereof is gradually increased in an obtuse angle (>90°) as
the pixel electrode PX approaches the connecting portion
with the thin film transistor TFT. On the other hand,
although the counter electrodes CT are formed in the periph-
eral portions of the pixel region except for the center portion,
the counter electrodes CT which are formed in an over-
lapped manner to the respective drain signal lines DL have
a pattern in which a width of the counter electrode CT is
gradually increased in an obtuse angle (>90°) as the counter
electrode CT approaches the side opposite to the thin film
transistor TFT side.

[0636] Due to such a constitution, the expansion angle of
the pixel electrode PX is constituted substantially same as
the expansion angle of the counter electrode CT.

[0637] The pixel having such a constitution is formed with
the pattern in which the respective divided regions are
formed by arranging the respective divided regions shown in
FIG. 46A upside down and hence, the pixel can obtain the
substantially same advantageous effects as the advantageous
effects of the constitution shown in FIG. 46A.

Embodiment 35

[0638] FIG. 49 is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 48.

[0639] The constitution which makes this embodiment
different from the embodiment shown in FIG. 48 lies in that,
the pixel region which is surrounded by the drain signal lines
DL and the gate signal lines GL is divided into four divided
regions by the pixel electrode PX and the counter electrodes
CT.

[0640] That is, the pixel electrode PX which extends in the
y direction in the center of the pixel region is arranged and
one end of the pixel electrode PX and another end which is
arranged opposite to one end are respectively formed such
that widths of these ends are gradually increased in the
extending direction until the ends reach the vicinities of the
counter voltage signal lines CL. Accordingly, the respective
end portions of the pixel electrode PX assume a shape which
expands radially and respective sides of the expansion
surface are configured to make an obtuse angle (>90°) with
respect to respective portions which extend in a straight line.

[0641] On the other hand, with respect to the respective
counter electrodes CT which are formed to cover the respec-
tive drain signal lines DL which sandwich the pixel region
therebetween, projecting portions CTp which extend toward
the pixel electrode PX side are formed at substantially center
portions thereof. The projecting portion CTp is formed in a
shape such that the width of the projecting portion CTp is
gradually narrowed as the projecting portion CTp
approaches the pixel electrode PX and the respective sides
of an inclined surface are configured to make an obtuse
angle (>90°) with respect to respective portions which
extend in a straight line.

[0642] In such a constitution also, the respective divided
regions of the pixel region which are divided by the pixel
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electrode PX and the counter clectrodes CT have the sub-
stantially same constitution as the regions shown in FIG.
46A and hence, it is possible to obtain the advantageous
effects described in conjunction with the constitution shown
in FIG. 46A.

[0643] Further, by forming two or more divided regions,
areas of the respective regions become comparatively small
and the strength of electric field which is generated by the
pixel electrode PX and the counter electrodes CT within the
pixel region is increased and hence, the response speed can
be improved.

Embodiment 36

[0644] FIG. 50 is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 49.

[0645] The constitution which makes this embodiment
different from the embodiment shown in FIG. 49 lies in that
the counter voltage signal line CL' which extends in the x
direction in the drawing is formed so as to run at the center
of the pixel region. Further, the counter voltage signal line
CL' is simultaneously formed along with the formation of
the gate signal line GL, for example. Still further, at a
portion of the projecting portion CTp of the counter elec-
trode CT, the counter voltage signal line CL' is connected
with the counter electrode CT (counter voltage signal line
CL) via a through hole TH which is formed in a penetrating
manner in the third insulation film PAS, the second insula-
tion film GI and the first insulation film INS.

[0646] This counter voltage signal line CL' is made of a
material which has the comparatively small electric resis-
tance such as metal or the like and is formed for reducing the
electric resistance value of the counter voltage signal line CL.
which is integrally formed with the counter electrode CT.

[0647] Accordingly, it is needless to say that the counter
electrode CT and the counter voltage signal line CL may be
formed of a light transmitting conductive layer made of ITO
(Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide), IZO
(Indium Zinc Oxide), SnO, (Tin Oxide), In,O, (Indium
Oxide) or the like, for example. In this case, a so-called
numerical aperture of the pixel can be enhanced as much as
possible.

Embodiment 37

[0648] FIG. 51 is a view showing another embodiment of
the pixel of the liquid crystal display device according to the
present invention and corresponds to FIG. 49.

[0649] To compare this embodiment with the embodiment
shown in FIG. 49, the constitution of this embodiment is
substantially as same as the constitution shown in FIG. 49
with respect to the point that the pixel region which is
surrounded by the drain signal lines DL and the gate signal
lines GL is divided into four divided regions by the pixel
electrode PX and the counter electrodes CT. However, this
embodiment differs from the embodiment shown in FIG. 49
with respect to the respective patterns of the pixel electrode
PX and the counter electrode CT.

[0650] Thatis, the pixel electrode PX which extends in the
y direction at a center of the pixel region is provided with,
at a substantially center portion thereof, projecting portions
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PXp which extend toward the counter electrodes CT which
are arranged to sandwich the pixel region PX therebetween.
The projecting portion PXp has a shape in which a width
thereof is gradually narrowed as the projecting portion PXb
approaches the respective counter electrodes CT and
inclined surfaces of the projecting portion PXb are config-
ured to make an obtuse angle (>90°) with respect to portions
which extend in a straight line.

[0651] On the other hand, the respective counter elec-
trodes CT which are formed to cover the respective drain
signal lines DL which sandwich the pixel region have a
shape which expands radially at portions of respective ends
thereof which are connected to the counter voltage signal
lines CL and expansion surfaces are configured to make
obtuse angles (>90°) with respect to portions which extend
in a straight line.

[0652] Due to such a constitution also, the respective
regions of the pixel region which are divided by the pixel
electrode PX and the counter electrodes CT have the sub-
stantially same constitution as the constitution shown in
FIG. 46A and hence, the respective regions can obtain the
advantageous effect explained in conjunction with the
embodiment shown in FIG. 46A.

[0653] Further, by forming two or more divided regions,
areas of the respective regions become comparatively small
and the strength of electric field which is generated by the
pixel electrode PX and the counter electrodes CT within the
pixel region is increased and hence, the response speed can
be improved.

Embodiment 38

[0654] FIG. 52 is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention and corresponds to FIG. 50.

[0655] The constitution which makes this embodiment
different from the embodiment shown in FIG. 50 lies in that
the counter voltage signal line CL' which extends in the x
direction in the drawing is formed such that the counter
voltage signal line CL' runs at the center of the pixel region.
Further, the counter voltage signal line CL' is formed
simultaneously with the formation of the gate signal line GL,
for example. In this case, below a projecting portion PXp
which is disposed below the pixel electrode PX, the counter
voltage signal line CL' is formed so as to have a width
thereof slightly widened to an extent that the counter voltage
signal line CL' does not extend beyond the projecting
portion PXp. This provision is made for reducing the electric
resistance of the counter voltage signal line CL' as much as
possible.

[0656] The counter voltage signal line CL'is connected to
the counter voltage signal line CL in the region outside the
liquid crystal display part AR and is provided for reducing
the electric resistance value of the counter voltage signal line
CL.

[0657] Accordingly, it is needless to say that the counter
electrode CT and the counter voltage signal line CL may be
formed of a light transmitting conductive layer made of ITO
(Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide), 1ZO
(Indium Zinc Oxide), SnO, (Tin Oxide), In,0; (Indium
Oxide) or the like, for example. This is for improving a
so-called numerical aperture of pixel as much as possible.
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[0658] The above-mentioned respective embodiments
may be used in a single form or in combination. This is
because that the advantageous effect of the respective
embodiment can be obtained in a single form or synergis-
tically.

[0659] As clearly explained heretofore, by using the liquid
crystal display device according to the present invention, the
generation of the undesired power consumption at the time
of supplying the video signal to the drain signal line can be
drastically reduced.

What is claimed is:

1. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal and counter voltage signal lines which
supply the reference signal, and

the reference signal is supplied to the pixels for every
selected pixel row and, at the same time, the counter
voltage signal lines in other pixel rows except for the
selected pixel rows are respectively configured to
assume a floating state.

2. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal and counter voltage signal lines which
supply the reference signal, and

the reference signal is supplied to the pixels for every
selected pixel row and, at the same time, most of the
gate signal lines and the counter voltage signal lines in
other pixel rows except for the selected pixel rows are
respectively configured to assume a floating state.

3. A liquid crystal display device defining regions which
are surrounded by gate signal lines which extend in the first
direction and are arranged in parallel in the second direction
and drain signal lines which extend in the second direction
and are arranged in parallel in the first direction as pixel
regions, wherein

each pixel region includes a thin film transistor which is
driven in response to a scanning signal from the gate
signal line, a pixel electrode to which a video signal is
supplied from the drain signal line by way of the thin
film transistor and a counter electrode which generates
an electric field between the counter electrode and the
pixel electrode,
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the liquid crystal display device includes counter voltage
signal lines which run between respective gate signal
lines and are connected to the counter electrodes;

the liquid crystal display device includes means which
makes most of other gate signal lines except for the gate
signal line for supplying scanning signal assume a
floating state, and

the liquid crystal display device includes means which
supplies counter voltage signal to the counter voltage
signal lines which run in the pixel regions which the
thin film transistors drive by the gate signal lines to
which the scanning signal is supplied and makes the
other counter voltage signal lines assume a floating
statc.

4. A liquid crystal display device according to claim 1,
wherein to each counter voltage signal line, a counter
voltage signal is supplied through a switch which is turned
on in response to a signal scanned by a drive circuit thereof,
and when the signal is scanned and supplied to the next
counter voltage signal line, the counter voltage signal line to
which the counter voltage signal is supplied before the
supply of the counter voltage signal to the next counter
voltage signal line is made to assume a floating state.

5. A liquid crystal display device according to claim 4,
wherein with respect to respective counter voltage signal
lines, a plurality of selected counter voltage signal lines are
formed into groups.

6. A liquid crystal display device according to claim 5,
wherein the respective groups of counter voltage signal lines
have end portions thereof opposite to the counter-voltage-
signal supply side connected to each other.

7. A liquid crystal display device according to claim 4,
wherein the respective counter voltage signal lines are
formed such that the respective counter voltage signal lines
are connectable with correction wiring to which the counter
voltage signal can be always supplied at respective end
portions thereof opposite to the counter-voltage-signal sup-
ply side.

8. A liquid crystal display device according to claim 2,
wherein the scanning signal is supplied to the respective gate
signal lines through switches which are turned on in
response to the signal scanned by the drive circuit, when the
signal is scanned and supplied to the next gate signal line,
the switches are turned off in response to an OFF signal, and
when the scanning signal is supplied to the further next gate
signal line, the gate signal line to which the scanning signal
is supplied at the two preceding stage is made to assume a
floating state.

9. A liquid crystal display device according to claim 2,
wherein the polarities of the video signals which are respec-
tively supplied to the respective drain signal lines have the
same phase with respect to the neighboring drain signal
lines.

10. A liquid crystal display device according to claim 9,
wherein the polarity of the counter voltage signal which is
supplied to the respective counter voltage signal lines by
scanning is inverted every supply of the counter voltage
signal.

11. A liquid crystal display device comprising pixels
which are surrounded by gate signal lines which extend in
the first direction and are arranged in parallel in the second
direction which crosses the first direction and drain signal



US 2004/0178977 Al

lines which extend in the second direction and are arranged
in parallel in the first direction, wherein

each pixel includes a switching element which is turned
on in response to a scanning signal from the gate signal
line, a pixel electrode to which a video signal is
supplied from the drain signal line through the switch-
ing element, and a counter electrode which is an
electrode for generating an electric field between the
counter electrode and the pixel electrode and to which
a counter voltage signal scanned from a counter voltage
signal line arranged substantially parallel to the gate
signal line is supplied,

the counter voltage signal line is formed to cover the gate
signal line by way of an insulation film and, at the same
time, the counter electrode is connected to gate lines
connected with the switching element of the pixel and
counter voltage signal lines which cover the gate signal
line which is formed to sandwich the pixel with the gate
signal line, and

most of other gate signal lines except for the gate signal
line to which the scanning signal is supplied are made
to assume a floating state, and other counter voltage
signal lines other than counter voltage signal lines to
which counter video signal is supplied are made to
assume a floating state.

12. Aliquid crystal display device according to claim 11,
wherein the counter voltage signal lines and the counter
electrodes which are connected to the counter voltage signal
lines are formed of a light transmitting conductive layer.

13. A liquid crystal display device according to claim 12,
wherein the counter voltage signal lines are electrically
connected with metal conductive layers which are arranged
on the same layer as and close to the gate signal lines which
are covered with the counter voltage signal lines via through
hole.

14. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal and counter voltage signal lines which
supply the reference signal,

the reference signal is supplied to the pixels for every
selected pixel row and, at the same time, most of the
gate signal lines and the counter voltage signal lines in
other pixel rows except for the selected pixel rows are
respectively configured to assume a floating state, and

the scanning signal and the reference signal are respec-
tively supplied from a single circuit and signals con-
taining ON/OFF of the scanning signal and the refer-
ence signal are transmitted by shifting transmitting
times from each other.
15. A liquid crystal display device according to claim 14,
wherein the circuit includes terminals to which the signal
containing ON/OFF of the scanning signal is always sup-

38

Sep. 16, 2004

plied and terminals to which the reference signal is always
supplied, and the scanning signal and the reference signal
are respectively transmitted to the gate signal lines and the
counter voltage signal lines from the respective terminals
selected through a switch circuit.

16. A liquid crystal display device according to claim 1,
wherein the reference signal supplied to the counter voltage
signal lines is a signal obtained by boosting an AC voltage
waveform.

17. Aliquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal and counter voltage signal lines which
supply the reference signal, and

the reference signal is supplied to the pixels for every
selected pixel row and, at the same time, a voltage
value of the signal is set corresponding to a voltage
value of the video signal supplied to the pixel row.
18. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

drain signal lines which supply the video signals are
arranged to cross gate signal lines which supply the
scanning signal and counter voltage signal lines which
supply the reference signal,

the reference signal is supplied to the pixels for every
selected pixel row and, at the same time, the counter
voltage signal lines of other pixel rows except for the
selected pixel row are made to assume a floating state,
and

a drive circuit which transmits the reference signal is
arranged parallel to a drive circuit which transmits the
video signal.

19. Aliquid crystal display device according to claim 18,
wherein the drive circuit which transmits the reference
signal and the drive circuit which transmits the video signal
are respectively constituted of a plurality of semiconductor
devices, the semiconductor devices which transmit the ref-
erence signal and the semiconductor devices which transmit
the video signal are alternately arranged and, at the same
time, these respective semiconductor devices are connected
to each other through data transmission lines.

20. A liquid crystal display device according to claim 3,
wherein the scanning signal is supplied to the respective gate
signal lines through switches which are turned on in
response to a signal scanned by the drive circuit, when the
signal is scanned and supplied to the next gate signal line,
the switches are turned off in response to an OFF signal, and
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when the scanning signal is supplied to the further next gate
signal line, the gate signal line to which the scanning signal
is supplied at the two preceding stage is made to assume a
floating state.

21. A liquid crystal display device according to claim 3,
wherein the polarities of the video signals which are respec-
tively supplied to the respective drain signal lines have the
same phase with respect to the neighboring drain signal
lines.

22. A liquid crystal display device according to claim 21,
wherein the polarity of the counter voltage signal which is
supplied to the respective counter voltage signal lines by
scanning is inverted every supply of the counter voltage
signal.

23. A liquid crystal display device according to claim 2,
wherein to each counter voltage signal line, a counter
voltage signal is supplied through a switch which is turned
on in response to a signal scanned by a drive circuit thereof,
and when the signal is scanned and supplied to the next
counter voltage signal line, the counter voltage signal line to
which the counter voltage signal is supplied before the
supply of the next counter voltage signal line is made to
assume a floating state.

24. A liquid crystal display device according to claim 23,
wherein with respect to respective counter voltage signal
lines, a plurality of selected counter voltage signal lines are
formed into groups.

25. A liquid crystal display device according to claim 24,
wherein the respective groups of counter voltage signal lines
have end portions thereof opposite to the counter-voltage-
signal supply side connected to each other.

26. A liquid crystal display device according to claim 23,
wherein the respective counter voltage signal lines are
formed such that the respective counter voltage signal lines
are connectable with correction wiring to which the counter
voltage signal can be always supplied at respective end
portions thereof opposite to the counter-voltage-signal sup-
ply side.

27. A liquid crystal display device according to claim 3,
wherein to each counter voltage signal line, a counter
voltage signal is supplied through a switch which is turned
on in response to a signal scanned by a drive circuit thereof,
and when the signal is scanned and supplied to the next
counter voltage signal line, the counter voltage signal line to
which the counter voltage signal is supplied before the
supply of the next counter voltage signal line is made to
assume a floating state.

28. A liquid crystal display device according to claim 27,
wherein with respect to respective counter voltage signal
lines, a plurality of selected counter voltage signal lines are
formed into groups.

29. A liquid crystal display device according to claim 28,
wherein the respective groups of counter voltage signal lines
have end portions thereof opposite to the counter-voltage-
signal supply side connected to each other.

30. A liquid crystal display device according to claim 27,
wherein the respective counter voltage signal lines are
formed such that the respective counter voltage signal lines
are connectable with correction wiring to which the counter
voltage signal can be always supplied at respective end
portions thereof opposite to the counter-voltage-signal sup-
ply side.

31. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
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plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
to the respective pixels in each selected pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal,

the scanning signal is supplied to the respective gate
signal lines through switches which are turned on in
response to signal scanned by a drive circuit thereof,
when the signal is scanned and supplied to the next gate
signal line, the switches are turned off in response to an
OFF signal, and when the scanning signal is supplied to
the further next gate signal line, the gate signal line to
which the scanning signal is supplied at the two pre-
ceding stage is made to assume a floating state, and

the respective gate signal lines are connected to a signal
line to which the OFF signal is supplied through
portions thereof which assume a floating state and
diodes.

32. Aliquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
to the respective pixels in cach selected pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal,

the scanning signal is supplied to the respective gate
signal lines through switches which are turned on in
response to signal scanned by a drive circuit thereof,
when the signal is scanned and supplied to the next gate
signal line, the switches are turned off in response to an
OFF signal, and when the scanning signal is supplied to
the further next gate signal line, the gate signal line to
which the scanning signal is supplied at the two pre-
ceding stage is made to assume a floating state, and

the respective gate signal lines are connected to a voltage
signal line which is made to assume a floating state
through portions thereof which assume a floating state
and diodes.

33. Aliquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, wherein

the pixel includes a counter electrode which generates an
electric field between the counter electrode and a pixel
electrode and a counter voltage signal line which
supplies a counter voltage signal to counter electrodes
of respective pixels of the sequentially selected pixel
row in response to the selection,

drain signal lines which supply the video signals to the
pixel electrodes are arranged to cross the counter
voltage signal line,

the counter voltage signal is supplied to the respective
counter voltage signal lines through switches which are
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turned on in response to a signal scanned by a drive
circuit thereof, when the signal is scanned and supplied
to the next counter voltage signal line, the counter
voltage signal line to which the counter voltage signal
is supplied before the supply of the counter voltage
signal to the next counter voltage signal line is made to
assume a floating state, and

the respective counter voltage signal lines are connected
to the signal line to which the counter voltage signal is
supplied through portions thereof which assume a
floating state and diodes.

34. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, wherein

the pixel includes a counter electrode which generates an
electric field between the counter electrode and a pixel
electrode and a counter voltage signal line which
supplies a counter voltage signal to the counter elec-
trodes of the respective pixels of the sequentially
selected pixel row in response to the selection,

drain signal lines which supply the video signals to the
pixel electrodes are arranged to cross the counter
voltage signal line,

the counter voltage signal is supplied to the respective
counter voltage signal lines through switches which are
turned on in response to a signal scanned by a drive
circuit thereof, when the signal is scanned and supplied
to the nmext counter voltage signal line, the counter
voltage signal line to which the counter voltage signal
is supplied before the supply of the counter voltage
signal to the next counter voltage signal line is made to
assume a floating state, and

the respective counter voltage signal lines are connected
to the voltage signal line which is made to assume a
floating state through portions thereof which assume a
floating state and diodes.

35. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal and counter voltage signal lines which
supply the reference signal,

the reference signal is supplied to the pixels for every
selected pixel row and, at the same time, most of the
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gate signal lines and the counter voltage signal lines in
other pixel rows except for the selected pixel rows are
respectively configured to assume a floating state,

the respective gate signal lines are connected to a first
voltage signal line which is made to assume a floating
state through portions thereof which assume a floating
state and first diodes and the respective counter voltage
signal lines are connected to a second voltage signal
line which is made to assume a floating state through
portions thereof which assume a floating state and
second diodes, and

the first voltage signal line and the second voltage signal
line are connected to each other via a third diode.

36. A liquid crystal display device comprising respective
pixels which are arranged in a matrix array by arranging a
plurality of pixel rows each of which includes a plurality of
pixels arranged in parallel in one direction in another
direction which crosses one direction, selects each pixel row
in response to a scanning signal, and supplies a video signal
and a reference signal which becomes the reference with
respect to the video signal to the respective pixels in each
selected pixel row, wherein

drain signal lines which supply the video signal are
arranged to cross gate signal lines which supply the
scanning signal and counter voltage signal lines which
supply the reference signal,

the reference signal is supplied to the pixels for every
selected pixel row and, at the same time, most of the
gate signal lines and the counter voltage signal lines in
other pixel rows except for the selected pixel rows are
respectively configured to assume a floating state,

the respective gate signal lines are connected to a first
voltage signal line which is made to assume a floating
state through portions thereof which assume a floating
state and first diodes and the respective counter voltage
signal lines are connected to a second voltage signal
line which is made to assume a floating state through
portions thereof which assume a floating state and
second diodes, and

the first voltage signal line and the second voltage signal
line are connected to a line which is grounded via a
third diode and a fourth diode respectively.

37. Aliquid crystal display device according to claim 31,
wherein the diode is a double-way diode.

38. Aliquid crystal display device according to claim 37,
wherein the double-way diode has a semiconductor layer
thereof formed of polysilicon and the double-way diodes are
formed on a substrate on which the gate signal lines and the
counter voltage signal lines are formed.
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