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(57) ABSTRACT

In one embodiment of the present invention, a large-screen or
high-definition LCD is provided with its display quality
improved significantly by reducing the viewing angle depen-
dence of y characteristic. Each pixel includes first and second
subpixels, to which different voltages are applicable. The
device further includes electrically independent storage
capacitor trunks, each of which is electrically connected to
the respective storage capacitor counter electrodes of either
the first or second subpixels through storage capacitor lines.
The pixels include pixels belonging to a first display area and
pixels belonging to a second display area. The first and second
display areas can be scanned independently of each other.
And the storage capacitor trunks include a first storage
capacitor trunk belonging to the first display area and a sec-
ond storage capacitor trunk belonging to the second display
area.

CS TRUNK ‘\

/\CS BUSLINE GROUP
(i E =
ContP1 T t
I 1
I !
| }
| !
||
1
'|
1}
1 1
! 1
I I
) 1
1 Il
A !
VT A +—F
ClontPZ |
E L LCD PANEL [eed

CSBUSLINE

L4
; GENERATOR

FIRST APPROXIMATION CIRCUIT OF
CS BUSLINE LOAD IMPEDANCE: CR LOW PASS FILTER



Patent Application Publication

- FIG.
p ?1 ~rp

1st ROW

2nd ROW

5th ROW|

A

Bth ROW

7th ROW

8th ROW

4

Y
A

1

g=1~c¢q

CS-A

G-L1

| CS-B

G-L2

' . CS-A

G-L3

! CS-B

G-L4

[ CS-A

G-L5

CS-B

G-L6

' CS-A

G-L7

[ CS-B

G-L8

Y CS-A

Jan. 1,2009 Sheet1 of 112 US 2009/0002585 A1
= = = = = =
b
>33 33 3
8§88 883
5 2 ¢ s £ s
N P O
- N o ¢ W @
5 ¢ 8 & 8 8
@ %)
A
- SPa(1, 6)
P(1, 6)
SPb(1, 6)




Patent Application Publication Jan. 1,2009 Sheet 2 of 112 US 2009/0002585 A1

FIG.2

SCS\/%Y%SR\}WPGW S SBLm SBLm-1 :
e w89
GEE‘M . 1l Y_%_'l: CSBL ‘i_TJ' _:I_%j
LJI'_JT ’ I7T J'IuT T
6Bl *r%} T%—T ZCsBL éul' —i;
BN
GBL 1o | T%_TJ. ybl ¢CSBL‘ ﬁ} | ’it
BGEREGEEE
GBLE_n«i Y_’-TE_JI: _y_’jfjl" "{ﬂ B gil-
T T el
GBL_n+5 1{_%_:,E ?_,-{-\_.’_J- T%JI—J_ éj_l
A—\IE: L%—ﬁl: J‘:'FJT B T
Lolsl sl 4l
GEL_M E—T—T \‘_T__T B L
L‘.":’—'L' 1T Lﬂ" PL%_T
GIE_I\._nq . -,:—%—:': 'yij: . .?_'iL:JI_' B I J_
B G



Patent Application Publication Jan. 1,2009 Sheet 3 of 112 US 2009/0002585 A1

VSBLm _} ..... AN S NN S Y Ut N -
 VgH

VGBLn VoL

VGBL n+1 ™
_ VGBLn+2 1

VGBL#3 |

VGBL nt4 1

VGBL n+§ 1

VGBL g 1
~ VGBLn#7 1 _

AT . 1H '

VCSVtypeRI|||||Il|l||li|||||'||||'||||||IIVCSPP

i nininininipipipipiginipipinl)
' VLCaddpp
~ VPEA_M n—._l—u—l_r—l_rl_r—t_r—l.l—l_r'\w

VPEB_m,n+5 —d_l_I_Ll_I_lw

VPEA Mt — 1 ML ML ML L

VPEA_m,n+7

VPEBmn#7 — M1 ML LT LT LITL



Patent Application Publication Jan. 1,2009 Sheet4 of 112 US 2009/0002585 A1

VSBLm-—-L e e ht . -  —
. VgH
VGBLy &
VGBL n+ 1
VGBL n+2 |
VGBLn+d e
VGBL n+4 1
VGBL n+5 i
VGBL 4 _ B
VGBL n+7 I 1

1 M

VGSViyeR1[ | |‘“||—||"|ﬁr‘||"|[‘|ﬂ|“||']- LT

VPEB_m,n+2 -

VPEA_m,n+3 —J_L_I—I_ﬁ_ﬂ_I_LI—LJ—LJ'—l—r—I—I—L

DR U O Ty gy Oy T

VPEB_m,nt6

VPEA M7 — LT L L L LI L



US 2009/0002585 A1

b: Bright
d: Dark

Jan. 1,2009 Sheet S of 112

Patent Application Publication

,IIIJIII/ . “\\\\\\ h’///"/
N o~ N
x| [ o+ R+rEoYTE! I &2 O+ R+ E ]
# 7////// PIIIFIS 7//////
ﬂ”l/// \\\\\\\ ,lllllf/ hllllll/
R o= + 3 ™~ |4 - Row 4y -
R0 & + ag ] legw R2x +J
VIIIIIIS. 7//////
V hl//l/l/ h/ll//l/
R o Ny ~ -3
oz ! o+ R+tzoy~E ! et R+ X2y
‘ 7//////1 _ ////I///l
d‘//fﬁ/ L L Ed h//lldl/ I/f/f/‘/ \\\\\\\
N
og+y+8v ko 1q 120 Reox+ I 2o ROE +3 aidigo
N yIIIIITS.
) h/ﬁlﬁ/ﬂ/
N o~ N - N
gl flgedoe+ Rtzey e ! +zey o | og+ R+x2y
\\\\\\\ - BN NS NN NN
//III/// Aﬂflflf/ Y, \\\\\\\ h/f}l!// \\\\\\\\ ///ﬁlf.l/ ‘I\N\\\\
R N Y U oo R ~ ~
Rogz+y+Eo o214 1 2° Rexg+y+E&™ Pog 1] Igo Reg+y+Bo e 1] lzo Rex+y+e27 el 1™
1/ /VI?//I VIIIIIIY. NNNNNN \\\\\\\ 4 N SNN \\\\\\\ NANN AN \\\\\\k
- >} »1a . ' >-j -t} e L R it . >t »te -t -
< o < o© < o < o < © < @ < © < @
- ' it > > - L ' . >
h i T g ? I ? m T
€ +n e < c c c c



US 2009/0002585 A1

b: Bright
d: Dark

m+2 m+3 mt4 m+S

m+1

Jan. 1,2009 Sheet 6 of 112

m

Patent Application Publication

;' ‘\\\\\\1 "NARARAA Y\\\\\\ lﬁ/’f’l/ \\\\\\\ ”////.’Aﬁ/ ‘\\\\\\ h'f/f/’/
o~ N — i/ o N - N bt 4 N o™~ N — N
vg+ f+82]ol | RIEgeyoe+ f+E° oI Rilg=2}°e+ “+mb vg | Rlgeyoe+ p+teeq ol R! &2y
\ \\ 2L Ll NN\ VITIIII NN NN NN N L L L L L 7 NN N NN . VIITIVS 7//////’
;V LR ELd ,f//lll/
| 2o e+ +Eo Rom | +g© +x™
\ 4
1 AR
- -
Y+ o] o881 RIlg2yoE+ R | & 03
4‘ \\\\\\\ NN N N NSNNN
[}
1 8o Fo+d+E™ bm_m +gT
\
IAV ﬂ//lli//[
-
A‘ \\\\\\\ //////lr/
‘V /If’f/l/ L \\\\ I/l///l/ \\\\\\\
N ]
Roz |y | @ feg+]+Eo R iy 1 &® o@+3+zo Rox |y | &0 fog+] +E™
\ ‘ NNSN NN N \\\\\\k V////// \\\\\\k AN NN NN \\\\\\& NN NN NN \\\\\&
- >l > .- s >l >t »>te -} S >t e >l >t -t »>
< @© < o® < - < @ < @ < © < @ < o
- i e > — - = . — S s >
o
y t t : 1 2 ¢ %
[ e = c c =4 <

FIG.4B



Patent Application Publication Jan. 1,2009 Sheet 7 of 112

US 2009/0002585 A1
FIG.5
(a) CS TRUNK S TRUNK
/' \V
/ \CS BUSLINE GROUP
4 - =
ContP1 1" \“ SontPs
] |
| |
|
1
\
!
| |
1 ]
! |
| ]
\ |
\ [
L/ 1 I v\ d
C_ontPZ \/ Uy
| [ LCDPANEL —_—
L saus e

7;; GENERATOR
AN
®)

7777

" FIRST APPROXIMATION CIRCUIT OF
CS BUSLINE LOAD IMPEDANCE: CR LOW PASS FILTER



Patent Application Publication

(a)

(b)

(c)

(d)

VARIATION IN VOLTAGE AT PIXEL ELECTRODE DUE TO OSCILLATION OF

(e)

CS BUS LINE VOLTAGE (CS WAVEFORM BLUNTING TIME CONSTANT: OH)

FIG. 6

Jan. 1,2009 Sheet 8 of 112

US 2009/0002585 A1

0 A A A — T
CS OSCILLATION
07 T PERIOD 1H
0'50 Ll - d-d-8---F-F-)-4-4--5-F-F-1-4-4-<“F-F-}-1-4-4-F-F-F-1-Q4-)--F-}-1-1-4-
025 |
0.00 i 1 K 1 L
1H
-0.25 ¢ <>
1.00 | | I
CS OSCILLATION
075 PERIOD 2H
0.50
0.25
0.00 R e o e R e e B e Bt e o S R P
2H
-0.25 >
100 —
csloscu -1|ION
0.75 PERIOISQ
(T I R B B R A T ALLEEEEE] EEPTEREY. (EPREPEES PEPS
0.25
0.00 : : : : : —_
o 4H .
-0.256 b < »
1.00 I_.__.
CS OSCILLATION
075 PERIOD 6H
050 f-----f- e ge el
025 | AVERAGE VOLTAGE
' VARIATION
000 f——rpdp—p—p gy
6H
-025 b “ - >
100 r |
CS OSCILLATION
075 | PERIOD 8H
0‘50 ....................................................................
025 }
0.00 : —t —E—— e —f—of
‘8H

-0.25




Patent Application Publication Jan. 1,2009 Sheet 9 of 112 US 2009/0002585 A1

100

; ' CS OSCILLATION
075 PERIOD 1H

0.50

(a)
0.25

0.00

~0.25

100

1 -~
CS OSCILLATION

075 | PERIOD 2H

050 |

~
o
-

O OSCILLATION OF

cs d'smLLAlrION

PERIOD 4H

—~
(¢]
~

VARIATION IN VOLTAGE AT PIXEL ELECTRODE DUE T

025 |

0.00

-025 t <

v

1.00 r

;o
CS OSCILLATION
PERIOD 6H

050 Feoemccformmmmmmeec el
AVERAGE VOLTAGE
VARIATIOE\I

0.00 f 1 1 T 1 1 T } { { t f } } i |

075

—_~
[aX

025

CS BUS LINE VOLTAGE (CS WAVEFORM BLUNTING TIME CONSTANT: 0.2H)

-025 “ <

v

100

CS OSCILLATION

075 } PERIOD 8H

(e)
0.50
025 |

0.00

-0.25




Patent Application Publication Jan. 1,2009 Sheet 10 of 112

US 2009/0002585 A1

FIG. 8
5 038
= NON-BLUNTED
T 07
= " | DIFFERENCE IN
g 0.6 | EFFECTIVE VOLTAGE BLUNTED
o) NON-BLUNTED
> 05 | e ¢ —— —¢
o
x 04
O
E‘ DIFFERENCE IN AVERAGE VOLTAGE
o 03 |
>
a. .02t
14
(&)
2 o1 |
=z
0 1 i 1 Il 1
14 24 3H 4y S5H 6H TH 8H 9K

CS OSCILLATION PERIOD

10K



Patent Application Publication Jan. 1,2009 Sheet 11 0f112 US 2009/0002585 A1

FIG 9
CSVtypeA1 _CSViypeA2
SCSV““’W SBL_med +
c;CSVtype/ji SEL m 'I;‘ = .
e R xj
TFTB ,m_f—%ﬁ_“ﬂw ",;mml"‘jj 1 ]
ComCC ™ '[‘ws\C%(r;nSCgS_B_n 1 T Q'CSBL { T 1 T
11 11 Zcsel| L1 11
GE!\._M » LT h{_’r_‘r 1t_‘l‘_‘l‘ —:Iﬂ
L%:L[ TT <osel T T TT
11 11 <cse 1] 1l
GBL_n+2 T r T ]
iy o ¥ ¥ K
IT <CsBl| ¥ T 17
GBL_n+3 T TT . _’l‘_‘rI E 1
[N X I I —
L‘%} IT IT i%}
1 11 11 11
GE&JM % T if_‘r 1'_T_T _g
L‘%} IT 1'[ T 1T
11 ral 1 11
GIEE_M #_’L‘_T XM ,\,.T_T _x_’l‘_‘r
APT T7 AE T
1l 1] 1l 1
o i L SE
?T 1T IT TT
1 11 1]
GE__nﬂ ’{H ¥ i ’Y_T__T —
£ ,JL.L__]
j?% T IT IT




Patent Application Publication Jan. 1,2009 Sheet120f112 US 2009/0002585 A1

e O S O o S e e e

VGBL Yty Vet

o
+

VGBL ]

VGBL —

Ve —
N ;

VGBL nt? : g2

vl L1 I L L llvom _
Vel — 1 — | |___
Voswwehd 1L LI L___I
ol L L1 1

VPEA.MN—— f — 1 l_——| [ 1{W.Caddpp

VPEB_m n-—-t___l e — I'—_"l—l_—'

VPEB_mnt e TS psssssS

e LT P PN .~y P EPEP PR

VPEB_mm6—— T L [ L

VPEA_ m#6——— T L T

VPEBLMMT ey _ [ [



Patent Application Publication Jan. 1,2009 Sheet130f112 US 2009/0002585 A1

0 O o N e Y o SO s Y s Y e N oo
VGBLn_rM VgL

VGBL ntl 1 :

VGBL n+2 1

VGBL n+3 1

VGBL.n+ 1

VGBL nt5s 1

VGBL nt6 — 1

VGBL nt7 S wem - o b : ‘

VOSViypeAl | l ] l [ | |

4 e e ot o e e e o e e B o B A e e e e e e b ot e ot e

- B e e e e e e o ot e



US 2009/0002585 A1

Jan. 1,2009 Sheet 14 of 112
m+2 m&d m+4d, m+d

Patent Application Publication

2.
RS
=]
oo
ol
;V \\\\\\\V h/l//ll/ \\\\\‘\\ ldll/lf/
N
o2 f)1 o] oI+ R+ 223 v21 E1 2203+ R+ 20)
“ VIIIII ///////I “\\\\\\ NN NN N NN
AR AR AR RARAA)
LV 201 / N /I
¥ R2< 3 <
-
'y
\
\
y
A ANAK S 3
A oo le2ld Wuuuuuu/
/ DAY 772977 QAR rrrrrry AAARRARY T P
™ - 4 o~ l/ o™ - o~ N -
E 2Z+y+ILo e ! 2o RoT+y+2o 22141 IO R+ +3Io eI 1] 120
\ NN NN SN \\\\\\\ .//»///// _ \\\\\\\ N NN N NN \\\\\\\
—tt—f— | e——r fe— {— - — {—r l— f—r fe— e — >
< [++] < «Q < 2] < @ < @ < [+2] < 4] < o]
- >l ot — e — »-jt = ' — . - . ) >
— ~
Y + +
€ t t £ 12 13 t t




US 2009/0002585 A1

Jan. 1,2009 Sheet 15 of 112

Patent Application Publication

b: Bright
d: Dark

>

/’f’”‘f/ ‘\\\\W\\ Y22l I/
w N (] - N
S o+ o3I RIReYo+ p+r3eP=2 1 RI 293
hm ‘ BN N S NS NN PIIIIIS NN NN NN N
ARARRA] ¢ 7777 IT
[y Y N N <
+ Roz 1 3 +30
Ey N
T
X N
+ o+ | M.Du
Ey LAY
o™ “ - ”bz Jiz© 4+“+3d
+ 1+<7oRe< !y |l < ogtdta«
m 4 BN N NN NN \\\\\\k
b/”/’ﬁ/ .\\\\\\\\ ’//flll/
-t N o~ - -t N (] h
R1 g2y oL+ w+Ab gl R <2Y
NSNS NN NN L L L Ll 7//////[
YA ARARARRA) l’f/lll/ A ”////ll/ \\\\\\
N N (] - ™ N - (3]
oF | +2 bM_” | oo+ +3o EPER | 2o eI +4+2o
NN NNNN NN N NN \\\\\\\ N AN AN N \\\\\\k
-t o s B ot L o g ' B o Lol o g ol > > Lo g o g -1 >
B < ) < © < @ < ) < @ < o < @ < @
] < »lae . - -l »la »la >
- > e e ' ' »f
w © ~
™~ c Y ¢ by 3 + + +
. c € € = c c 13



Patent Application Publication

FIG.12

S

CSvtypeB1
«;CSVtvpeBZ SBLm

- SBLm 1 :

Jan. 1, 2009 Sheet 16 of 112

US 2009/0002585 A1

ComLC ~__| 1~ ComCSAN ¢ J_ <CSBL 1 11
GBLn TFTA_n,m-—ﬁZ}S&%#m’" i ]
TFTBJ%%T»%S&"‘“‘W o ]
comC ~NX Tnconcsgn] X [ scst| TT T
GBL_n~1 = = &CSBL I = E
- ; : :
1] T scset| TT 1T
1] 11 Zesel| 1 1
GBL_n+2 e I T = =
- "‘m‘lr T 1;1
| TT TT gose| TT
GBL < % 1l -.,llL% Ll
. g _
) # 1A
t T i1 I7T T7
L | 1 | 1 | zl %
i1 1] 1T T
1 % L 1l 1
GBL_n+ TT TT
= & * # ‘
17 17 17 17
GBL_m+6 % = I = o 1 .J_
8N ¥ ¥ ¥ )
ft #
I- == T = T - 1_
GBL_nw7 - I+ 1l 1l
G ¥ v L TT
I7 I7T rl T IT




Patent Application Publication Jan. 1,2009 Sheet170f112 US 2009/0002585 A1

v f e e

VgH
VGBL e
VGBLn+ 1
VGBL n+? 1
VGBL n+3 1
VGBL nt4 1
VGBL nt5 1
VGBL n+6 1
VGBL.nt7 1
: 14 M '
VOSVtypeBt | | . | [ L L] e
vesvwees2 | |} L L [ L1 LI L
VPEALmn ___ | L | L I s NN LI L [ ViCaddpp
WEBMAT 1 1 L
VPEA Mt ——y I 1 f 1 I L [ ] —
VPEB_m,n+1 257 =9 "] LT =1 | { T
VPEA_m,n+2 —— | | I 1 I 1 I ] 1 —
VPEBmW2 T o 1 1 1 L
VPEA_m,n+3 1 f 1 I 1 I ] I | —
VPEBmm3 —— T T 1 I T
VPEA_mn+4 ——y [ 1 1 1 1 —
VPEB_m,n+4 ._l—l___________'_____'__,__1___-'_____'_____'__,_4 _____ L
(T S
] ) 1 I 1 I I
VPEB_m,H+5 R e I ey I e RN L
VPEA_m,n+6. —— [ 1 | 1 I 1 —
VPEB_m,n+6 —t—l-““ ;““I- I -—“I I “—:

VPEB_mn+7 ——__ T 1 I LT | -




Patent Application Publication Jan. 1,2009 Sheet 180f112 US 2009/0002585 A1

e e e e e

VgH
- VGBLy — Yo
VGBL 1 _
VGBL n+2 1
V@BLn+3. 1
VGBL ntd — 1
VGBL b
VGBL p#6i— 1
VGBL n+7 1
' 114, M
VOSypeB!_| 1] | T I 2
veweetz | [ 1 L L L 111 [
PEA g oL remememeem e e VL.Caddpp
N 1 1 1 | - -
: [ S s B my I s TN o FN s TN ey B
VPEB_m,n'__._"""[""l_’"-f""I""T“"I""_[“"L""l_" 1 = —
VPEA_m,n#1 —— | S 11 1 | 1 I ] [ |

VPEA_m,n+2 ——.__l__l_I l . ] :
[ 1 I 1
VPEB_m,n+2 TR TR 1 F F==={"""f == R T

VPEAMM3 —— [ 1L__ I LI | S | S| L

VPEBmM3 ™= ) | L L1 I




US 2009/0002585 A1

£
wx¥
~ ©
[se)m]
80
V\\\\\\ ”/I/AAJ/ “\\\\\\ hlllll// V\\\\\\ hl/)l/// Q\\\\\\ II»IIII//I/
N N o~ o~ N o~ o
ogl fl8odog+ R+3eY°a! [l Beo]og+R+tB°Yon! [l ae]oant R+ J3oYon !l fl @3] oa+ R+a=y
\\\\\\\ 7/ NN NN N \\\\\\\ AN NSNS NANYN YIIIII - BN NN NSNS \\\\\\\ AN NS A NSNS
AR AR IJ’IJ/I/
N /I ~N S - N
Roep+J+8© Rom+
@ J @© N N 3
VIIINTS LN NN AN 'z \\\\k 7///./// VITIIIIS,

\2ARARAAY

\\\\\\\ NahARA L LEe/ nafflft \\\\N\\
o N .
oglifigoRea+y+8°Ffern ! | 37 Roa+y +Md\%bm_“ 1 a©

hﬂ/lll{/ V\\\\\\ /tl/llf// \\\\\\\ N
o~ N o N N
op+ R+Ey ol fl@eqont R+ B3y ~a | w_m.o oo+ R+ &4
7/////// L L LL //r//////l

N NN NANN

Jan. 1,2009 Sheet 19 of 112
m+2 m+3 m+4 m+S

m+1

7727777 flf/////

R AR

N
N0 @ + 3

v
]

m
PR PN P PURRTY PNy

PRy PR

FIG.14A

Patent Application Publication

frerTeeeyy
- o~ A Y
; oo+ R+ o
. NN
’l’l’l/% \~\\\\“ \\\VV\\
L d o~ ol ™~ o - ] O
“nt+ty+to el o +toaC gl ] (o™
NN\ NN VIS \\ \\\\\\\

- ale o g | P ol N P ol g o ol . ol . . -
- >ft S -t et o f s -1t S >l i L |t 1 s -t ot >
< m < m < [e] < m « o < m < Q < o
- o | . g . | . -

i 2 o . o -t >
ol o™~ ™ - w (7= r~
c by T ¥ - ¥ b "
t e 2 € 13 13 €



US 2009/0002585 A1

m+2 m+3 m+t4d m+5

Jan. 1,2009 Sheet 20 of 112
m+l

FIG.14B

Patent Application Publication

Ca L L QA AAARA) Y /777777 AR IR Yy e772777 YARARRRA) /77272777 A ARAAAR)
ot f+tatd®al Rlaeyeat f+taeoa! Rlaeyea+f+acdoa! Rl a2y "o+ [+a=qd oa!l R 32
\ 77973 RN C coce Ok Crccice CRRRRXR 9 ARt
L' 272777 ”f’lﬁ/l/ \\\N\\\
N
! TR oF+4 +gv
o IYIVIVVY.
y Yy AR
\ 4 og !l RI 3 °3
\EI
Y +po /bB_” laP feat+q+a™
A ARRRRRRe 5
- . o~ A N N N — “ [ N 3
] oG+ “+Bb\ .ﬂ_Bbu °p+ “+Bb og | W/_Bbu
77777 ARKRRN 77797,
AR R RARR] \\\‘\\j ‘J"/ll/ $P27777 2775777 ARRRARM] 7r7777 o /////’r
: — // o~ “\ Rd “ o~ - N o™ - “ o — N o~ — y o ” g /h o~ R 4 o~
bB_u l g™ “banT\ +37T bB_u |lgo e+ +aoo bB_” la©o foa+4+a™ Reg |y Il o™ .Dnu-T“ +go
A 4 CCUCRXN oezeeld CCRRRRR 79799957, CCCRR 799957, ARRRRRRS oo
. . P ale ale ala ala ale - ol »le ala ala ale ale . ale -
-t ! L . g ' e g o 't >t -1t e o o ot L >l P
< ) < o < o < o | < @ < ) < @ < @
< ala ala . »le ale ale . -
- o~ © - ® ~ o
(4 + + + +
t > £ A z % t



Patent Application Publication Jan. 1,2009 Sheet210f112 US 2009/0002585 A1

FIG.15
(a) (b)
CSBlLa :
A~ 18a 4~ 18a
111 10
N TH ROW 5 i GBL
CSBLb T
BMA ] 18b ~_18b
N — ‘ CSBL
CSBLa
4~—18a A4~ 18a
101 iy
(N +1) THROW Ed £ - GBL
CSBLb
1~ 18b +~—~18b




US 2009/0002585 A1

Jan. 1, 2009 Sheet 22 of 112

Patent Application Publication

b
W
T ©
liofal
-1
| | i |
w ;' P ETIITT IJIJ‘JI/ . Q\\\\\\ h//‘/ll/ v\\\\\\\\ bf}llfl/ ‘\.\\\\‘\ ”I‘I/l.lf/
£ © gl ©o1o +R+ =2J° 1 fl o231 +R+ oJ® 1Pl 1o +R+ L2y (Pl o4 + R+ =23
A~ NN N NN “\\\\\\ 7////;1 -\\\\\\\ 7////// 7 IXIII -~ //V///l
4 ‘V Ilqjd/l M‘l/‘///l g \\\\\“ N ] //ll///// )
m‘ k2 +3y+ T EpL° | db+”+db 141 © + © | o
Iw - \\\\\\\ -
P AAARARAY SARMAAAY
X ) N
tl © | I =241©° + R+ =)
N
 J \\\\\\\ . .7////?//
o~ ;' //If’/l/
+ o +J+ ©Ee | [
Ey N
1
-
+ ° 1t 21w +R+ =
Ey 7
AV If//lf// A \ /’l/l////
N - N
E 2 +y+ ©E=° 4t ©oRe +Jy+ ©Fo 141 =© <+
A ‘ SN NN NN \\\\\\k \\\\\\»“
-« . g . »le o . »le >
< < m < [«2]
< — g o g ~ Lot 2o pon L Bnd - Lo o Lag L g g >
-
c + + + + + ¢ T
c c c s 3 c 3

FIG.16A




US 2009/0002585 A1

mt2 mtd mtd m+d

Jan. 1, 2009 Sheet 23 of 112

m

FIG.16B

Patent Application Publication

£
=%
[sa)m]
o9
Y, \\\\\\h /AIIIII/ V/7772777 fjf}f!/ Y /777777 III’//I/ Y /777777 /f‘ll/'./
% Cr o R| oo +F+ oo 1R oyo +F+ a]= 1 f1 oy~ +F+ Q= 1 Ri o)
© +tfpt+t 217 IR 3 +E N R 2 3 2 N
‘w \\\\\\\ NN NS NN 7////// L L L L NN SN S NNNN . L LL L AN SN N NSNS N
T TR — recciccs errereTey
No 3 -3 A 4 - R0 3 ©
v Ry At PRI M
- AARAARD) AAARRRAL)
[y 3 3 R 3
_d +ft+ 23> Q1 Y= +f+ o R 03
4‘ VIIITIS BN NN NN N
T TrTTTeT) rryryyy feeTTTeTT Y pomsas
N N
=}y ofoe +4+ TRo 1y I ofe +4+ ©
A‘ \\\\\\\ Y IIIII
yy AR 4 g AR
J v + Rl o§° + 2 4= | Rl 23
N NS AN soopoc RN
‘V hlll//‘ h'l"f’/ 7 \\\\\ \\\“ \ —
SR + oRe 1)1 o +7 I ofe +3+ -
: ”ﬁ////// \\\\\\K . j N NN NSNS \\\\\\R £ \\\\\\
- ] g ol . ale . i .y . . . ol . . i .
o . o »la e . >t e it it jt >la—>i o - —
< © < o < © < @ < @ < @ < o < o
- o = >t = o - L2 = 2 = = ft = ' = >
+ + + + + : +
< .m = c < < c [ -4



US 2009/0002585 A1

Jan. 1, 2009 Sheet 24 of 112

Patent Application Publication

EIRe9R ASD
wN20n>u>w0
BgN®0A ASO
WVEOQ)U\/WO
b A A —— e T T e I e AT e L T e et N S T TR SRR
HE P | H P | A b | A e B ] A A b | HIAG PHAG PHIAG P idg B Ad B
i P T T T A -
i [ A— ik | A | AR | A | R | At | A——t —— —t— =it | b | A
| A | B | A Ilm_r | Hq | P | HE | P A IlL | A |~ - | A |+ | P
g s a { =2 6 Fird4 g UTI.L 4
7+ Igs . .
— = | R | A | Al AR | AR | At | A= | A— ik | H——i 1 —
P | A | HG | B A B A | Bl ad | B A b [ A | B [ = | B | A Il,ﬁwrlm, b |~ -
I 1 [ 1 , 1 ) 1 o . g na - - g { 1 =4
p+w8s - -
— F—ih | f—=—h | =R | AR | A b—— ik | A —— R | H——t —— —
| b e | | A | He | B | A | A b | He | B | | II%TLT - -
; : o -, - . ; ; L +-
Ei . i . N J
- | I T O I A I I " O e B e I e
a t t t = t t = t iy t t t by
= > - ¥ = ; o 3 - 5 <
L % : 3 t 3 2 : g ? 4 2 z g
c . 1 ) iy el
2 2 3 g g |2 |2 |3 = 2 2 ¢ = t
° © @ @ @ @ 2 @ @ @ a 3 @ &
3 o © £é] R © & © o a 3 m
epNedks ASO -
N Gonedl
BEWedR ASO
m agn&ﬁ)wo
. B NedA >W0 - o~ Py i w ~ © ‘o o —
~ ln._ W_ . .m_ t M .m_ ...M_ .m_. .m. M_ m M m
~ 8 3 ] 3 & &8 3 3§ 3 3 i b
o (&) o o o O & G. 3 % % nnlw



Patent Application Publication Jan. 1,2009 Sheet250f112 US 2009/0002585 A1

VGBL n+12 1

VCSVitypeMia _ | L ‘ e Y
VCSVtypeM2a — L [ L. [ 1 _
VCSVtypeMda 1l [ L. L [
VCSV typeMda w

VPEA.mn =—7—r
VPEB_mn 1
VPEA_m,n+1 s
VPEB_m,n+1 == g
VPEA_m,n+2 — : o e R ——
VPEB_m,n+2 "_‘—1 [l A N
VPEA_m,n+3 . . .
VPEB_m,n+3 7o RN o i
VEA mnH4 ——— L
VPEB_mn+4 T | AR
VPEA_mn+b === 1 , .
VPEB_m,n+5 z2m07s iy R | =
VPEA_m,n+6 m
VPEB_m,n+6 1 ] —

VPEA_mMn+7 =— . ... e
F]G i 8 VPEB_m,n+7 z=o=rmmmmmeny T T

VPEA_M N8 "o - o T e
VPEB_ mn+8"—‘—1 I N

<
G
fos)
—
=¥
X
1]

VPEA_mn+9 “\____1——1___

VPEB_mn+9 === i i Fe==
VPEA_mn+i0 ———~ ~  ~  t——80r8 I
VPEB_mn+10 —>—q s W

VPEA_m,n+11 m
VPEB_mn+11 zzo00 R
VPEA_m,n+12 _‘——‘_—__—‘——

VPEB_m,n+12 __—1 SR SR




US 2009/0002585 A1

Jan. 1, 2009 Sheet 26 of 112

Patent Application Publication

qie9R ASD
GTWRI4 ASD
GeNedR ASD
GOTR ASD
GRIRASO
qGWIR ASO
— i~ ! 1t ' i} = i} it L it i —r— it i+ iF it t i ik 1 1
lﬂv‘ - | A ad vl_.“_{ e m\l_UT IMWJLbT s JL_“T\ 53 I lﬂ\r}m,& T_M_JL | A6 adiay SL,_“T_ lﬂ_wu«ﬁvT\ IM_VL“T
: : : : 1 e e : ,
_ _ _ _ _ _ _ #
— it { A——it t i = f ik A i A i I i —r r—r—i =
lﬂﬂ lad lw\ .M'WT A ym_{ A_MT lﬁ_m xnﬂ_{ + ..u._“_.\ lﬂ? H IMW. =4 lm? %T lﬁ_.v .ﬁ_uvT‘ ~ }_“T lﬂ_Y H | A Jﬂx&
i L ] ] ™ 1 g I g cH 1
Z+umgs .
— it ik [ [t i i} iH —r— I it —— i i—— —— ! i F { i} ih-| A
IM_Y‘ 1 Lv:.* +He A._MT\ +HE Aﬁx{ + .«.nT e .ﬁ_“T\ lﬂ? lﬂ? Ed lﬂ.ﬂ «._“AVT\ lﬁ? }ﬂ:{ lﬁ_‘u’ A_HT lﬂ‘? + .n._“_i .
- f H i . 1 g 1 £ ! g 1 5 g -t
IHWgs :
—ih | ik | AR | A | e | e | el | AR | A | e | s | R | A | A
# | H | H | H Tlﬁ_V TIMP' lm_u.. Tlﬁr T\lﬂ‘? Tlﬁ_n' T‘IM_V. T\lﬁ_w. ind
A e L, a2 e
vEs g = 3 3 i 3 I ERIEE: 2 = SEEE
g = = = g g = g = s & =) s S
i = E, €, x, £, €, E] E, E, WM ™ = =
= 3 = i — L, = i — = iy i ' =
S < g 2 & 2 2 2 2 &8 & & 8 g
GSWeR ASD
GNeIR ASD
TIREIR ASD
Q) 3EWedA ASD
™ q7Ws0R ASD
qINR0R ASD - o -
S < ¥ % oog oy g g ¢ g ¥ g 3 3
- g -y v 3 ) 3 <, 3 = =, Irw. =,
= s 8 8 3 g g 8 & =& 8 3 & 3



Patent Application Publication Jan. 1,2009 Sheet270f112 US 2009/0002585 A1

VSBL_mlr_IJ_If—_Jl——}]—']T-II_'lml_II—J

| — 1 | — ] | Mi—— | | S | | Sm— | B— | B I
VGBL n

VGBL n+1 ___
2

VCSV typeM1b | l T L
VCSViypeM2b — | | | [

VCSV typeM3b { | J
VCSVitypeMdb — | | . l
VCSV typeMsb [ | _ [
VCSV typeMéb | - 1 [ .|
VPEB_mn - —L 1 — P ———
VPEA_mn+1 T :
VPEB_m,n+1 == B i S W
VPEA mp#2 ———I L L L
VPEB_mn+2 _—1 T 1 —
VPEA_m,n+3 T
VPEB_m,n+3 == T B 7 T T
VPEA_mn+g —— - L
VPEB_mn+4 L S — s

VPEB_m,n+5 oo I | i N
VPEA_m,n+6 ~ T o T
VPEB_m,n+6 1 R SR DU
FIG 20 VPEA_mn#7 =

VPEB_mn+7 =

VPEA_m,n+8 ————""
VPEB_m,n+8 T

VPEAmMMO —y . —
VPEB_m,n+9 =i i f

VPEA_mn#f0 ————F —  —— T
VPEB_m,n+10

VPEA MMl =5y e
VPEB_mn#+11 Zoisy g Y e

VPEA_mn#2 —— LI
VPEB_mn+12 —_ 1 —————




Patent Application Publication Jan. 1,2009 Sheet280f112 US 2009/0002585 A1

FIG.21 CSBL.(n-1)B.(mA
GBL.n BRgeyn
AR "ii CSBL.(n)B.(n+1)A
GBL_n+1 A [ ] xij
7 [7 [ CSBL_(n+1)B,(n+2)A
GBL.n+2 R Y
ft (¥t [t “H}i CSBL.(n+2)B(n+3)A
GBL_n+3 BBy
- ESESdNa _‘; CSBL_(n+3)B,(n+4)A
GBL_n+4 v_;} rg_; E2)
e wiw "ij CSBL_(n+4)B(n+5)A
GBL_n+5 By ey
' [ [ —X; CSBL_(n+5)B(n+6)A
GBL_n+6 Tl T :
Gl "% CSBL(n+6)B.(n+7)A
GBL_n+7 Ry I .
Gkl ‘*; CSBL (n+7)B,(n+8)A
GBL_n+8. vi; ﬁ—* N}_; {:;;
Fr [¥3 [¥3 | ¥ CSBL(n+8)B(n+9)A
GBL.n+9 Ry {;
% e I s CSBL(n+9)B.(n+10)A
GBL_n+10 2L [ (3
Eil ki) "? CSBL_(n+10)B,(n+11)A
GBL n+11 [ [
kil ki s “’@ CSBL.(n+11)B,(n+12)A
GBL_.n+12 I
‘;'}; éi %%T "ﬁ CSBL.(n+12)B(n+13)A
GBLn 1 T I
% % fé ‘*ii CSBL (n+13)B,(n+14)A
GBL.n+1 R g !
B iain ""tj CSBL.(n+14)B,(n+15)A
GBL n+2 L33 | & [3d {%F_f
& [F [¥3 [ CSBL(n+15)B(n+16)A
GBL_n+3 T I Y
' '}*ET '}‘é %ET "*};xcssL(nﬂs)a(mﬂ)A
GBL.n+4 1 T T
'}*;T fé é; ‘f; CSBL_(n+17)B,(n+18)A
GBL_n+5 - Tzl I
. % % % _{;' CSBL (n+18)B,(n+19)A
GBL_n+6 3T T2t
% é éﬂ; “{; CSBL (n+19)B,(n+20)A
GBL_n+7 I I I
*}‘ﬁ % 'é; "i; CSBL (n+20)B,(n+21)A
GBL_n+8 RERgEe T
) [ 4 _’; CSBL_(n+21)B.(n+22)A
GBL_n+9 T T
Eisis i'};fCSBL_(n+22)B,(n+23)A
GBL_n+10 BygRgR 9
il lss “f; CSBL_(n+23)B,(n+24)A
GBL_n+11 1 1 3! Tl
k3 fé Yi*é e GSBL (248, (n+25)A
GBLn+12 o -g—
¥ [ {37 ['¥3.CSBL(n+25)B(n+26)A



Patent Application Publication Jan. 1,2009 Sheet290f112 US 2009/0002585 A1

VCSV typeMfc _i L[} l I Tiis I
VCSV typeM2c | ] : I 1
VCSV typeM3c , | ] | 1 |
VCSV typeMdc 1 I I |
VCSV typeMbe I ] i li {
.VCSV typeMéc l J 1 | 1
VCSV typeM7c | ] | 1 fis
VCSV typeMse ~ | ] f | I L
VPEA mn i1 i idr+—1 ol 1% —————H0 -
VPEB_m,n o 00 S B PR i o S R,
VPEA_mn+1 =411 { A 1 i g
VPEB_m,n+1 - $. 1T M - I _ 1. N Rk )
VPEA_mn+2 =10 1314 T i R - R ES
VPEB_m,n+2 R Ir : " I T T 771l
VPEA_mn+3  ~qi i V[ i i s ) HREEET W
VPEB_m,n+3 Do 1 1 f I T
VPEA_m.n+d =0 [T 1 11 1.1 Yt NN U e
VPEB_m,an+4 T r 1 T 1
VPEA_mMn+5 14 IR T ; o o
VPEB_m.n+5 i 1f 1 R f 1 ST
VPEA_mn+6 - El 1 T RS LI
VPEB_mn+6 T I 1 | IR
VPEA_mn+7 1101 [ttt i < I - ; if |
VPEB_m,n+7 e M - ¥ 1 . :
VPEA_m,nt8. ' ] Lt I BEERL ==
VPEB_mn+8 T I 1 I
FIG.22 VPEA_m,n+9 e ' : g - L IS RN
VPEB_m,nt+9 £ i 3 ‘: T 1 5
VPEA_mn+10 -+~ : ! L
VPEB_mn+10 1 s 1 I
VPEA_ma+f1 = = | I
* VPEB_m,n+11 L1 1 i L
VPEA_mn+12 i ik v ’ it
VPEB_m,n+12 ““" I
VPEA_mn+13 T R e e g gy
VPEB_m,n+13 P 1 A ] | P
VPEA_mn+14 1 —mt] T
VPEB_mn+14 - I ]
VPEA_mn+15 - pa g
VPEB_mn+15 -ty = i :




Patent Application Publication Jan. 1,2009 Sheet300f112 US 2009/0002585 A1

FIG.23 ) CSBL.(n-1)B,(n)A
GBL.n L3 (2] [&]
= s w _{;’ CSBLn)B.(n+1)A
GBL.n+t
*vf#} *éi ‘}% ‘{‘; CSBL (n+1)B/(n+2)A
GBL.n+2 L ad
7 (7 [ “iﬁ CSBL_(n+2)B,(n+3)A
GBL_n+3 Ry
| EiGEG _{t CSBL (n+3)B.(n+4)A
GBL.n+4 By Ry
Es ksl k3! '"{;7 CSBL(n+4)B,(n+5)A
GBL.n+5 BRyegE
' e [ “"i—? CSBL_(n+5)B,(n+6)A
GBL_n+6 ByEgE I
T (& [0 "f; CSBL_(n+6)B.(n+7)A
GBL.n+7 s (3l ] {ﬁ 4
il lis CSBL.(n+7)B.(n+8)A
GBL.n+8 Rgege
' [ (7 R ‘fé CSBL.(n+8)B.(n+9)A
GBL.n+9 (2 [3s |35 _{E
Kil ksl ks CSBL_(n+9)B,(n+10)A
GBL.n+10 BRyRyre
' ' n “% CSBL.(n+10)B,(n+11)A
GBL.n+11 T 1 [
[#r [ [y ’{? CSBL(n+11)B(n+12)A
GBL.n+12 R e
BEGEE _{; CSBL_(n+_12)B,(n+13)A
GBL.n g )
7 7 5 ‘{:: CSBL_(n+13)B.(n+14)A
GBL.n+1 By
EilEz HEs, ‘f; CSBL_(n+14)B,(n+15)A
GBL_n+2 Ry
‘ & i ~é—icsﬁn_ (n+15)B(n+16)A
GBL.n+3 BRyEge {;;
BElGEGEE CSBL_(n+16)B.(n+17)A
GBL_n+4 3l 3l {g
' - 'Fr [ [ ¥ [¥; CSBL(n+17)B,(n+18)A
GBL_n+5 L3 |2 [ i {*j
[t [+ [fr |73 CSBLn+18)B,(n+19)A
GBL_n+6 3 3 b ] a’;:l
iGN _{_CSBL_(n+19)B,(n+20)A“
GBL.n+7 REryrE ﬁi
& e (7 |53 CSBLn+20)B,(n+21)A
GBL n+8 o [%;1 _
- sk B i 73 CSBL (n+21)B (n+22)A
GBL.n+9 Ryngrg iﬁ
= [ 3 CSBL_(n+22)B,(n+23)A
GBL_n+10 o
T Fr T CSBL(n+23)B (m+24)A
GBL.n+11 T fﬁf
T [%1 (15 | ¥3 CSBL(n+24)B,(n+25)A
GBL.n+12 IR IR I _
% ﬁ% ﬁ; "eé CSBL (n+25)B (n+26)A




Patent Application Publication Jan. 1,2009 Sheet310f112 US 2009/0002585 A1

VCSV tvoeMtd _i_L{ |
VCSV tvoeM2d T {1 | [

" VCSV typeM3d I i 1 f
VCSV typeMdd [ | I
VCSV tvpeMsd | 1 [
VCSV tvoeMed ™ |- 1 | ] I
VCSV tvpeM7d J 1 |
VCSV tvoeMad J 1 I
VCSV tvpeM9d | . |
VOSV tvoeM10d _ |

——

11

VPEA mn =R LTI L - - BRI RN o 08 e e
VPEB mn T e h =

VPEA mn+1 =i T CR SN0 o O R 0 5 ik A s

VPEB mn+f - - :

VPEA mn+2  HTT T e = f IR s =
VPEB mn+2 T i +——n =

VPEA mn+3 =

VPEB m.n+3 1T | ; A i

VPEA mn+d (7 1 |0 T 1 e BERERENREL

VPEB mnadd I ! 3 ; - r

VPEA mn+s S P EE : ARENRESE S o

VPEB m.n+5 M IENN; 1 : T E

VPEA mn+6 T [7° T . L

VPEB mn+6 I r I

VPEA ma+? ST T

VPEB m.n+7 gl s i 1 1

VPEA mp+8 It . t S

VPEB mn+8 T i S

VPEA mn+9 -0} RN S -t .
VPEB mn+8 A TT i
E

S| g M a, T 1 =

o

f

C
|

[

VPEA m.n+10
VPEB m.n+10

VPEA mn+11 5 F - bl
VPEB mn+11 i {

VPEA mn+12 T BRERE b B
VPEB mn+12 It h - =

F_[G. 24 VPEA mn+13 == : f

VPEB mn+13 7 tp { : i

VPEA mn+14 i L = !
VPEB m.n+14 - [ :

VPEA mn+15 == e
VPEB m.n+15 - 1 ' Ij

|

VPEA ma+16 - b
VPEB mn+16 _..“' f

VPEA mn#l7 1 i i1t f
VPEB mn+17 205 > n

VPEA mn+18 .+ TN -._ -1
VPEB m.n.+18 - i G P A

VPEA man+19 - T ‘
VPEB ma+19 -1t , LL




Patent Application Publication Jan. 1,2009 Sheet320f112 US 2009/0002585 A1

ez - CSBL (n-1)B,(mA
GB‘iB:: % E % J’% CSBLMB+DA
GBL.+2 :E ﬁ :E —1{; CSBL(n*+1)B,(n+2)A
GBLn+3 :E E ’“ﬁ "’;f OSBL.(+2)B,(n+D)A
GBL.n+4 :ﬁ &5 :ﬁ _% CSBL (n+3)B (n+4)A
GBL 5 E #l :E “’% CSBL.(n+4)B.(n+5)A
GBL 6 E ﬁ E “? CSBL (n+5)B,(n+6)A
GBL+7 } ﬁ E E ] _I_QSBL (n+6)B.(n+1)A
GBL.n+8 E ﬁ :ﬁ X;gCSBL_(NH)B.(MB)TR
GBL n+9 E E :ﬁ : CSBL(n+B)B(n+9)A
GBL+10 - E E E S‘iiosm_ (m9)B (n+10)A
GBL.n+11 E ﬁ E _1; CSBL_(n+10)B;(n+11)A
GBL+2 ﬁ E ﬁ “% CSBL.(n+11)B,(n+12)A
GBLn E E ;%‘i —i:% CSBL_(n+12)B,(n+13)A
GBL.n+1 E ﬁ ﬁ *’i CSBL(n+13)B,(n+14)A
GBL.n+2 E ﬁ ;’g _’; GSBL.(n+14)B (n+15)A
: ¥ [ [ _Li:"OSBL (n+15)B,(n+16)A
ZBBLL:Q; % % ﬁ '—’; CSBL (n+16)B,(n+17)A
GBL_n+51 :}:} E E g‘:CSBL (n+17)B,(n+18)A
el ATl _ii CSBL (n+18)B,(n+19)A
ZZt:i % % % —1% CSBL (n+19)B.(n+20)A
GBL.n+8 ﬁ :ﬁ ‘E _% CSBL (n+20)B.n+21)A
GBL 49 E E ’E {%CSBL_(MZI)B,(MZZ)A
3} *P} *T; B st CSBL_(n+22)B,(n+23)A
GBL.n+10 f% @I ‘% “x%CSBL_(n+23)B,(n+24)A
ZZ::; E % % -_"% CSBL.(n+24)B,(n+25)A
7%t [¥ [¥1 91 CSBL.(n+25)B(n+26)A



Patent Application Publication Jan. 1,2009 Sheet330f112 US 2009/0002585 A1

VESV typeM2e =
VCSV typeM3e _ | I 1

I
—
L=
T
[

VCSV typeMde 1 U
VCSV typeMbSe f 1 [
VCSYV typeMée 1 I
VCSV typeM7e [ 1 I
VCSV typeMBe 1 f 1
VCSV typeM3e I L J
VCSV typeM10e L I 1
VCSV typeMile [ 1 f
VCSV typeMi2e d L I 1

VPEA mn T j 3 i
VPEB mn

VPEA mn+ -
VPEB mn+ 3
VPEA m.n+2
VPEB m.n+2 -
VPEA mn+3
VPEB m.n+3 3
VPEA man+d
VPEB man+4

VPEA mn+§
VPEB m.n+s

VPEA m.n+b o
VPEB m.n+6 = f

VPEA mn+7 4
VPEB mn+7 3

VPEA m.n+8
‘VPEB m.n+8 T f

VPEA mn+ -k
VPEB mn+d

— A qr

VPEA mn+f0 i1 T L - T
VPEB ma+10 ] T -+

VPEA mn+f{
VPEB man+11

VPEA ma+12 g 5 A 0 3 5 O
VPEB mn+12 i lian 1

VPEA mn+3 +

,.

R
|
|

=)

it 1 - iy

1 LI

-

f
o - ~i )
-

-

.
4T 1 g C ¥

H
—— 1 o F

ot lig
[
L™
=

i : -h ] 1

VPEB mn+13 3

VPEA mn+14 i
VPEB m.n+14 1l I

FIG.26  woms oiiiiesere

VPEA ma+t6 T ) 1 [H—
VPEB mn+16  TiL g

VPEA ma+l7 . -
VPEB mn+{7 iy 1
VPEA matis SRR v
VPEB ma+i8 T e

VPEA mn+19 -
VPEB mn+19  “iTiif i
VPEA mas20 = TN
VPEB mn+20 Tl L o

VPEA mm21 . =
. VPEB mn+21 ¥ 1

VPEA mn+22
VPEB mn+22 TN I

VPEA mn+23
'VPEB mn+23 1o

- 1 4 I

L




Patent Application Publication Jan. 1,2009 Sheet340f112 US 2009/0002585 A1

FIG 27
e el E % HEEE
A a B HEEE
EEER g @ a HEEE
(21212 2(32(3
CSBL.n-1B.nA ©
1 I 11l 1
GBLn \‘ij vir AT ¥L
# ry P ] -
CBLeBmttA | TT | TT | XT T
xL [xl 1L 1l
GBL n+ T T R T BT ¥ T
P P P et
cBlattend | YT [ YT | YT T
hl rl rl xl
GBL.n*2 T T LET r
Py L P L P T _{ 1
CSBLmBn#3A | T T IT IT IT
—_ Y E T4
n
: e el
csLeetBreth | T | YT | YT T
xl Tl r1 Tl
GBL n+4 AT L TT LTT _i_’t_'r
1 P o e
CSBLnt4Bat5a | ST | T T T
GBL.nt5 e e
CoBLessBatih | TT | YT [ IT T
r 1 Tl Tl bl
GBL.n#6 BT LTT T —X:U
CSBLAt6BAtTA | T T 17 IT IT
x1l [ xl 1 i
(BLT e L
1 Pz P im
GSBLnt7Bnt8A | T T T IT
I Tx1l Tzl 1
GBL8 e —iﬁ} =
Fra P P el
CsBLetdBetoA | X7 | TT | X7 IT
xl x 1 x L bl
GBLnt9 held [T T ;:_:r_;r
PS - * - jm 1 g
CsBLatBrtiOA | TT | T | IT T
11 [ x1l [ 2L Tl
A GBLn+10 BT R TT AT —:fu
. P P 2
CSBLA+0Bat (1A | T T 17 T
: rl [ xl 2l 11
GBL n+1 ) v L LT —gi
1 T2 T 1
CSBLr+(Bnt12A | T IT | X7 T
xl [ rl 11 rl
GBL n+12 v v LT R
CBLetBatA | TT | TT | XIT T




Patent Application Publication Jan. 1,2009 Sheet350f112 US 2009/0002585 A1

VSBL_m 5_‘ l_lr—_ll_]l—]l_lﬁl___ll—‘ L_Il_-IL_Jl—lumL_lr-]L__lr—]L_T -

VGBL n —
VG
=0
N4,
Vi Et n+4
VGBL n+5 [
VGBI n+6
Vgst e T
VGBL n+d. M=
VGBL n+10.
VGBL n+11 —1_
VGBL n+12 T
VCSV typeM1f | 1
VCS8V typeM2f l |
VCSV typeM3f : [
VCSV typeMdf [ |
VPEA_mn e T T T T e
VPEB_m,n L I
VPEA_myn+ ——= AT e
VPEB_m,n+1 === i
VPEA_mn+2 ——T " T T e
VPEB_m,n+2_‘-—| —
VPEA_mn#3 T

VPEB_m,n+3 ==~ T T
VPEA_mn+4 —————T"
VPEB_mn+4 — 1

VPEA_m,n#+5 I
VPEB_m,n+5 =770
VPEA_m,n+§ ———
VPEB_m,n+6 ~ 1

VPEA_m#7 50
VPEB_m,n+7 =227 .

- VPEA_m,n+8 ~=t———JT 7
FIG28 VPEB_mn+8 ~

VPEA_mn+9 ——
VPEB_m,n+9 == i
VPEA_m,n+10 ———
VPEB_mn+10 7=

AT 1L

VPEA_mn+11 =— =

VPEB_m,n+11 z== 0= .
VPEA_ M+ ———r— I
VPEB_mn+12 _ 1




Patent Application Publication Jan. 1,2009 Sheet360f112 US 2009/0002585 A1

FIG.29
by W by w0 -
a/&1g/alrgla =1 ' E EFEEEE
sso585 8 8 EEEELE
213(3|2[3(8| % |%(4(2[8
: CSBL n-18,nA
1 1 [ xl 1
GBL n Ti—'r ,,.%_T KT {_ﬁr
. Py *. A ]
¥ J R L
CBLBnttA | LT | XT T IT
4 1 x 1 1
GBL 1 ‘ A7 [ EF |37 5
' ';'_\1,1_ A E Aj:g: 1
CSBLatiBrtA] T T by I T
1 1 )l T
GBL 2 x| F=x | &5 | X
s T
CSBLntBatdA| T T IT IT TT
' T x1l [ ri rl
GBL n+3 = WET T _i
i P P 2
OSBLAtdBatA| T IT by I
11 x 1 1 1l
GBL n+4 S .¥_T_T ¥ T3 T
‘1 P e _itr,—__
CSBL n#4Bnt5A T 1T IT T7
GBL.wS TN 14
’!‘—\Iﬂ_ * LR g, Efb‘—_!.j
OSBLmsBoA| T T T 1T I7T
L | xl [xl1 xl
GBL nt6 | v Tl zi
Py - ~ - _Am ]
CSBLnt6BntIA| L T IT 17 1T
L x 1 1 1
GBL.n#7 EL I }y B 3:
fra e e 1
CSBLnt7BntBA| ¥ T T IT Y
x L x| x| > L
- GBL. LT L LTS LT
CSBLnt8BntIA| 1 T ES 1 X7 T
1 1xl {11l xl
GBLntd . T%‘J AT AT AT
CSBLnt9Bnt10A] L IT7 T I
rl x 1 rl >l
GBLAHO AT LTF LIF T
. Py & . 2 _I
CSBL 0B+ 1A i 1] T7 17
ol rxl ri [l 1.
GBL 11 - W ET LT —ﬁ
P 1 Py 1 * 2 1
CSBLnt11Bat124| T Y T T
1l T 1 r1 r L
GBL 12 AT LAT LEF L%
CSBLntiBr+tdA| T T IT IT I7




Patent Application Publication Jan. 1,2009 Sheet370f112 US 2009/0002585 A1

VSBLmI——IF—II—II_—IF-]l_II—"II—"II_l[_I

VCSV typeMig [
VCSViypeM2g — |
VCSV typeM3g |
VCSV typeMdg 1
VCSV typeM5g 1 |
VCSV typeMég | ]

VPEA_ it e

VPEB_m,n T

VPEA_m,n+f 5T
VPEB_m,n#f o)

VPEB_m,n+2 T

VPEA_m,n+3 — ]
VPEB_m,n+3 ST

VPEA_mn+4 ——r—
VPEB_mn+d ~

VPEA_mn#5 —— o o
VPEB_mn+5 =7 T

VPEA_mn+6 ——— R
VPEB_mn+6 ~_1 —

FIG 30 VPEB_m,n+7 m=xoooosss ;
VPEA_m,n+8 —-——l T
VPEB_m,nt8 T

VPEA_mn+9 ——e o -
VPEB_m,n+9 g ———T

VPEA_mn+10 ——
VPEB_mn+10 "o
VPEA_m,n+11 -—-..1 Tl
VPEB_m,n+11 =oioomorme oo
VPEA_mn+12 ———re-—"-I
VPEB mn+12 "

—
=
e ——
O —
PP v e
—_
VPEAmm2 o— T
P —
st c——
J

| S

——

-

I

—

| S

T

-
p—
i——

| P,
e
p—
——




US 2009/0002585 A1

Jan. 1,2009 Sheet 38 of 112

Patent Application Publication

Y
°
Y
avia BN
T
\\\\\\ 7| 1
g § 8 oo OO
\\\ \\\\\ 650
a Q a] oo 00
\\ \\ V] (S
m § 4 £€00:0
\\\ \\\ 7| SO
q % % . Z00:9
\\\ \\ 74, tO
Nl ' 10019
81
o o I
2 e
0 0q eV
loaano
g-12dA1  (9)

+00:9

® ®
o n. B ™~ Loaano
v 100 3NO
Z-1°dAL (q) 1-13dAL ()
LEOIA



Patent Application Publication

FIG.52

(@) Typell-1

ONE DOT

G:001

G:002

G:003

G:004

G:005

G:006

G:007

G:008

G:009

G:010

G:011

G:012

G:001

Jan. 1,2009 Sheet 39 of 112

(b) I Type[l—2‘
ONE DOT A

G:002

G:003

G:004
G:005

G:006
AlB|A

Ut
Gl

A A

Y
]
A
Dl
CS1I0 Vi

G:007

-\

G:008

G:009

G:010

G:011
U

A A

G:012

G:001

G:002

G:003

G:004

G:005

G:006

G:007

G:008

G:009

G:010

G:011

G:012

(e)

US 2009/0002585 A1

Typell-3
ONE DOT
A \a b ¢
CS1 l 4//// % S N )
:\ " A
: B
CS2
cS3
I
B 8
CS4 ”////////
EE
° %f
S5
CS6
cs7 //////
€S8 //////
B 7 V
CS9 %%%%
Cs10 V/////,/
M
BZAIB
CS2 %%%///
&3

o Wt
]



US 2009/0002585 A1

Jan. 1, 2009 Sheet 40 of 112

Patent Application Publication

i t [ i ! 1 | [ ]
] _ IR I I
i i ] [*°° i ! i oo i i | P ORELEY
; A —— " _ i | _ i o 39YLI0AONZ
i ! i | | ! R _ i i
__ _ i i [N B W P . i i 1S9 13AT
| A _ " m " el ] i A = 7
i ﬂ , = = L. ;
" i " | ! “ H 008 = 3[PA> 08 x H 0T _ m | TYNDIS SOm
1 ! ! ] [ ! 1
v+ f—— T
P oy L o |
| [ oo
\ . ]
| 900589 | €08=I2I01-A 900:31€9 _
C 1
_._ f- T t WNOIS 2RO M
100:93€9 100:239
S3SVYHd 0T SO 89/:dsIQ-A  £08:|EI0L-A
I 8dAL NOLLD3NNOD 13XId-S2



US 2009/0002585 A1

il

BT

H 008 = 31242 Ot * H 0C

(

| ORI USSR PR

ZT0:°38D

Jan. 1, 2009 Sheet 41 of 112

| e—

TT0:329

Patent Application Publication

_|T

i
100:33eD

¢SO T13AN

= ___3JOVLI0AONZ

1S213AIN

i!  39vIT0ALSH
WNOIS SOm

__.v.__ TYNOIS SO M

S3SVHd 0T SO 897:dSIQ-A  £08:IPI0L-A
11 3dAL NOLLDINNOD T3XId-53

88014



Patent Application Publication Jan. 1,2009 Sheet42o0f112 US 2009/0002585 A1

e
o F
X <
m A

BRIGHT

DARK
DARK
BRIGHT
DARK

D R SR S
(B, 9.m, 8.0, 8.0
i O — (Yol vl O L
oPoCHPaCaCan
LOR20202 0202 02 0 .
O Oe G G G 0 O

‘\\ BN\ ) N
NVEEINEN NN
1R B\lﬂ\\ [ B

N

B om ol om mIEENE
\m\m&m\M\m\m\m
LSS N\

NE\ .
N

011

FT
G:



US 2009/0002585 A1

Jan. 1, 2009 Sheet 43 of 112

Patent Application Publication

,ﬂl } ] T
T3 .. ._.Flﬁr T¥ a.m HH 43NN SNE 3LYD
Ir ITr | Ix Ix
w I | HDHH ._.h .,HH“ Hh HH 9# INSN8 210
I JEY 1 Ix

m| ¥ : ! =
11 Hh HH HH HH ._.h HH S# 3N SNA 3LV9
Ix Ty 11 Iy
13 ._.I,H Hﬁ ﬁh HH H.n “H_” ¥#3NM SNE 3LYO
1x L1y pesos> 1 x L 1

hd ¥ hd

HM B Ll L7 L1 Qm_z_._w:mmh,,.‘.o
ki [T [ T3 s
Iy T (95 [ Ix
w\lﬁml ._.I,H\L_r ‘._mmo l_.I&Lr .rl,whﬂ Z#IANNSNG Eﬂw
It IT ™ T% 1T
Ix Tr = L @0l X ok

i E ._.I\Pﬁm&._ud A
Il I [T erong L0 0— verLial L3N SnaaLvd
TF T3 ._mwoﬂ T7T |isowy—T | owop [ ] ]|

mmmmmmmmmm mum_,_._wzmm_om:om_,ﬂvﬁ:mmom:glm mmmmmmmwmm
L3N .
Veg DIA



Patent Application Publication Jan. 1,2009 Sheet44 of 112 US 2009/0002585 A1

FIG.358 SOURCE BUS LINE#1
'ag%% S <~ SOURCE BUS LINE #2 ool
Wﬁﬁ‘) 1 11 ‘1 1|1l et
GATE BUS LINE #7 Vﬂ— WM .“_’LT _.u_T_T
11 1] 1] 11
GATE BUSLINE 8 |17 7 | £y | iﬁ
B BB
G::TEBusuNE#s T’iLTl ”ﬁj\jl- 'v—%—JT_ ﬁ
B[R [% 6
GATE BUS LINE #10 ,‘_’%_Jf T%_TJ- 'r%—% 11;1
B 1 [B
GATE BUS LINE #11 11 1l 1l 11
H B s . &y _fé
1 T A
IT 7 T 7
GATE BUSLINE 12 ﬁ vjtj‘_ w—%—Tl 1]
T I A1
T T 7 T
GATE BUS LINE #13 -;il—’iu—l w_%JVJ_ T—%_-]_l- 1 J_
1 e T _Ii
L I S 5 S 3
ATEBUS LN 41 'vbl T‘;‘Jj \"%Jl 1
A N
E kLS




Patent Application Publication Jan. 1,2009 Sheet450f112 US 2009/0002585 A1

FIG.36
BGATE SIGNAL
G:001_p
GOOZ_h
G:003 .

G:004 -ﬂ-l

' j
G:005 EM!

G006 {111fy
G:oo7 ML

. II!.”II
SR ERRREAT
G009 Ly
G:010 !IIIIIHI
Go1r I
G:012 !!!!!!!...'

. RERREREE k.
GO
G014 pprry
WCSSIGNALLTTITILTETLIE
cst FEELTTT

e HIN |

CS2

Cs3

CS4

CS5

CSé

cs7

Cs8

Cs9

CS10

i LL'n'—l:!

—|_|| i

L
L[

L]

— 1 L—

L |
—
I
I




US 2009/0002585 A1

Jan. 1, 2009 Sheet 46 of 112

Patent Application Publication

v-o-11
v-e-11
NI HLLL

v-0-9
v-e-9
ANI HLY

y-o-|
v-e-|
3N LSt

i , i
. _ i i
i _ i | ,
i i i i S$73XId OL QarddY SIOVLIOAN
i H i i | : .
L L Lo .
+ i | i * .
i _ r 1T it ’
i i i o0 i i i .o o_ i ! i
_LI A L _ i I i i ! B 25973A31
_L|_ A i : -~ ; Ao - 9VLI0A ONE
“ i i _o ) " [ " A_\| ) o_\ u" 4 " }SO1IATA
. i i _ I E R ) | HSTTHS |, sovitonlst
I T S H008=9PA 08« HOT i ™ wnors som
i ! i i ! i i _ |
_ ) a— U T i
I i i " " d i |
i “ 1100080 i Il i
1 i P— U !
| : 4] !
| =101 _
i g00:e0 | €08=IEI0L-A 900:3€9 |
[ 1]
: (T# IWVHL) €08={RI0L-A _.__‘ (1# JNVE) E0S=IE0LN _u_ TVYNDIS 21eD
100:3129 1003329

S3SYHd 0T SO 89£:dsIQ-A

£08:1BI01-A

1 8dAL NOLLOANNOD 13XId-$D

LEVIA



US 2009/0002585 A1

Jan. 1,2009 Sheet 47 of 112

Patent Application Publication

FIG.38

ONE DOT

DARK
BRIGHT

DARK

BRIGHT

DARK

BRIGHT

G:020

021-
G:030

— N M S W W M~ M O vy N s W W~ 0 92 ™ N Mm =
oD e 0 0 9O o 9 99 @ @ v v - T v - - T NN NNy
5 & 6 b b B 6 & b b 6 o 6 O 3 0 O 6 0 6 & & b o
—
T
o
4
@&
A
<« o
S £

G:001
G:002

G:003

ENE RN

Cs4
Css5

G:004

G:005

Cs6

G:006

G:007

G:008

G:009

G:010

G0N

G:012




US 2009/0002585 A1

Jan. 1, 2009 Sheet 48 of 112

Patent Application Publication

g Y Y )
A._”d\LH 9 o ” ._.h u.m Ll EENR NG
lr ir ix 1
T f T ' AI\H,JHH ._.I\P«.
T L J
L H“_” L “H“ h.ﬁ HH L HH 9% INITSNE 3LVD
I 1 Ixr Ir
ml bd J w hd
+* g T T ko)
TY L HH L HH L HH S# 3NN SNG 3LVD
lx Ll ix Lx
N HHJ"” ﬁﬁm
L ur L (J
rr I b rr I " L1 Hh “H_H # 3N SNG 3LVO
Ix Lx Lx ix
H b b
' X ~ J
T ._. T T3 .ﬁ T £# AN SN\ 3LV
Ir lx lx lr
¥ ¥l ¥ ba
1 L Py J
LI LI LI L1
+ J|E0SoT 1t Z# 3N SN 31vO
T T |18s0 S 1 [¢80W) J_. H\/m w._mmw
= = = 8€-1500 |8®
i -
LI o LT ve1500 S
7Y TT [1850 o TT [l o | oweo 143NN SNB 3LVD
- O 00O 00
2|2(2|8|2(2 (8|82 |2 313 @ g @@
o oo mmmE @@ 0
22222 (BIB |2 an | aNnsng | =3 e R A e
e SN 3ININ0S > J0UN0S > .
V6§ DIA



Patent Application Publication Jan. 1,2009 Sheet49o0f112 US 2009/0002585 A1

18 80
‘ 4:] SO.
€d SO
8 SO
58 SO
99 SO
L8 SO
89 SO
69 SO
018 so

i

Tl
1
Il

e
i:='

Ky

1
1T
1

-

H&FE?QJTFEGQTFEQT e

= | A | A —— et 1 1
H | | | | | | “F
+ Ld 14 =. o 4o -
ye .
& 3
33 | e | A | A —— ik | e | A
B3 | | H v | b | | | H |- | = ,,F
[f\ 4 L H Fand T - 4
we
2 | d—— —— b —— | = | A
m[; | | | | | | | ‘,F
1 . H i .- a He
018 SO
68 SO
88 SO
{8 so
98 SO
58 SO
¥8 SO
€8 SO
¢8 SO
m 19 SO
83 5 o . 2 J £ o 2 J T
" w w w w w w w w
G z =z Z z F =z z z
par ] | o] 3 ] v ' ]
’E 3 3 =] 3 = 2 =] =]
53] m [is] 53] [ee] o [35] i}
w w w w w w w w
= = b = < < = =
(&) (U] (6] (U] © o (O] (4]



Patent Application Publication Jan. 1,2009 Sheet 500f112 US 2009/0002585 A1

ZIE Rie)
€8 SO
¥8 SO
68 SO
98 SO
L8 S9
88 SO
68 SO
018 SO

SOURCE BUS

LINE
g_
>
X
i
1L
e 1T

SOURCE BUS

gLINE
A
T
1L

olg SO
68 SO
88 SO
L8 s?
98 SO
58 SO
y8 SJ
€8 SO
¢g SO
18 S

(&)

[
o
[N

FIG.39C
GATE BUS LINE #14
GATE BUS LINE #15
GATE BUS LINE #16
GATE BUS LINE#17
GATE BUS LINE #18
GATE BUS LINE #19
GATE BUS LINE #20



Patent Application Publication

Jan. 1, 2009

Sheet 51 of 112

US 2009/0002585 A1

MGATE SIGNAL
G:00L_:
G:ooz_h;
1
G:003 [
G:004 !—!—!'"
Goos Il1fy
G:006 'I::_:_h
1
G:007 |1||+ﬂs
G:008 1] {
G009 iiiiiify
G:010 !!!!!!;_Hm
Goyg HUHEEETTL
NEREEN sk
G012 i
GO13 brrrirrrrL
G:014  LHUTEETETELT f
WCSSIGNALL FLTETEEET LT
l
cs2 LT
- H
Cs3 Wfoe 01 [ 1
TS
G4 treeer
i
6 LE
cs? if"—|__|—|___.|mr-|
111
[
Cs9 | L 10H



US 2009/0002585 A1

Jan. 1,2009 Sheet 52 of 112

! [l 1 " A | “ [
T N H
p ! I b b i
P ]
" L Z10:93e9 | i “ 710:93e9 '
" X : z : I
¥ 110:81e9 ! i T10:91€9 "L_
T " 1 LI [
i e t ¥
5 i A
L » _ 1 _
i [ ¥
. t )
b —.T m T_ ¥
b i P
1 | 1.
T} [——— 1 I [
¥ S a
" ! _ 1 H !
=T { M Ll 1
' U o i
L L i
™ 5 (I
i _|_‘ i d i "
i Y S
L L 1
p it I
¥ U i g il
. H B
i L ™
: L : X
i “ i
L T !
“ 200:319 | Z00:21€9)]
f 1
- - . TYNDIS 2O E
.._._ (2# INVUDE0B=IRI0L-A _._‘ (1# IWVE) £08=130L-A g O
100:91e9 100:33eD

Patent Application Publication

[3AT0S 01 SW3T180ud]
SISYHd 0T SO 89£:dSIQ-A  €08:IRIOL-A

IT 3dAL NOLLDINNOD T13XId-SI

VIvOld



Patent Application Publication Jan. 1,2009 SheetS30f112 US 2009/0002585 A1

:f:ﬁ:':i:i:l::r:f:ﬁ:':: _______ — IO IORIOIUUIOTOON] HOPN NOISNSPRAISISOUR MO SROURSSREPRIION PRSOMIN

LI

: [= |
: (= | 3

[ 3 y
° *®
oo L ] * . . -
S . L4 * ® S
[7+] rS . ‘. Ld g —
1] . . ]
T
o — —
v 4 - ]
a Q [
o I -
¥ .8
: ] A -
. I T
o r =
~ = = =
iy Y i i Moot OS] bt ottty oo Wuibn ioutbuiouiomobution ot hutte iSntbustatbutbutien b Ak iy | f— oot
1 in
E s I
I ' —

S
= 1

w
.Q?D" Sg
O PE5 Eg oo
I\q"’_lo 6‘0
E;,ﬁ?m > @

== O>

ww Zw

- &3



US 2009/0002585 A1

Jan. 1,2009 Sheet 54 of 112

Patent Application Publication

Vv-3-Z1L
Vet
INMTHLEL

VoL
V-E-Ll
AN HLLL
V204
v-e-gL
ANMTHLOY

V-6
VB6-
3N HL6

vo8
ve-g
NNHLB

VoL
Vel
ANNHLL

v-o9
Ve
3INITHLY
Vo5
Ve
INITHLS

v-op
Ve
INAHLY

v-og
Ve
3NN Qe

vaZ
veg
annane
vl
vl
INTLSH

$73XId O1 G3NddY S30VLI0AN

QL7 DI



US 2009/0002585 A1

Jan. 1,2009 Sheet 55 of 112

Patent Application Publication

. 13A3139VL10A ANZ GNV 1S 3Z1T¥ND3 0L 8 QO3

SA03d ;

: HeT — |

iHS

i

v-2-994
v-e-99L
3N H199L

y-o-1
V8-
aNr Lsi

$73XId O1 Du_._mn_< S3OVLIIOAN

—

_... RS’ HS

H6T

f
i
P
'

4

\\[ (SNOWLYT113S0 DIJ0I¥3d

3AISHNOTY HLIM ¥V QORI3d) Imwn 1

A

g
99918

m 13AT7 IOVLI0A ANE

i T3AT1IDVLION ISI

5T SNols som

_._T

T00:33e9

£08=IE30L-A\

TYNOIS 8iEOM

S3ISVHd 0T SO 89/:GSIQ-A  €£08:(BIOL-A
1 3dAL NOLLD3INNOD T3XId-SO

Ver DI



US 2009/0002585 A1

Jan. 1,2009 Sheet 56 of 112

Patent Application Publication

v-9-99L
................................................... v-e-99L
INIM HL99L

y-o-1
v-e-|
anr LSt

ATIN3A3 $73A37 1 ANV H 3LYO071V OL ONISSIO0Hd TYNSIS SO 40 ¢# I1dNYXI M

dcrold



US 2009/0002585 A1

Jan. 1,2009 Sheet 57 of 112

Patent Application Publication

v-0-991
.................................................. I
3N H199L

v-o-1
v-e-|
3INII 1St
“HS| HS
ATN3AT ST3ATTT ANY H LYOOTIV OL ONISSID0Nd TYNOIS S 40 4 T1dAVXIM
DE¥ OIA



US 2009/0002585 A1

Jan. 1,2009 Sheet 58 of 112

Patent Application Publication

V-9-99.

..................................................................... v-2-99/

< >

[

3N H199L

v-o-1
v-e-i
aNM LSt

HS

HS

AIN3AT S13A31 1 ANV H 3LYD0T1TV OL ONISSIO0Ud TYNDIS SO JO v# I1dNVXIM

acv O



US 2009/0002585 A1

Jan. 1,2009 Sheet 59 of 112

Patent Application Publication

V-2-99L

AN HL99L

v-o-¢
. vy
3N LS

ATINIAT S13A3171 ANV H3LYIO0TIV OL
ONISSIO0Hd TWNDIS SO 40 Z# ITdWYXIE

V-°-98L

¥=0-1
!

3N ASE

$713XId 0L G3r1dd¥
£ 539vLI0AM

| TBAZ1FOVLI0N ONZ
13A31 3OVITOA LSH

WNOIS SOM

14
HOZ 1

(SNOILYTUOSO 21Q0¥3d
INISHNIIY HLIM Y GONI3dYHEIL

HOZ

99/:21eQ

U
£08=|2101-A U oIS sleom
100:3329 100:31D

SISVHA 0T SO 89/:0SIQ-A H08:[EI0L-A
I 3dAL NOLLD3ANNOD 13XId-SO

EVOIA



US 2009/0002585 A1

Jan. 1,2009 Sheet 60 of 112

Patent Application Publication

V-0-99(
-e-99/

v-o-1
..... v-e-|
aNn 1st

AIN3A3 §13AT1T1ANY H 31¥30TV OL
ONISSIO0Ud WNOIS ST 40 Z# I1WYXI I

v-2-99¢
L. V-E-99¢

3NI HL99L

y-o-1
..... y-e-y
TaNn AsL
$73XId OL 03NddV
SQoM3d | © S39V1I0AR
T3A3139VLI0A GNZ ONY 1SL 3Z1TvND3 01 8 QO3 ! , ! ,

. :QN.\\\ _”m.:: wm\,ﬂ.mo,&:oZzN
" D L R e 1 ses H
"HS i _ HS| HS]! 1anaizoviionist

HET ——— (SNOLLYT1IS0 21d01d3d \
: JAISUNOTY HUM Y GOMadHSe, | WNOIS SO

U :
99£:9189 ;
—H wnois sleom

i
_-_Am $08=[EI0L-A
.9
100:3383 100:31€9
SISVHAOTS)  89LdSIG-A  bOSIEIOLA
I 3dAL NOLLDINNOD T3XId-S)

Py ol




US 2009/0002585 A1

Jan. 1, 2009 Sheet 61 of 112

Patent Application Publication

¥-9-99,
V-€-99(
INM HL99L

v-o-1
..... v-e-|
aNM st

SQOR3

H 13AT1 39VLI0A ONZ ONY 1S4 3ZMVYND3 0L 8 GORI3
: ; — B
Hé1 ‘nmt\\—-o i H61 -o—
: | HS : HSI HS
HET ——— : : HOZ — (SNOLLYTIIOSO IGO0
H i JAISHNOTY HLM Y QOINId)HSSL 7
U b
; 997:31€9
1
g . |9
- = - =30} -
£08=ie10L-A 100:5185 bOB=IRIOLA 100:339

V-2-99L

AN HL99L

v-o-|
L Vel
: aNn ISt
S00R3d $13X1d OL 03Nddv
73437 39V110A GNZ GNV LS} 321¥1103 01 8 Q0Ri3d ;. S39VLII0AM
He6T : HOZ .. ._\ T ES A
: HS| HS]: maagizoviionsst
HET — i H6T (SNOILYTIOSO JI0Id3d :
: : INSHNOTY HLIM ¥ GORIId)HS9L TYNOIS SOM
= H
992:31€9 h
/ He H wnois seom
=|2301 -, U 4]
€08=12301-A 100:3%€9 $08=[230L-A 100:2129
S35VHd 0T SO poLidsIQ-A ' E08'H08'E08"H08HIEOLA

1 3dAL NOLLD3NNOD 13XId-50

VerOIAd



US 2009/0002585 A1

Jan. 1, 2009 Sheet 62 of 112

Patent Application Publication

v-2-99L
.................. v-2-99¢
3N HL99L

y-9-1
v-e-1|
3N LS}

SaoN3d !

v-9-99(
.................. v-e-09(
3N HL99L

v-o-1
..... v-e-|
ENa P

T3A31 30VLTI0A ONZ ANV 1S4 32MvND3 04 8 co_mwmllm

H

S| HS

ATN3AZ ST3A3T T ANV H 3LYD0TIV OL HNISS300Hd VN

DIS SO 40 2# ITdWYXIE

qsv 914



US 2009/0002585 A1

Jan. 1,2009 Sheet 63 of 112

Patent Application Publication

V-3-18L
v-e-19L
3INN 1SI9L

v=0-2i
v-8-21
3N HLZE

v-o-1

v-e-|
aNn ist
$13Xid 01

Qa3ddy S3OVLI0AM

HA L eee : w  13A31 39VL10A ONE
: _ ; L ; HOT |7 HOT | 1337 39V110ALS1
' : : 0 T ($NGIVHIDS0 JIa0Mm3d
H : H JAISHND3Y HLIM ¥ GORI3d) HOLL
= : =) : NDIS SOm
9Lio4e)

U
210:91e9 H
1

_.._‘ +08=[E0L-A U TYNOIS leOm
100:9389 T00:93eD

S3SVH4E 0T SO 89£:ds1Q-A $08:1€I0L-A
11 3dAL NOLLD3NNOD 13XId-SO

V97 914



US 2009/0002585 A1

Jan. 1, 2009 Sheet 64 of 112

Patent Application Publication

V-2-19,
v-e-19/
3NN LS19L

v-2-21
v-e-¢1
3INM HLZ

v-o-1
s Vel
3NN Lsi

$713Xid OL Q31ddV S3DVLIOA R

HOT

HOT

AIN3A3 ST3A3T 1ANY H 3LYO0TTV OL ONISS3D0Ud TYNDIS SO H0 24 I1dWvXI M

9% D14



US 2009/0002585 A1

Jan. 1, 2009 Sheet 65 of 112

Patent Application Publication

V-2o-18L
v-e-18L
aNM JSi8L

v-o-71
v-e-2Z1
ANMT HLZL

y-o-1
s VE-L
3NN 1St

$73XId 0L 03NddV S3OVLIOAE

ATINTAT $13A31 T ANY H 3LY00TTY OL ONISSIOOHd TYNDIS SO 40 €4 31dWvXIM

D9¥ DI



US 2009/0002585 A1

Jan. 1,2009 Sheet 66 of 112

Patent Application Publication

V-2-19L
v-e-19L
3NN 1SI9L

v-9-Z1
v-e-Z1
INTT HLE)

v-9-1
o Y-}
aNm Lst

S13XId OL G31NddY¥ S3OV1I0AE

HOT H 0T

ATN3AZ ST3AT1 1 ANV H 3L¥O0TIV OL ONISSI00Ud TYNDIS SO 40 ## ITdWVXIE

a9r V1A



US 2009/0002585 A1

Jan. 1,2009 Sheet 67 of 112

Patent Application Publication

Iy

: 19,93 :
r10:e 210:93D
- t
[k —
- y
[J H
I3 g
I3 H
[ : _m__ll
= i
Iz '
_ y
Z00:3329 200:31e0!
100: wu_m £08=[e10L-A Hoo“uumnm_v]_‘.\zmzw ST |

S3SVHd 0T SO 89/:aSIQ-A £08:[BIOL-A
11 adAL NOLLDINNOD TaX1d-SD

VL7 OIA



US 2009/0002585 A1

Jan. 1,2009 Sheet 68 of 112

Patent Application Publication

|‘\\ [
HOT A OT et THOT T WO
— — ee'e
ol B
—— _ —
HIT | HOT ‘4 HOTTHEOT
_ * 00 a0 0 —
] H H : — —
HoT tA | O PeeHOT 0T
; X} ._ _ see _
E—— _ —
H9T -u:_ H Ot ” i H 0T H 0T
. AR 13A31 39V110A ONZ
— T — 4 _‘ ...... .
Hot .o -_ Aot seoo HoT 1% HoOT 13A3139VLI0A 1S
R H AN emAnl g P
Hot . (SNOILYTIIOSO DI003d
HLT | 3NSHNO3Y HIM Y CONIIHOLL TYNDIS SOM
. ! ;
192:93€9
c [l 1
Z10:91ED Z10:21e9
= i vnois eleom
o“uu_m_w E08=IEI0LA .

SISVHA 0T S 89Z:0SIQ-A  £08:[LI0L-A
11 8dAL NOLLOINNOD 13X1d-SD

L7914



US 2009/0002585 A1

Jan. 1,2009 Sheet 69 of 112

Patent Application Publication

V-2-18L

v-e-{9(
AN LS19L

V-9-21
v-e-Z1

I

ANM HLZL

V=9-14
V-8-11
ANMI HLLL

v-2-01
y-e-01
INFYHLOL

¥-0-6
v-e-6
3NN HL6

v--8
y-2-8
3N HLS

3N HLL

y-9-9
y-8-9
aNM HL9

¥-9-g
v-8-G
3N HLS

Y-0-y
y-e-p
3N HLY

v-o-¢
v-e-g
3IND QHE

y-0-7
. v-e-g
3Inn aNz

3N ISL

S$73XId Ol a3MNddY S3oV.LI0AN

o
192:21eD)

I

;
710:23e9

4]
210'3e9

H oIS ol

I

100:33e9

£0B=18301-A [ 0]
S3SVHA 0T SO 89/:dSIQ-A  £08:IEI0L-A
11 3dAL NOLLDINNOD 13XId-SO

OLV DI



US 2009/0002585 A1

Jan. 1,2009 Sheet 70 of 112

Patent Application Publication

¥-o-19L
................................................... v-e-19L
3INM LS19L

v-°o-21
v-e-¢1
3N HLZ!1

v-o-1
v-e-|
aNr 1st

M‘.c—
_ tPeoTHOT HOT

ATNIAZ ST13ATT T ANV H 3LYO0 TV 0L ONISSIOONd TYNDIS SO 40 Z# F1dWYXIm

I\

4]
19/:318D ;
1}

; t
T10:91eD ; [AED]

:. IVNDIS 81eO N
=|e30] -, 1]
€08=I8101-A 0:3e9

S3SYHd 0T SO 89/:0SIQ-A  £08:(€30L-A
11 adAL NOLLD3NNQD 13XId-SD

al7OIld

ﬁoonwu_m_w



US 2009/0002585 A1

Jan. 1,2009 Sheet 71 of 112

Patent Application Publication

V-9-19L
v-e-19L
NI LS9

v-2-¢1
v-e-Z1
ANN H1ZL

v-o-|
v-e-i
aNn 1si

[
tTttTHOT WOt ]

ATNZAT $TIATTTANY H 3LYO0TTY OL ONISSIO0Ud TYNOIS S3 40 2# IdWYXIM
$13X!d 01 03ddV SIOVLIOAM

V-9-18L
v-e-19,
3NN 1S19L

v-°o-21
v-e-21
3NMH1Z21

v-0-1
v-e-]
3NN LS}

~ 500134 ;
T3A37 3DVLI0A GNZ ONY LS} 3ZI¥ND3 01 8 A0RIAd $13XId 0L G3NddY wm_o<._.._0> |

e _|| N PR T3AT1IOVLION ONE
HOT H 0T T3A37 39VIN0A 1S)
e — (GNOILVTIIS0 olgomad + o4
HIt JAISYNOZY HLIM Y CORIIdYHOLL VNOIS SO

HOI

i
T9L:33eD

[ H

& Z10:93e9 i
(F 5 0 yNoisaeom

T00:23€D YOB=IE0L-A 100:21e9

S3SVHd 0T SO 89/:0sIQ-A  £08:[I0L-A
II 3dAL NOLLD3INNOD 13XId-S2

8¢ 014




US 2009/0002585 A1

Jan. 1,2009 Sheet 72 of 112

Patent Application Publication

v-2-19L
v-e-19L
3NM 1S19L

Vv-2-21
v-e-Z1
3NN HLZH

y=0-1
y-e-|
ENF

SA0RI3d $73XId OL 031ddY S3OVLIONE
J3A37 IOVLIOA GNZ ONY 1S1 IZINVND3 01 8 A0IH3d :
HLT . [~ H{—] N R A " 13A3130VL10A ONZ
| HOT HOT T _HOU ] : 13A3139YL70A ISV
HO1T —— S——HL — — (SNOILYTIIDSO DI00I¥3d TVNDIS SO
JNSHNITH HLIM Y QOIN3d)HOLL ©
L
192:31€0)
[ Y
710:91ED 210:2189
[ Je!
1z SOS=IE0L A -~ TVNOIS 3BO W
100:31D ) ) e
S3SYHd 01 $D 89£:0SIQ-A “€08'H08'E08' LOS:EIOL-A

II 3dAL NOLLDINNOD 13X1d-S2

Ver OI4d



US 2009/0002585 A1

Jan. 1,2009 Sheet 73 of 112

Patent Application Publication

V-o-19L
V-e-19L
AN ASI9L

v-2-21
v-e-Z1
INITHLZL

v-9-1
v-e-|
3N LSH

SOORN3d TIATT |
JOV1I0A ANZ ANV LS| 3ZITvND3 01 8 AON3d

IQM!I\\ LR IR ] IN.H‘\ ...— “

| HOT HOT | HOT
; HLT —— ~———— (SNOILYTIIOS0 Id0N3d ———
HLT m INSHNDIY HLIM ¥ QO143d)HOLL

I i

Shmu_m.m ‘ 19£:9189 :

L 1]

1

ﬁo“&f.w 710:93e9 rv
= O] -, C
100:9389 $08=|€I0L-A 100:2165

g6V D14



US 2009/0002585 A1

Jan. 1,2009 Sheet 74 of 112

Patent Application Publication

Y-9-19L
................................................... V-e-19L
INM 1S19L

v-o-¢l
v-e-¢1
INM HITL

v-o-1
v-e-1
aNr LSt

SAOKAd 13AT
JOVLI0A ONZ ANV LS1 3Z21TvnD3 OL 8 a0id3d

mort

PttTTHOT HOT

AIN3AT STAATT 1 ONY H 3LYI0TIV O ONISSIO0Ud TYNOIS SO 40 ¢# 3dWVXIM

D6Y DI



Patent Application Publication Jan. 1,2009 Sheet 750f112 US 2009/0002585 A1

(10 H

10H

FIG. 49D

g
w

g 5 257
Jes zED BP?
oo }_““T’ —_———
2Ll ~ox REeR



US 2009/0002585 A1

Jan. 1,2009 Sheet 76 of 112

Patent Application Publication

SQOI3d 13A -

JOVLIOA GNZ ANY 1S1 3ZNYND3 Ol .8 QORI3d

v
‘
i
1
P
.
'
i

v

‘

V-°2-99/
V-e-99L

3N HL99L

v-o-1
...... v-e-|
aNIT LS|

S73XId Ol Qm__._n_n:_\ S3oviionm

' '
H !

| : T ...... m TEA31 3OVLI0M ONZ
THSHY By N HS| HG| : 13A3139vLT0 15
: P - (SNOILYTIIOSO — —
: m 9IQ0I3d FAISHNITY HLIM ¥ QOIMId) HS6L WNOIS SOl
[ : |
99/:93eD)
_ L
* TYNOIS 82O M
Iy £08=/€30L-A U

T00:23€D

S3ASYHd 0T SO 89/:dsIg-A
I 3dAL NOLLD3NNOD 13IXId-SD

100:331e9

€08:1€101-A

05 9OIA



Patent Application Publication

FIG.51

COMPOSITE VIDEO

SIGNAL (INCLUDING

VIDEO SIGNAL AND
SYNC SIGNAL)

Jan. 1,2009 Sheet 77 of 112

30

f

\ 4

CONTROLLER

US 2009/0002585 A1

; 100

20

GSP
GCK

A 4

CS CONTROLLER

40

GsP
GCK

CS TIMING

LCD PANEL




US 2009/0002585 A1

Jan. 1,2009 Sheet 78 of 112

Patent Application Publication

SQORAd 13A3T 3DVLTI0A

QNZ NV LS| 3ZITvyNo3 oL .8 aokad

——

HOl

HL

HL

s13

Xid O1 om_n._n_n_< SAOVLTIOANR

J100RI3d AISHNOTY HLIM

(SNOILYTIIOSO —;

VoL

HOl

1]

1}
194:9389

¥ QOR3d) HO6L

1

C
Z10:33e9

v-o-19£
V-e-19/
3NN LS1eL

v-9-Z1
v-e-Z1
3INM HLZL

v-o-1
v-e-|
aNm Lst

£ 13A31 3DVLI0A ONC
i 73A37 3OVLI0A LSI

TYNOIS SON

1|

100:93€9

+08={€301-A

S3SVHd 0T SO

4]
100:3389

TYNDIS 2120l

89/:dSI0-A  +08:[€30L-A
II 3dAL NOLLD3INNOD T13XId-SO

ANIIN



US 2009/0002585 A1

Jan. 1,2009 Sheet 79 of 112

Patent Application Publication

HOI OL HS NIHLIM SAOR3d T13A
JOVLI0A ANC ANV LSH 3ZIMYND3 0L .8 A0N3d

V-°-99L

3N H199L

v-o-|
. V-eo|
3N LSt

$73XId O 4311ddY S3OVLIOAE

HS

i HB H6

ol 331 JOVLION ONE
| HSTHS| 13A3139vL10A IS
‘\.\\
I (SNOLLYTII0SO Z# WNOIS SOl

01Q0I¥3d FAISYNITY HLim v GOI¥Id) HE8L
V-2-99L

3NIT HL09L
v-o-1

..... v-e-|
3N LS

w HOJ OL HG NIHLIM SQOR3d ! $73XId OL G311ddY SIOVLIOAN
73431 39VL10A ONZ ANV 1S} 321¥N03 OL 8 COR3d ; P
: [ T EAITI0VLI0A ONE
HS 16 H6 ! _ oo HS [HS |; 13A3139V110A 1S}
w P —_— (SNOILYTIOSO—— *_
m 0IQOR3d IAISUNOTY HLIM ¥ QORI HGRL ¢ 1 TUNOIS SOM
[ : 1 !
Lk “ t :
: 99,3389 :
fe M e
{l COR=TEOLA t WNOISeROM
100:33ED 100-9389

S3SVHA 0T SO 89/:dsIQ-A  £08:II0L-A
I 3dAL NOILD3NNOD 13XId-SO

EGOIA



US 2009/0002585 A1

Jan. 1,2009 Sheet 80 of 112

Patent Application Publication

v-°-19L

HOZ O HOI NIHLIM SQORI3d TIA3T3DVLI0N
QaNZ NV IS| 3ZNMvNd3 01 .8 Q0N3d

HOZ 01 HOY NIHLIM SQORI3d T3A31
: JOVLTIOA ONZ ONY 1S} 3ZIYND3 0L .8 Q0N3d

HOT HIT It

R f AL r_(_ _ o

0(q0RY3d FAISHNIIE HAM !

..... v-e-19¢
3N 1S19L

v-2-71
v-e-21
3ANM HLZ L

v-9-1
v-e-]
3NN LSt

$13XId O1 0311ddV S30VLI0AN

I
(
v

ILYTIOSO
01¥3d) HOBL

TIATT FOVLIOAGNT
139V170A LS1

# IVNOIS SOM

V=2-19L
V-e-19L

S$13XId01 a

3NN LSI9L

v-o-2)
v-2-2)
INO HiZY

v-0-|
v-e-|
INM LS}

37ddY SIOVIIOAE

[ |

s

HOl

13A3139VLI0A ONZ
13N IOVLI0A LS

(SNOILYTTIOSO I

I00R3d ——

JAISYNO3Y HLIM .Y QOIH3d) H06L

]

192t

U
21ed

1

2103329

_.__n

100:31eD

¥28=I8301-A

S3SVHd 0T SO

9]

s
14 WN9IS SOm

_.Tl

TYNOIS SleO |

T00:331€9
892:dsi-A Y81 I01-A
1T 3dAL NOLLD3INNOD 13XId-S2

vGOId



Patent Application Publication Jan. 1,2009 Sheet 81 0f 112 US 2009/0002585 A1

\\' \\\\\:T
\\+ \\\\il

N\

HIGH
LUMINANCE

ficeres

I
S NN

LOW
LUMINANCE

MINIMUM
LUMINANCE

FIG.55

(a)
(b)



US 2009/0002585 A1

Jan. 1, 2009 Sheet 82 of 112

Patent Application Publication

b I T
T ) 4 J
L Il £l L (e
T T7 T T
Y I Lx I
I 1 T T =
LI7] £l LI LI 97199
T TF b T
Ir Iy L JIES
g I ¥ s -
NNy £l Ll Ll ¢T1go
T T T TT
1l L Ll Ix

mnl pe m T =3
LT oI LI LT Az 0)
TT T TT T7T
I Ly [®95 [y Ir

- T T nJ
L HH L HH w0, Hh HH + HH £18o
i Ly [0S [ r Ir

q F TT F _
L1 Ll Ll L1 z18o
J Tr [ T7 1+

18805 U ggJuwio - J7Wo)
lr | I Iy ﬂmm%wﬁH\g.: -

— ; Huvo10 = Aw =
Ly T N A A T ) A v 1189
T% T% > T 7T |uygowop/] I} omwop

CRRRRRRERRR 2RRRRRRRRR
l.zsvggl_gﬁm . d V mnOB/_ggnVSZL
flws — wmgs

V95914



Patent Application Publication Jan. 1,2009 Sheet830f112 US 2009/0002585 A1

SO
SO
SO
SO
SO
SO
SO
SO
SO
SO

<t M N -

- 3 o~ ©

o

S_m+1
-“_\L__L

i8]

1l
1{_’1“_T

i | A | A ik | AR | A
w H | v H [ | [ H |
; 1t 4 5

< SBLm
»l\_m
(8]
1l
z_’l‘_T
vE

0l SO
6 SO
g8 SO
L SO
9 SO
¢ SO
¥ SO
£ SO
¢ SO
g ~ © > = b o 2
- . N 4 o 2 2
8 8 8 8 3 3 8

FIG.56B



Patent Application Publication Jan. 1,2009 Sheet 84 0of 112 US 2009/0002585 A1

SO
SO
SO
SO
SO
SO
SO
SO
SO
SO

o O N W W M N —

(=
—

S_mt+i

< SBLm
11
d{_T_T

(=
—

SO
SO
SO
SO
SO
SO
SO
SO
SO
SO

- o~ e

GBL_763
L
GBL_764
L
GBL_765
L.
GBL_766
[
GBL_767
(o
GBL_768
[

FIG.56C



US 2009/0002585 A1

Jan. 1,2009 Sheet 85 of 112

Patent Application Publication

— /M . T e 65D
T | LU e I I (P ey WS ey | I | I M e 7T T L—— g5)
B ) — N W | 1 a0 = . e L T e
— — — .
— L 950
— — Mt 1 — 1 1 el T ¢
—_ . T U I (I PN
h%%g B 1 " 59
E%E%ES
4..55%% — T LEEM%?Z
T3ATT FOVLTOA 8L
L | | L |

# 2zv Qoad ¥t "ia' LV QOI¥3d 31 ez T Zv dolyad 1 Ta LV QOR3d 351 e
QORS3d PUZ Got3d Puz QORI Pz

I | | I g9LaeD
I I I I Los:99
I I 1 1 992:0180
I I I I saLieeD
I | I I voLoRD
I | | { £9L:21e9
I I I i z9.:81e9
= | 1 | 19,518
I I I I 092D

~N

1 040:3129
I 600:0189
I 800-0129
I I I | L0009
I 900'8129
I I I [ sooeen
I I I I 7003129
| i | [ £00:3E9
| I 1 I A )
1000129

[ I I Emzm_og __

B9zereq Jo0zeq TVAUSINI ONIINVIE 2220 100520 \/HBE IWAY3LNI ONDINVIE BocerRa woereay  (1ashuaig<da Hae ™ 1o0mea
ZINVHAENS ZIWVHSENS, 1 3INVHIENS IAVHLENS LINVIIENS 7 CINVHHENS ZINVEENS ZINVHIBNS/\ TYAYILNI ONDINVIE 1 IWVHIENS m_zémmam INVHAENS
/ [BY0L-A

[(ZR[EEEN (FISTEPIR

ONIMNVIE

0]

V4G 91A



US 2009/0002585 A1

Jan. 1,2009 Sheet 86 of 112

Patent Application Publication

T SIS woy W ' o L s L T WERR__ L L I
t f—F — I —t 1
2v QO3 51 1V Qom3d 1 " v Qoad 1 18 LY QOR3d 351 5%3
28 a0Ni3d PuT done) puz
Hel
I e B e T ey W ey B L|J1|L||J_ — _— M — — T T e
T Zvaom3dst | laaomadpuz | 1¥ QO3 1 _ 28Q0M3dPUZ | ZvaOM3dISE | 19 QOM3dPUZ IV QOR3d 351 _ v X3
Ho
~ L T — T e B e T i B — Y e BN e 7Y
! v aoad st Na’ 1v QORI3d 51 28 QOm3d Puz 2V QOM3d 3} Ma' 1V QORI3d 351 T
aoad Puz Qom3d Puz £xa
7 . I {11 L L. T L ee— . Tt . mn———J — T J 150
1 z gt 1 f T — .
v QOl3d 351 aoms 1V doM3d 351 28 QON3d PUZ 2V QOM3d 351 18 LV QORI3d ¥1 zx3
Oiad QOM3d PUZ .
i I I I 80,989
[ I | I 190989
I | [ I soL:2L9
I i I YD)
I | | I 999
I I I I caLae9
i i | i 29499
| I I 1 1920189
| | | 1 09LeED
N
I | I I Tt)
| I I I 600:912D
I 0 I 800'3je9
I | | I L0091ED
| | I I 00:3129
i | | I S00:3129
| I I I $00:2129
T | | 1 £00:01e9
|l | I [ 200389
] I I I )
. (145504
ONDINYIE 89L5320 1007120 TYAYILNI ONDNYIE 231320 to0mza\/  HBE TVANILNI DNIXNYIE 8947120 10053%Q y {14S)iuelg-da Hee ‘ 1o0eeq
ZINvy-ans /\FINVBIENS zanvudans LINVEENS VINVHIENS  13NVIENS 2 IWvEIans ZINVHAENS ZIWVHAANS ATVANILNI ONDINYIS | SWVIENS/\}IWVHIENS 1IWVI3ENS
!
! —
‘ fE10LA
_
1
! (2R EIEY {EN IRy

L9914



Patent Application Publication

FIG.58A

Jan. 1,2009 Sheet 87 of 112

US 2009/0002585 A1

SO

50

SO

SO

SO

SO

SO

ool N ©f W | oy N

SO

oy

SO

o
—

SO

—]
]

SO

o™~
~—

SO

11

gzt

T
1
7
11
| 1T

bt —
H HZL ’MliH
l -

& S_m+1

11 a'CSB

S csB
CSB

2

1l
"‘:“T—T

&

SBL_m

iy

(ComCSA n
)CCSA n,m

-

LCB n.m

CLCA n.m[¥
Cl

1 _[ComCSB n

e

<ComtC }~r |

TFAnm b T)T
“Comc PA T)CCSB n.m

TFTB n.m

o™~
—

SO

Y-
—

SO

[=]
—

SO

SO

SO

SO

SO

SO

SO

SO

SO

— N o < O] ©] r~| O O

SO

GBL_1
[
GBL 2

GBL_3

L

GBL_4

GBL_S




US 2009/0002585 A1

Jan. 1,2009 Sheet 88 of 112

Patent Application Publication

FIG.58B

TS0

¢SS0

¥ SO

9 SO

L SO

g8 SO

0l SO

It SO

¢l SO

< SBL.m T— S_m+1

¢t SO

1t SO

0l SO

6 SO

8 SO

L 8O

g 8O

S SO

¥ SO

£ SO

¢ SO

1 sO

GBJ:\ 536

GB&_537

GBJ:\_538

GBE_SSQ

GB‘I_.\_540

GB&_SM

GB&_542

GB&_543

GBL 544

GBL_545
L




Patent Application Publication Jan. 1,2009 Sheet890f112 US 2009/0002585 A1

SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO

o NN W W <t O O

o

(=]
—

,_
—

(3
y—

& S_m+l
1
.,{ﬂ

< SBL.m
11
1“_T_T

N
—

SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO

—
—

o
—

D

i N M| T | O ~| 0

FIG.58C

J J

[
[

GBL_1078
GBL_1079
GBL_1080

GBL_1076
(S,
GBL_1077



US 2009/0002585 A1

Jan. 1,2009 Sheet 90 of 112

Patent Application Publication

— 5 1 I IS S e W B ey By IR I I L 01
_— T 1 T 1 | — Sy IS o DU p IS R 1 1 | 65D
— 1 1 [ ey N IR w Uiy IR poy I T 1 8D
[ I L ) 1 I MM b 1 1 | 52
1 1 1 e T W L B L ] 1 — & L 99
N e | I 1 I . A 1 1 S0
1 1 — e T T e N e T P 1 1 R
L T oy S el ey WU oo B ey IS i ey B ] I L L £
N s Wi | T 1 I S IS s T o I mo Wy IR U 1 1 " e
I SR I~ 1 I 1 | aa— ﬂrm-||_ o T — — !
B wmﬁwﬂ 1L
_ﬁ 2]
8 LV QORs3d ¥4 28 1V QOM3d 151 1 xa
Qgoks3d puz QORd3d Pu2
| | I I 080191t
| | | — 6101910
| 1 | i E0191e0
I ] i Il 12013ie9
| i I OE)
1 I I SI0L81ED
I | i I P20
| | I I RS
| I I I 22018iIeD
//ll/ /// / /.A/
i | I I 01030
| I I I EE)
I | | I §001e0
I | I I 1009129
| | | . [ so0eien
| | | somen
| | I | voosien
| i [ [ ¢o0ien
= I | [ zf0sio
.3}
! Ewt%_mé, J:mg%_n.n; oomea 1anvzens U 000
B89.EIEQ 1008180 \/ (Hupz)HBZ TYAN3LNI Y0BOLEIRQ wooeea | HI9 TYAUILNI 080Leg 1008180 Y (Hurz)HYZ WA3INI \/080L€I2Q A
ZINVYABNS  ZINVHIANS \DNINNVIE 1INVAHENS \LSWVRIENS +INvIENS ONDINVIE ZINVY4ENS ZINVEIENS  Z3WWHENS /) ONDINYIG |3NVIIENS A\ LINVHIENS i
V Bi0L-A y
(Zas)EI0L-dA (135 VeIOA !



US 2009/0002585 A1

Jan. 1, 2009 Sheet 91 of 112

Patent Application Publication

EEEE!'E 1 _J|L|

5 X3

A_OEM& v:w

HS1
HSL

N A I O

LV QO3d st

e domadre

1Y QO3d ¥sL

N Y B I [ el o

(4] n_oEm_n_ _u:N

1V QOR3d 381

X3

j%jl_ L LT e

1V QORI3d 38t

bxa

DOEmu puzg

I I 08015120

6012189

i _._ 8/01:91€0

21018189

9/0L:91BD

| I Gl0L:9e0

¥i0L:98D

= = £201'9189

tl01e9

= = 010:81eD

600:3129

800-81€Q

| i 200019

900:3189

I I 500189

$00:2129

[ [ €oosien

200:81e9

:umFm_m%

(145)dsia-dA LO0RIEQ | 3WYHENS |

!

100:3189

89,8180
CINVYLENS

100EIEQ
ZINVHIENS

(HURZ) HYZ WAYILN 01€leq
ONIYNYTIE | INVREBNS ALIWVSENS

100020 \j
13WVHENS

HS9 TYAEILNI
ONIMNYIE Z3NVHESENS

B

0801EIEQ
ZINvyd8ns

1002180\ (HubZ) HYZ TYANILNI

Z3NVIANS

OINDINVIE § 3WVH4NS

0goLelegq
1INYH4ENS

i

1BI0L-A

(L4STEOLdA

(zaS)eroL-dA

9691



US 2009/0002585 A1

Jan. 1, 2009 Sheet 92 of 112

Patent Application Publication

|
IV QORS3d 35 " g 1 £v QOm3d 351 28 v QOI3d st 18 tY QOR3d It 1°X3
QoRs3d Puz QoRId PuZ QoR4Ad PUZ

| I i I 89L21E9
| I ] | 1L
i | I I ]
| I | I ETEL)
I ¥9L:9ED

I i £9.:9)e9

I [

I I | I 79919
|
I

1 I 1923129
I I [IETES)

0102129
600-31€9
| I 800:21e9
[ i 1005129
| [ soo=en

| [ sovero

| [ vooeie

Al [ cooslen

I [ Z00=ie
1009189

__ ___ {148)dsig-dA !

ONDINVIG Y 85D 100eiey (HBE) TVAYILNI '89:2100 10eteq (HEE) TYAMILNI 2920 1ooeeg (13SPuE-dA (HBE) TVANILNE 890 100€1eQ
L3Wvadans /\}INVEHENS 1 3WVHSBNS, ONIXNYTIE € INVYAENS £ INVEANS £ INVIIENS ! ONDINYIE ZIAVHENS TINVEIENS 2 IWVHBNS)) ONDINYIE 13WVY48NS VINVHIENS  V3WVHAENS
i j

=
=

[FREITN (Z3STE0I-0A [{EN IR

| V09 DI



US 2009/0002585 A1

Jan. 1,2009 Sheet 93 of 112

Patent Application Publication

— — — _|l|_5j — — — —— — o e

; :

T ,

IV QOR3d 51 5 X3

_ €8 _ _ ng
IV QOm3d 3L Qoad Puz £V QORM3d st QoRdad Pug Zv QoRmad st '8
N aomad Puz

W HBL HEL HEL HEL HEL
1 v T 1 —————— B F—— — 1 | i B s NS e BN [ 159

"z aomdad puz' IV Qomyad st 18 QOr3d puz IV QORJ3d 1L

v QomMad st £8 AOM3d PUZ " ev qomad s

Ho
T e B S T e S e, N i BENEE b B L e e
) 150
‘ , . _ ;
LV QOI¥3d 1 N gV QORIAd 3} Teg’! 7v QOw3d It "la IV QOm3d 3} £'x3
QON3d puz QON3d puz QoORi3d pug

1l T e T s W e TN w11 SR py I p iy IR g
SET 10

S

IV QOm3d 51 " em | Tza | g | s _
Qoldad puz £V QOMIN3d I8t aor3ad pug Zv QoN3d ¥l QOmd PUZ IV QOR3d #1 23

I = ﬁ \; §9.:91€9

I I l I G%ﬁo
I 1 I )

| I I 59130

— I | I RS
I I I I )
— I ] I FZTELD)
] 1 I 191319

I = i 09/:81e9

™~
— I I 1 0L0®1eD
I i I 6009129
I I I 1 800919
| 2009189
| i | [ - soo=en
l I I [ sooaies
= _._ = = 00318
I I I || coo:alen
| I I || 20030
1009129

(145)dsig-dA

ONIYINYTg | 884920 Lozie (HBE) WAYILNI 89/2120 100%eq (HBE) YAMILNI 89:7Ieq toomea|  (LISPiveig-dn (HBE) WAY3INI \/sezeiea 1ooerea y/
LINVALIGNS ALTWVEHENS  LaWvEENS ONDINVIE SINVHIENS £INVHIBNS  £INVHAENS ONDINVTIE ZIWVHIENS TINVHHENS  TINVHIENS/A  ONIINVIS L3WWNIENS LIWVHHBNS  1IWVHENS A

==
.

i
i

(1 3S)EOLGA

(€350 L-0A (ZREIRY

q09°914



US 2009/0002585 A1

HY 13A37 39VLI0A Pug
| — | | —— 1 1 — —1 | [ L. T 1 [ 1 I 1 | — - ]
314 ._w>mH_ IOVII0N IS

] |

Jan. 1, 2009 Sheet 94 of 112

Patent Application Publication

v Qomad st Teg! IV QOR3d st L3

I 0 I I 892129
I I I | 197:0189
gl i I 1 99/91e9

I [ I | 69/:a1e9

I | ] | v8/:8le9
I I | | €9/:31e9
I | — | I 28559
I I I I 1979je9

I I I | 09.:31e9

1 0103ieD
1 6009169
[___soosies
| io0=ieo
T I )
l I i 1 [ Sooso
|
il
|

j=x

je—
=
—

I || vo03ie0
||~ €00
| [ Zo0ien
|| voosien
148)dsIg-dA ~
(145)dsig \

HZ+U0Z Y HZZ TYANILNIVBILEIEG 100E120 (2.225.80) 89.€1Q 1008180 ?Nt__owvam._;mw.—z 89.62Q 100212g {Hz+u0Z) HE AMALNIBaLEIRG 100€E0
NIXNYTE | INVELBNS/\LINVEIENS 1 INVHAENS, HOZ TYAYALNI ONIINVIS € 3WYY4ENS EINVHENS  EINVHIENS @z_xzﬁmmz«\xu&:m ZINVY4ENS  ZIWVHAENS SONDINYIS | INVESEBNS/\LIWVEIBNS 1 3WVHAENS ),

U | f | 4Shive|g-dA

(e4s)er0L-dA (z4Shewo1-da _ (148)Ei0L-dA ﬁ\N 9 y,»U YA RN



US 2009/0002585 A1

Jan. 1,2009 Sheet 95 of 112

Patent Application Publication

[EN puasmny NN psasny SUNNSINN paa SUNN - R 1 71 I

I -

S|

150

tog 1
d st £8
vV QOI¥3 QORI Pz
e HpL

1 171

L L _J t

N

1V QORd3d 51

§°X3

\,_l.JIL\FllL

L

L T 15

-
1

v Qom3disi | €8 QomMadPuz |

1V QORd3d 5L

v X3

L L

I 1 — \_|.nmu

IV QORd3d 351 QOR4ad PUZ

[N panans INSSS m SR pot SRR 1)) S J 71 I

IV QORi3d ¥s)

|
€ %3

! I | S— 1

— T \_.lﬁmu

S

e
Vv Qdoly3d st
bV dOm3d QOr3d PUZ

IV QOR43d ¥}

4
Z°X3

I 89.3ie9

I 80929

I R

I SerRie9

1l y9/91e9

= €9/:91e)

= 29/81e9

| 191%ie9

I 09,219

I 0107k

= 6002129

)

Il 100:8189

| sooies

| soo=eo

| voo:eeo

|| top=ieo

| zoo=te

[ 1oosien
(13shueigdn (13g)dsig-dA ~

(HZ+UOZ)HZZ TYAMAINI VBILEIEQ | L00€€Q
NIXNYE | 3AVY4SNS A\LIWVHEIENS  LINVHHENS

1008120

(2.2ZE.8E) 89,8120
HOZ TYAYIINI ONDINYIS E3WVH4ENS € INVYIENS E INVUIBNS \

\«:‘Ni.os HZZ TVAU3INI Y/ 8981ed 1008€Q
mvz_xzﬁm 2 IWVYENS)\ T INVHIENS ¢ INVHENS

(HZ+U02) HZZ WANILNI /896180 100e1RG
%z_xzﬂm 1 INVHBNSAL INVYJENS | SWVHHENS/)
i

(€4S)eI0L-dA

(z4s)Ei0L-dA

(148)ewoL-dA

g9



US 2009/0002585 A1

Jan. 1,2009 Sheet 96 of 112

Patent Application Publication

" NOISH3ANI TWNSIS §2

_

A i B i B

— . ——

A3AN3dSNS Si ONILIEM 3IH Q3AN3dSNS SI ONILIEM STIRM
ONISS300¥d TYNDIS SO ONISS3IO0Yd TYNDIS SO
ONIWIL NOISY3IANI TYNOIS SO ONIWIL NOISH3ANI TYNOIS SO

%

(13Nvd 20 SFATVH HLOS ¥O4)
TYNOIS §O

Y

SIATVH ¥3IMOT ANV
¥3ddN OLNI 1INV ONIQIAIG LNOHLIM

(SONIWIL
NOISHIANI

SO ONY
ONILIIM 13XId)

31LVIS ARG

NOLLO3YIa MOY NI NOLLYOO

v1vQ 1NdNI

NOILI3HIA MOY NI NOILYDO

9914



US 2009/0002585 A1

Jan. 1,2009 Sheet 97 of 112

Patent Application Publication

‘NOISYIAN! TYNDIS SO

_(13nNVd 40 SIATYH HLOB ¥04)
TYNDIS SO

Q3ION3dSNS St ONILIIM * J3AN3dSNS SI ONILIIM
JUHM ONISS300Hd TYNDIS SO JHM ONISSTO0Ud TYNDIS 89
ONIWIL NOISH3ANI TYNOIS SO ONIWIL NOISH3AN! TYNOIS §O

H R

(SONINIL
NOISY3ANI

SO ONY
ONILIMM 13XId)

N3343$ 40
JIVH ¥3IMO1

31V1S 3ANG

NOLLITMIA MOY NIENOILYIO1

N3343S 40
41VH ¥3ddn

VLva 1NdNI

NOILD3Y!IQ MOY NI NOILYOOT

§9014



Patent Application Publication Jan. 1,2009 Sheet 98 o0f 112  US 2009/0002585 A1

TIME

§
S K
& S
g
&
* zho =
o w
zwg@ |/ O]
E0
Y=z = =
Zog% =
K3 =] =
oO=sZI =z
ZE= %
o
w
—z ><
P}
<
=z
o
w
w
18]
2,
Yo
she
mzES Q
=£5=sg % -
@9
HEE £ 2
ZF = ©
=] w
) >
o =
—u $<<——_.
= <
= z
2 ©
z »
o o
w
w
(&]

N34S 40  N33YOS 40
JIVHY3ddN  4TVH ¥3IMO

NOILI3HIA MOY NINOILYIOT NOILO3dIA MOY NI NOILYDO1

S
N

TIMINGS)
" CS SIGNAL

INPUT DATA
DRIVE STATE
(PIXEL WRITING
AND C
INVERSIO
(FOR BOTH HALVES OF PANEL)



US 2009/0002585 A1

Jan. 1,2009 Sheet 99 of 112

Patent Application Publication

4TVH ¥3MOT NO SLYIANI TWNOIS SO A1VH ¥IMO NO SLYZANI TYNOIS SO
l |
47VH ¥3MOT NO GIANISNS . 41YH HIMOT NO GIAN3SNS
SIONILIIM FTIHM ONISSIO0N TYNOIS SO SIONILINM TIHM ONISSIO0¥d TYNOIS SO
4IvH ¥3ddN NO mpwmsz_ TYN9IS $9 4IvH ¥3ddN NO m%m>z_ WNOIS $9
e — e —
{ON WNoisso  3TVHH3ddN NO G3ANTASNS S| ONILIM TUHM
Q3ANIASNS S! ONILIMM THHM ONISSIO0¥d WND S crdivi
FIYH ¥IMOT NO ONINIL NOISYIANI TYNDIS SO T¥H ¥3MO NO ONIALL NOISYIANI TYNOIS S0
FIVH ¥3ddN NO ONIALL 4TvH ¥3ddN NO ONIIL
NOISH3ANI TWNOIS SO NOISHIANI 4<zw_m $9
|

JWIL

(13NVd 40 S3ATVH HLOE ¥04)
41vH HIMOT HOd WNDIS SO

(13Nvd 40 SIATYH HL08 ¥04)

41K ¥3ddn Y04 TYNOIS 2
o)
23 |2 (soNmiL
mE |= NoisuaAN
Zh |= soawy
= [E ONILumMI3XId)
Q%5 |o
m ] I&
gl TR
DT |4
mE e
=5 1=
-
Q
(=]
>
=
3
=z
Zz
8 viva indw
=
o
=)
m
(9]
=
6
=z

G914



US 2009/0002585 A1

Jan. 1,2009 Sheet 100 of 112

Patent Application Publication

4TvH ¥3MOT NO SLY3AN! TYNDIS SO JTVH HIMOT NO SLHIANI TYNDIS §2
! v
: AL R % (13NVd 40 $IATVH HLOE ¥O4)
g 3 J1VH ¥IMOT ¥4 TWNDIS SO
— . ——
J7VH H3IMOT NO 030NIASNS SI ONILIMM THHM ONISSTOONd TYNDIS SO 31VH ¥IMOTNO G3ANIASNS S ONILINM TTHM ONISSIO0Ud TYNDIS $0
31vH ¥3ddN NO SLAIANITYNOIS SO . TVH ¥3ddn NO SLYIANI TYNDIS §2
L !
3 (13Nvd 40 SIATVH HLO8 HO4)
: S $IWH ¥3ddN HO4 TYNDIS SO
— —
Q3IAN3JSNS S ONILIMM TTUHM ONISSII0Yd TYNOIS 89 TVH ¥3ddN NO G30NIJSNS S ONILIM FUHM ONISSID0Hd TYNIIS SO
STVH ¥IMOT NO ONIWLL NOISHIANI TYNDIS §2 JTVH H3IMOT NO ONIWLL NOISHIANI TYNDIS SO
JIVH ¥3ddN NO 41VH ¥3ddN NO
ONIWIL NOISYIANI TYNSIS $0 ONIWLL NOISHIANI TYNDIS SO
!
-
8
1 E
wFH |
QD |z (SONIWIL
AT |Z NoisuaaN
= |12
=5 |8 soany
c |2 onumIaxd)
[=] =
bl M b
w m
Lo |5 31v1S3AMa
PR =
mE |
zZ5 |F
-
o
(3
1
o
=z
=
A VivaINdN
(=}
2
o
A
m
(9]
=
Qo
=z

INLL

99 OI4



US 2009/0002585 A1

Jan. 1, 2009 Sheet 101 of 112

Patent Application Publication

47VH ¥3MOT NO SLY3ANI TYNDIS SO

}

HW& W& W@ w& ®® W& 4VH YIMOT ¥4 TYNDIS 59

-
4TVH H3IMOT NO GIANIJSNS S ONILIIM FTHM ONISSIO0Ud TYNDIS SO

4TVH ¥3ddN NO SLYIANI TYNDIS SO

|

Wm W& W& K Wﬁ Wm Wm 4T¥H ¥3ddN HO3 TYNDIS §9

S
4VH ¥3ddN NO Q3AN3dSNS SI ONLLIYM 3TIHM ONISS300Yd WNDIS SO

JTVH ¥Y3IMOT NO ONIWLL NOISHIANI TYNDIS SO

4TYH ¥3ddn NO
ONIWIL NOISHIANI TYNDIS SO
oo |5
2% 18
-3
el = (SONINIL
I |2 nNoisyaaNI
=z = —
™ 1Z sOONY
2 ONILINM 13XId)
c | £
L3 |lo
o |2 31VLS 3ANG
X m
e (23
mL |4
g2e |2
o
8
=
[e]
=z
=
8 viva lndNi
2 (
=]
=
m
[}
=
g

INL

29914



US 2009/0002585 A1

Jan. 1, 2009 Sheet 102 of 112

Patent Application Publication

"3TVH ¥IMOTNO SIHIANI TYNOIS 82

|
= Wm = Wm = W& JIVH HIMOT O TYNDIS §D
- -
ST¥H ¥IMOI NO G3ANIJSNS S 4TYH ¥IMOT NO GIANIJSNS SI
ONLLIIM TTHM 8 ONISS300Ud TYNDIS SO ONILIMM TTHM ¥ ONISSIO0Hd TYNIIS S9
FVH ¥3ddN NO SLYFANI TYNIS §9
|
= W@ = W& = FIVH ¥3ddN Y04 TYNDIS $2
— —
F1VH ¥3ddN NO GFANIJSNS 41vH ¥3ddNn NO A3aN3dSNS

SI ONILIIM TTHM 8 ONISSID0Hd TYNOIS 8D 51 ONILIMM FTIHM ¥ ONISSIO0Nd TYNDIS SO

4TVH YIMOTNO ONINIL NOISYIANI TWNOIS SO JIVH Y3ddN NO ONIWIL NOISH3ANI TYNOIS §2

oo o
2218
m |»>
Sx |2 (SonNm
BE [z Nosyaw
ZW |Z soanv
oc |2 oNLumIxIa)
= 3 W
om =
S X 3LVLS 3D
= o
>
2g |2

=

8

=

(=}

=z

=

Z VIVaINdN

£

=]

)

m

(23

=

o

=z

JNIL

89014



US 2009/0002585 A1

Jan. 1,2009 Sheet 103 of 112

Patent Application Publication

47VH J3MOTNO SLIH3ANI TYNDIS 82

|

I

X 4TVH Y3MOT1H04 TYNDIS SO

4I%H ¥3MOT NO Q3AN3JSNS St ONILIIM 3THM ONISSTOOUd TYNSIS SO
471VH ¥3ddN NO S1H3ANI TYNDIS §2

|

I

X 4TVH ¥3ddN ¥O4 TYNOIS §D

(-
41vH ¥3ddN NO GIANIJSNS S ONILIIM FTHM ONISSIO0Nd TWNOIS SO

4IVHYIMOTNO 4vH ¥3ddn NO
ONIWEL NOISHIANI TYNDIS SO 9NIWIL NOISYIANI TWNDIS SO

N3340S 40

N3340$ 40

o la
=z |
o 3 (sonmiL
> | Z NOISYIANI
™ |5 soaw
c |2 oNLuMTIXId)
o
® e
2 |®R 3ivis3Ana
= |9
S 1<)

<

g

3

>

=

[e]

=

<

3 YLYQ LNdNI

2

=]

)

m

(]

=

Q

=

69 VIH



US 2009/0002585 A1

Jan. 1, 2009 Sheet 104 of 112

Patent Application Publication

4TVH ¥3MOT NO SLY3ANI TYNDIS 82

|

X X X JTVH ¥3IMOTHO4 TYNOIS SO

N (-
4IVH ¥3IMOT NO Q3ANIASNS SI ONILIIM TTIHM DNISS300Ud TYNDIS SO
J41¥H H3ddN NG SLH3ANI TYNOIS 2

|

X X 37TVH ¥3ddN Y04 TWNOIS SO

-}
J1VH ¥3ddN NO 03IANIJSNS S ONILIM ITUHM ONISSIO0Nd TYNOIS SO

FIVH ¥IMOTNO 4TVH ¥3ddN NO
ONINIL NOISH3ANI TYNDIS SO ONIWLL NOISY3ANI TWNOIS SO

N334IS 40

N3340S$ 40

= 15
22
m |2
(=) (SONIWIL
E | NOISY3ANI
T |z soonv
= |2 ONILM13XId)
Iz
i m 31V1S AN
z 5
m =

-

o

(2]

b3

=

(=]

=z

=

P

€ viva1ndNi

=]

el

m

Q

3

[e}

=

0L OIA



US 2009/0002585 A1

Jan. 1,2009 Sheet 105 of 112

Patent Application Publication

Ir I I JRY
b4 1
LT LT I -
= = ¥ T ¥ TY G 199
Ir 1 Lx 1l
H ¥ } } <
L HH L HH L HH L HH $ 189
X 1 X X 12X
T ¢ T, ﬁu,Jﬁ E
I s 1 1 =
L HH L HH L HH L HH £7189
. X 12X 12X 11X
I 4 b4 Py ,\u
880 o rAnicls)
s TF > T T |vesowoT T
I 1y [805 |y jwuasool y— oW
gﬂ] P\PEW _.I\_,Jw wu moJmﬂﬁw)e.__ aldl
7 7T N s_ Yo L vid)
TF TF mmolw T v <moo_\._| T_L owop
U YSOWoD
ololololololo|olo|o
I AR AR A A A A A oOobkbbopopobbb
vl aloaleolwim|ol—= K nWmmmwmm|mwmwmim
o m O 00 ~ P O I N =
prwg S wgs S
VI DIA




US 2009/0002585 A1

Jan. 1,2009 Sheet 106 of 112

Patent Application Publication

FIG.71B

I SO 1 SO
Z SO .2 SO
£ SO £SO
v SO b SO
S SO G SO
9 SO 9 SO
L SO LSO
8 SO 8 SO
6 SO 6 SO
0l SO N 01 SO
— e A —— i i —— i —— ——i -
iwr«.ﬁr iﬂvl_ut iﬁ_.vl_uf iﬂ ﬁr iﬂw‘«.ﬂt LMX«TAI iﬂwLUI iu.fﬁﬂr ,..ﬁw _UI 1ﬂ_»._a.ﬁr
_ [ _ [ I | _ | [ I
- —t = = ——i i —— —— —t —t— —
lﬂv Anr iﬁw J_ux iﬂy )mt iﬂvmr iﬂw »ur iﬂw ;nr Iﬁw Aur imw ;ur ,ﬁ» ;nr iw_w smr
+m_ R - —t— ——i i —— —— —— —— —— —— —
o imv »nr 1mv »_ur ,b.' snx lﬂw }wr lﬂw »_ur fﬁv ;ur 1@ hr iuw »nr iﬂw \,m: iﬁ_w »nr
m-
B — —— —— —— ——i —— —— —— —— 4 —
7 Iﬁ_w Jnr Lw Jn: ;uw »m: zﬂw ;,_ur zw_w Anr 1@ A_ur iuw Jnr ln_w ;ur 1w_~ Am: iﬂw ;mr
0T SO 0l SO
6 SO 6 SO
B SO .8 SO
[ ]e) L SO
9 SO 9 S0
g SO 5 SO
¥ SO b SO
T SO £ SO
TS0 750
Ly TS0

GBL 536
5

GBL_531
L

GBL 53¢
LN

GBL.539
[

GBL_540
(6N

GBL 541
L

GBL_547
[

GBL 541

GBL.544

GBL_544
[



Patent Application Publication Jan. 1,2009 Sheet 107 of 112 US 2009/0002585 A1

I SO ) SO
.7 SO 2 SO
£ SO . £ SO
v SO ¥ SO
g S0 G SO
9 SO 9 SO
L SO L SO
8 S9 8 SO
6 SO & SO
0L SO or SO
i —— — —t— et —
o, P Belod Brled Bl
1 A
| b - —— —— -
e | B[ | P o | P s o
- .
£ — —— F—t— F1 =1 —
- e | P | B o | B e B e L
e - as s T a
E|
@ - b —4 i b b
3 | P | o B[ B L e
L,-\ el 4 el e -4
0l SO 0 SO
6 SO 6 SO
8 SO 8 SO
L SO L SO
9 SO 9 SO
G SO S SO
QS % v SO
™~ ‘
N TE 80 £ SO
g Z S0 2 SO
Ry 1S9 2 = e 2 g 4 SO
(= o o (=) o
3 0 e i N
m m m Jas] foa]
o (& (&) (&) O



US 2009/0002585 A1

Jan. 1,2009 Sheet 108 of 112

Patent Application Publication

L LS | ommw
1 L S f = =
M 00 g N ﬂ _Hli_ﬁmmmwmmmmmaovj 10} 8 T 1T Ob mwwr 0} L _1_| 880
L5 L L L e F— MM | £SJ
a w1 L w0 o T O _mmmw® "9 v O mowmer O} | 95D
L 70 g e Y O 111 emerem BN s IO = 1111 2w o I A= | SS9
1 m_ L. w0 7 T 10 i 9LS 7 L O} "y 0% 1 U %SD
L mr L L 1 — 1 A——ea— L] A= ] £SO
= L] =t ° ‘F 1 > uséﬁme 1 9%% 7 €33
| n o1 L _l L — s h] I —
xﬁuwmﬂﬂumw_nwm%%w puz ) vy o ot 8" 8 oL ¥ v 0l 80
M1 ——— - By ,
HINONVLOTY VAYYISH HO4 55“._5 014 —— SIAVM UYINONYLOZY y ~ V3HVISE HO4 SIAVM
T @ﬁwﬁ,ﬂwﬁ%mx o %%Mzmwumx_ mm&m uﬁoﬁﬁwﬁx * Aqumu * mﬁuwﬂﬂowmmwww@%w st HYINONVLO S0 INOUD 1 0189
T [
N7 T AN NP AL 1 g A
V3YYPUZHOS | S3IAYM UVINONVLIOTY vauy puz 04 Yauvpuz 03 STV | V3HY 151 404 oo i
SIAVM YYTNONVLOIY 40 4O SIAYM Y INONYLITY HYININYLOTY i SIAVM ¥VINONVLIO3Y t VIYV PUZ B0 STAVM Y3IYY S| ¥OJ SIAVM
40 dno¥9 Pug i 40 dnoya puz J04NOONL 40 dNOY9 Ist H yINONVLDFY 0 dN0¥DISE ¥VINONVLD3Y 40 anowost | ANNQ
T it T T U r e
ﬁ%ﬂ%om wwn< _ _ h * oyl 0vs9
HYTINONYL!
40 dNOYD AT 0 o3y
e 40 dNO¥D PUZ
¥V ALIMY1Od m..:ES il bl
,_._Nu_m.w ans Y ALRIYIOd 3LIEM .
“ITdSt4 ans 111009
: 0 i [ovso
g ALTYVIO0d 3113M ALTIVIO0d F1TdM £V ALIYVIOd 31IM V ALTNV1Od 31TdM
™iNT4s:d qns ‘nNz4s:4 ans “N1ds:4 gns
: _ ! . ] 1009
HOZ ' HOVS HOZ ' HOPS HOZ HObS HOZ ' HOvS AANQ N R . Q .N RN.



Patent Application Publication Jan. 1,2009 Sheet 109 of 112 US 2009/0002585 A1

FIG. 73
24a ) ‘5206
1 ,
~—22a
T
4~
18a~—"] [
10
16a ’“\ Aay °
16b—
.\iJ 10
18b N
«f~ 10b
24b }
) | _T__—J—\/\ 22b




Patent Application Publication Jan. 1,2009 Sheet 110 of 112 US 2009/0002585 A1

FIG.74
24a
17
—_-\22a \13a
'—1
_LL " VI
ca
12 168
' 16b Vic
‘ —r'j\ ) / C
14 - _
’\/ -1 -1
\22b \l3b 9 =
24b




Patent Application Publication Jan. 1,2009 Sheet 111 of 112 US 2009/0002585 A1

() 4
Vs o COMMON
. Ground
(b) *
Vesa : COMMON
A
Vad
¥
 Ground
N N g
© A T3 | T4 T5 i
) 14 ' "
Vosb yad - GOMMON
 Ground
, TN T2
@ 4 Ll Ve |
: COMMON
Vg i » Ground
'ﬁ Vet
© 4
vd 1
Vi, ‘ COMMON .
. Ground
() A
vd
Vi i ' : . COMMON
5 Ground




Patent Application Publication Jan. 1,2009 Sheet 112 of 112 US 2009/0002585 A1

FIG.76

V1=V2

V2

AV12

Vi



US 2009/0002585 Al

LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method for driving the device. More par-
ticularly, the present invention relates to a structure that can
reduce the viewing angle dependence of the y characteristic of
a liquid crystal display device and a method for driving such
a structure.

BACKGROUND ART

[0002] Aliquid crystal display (LCD) s a flat-panel display
that has a number of advantageous features including high
resolution, drastically reduced thickness and weight, and low
power dissipation. The LCD market has been rapidly expand-
ing recently as a result of tremendous improvements in its
display performance, significant increases in its productivity,
and a noticeable rise in its cost effectiveness over competing
technologies.

[0003] A twisted-nematic (TN) mode liquid crystal display
device, which used to be used extensively in the past, is
subjected to an alignment treatment such that the major axes
of its liquid crystal molecules, exhibiting positive dielectric
anisotropy, are substantially parallel to the respective princi-
pal surfaces of upper and lower substrates and are twisted by
about 90 degrees in the thickness direction of the liquid crys-
tal layer between the upper and lower substrates. When a
voltage is applied to the liquid crystal layer, the liquid crystal
molecules change their orientation directions into a direction
that is parallel to the electric field applied. As a result, the
twisted orientation disappears. The TN mode liquid crystal
display device utilizes variation in the optical rotatory char-
acteristic of its liquid crystal layer due to the change of ori-
entation directions of the liquid crystal molecules in response
to the voltage applied, thereby controlling the quantity of
light transmitted.

[0004] The TN mode liquid crystal display device allows a
broad enough manufacturing margin and achieves high pro-
ductivity. However, the display performance (e.g., the view-
ing angle characteristic, in particular) thereof is not fully
satisfactory. More specifically, when an image on the screen
of the TN mode liquid crystal display device is viewed
obliquely, the contrast ratio of the image decreases signifi-
cantly. In that case, even an image, of which the grayscales
ranging from black to white are clearly observable when the
image is viewed straightforward, loses much of the difference
in luminance between those grayscales when viewed
obliquely. Furthermore, the grayscale characteristic of the
image being displayed thereon may sometimes invert itself.
That s to say, a portion of an image, which looks darker when
viewed straight, may look brighter when viewed obliquely.
This is a so-called “grayscale inversion phenomenon”.
[0005] To improve the viewing angle characteristic of such
a TN mode liquid crystal display device, an inplane switching
(IPS) mode liquid crystal display device (see Patent Docu-
ment No. 1), a multi-domain vertical aligned (MVA) mode
liquid crystal display device (see Patent Document No. 2), an
axisymmetric aligned (ASM) mode liquid crystal display
device (see Patent Document No. 3), and a liquid crystal
display device disclosed in Patent Document No. 4 were
developed recently.

[0006] All of these were developed relatively recently as
TN mode liquid crystal display devices with improved view-
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ing angle characteristics. In a liquid crystal display device
operating in each of these newly developed wide viewing
angle modes, even when an image on the screen is viewed
obliquely, the contrast ratio never decreases significantly or
the grayscales never invert unlike the old-fashioned TN mode
liquid crystal display devices.

[0007] Although the display qualities of LCDs have been
further improved nowadays, a viewing angle characteristic
problem in a different phase has surfaced just recently. Spe-
cifically, the y characteristic of LCDs would vary with the
viewing angle. That is to say, the y characteristic when an
image on the screen is viewed straight is different from the
characteristic when it is viewed obliquely. As used herein, the
“y characteristic” refers to the grayscale dependence of dis-
play luminance. That is why if the y characteristic when the
image is viewed straight is different from the characteristic
when the same image is viewed obliquely, then it means that
the grayscale display state changes according to the viewing
direction. This is a serious problem particularly when a still
picture such as a photo is presented or when a TV program is
displayed.

[0008] The viewing angle dependence of the y characteris-
ticis more significant in the MVA and ASM modes rather than
in the IPS mode. According to the IPS mode, however, it is
more difficult to make panels that realize a high contrast ratio
when the image on the screen is viewed straight with good
productivity rather than in the MVA and ASM modes. Taking
these circumstances into consideration, it is particularly nec-
essary to reduce the viewing angle dependence of the y char-
acteristic of MVA and ASM mode liquid crystal display
devices, among other things.

[0009] To overcome such a problem, the applicant of the
present application disclosed a liquid crystal display device
that can reduce the viewing angle dependence of the y char-
acteristic (or an excessively high contrast ratio of white por-
tions of an image, among other things) by dividing a single
pixel into a number of subpixels, and a method for driving
sucha device. Such a display or drive mode will sometimes be

2 <,

referred to herein as “area-grayscale display”, “area-gray-
scale drive”, “multi-pixel display” or “multi-pixel drive”.
[0010] Patent Document No. 5 discloses a liquid crystal
display device in which storage capacitors Cs are provided for
respective subpixels SP of a single pixel P. In the storage
capacitors, the storage capacitor counter electrodes (which
are connected to CS bus lines) are electrically independent of
each other between the subpixels. And by varying the volt-
ages applied to the storage capacitor counter electrodes
(which will be referred to herein as “storage capacitor counter
voltages™), mutually different effective voltages can be
applied to the respective liquid crystal layers of multiple
subpixels by utilizing a capacitance division technique.
[0011] Hereinafter, the pixel division structure of the liquid
crystal display device 200 disclosed in Patent Document No.
5 will be described with reference to FIG. 73.

[0012] The pixel 10 is split into a subpixel 10a and another
subpixel 105. To the subpixels 10a and 105, connected are
their associated TFTs 16a and 165 and their associated stor-
age capacitors (CS) 22a and 225, respectively. The gate elec-
trodes of the TFTs 16a and 165 are both connected to the same
scan line 12. And the source electrodes of the TFTs 16a and
165 are connected to the same signal line 14. The storage
capacitors 22a and 22b4 are connected to their associated
storage capacitor lines (CS bus lines) 24a and 24b, respec-
tively. The storage capacitor 22a includes a storage capacitor
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electrode that is electrically connected to the subpixel elec-
trode 18a, a storage capacitor counter electrode that is elec-
trically connected to the storage capacitor line 24a, and an
insulating layer (not shown) arranged between the electrodes.
The storage capacitor 225 includes a storage capacitor elec-
trode that is electrically connected to the subpixel electrode
18b, a storage capacitor counter electrode that is electrically
connected to the storage capacitor line 245, and an insulating
layer (not shown) arranged between the electrodes. The
respective storage capacitor counter electrodes of the storage
capacitors 22a and 2256 are independent of each other and
have such a structure as receiving mutually different storage
capacitor counter voltages from the storage capacitor lines
24a and 24b, respectively.

[0013] Hereinafter, the principle on which mutually differ-
ent effective voltages can be applied to the respective liquid
crystal layers of the two subpixels 10a and 104 of the liquid
crystal display device 200 will be described with reference to
the accompanying drawings.

[0014] FIG. 74 schematically shows the equivalent circuit
of one pixel of the liquid crystal display device 200. In this
electrical equivalent circuit, the liquid crystal layers of the
subpixels 10a and 105 are identified by the reference numer-
als 13a and 135, respectively. A liquid crystal capacitor
formed by the subpixel electrode 184, the liquid crystal layer
134, and the counter electrode 17 will be identified by Clca.
On the other hand, a liquid crystal capacitor formed by the
subpixel electrode 185, the liquid crystal layer 135, and the
counter electrode 17 will be identified by Clcb. The same
counter electrode 17 is shared by these two subpixels 10a and
104.

[0015] The liquid crystal capacitors Clca and Clcb are sup-
posed to have the same electrostatic capacitance CLC (V).
The value of CLC (V) depends on the effective voltages (V)
applied to the liquid crystal layers of the respective subpixels
10a and 105. Also, the storage capacitors 22a and 225 that are
connected independently of each other to the liquid crystal
capacitors of the respective subpixels 10a and 1056 will be
identified herein by Ccsa and Ccsb, respectively, which are
supposed to have the same electrostatic capacitance CCS.
[0016] Inthe subpixel 104, one electrode of the liquid crys-
tal capacitor Clca and one electrode of the storage capacitor
Ccsa are connected to the drain electrode of the TFT 16a,
which is provided to drive the subpixel 10a. The other elec-
trode of the liquid crystal capacitor Clca is connected to the
counter electrode. And the other electrode of the storage
capacitor Ccsa is connected to the storage capacitor line 24a.
In the subpixel 105, one electrode of the liquid crystal capaci-
tor Clcb and one electrode of the storage capacitor Ccsb are
connected to the drain electrode of the TFT 165, which is
provided to drive the subpixel 105. The other electrode of the
liquid crystal capacitor Clcb is connected to the counter elec-
trode. And the other electrode of the storage capacitor Ccsb is
connected to the storage capacitor line 24b. The gate elec-
trodes of the TFTs 16a and 164 are both connected to the scan
line 12 and the source electrodes thereof are both connected to
the signal line 14.

[0017] Portions (a) through (f) of FIG. 75 schematically
show the timings of respective voltages that are applied to
drive the liquid crystal display device 200.

[0018] Specifically, portion (a) of FIG. 75 shows the volt-
age waveform Vs of the signal line 14; portion (b) of FIG. 75
shows the voltage waveform Vcsa of the storage capacitor
line 24a; portion (¢) of FIG. 75 shows the voltage waveform
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Vesb of the storage capacitor line 245; portion (d) of FIG. 75
shows the voltage waveform Vg of the scan line 12; portion
(e) of FIG. 75 shows the voltage waveform Vlca of the pixel
electrode 18a of the subpixel 10a; and portion (f) of FIG. 75
shows the voltage waveform Vicb of the pixel electrode 186
of the subpixel 105. In FIG. 75, the dashed line indicates the
voltage waveform COMMON (Vcom) of the counter elec-
trode 17.

[0019] Hereinafter, it will be described with reference to
portions (a) through (f) of FIG. 75 how the equivalent circuit
shown in FIG. 74 operates.

[0020] First, at a time T1, the voltage Vg rises from VgL to
VgH to turn the TFTs 16a and 165 ON simultaneously. As a
result, the voltage Vs on the signal line 14 is transmitted to the
subpixel electrodes 18a and 185 of the subpixels 10a and 106
to charge the subpixels 10a and 105 with the voltage Vs. In the
same way, the storage capacitors Csa and Csb of the respec-
tive subpixels are also charged with the voltage on the signal
line.

[0021] Next, atatime T2, the voltage Vg on the scan line 12
falls from VgH to VgL to turn the TFTs 16a and 1656 OFF
simultaneously and electrically isolate the subpixels 10a and
105 and the storage capacitors Csa and Csb from the signal
line 14. It should be noted that immediately after that, due to
the feedthrough phenomenon caused by a parasitic capaci-
tance of the TFTs 16a and 164, for example, the voltages Vica
and Vicb applied to the respective subpixel electrodes
decrease by approximately the same voltage Vd to:

Vica=Vs-Vd

Vicb=Vs-Vd

respectively. Also, in this case, the voltages Vesa and Vesb on
the storage capacitor lines are:

Vesa=Veom—Vad

Vesb=Vcom+Vad

respectively.

[0022] Next, at a time T3, the voltage Vcsa on the storage
capacitor line 24a connected to the storage capacitor Csa rises
from Vcom-Vad to Vcom+Vad and the voltage Vesb on the
storage capacitor line 245 connected to the storage capacitor
Csb falls from Vcom+Vad to Vcom—-Vad. That is to say, these
voltages Vesa and Vesb both change twice as much as Vad. As
the voltages on the storage capacitor lines 24a and 245 change
in this manner, the voltages Vica and Vicb applied to the
respective subpixel electrodes change into:

Vica=Vs-Vd+2xKcexVad

Vicb=Vs-Vd-2xKcxVad

respectively, where Kc=CCS/(CLC(V)+CCS).

[0023] Next, at a time T4, Vcsa falls from Vcom+Vad to
Vcom-Vad and Vesb rises from Vcom-Vad to Vcom+Vad.
That is to say, these voltages Vcsaand Vesb both change twice
as much as Vad again. In this case, Vlca and Vlcb also change
from

Vica=Vs-Vd+2xKexVad
Vichb=Vs-Vd-2xKcxVad
into

Vica=Vs-Vd

Vicb=Vs-Vd

respectively.
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[0024] Next, at a time T5, Vcsa rises from Vcom-Vad to
Vcom+Vad and Vesb falls from Vecom+Vad to Vcom—Vad.
That is to say, these voltages Vcsa and Vesb both change twice
as much as Vad again. In this case, Vlca and Vicb also change
from

Vica=Vs-Vd
Vicb=Vs-Vd

into
Vica=Vs-Vd+2xKcxVad

Vich=Vs-Vd-2xKcxVad

respectively.

[0025] After that, every time a period of time that is an
integral number of times as long as one horizontal scanning
period (or one horizontal write period) 1 H has passed, the
voltages Vesa, Vesb, Vica and Vicb alternate their levels at the
times T4 and T5. Consequently, the effective values of the
voltages Vica and Vicb applied to the subpixel electrodes
become:

Vica=Vs-Vd+KcexVad

Vich=Vs-Vd-KcxVad

respectively.

[0026] Therefore, the effective voltages V1 and V2 applied
to the liquid crystal layers 13a and 135 of the subpixels 10a
and 105 become:

V1=Vica-Vcom
V2=Vich-Vcom

That is to say,
V1=Vs-Vd+KcxVad-Vcom

V2=Vs-Vd-KcxVad-Vcom

respectively.
[0027] As aresult, the difference AV12 (=V1-V2) between
the effective voltages applied to the liquid crystal layers 13a
and 135 of the subpixels 10a and 1056 becomes AV12=22x
KcexVad (where Ke=CCS/(CLC(V)+CCS)). Thus, mutually
different voltages can be applied to the liquid crystal layers
13a and 135.
[0028] FIG. 76 schematically shows the relation between
V1 and V2. As can be seen from FIG. 76, the smaller the V1
value, the bigger AV12 in the liquid crystal display device
200. Since AV12 increases as the V1 value decreases in this
manner, the excessively high contrast ratio can be reduced,
among other things.
[0029] Patent Document No. 1: Japanese Patent Gazette
for Opposition No. 63-21907
[0030] Patent Document No. 2: Japanese Patent Appli-
cation Laid-Open Publication No. 11-242225
[0031] Patent Document No. 3: Japanese Patent Appli-
cation Laid-Open Publication No. 10-186330
[0032] Patent Document No. 4: Japanese Patent Appli-
cation Laid-Open Publication No. 2002-55343
[0033] Patent Document No. 5: Japanese Patent Appli-
cation Laid-Open Publication No. 2004-62146 (corre-
sponding to U.S. Pat. No. 6,958,791)
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DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0034] However, the present inventors discovered and con-
firmed via experiments that when the multi-pixel structure
disclosed in Patent Document No. 5 was applied to either a
high-definition LCD TV monitor or a large-screen LCD TV
monitor, the viewing angle dependence ofthe Y characteristic
could be certainly reduced but instead the following problem
would arise. The entire disclosure of U.S. Pat. No. 6,958,791
is hereby incorporated by reference.

[0035] Specifically, if the oscillating voltage applied to the
storage capacitor counter electrodes (through CS bus lines)
has a short period of oscillation, then it would be increasingly
difficult (and expensive) to make a circuit for generating the
oscillating voltage, the power dissipation would increase too
much, or the influence of waveform blunting due to the elec-
trical impedance of'the CS bus lines would be more and more
significant. This is because as the definition or the size of a
display panel increases, the oscillating voltage comes to have
an even shorter period of oscillation. Furthermore, if a plu-
rality of electrically independent CS trunks are arranged such
that one period of oscillation of the oscillating voltage applied
to the storage capacitor counter electrodes is extended so
much as to overcome this problem, then it might debase the
display quality as will be described later.

[0036] Inorderto overcome the problems described above,
the present invention has an object of providing a liquid
crystal display device and its driving method that can avoid
the deterioration in display quality even if the oscillating
voltage supplied to the CS bus lines has an extended period of
oscillation when the area ratio gray scale display technology
is applied to a large-screen or high-definition LCD panel.

Means for Solving the Problems

[0037] A liquid crystal display device according to the
present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer.
Each pixel includes a first subpixel and a second subpixel,
having liquid crystal layers to which mutually different volt-
ages are applicable. The first subpixel has higher luminance
than the second subpixel ata particular gray scale. Each of the
first and second subpixels includes: a liquid crystal capacitor
formed by a counter electrode and a subpixel electrode that
faces the counter electrode through the liquid crystal layer;
and a storage capacitor formed by a storage capacitor elec-
trode that is electrically connected to the subpixel electrode,
an insulating layer, and a storage capacitor counter electrode
that is opposed to the storage capacitor electrode with the
insulating layer interposed between them. The counter elec-
trode is a single electrode provided in common for the first
and second subpixels, while the storage capacitor counter
electrodes of the first and second subpixels are electrically
independent of each other.

[0038] The storage capacitor counter electrode of the first
subpixel of an arbitrary one of the pixels and the storage
capacitor counter electrode of the second subpixel of a pixel
that is adjacent to the arbitrary pixel in a column direction are
also electrically independent of each other. The device further
includes a plurality of electrically independent storage
capacitor trunks. Each storage capacitor trunk is electrically
connected to the respective storage capacitor counter elec-
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trodes of either the first subpixels or the second subpixels of
the pixels through storage capacitor lines. A storage capacitor
counter voltage supplied through each storage capacitor trunk
has a first period (A) with a first waveform and a second
period (B) with a second waveform within one vertical scan-
ning period (V-Total) of an input video signal. The sum of the
first and second periods is equal to one vertical scanning
period (V-Total=A+B). The first waveform oscillates
between first and second voltage levels in a first cycle time P,
which is an integral number of times as long as, and at least
twice as long as, one horizontal scanning period (H). The
second waveform is defined such that the effective value of
the storage capacitor counter voltage has a predetermined
constant value every predetermined number of consecutive
vertical scanning periods, the number being equal to or
smaller than 20.

[0039] In one preferred embodiment, the predetermined
number of vertical scanning periods is equal to or smaller than
four.

[0040] In another preferred embodiment, the predeter-
mined constant value is equal to the average of the first and
second voltage levels of the first waveform.

[0041] In still another preferred embodiment, the storage
capacitor trunks include an even number L of electrically
independent storage capacitor trunks. The first cycle time P,
is either L times (=L‘H), or 2-K'L times, as long as one
horizontal scanning period, where K is a positive integer. And
a part of the first cycle time at the first voltage level is as long
as the other part of the first cycle time at the second voltage
level.

[0042] In yet another preferred embodiment, the second
waveform is defined such that the second waveform for one
vertical scanning period has an effective value that is equal to
the average of the first and second voltage levels.

[0043] In this particular preferred embodiment, the second
waveform oscillates between third and fourth voltage levels
in a second cycle time, which is a positive integral number of
times as long as one horizontal scanning period.

[0044] Inaspecific preferred embodiment, the third voltage
level is equal to the first voltage level and the fourth voltage
level is equal to the second voltage level.

[0045] Alternatively or additionally, the second period is an
even number of times as long as one horizontal scanning
period, and a part of the second period at the third voltage
level is as long as the other part of the second period at the
fourth voltage level.

[0046] In an alternative preferred embodiment, the second
period is an odd number of times as long as one horizontal
scanning period. Inthe second period of one vertical scanning
period, part of the second period at the third voltage level is
shorter than the other part of the second period at the fourth
voltage level by one horizontal scanning period. In the second
period of the next vertical scanning period, part of the second
period at the third voltage level is also shorter than the other
part of the second period at the fourth voltage level by one
horizontal scanning period.

[0047] In yet another preferred embodiment, the first
period is a half-integral (an integer plus a half) number of
times as long as the first cycle time.

[0048] Inthis particular preferred embodiment, if the pixels
form a number N of pixel rows, an effective display period
(V-Disp)is N times as long as one horizontal scanning period
(if V-Disp=N-H), and the first cycle time is identified by P,
the first period (A) satisfies A=[Int{(N-H-P_/2)/P_ } +15]-P +
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M-P,, where Int(x) is an integral part of an arbitrary real
number x and M is an integer that is equal to or greater than
zero.

[0049] In an alternative preferred embodiment, if one ver-
tical scanning period (V-Total) is Q times as long as one
horizontal scanning period (if V-Total=Q-H) where Q is a
positive integer and if the first cycle time is identified by P,
the first period (A) satisfies A=[Int{(Q-H-P_/2)/P}+15]-P,,
where Int(x) is an integral part of an arbitrary real number x.
[0050] Still alternatively, if one vertical scanning period
(V-Total) is Q times as long as one horizontal scanning period
(if V-Total=Q-H) where Q is a positive integer and if the first
cycle time is identified by P, the first period (A) satisfies
A=[Int{(Q-H-3-P_/2)/P_}+V>]-P, where Int(x) is an inte-
gral part of an arbitrary real number x.

[0051] In yet another preferred embodiment, the storage
capacitor counter voltage has its phase shifted by 180 degrees
every vertical scanning period.

[0052] In yet another preferred embodiment, the storage
capacitor trunks are an even number of storage capacitor
trunks, which consist of multiple pairs of storage capacitor
trunks, each pair supplying storage capacitor counter volt-
ages, of which the oscillating phases are different from each
other by 180 degrees.

[0053] A TV receiver according to the present invention
includes a liquid crystal display device according to any of the
preferred embodiments of the present invention described
above.

[0054] An LCD driving method according to the present
invention is a method for driving a liquid crystal display
device, which includes a plurality of pixels that are arranged
in columns and rows so as to form a matrix pattern. Each pixel
includes a liquid crystal layer and a plurality of electrodes for
applying a voltage to the liquid crystal layer. Each pixel
includes a first subpixel and a second subpixel, having liquid
crystal layers to which mutually different voltages are appli-
cable. The first subpixel has higher luminance than the second
subpixel at a particular gray scale. Each ofthe first and second
subpixels includes: a liquid crystal capacitor formed by a
counter electrode and a subpixel electrode that faces the
counter electrode through the liquid crystal layer; and a stor-
age capacitor formed by a storage capacitor electrode that is
electrically connected to the subpixel electrode, an insulating
layer, and a storage capacitor counter electrode that is
opposed to the storage capacitor electrode with the insulating
layer interposed between them. The counter electrode is a
single electrode provided in common for the first and second
subpixels, while the storage capacitor counter electrodes of
the first and second subpixels are electrically independent of
each other. The storage capacitor counter electrode of the first
subpixel of an arbitrary one of the pixels and the storage
capacitor counter electrode of the second subpixel of a pixel
that is adjacent to the arbitrary pixel in a column direction are
also electrically independent of each other. The device further
includes a plurality of electrically independent storage
capacitor trunks. Each storage capacitor trunk is electrically
connected to the respective storage capacitor counter elec-
trodes of either the first subpixels or the second subpixels of
the pixels through storage capacitor lines. The method
includes the step of providing storage capacitor counter volt-
ages for the respective storage capacitor trunks. The storage
capacitor counter voltage has a first period (A) with a first
waveform and a second period (B) with a second waveform
within one vertical scanning period (V-Total) of an input
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video signal. The sum of the first and second periods is equal
to one vertical scanning period (V-Total=A+B). The first
waveform oscillates between first and second voltage levels
in a first cycle time P, which is an integral number of times
as long as, and at least twice as long as, one horizontal scan-
ning period (H). The second waveform is defined such that the
effective value of the storage capacitor counter voltage has a
predetermined constant value every predetermined number of
consecutive vertical scanning periods, the number being
equal to or smaller than 20.

[0055] In one preferred embodiment, the electrically inde-
pendent storage capacitor trunks include an even number L of
storage capacitor trunks. The step of providing storage
capacitor counter voltages includes the steps of: calculating
an integer Q, the product (Q-H) of which and one horizontal
scanning period H is equal to one vertical scanning period
(V-Total) of an input video signal; calculating A that satisfies
either A=[Int{(N-L/2)/L}+%]-L-H+M-L-H or A=[Int{(N-
K-L)/(2’K-L)}+%4]-2 K- L-H+2-MK-L-H (where Int(x) is an
integral part of an arbitrary real number x, K is a positive
integer, and M is an integer that is equal to or greater than
zero) if the pixels form a number N of pixel rows, one hori-
zontal scanning period is identified by H, and an effective
display period (V-Disp) is N-H; calculating B that satisfies
Q-H-A=B; and generating a storage capacitor counter volt-
age that has a first waveform in a first period with a length A
and a second waveform in a second period with a length B.
The first waveform oscillates between first and second volt-
age levels in a first cycle time P, which is either L-H or
2-K-L-H. The second waveform oscillates between third and
fourth voltage levels. The average of the third and fourth
voltage levels is equal to that of the first and second voltage
levels. If B/H is an even number, the third voltage level last as
long as the fourth voltage level. If B/H is an odd number, the
third voltage level lasts shorter than the fourth voltage level by
one horizontal scanning period in a vertical scanning period.
And in the second period of the next vertical scanning period,
the third voltage level also lasts shorter than the fourth voltage
level by one horizontal scanning period.

[0056] In another preferred embodiment, the electrically
independent storage capacitor trunks include an even number
L of storage capacitor trunks. The step of providing storage
capacitor counter voltages includes the steps of: calculating
an integer Q, the product (Q-H) of which and one horizontal
scanning period H is equal to one vertical scanning period
(V-Total) of an input video signal; calculating A that satisfies
either A=[Int{(Q-L/2)/L}+¥%]-L-H or A=[Int{(Q-K-LY
(2:’KL)}+%]-2°K-L-H (where Int(x) is an integral part of an
arbitrary real number x and K is a positive integer); calculat-
ing B that satisfies Q-H-A=B; and generating a storage
capacitor counter voltage that has a first waveform in a first
period with a length A and a second waveform in a second
period with a length B. The first waveform oscillates between
first and second voltage levels in a first cycle time P, which
is either L-H or 2-K-L-H. The second waveform oscillates
between third and fourth voltage levels. The average of the
third and fourth voltage levels is equal to that of the first and
second voltage levels. If B/H is an even number, the third
voltage level last as long as the fourth voltage level. If B/H is
an odd number, the third voltage level lasts shorter than the
fourth voltage level by one horizontal scanning period in a
vertical scanning period. And in the second period of the next
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vertical scanning period, the third voltage level also lasts
shorter than the fourth voltage level by one horizontal scan-
ning period.

[0057] In still another preferred embodiment, the electri-
cally independent storage capacitor trunks include an even
number L of storage capacitor trunks. The step of providing
storage capacitor counter voltages includes the steps of: cal-
culating an integer Q, the product (Q-H) of which and one
horizontal scanning period H is equal to one vertical scanning
period (V-Total) of an input video signal; calculating A that
satisfies either A=[Int{(Q-3-L/2)/L}+4]-L or A=[Int{(Q-
3-K-L)/(2')K-L)}+Y2]-2°K-L-H (where Int(x) is an integral part
of an arbitrary real number x and K is a positive integer);
calculating B that satisfies Q-H-A=B; and generating a stor-
age capacitor counter voltage that has a first waveform in a
first period with a length A and a second waveform in a second
period with a length B. The first waveform oscillates between
first and second voltage levels in a first cycle time P, which
is either I-H or 2-K-L-H. The second waveform oscillates
between third and fourth voltage levels. The average of the
third and fourth voltage levels is equal to that of the first and
second voltage levels. If B/H is an even number, the third
voltage level last as long as the fourth voltage level. If B/H is
an odd number, the third voltage level lasts shorter than the
fourth voltage level by one horizontal scanning period in a
vertical scanning period. And in the second period of the next
vertical scanning period, the third voltage level also lasts
shorter than the fourth voltage level by one horizontal scan-
ning period.

[0058] In yet another preferred embodiment, the storage
capacitor counter voltage has its phase shifted by 180 degrees
every vertical scanning period.

[0059] In yet another preferred embodiment, the step of
calculating an integer Q, the product (Q-H) of which and one
horizontal scanning period H is equal to one vertical scanning
period (V-Total) of an input video signal is performed on the
period before the previous vertical scanning period.

[0060] Another liquid crystal display device according to
the present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer.
Each pixel includes a first subpixel and a second subpixel,
having liquid crystal layers to which mutually different volt-
ages are applicable. Each of the first and second subpixels
includes a liquid crystal capacitor formed by a counter elec-
trode and a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode that is electrically
connected to the subpixel electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode provided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the first and
second subpixels are electrically independent of each other.
The device further includes a plurality of electrically inde-
pendent storage capacitor trunks. Each storage capacitor
trunk is electrically connected to the respective storage
capacitor counter electrodes of either the first subpixels or the
second subpixels of the pixels through storage capacitor lines.
One vertical scanning period (V-Total) of an input video
signal is divided into at least two subframes, in each of which
a display signal voltage is written on each pixel. Two con-
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secutive vertical scanning periods of the input video signal
include a sequence in which the display signal voltage is
written at the same polarity in two consecutive subframes and
then has its polarity (which will also be referred to herein as
“write polarity”) inverted in the next subframe. A storage
capacitor counter voltage supplied through each storage
capacitor trunk has, in each subframe, a first waveform, oscil-
lating in a first cycle time P, which is an integral number of
times as long as, and at least twice as long as, one horizontal
scanning period (H), and a second waveform, defined such
that the effective value of the storage capacitor counter volt-
age has a predetermined constant value every predetermined
number of consecutive vertical scanning periods of the input
video signal. And between two subframes in which the polar-
ity is inverted, the first waveforms of the storage capacitor
counter voltages have a phase difference of 180 degrees.
[0061] The sequence includes a situation where one verti-
cal scanning period (which will also be referred to herein as
“one frame”) of an input video signal includes two or more
subframes, the subframes of the same frame have the same
write polarity but two consecutive frames have different sets
of write polarities (e.g., (+, +)—>(-, =) or (+, +, +)—=(-, -, -))
and a situation where the subframes of the same frame have
different write polarities and two consecutive frames also
have different sets of write polarities (e.g., (+, —)—>(-, +) or
(+> s +)_>(_’ + _))

[0062] In one preferred embodiment, every vertical scan-
ning period of the input video signal, the polarity of the
display signal voltage (which will also be referred to herein as
“write polarity”) inverts and the first waveform of the storage
capacitor voltage has its phase shifted by 180 degrees.
[0063] In another preferred embodiment, every vertical
scanning period of the input video signal, the display signal
voltage inverts its polarity. Every subframe in each vertical
scanning period of the input video signal, the display signal
voltage inverts its polarity and the first waveform of the stor-
age capacitor counter voltage has its phase shifted by 180
degrees.

[0064] In still another preferred embodiment, if each verti-
cal scanning period (V-Total) of the input video signal is
represented as the sum of an effective display period (V-Disp)
and a vertical blanking interval (V-Blank); and if each vertical
scanning period of the input video signal is represented as the
sum of a first subframe (V p-Total (SF1)) and a second sub-
frame (V-Total (SF2)); and if the first subframe (V »-Total
(SF1)) is represented as the sum of an effective display period
(Vp-Disp (SF1)) and a vertical blanking interval (V ,-Blank
(SF1)); and if the second subframe (V »-Total (SF2)) is rep-
resented as the sum of an effective display period (V-Disp
(SF2)) and a vertical blanking interval (V-Blank (SF2)),
then V-Blank/2=V ,-Blank (SF1)=V -Blank (SF2) is satis-
fied.

[0065] In this particular preferred embodiment, the first
subframe (V z-Total (SF1)) is represented as the sum of a first
period Al with the first waveform and a period B1 with the
second waveform. The second subframe (V - Total (SF2)) is
represented as the sum of a first period A2 with the first
waveform and a period B2 with the second waveform. And
A1-A2=P /2 and B2-B1=P /2 are satisfied.

[0066] In still another preferred embodiment, if each verti-
cal scanning period (V-Total) of the input video signal is
represented as the sum of an effective display period (V-Disp)
and a vertical blanking interval (V-Blank); and if each vertical
scanning period of the input video signal is represented as the
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sum of a first subframe (V-Total (SF1)) and a second sub-
frame (V-Total (SF2)); and if the first subframe (V ,-Total
(SF1)) is represented as the sum of an effective display period
(Vp-Disp (SF1)) and a vertical blanking interval (V -Blank
(SF1)); and if the second subframe (V -Total (SF2)) is rep-
resented as the sum of an effective display period (V z-Disp
(SF2)) and a vertical blanking interval (V-Blank (SF2)),
then the first subframe (V - Total (SF1)) is an integral number
of times as long as the first cycle time.

[0067] In yet another preferred embodiment, if each verti-
cal scanning period (V-Total) of the input video signal is
represented as the sum of an effective display period (V-Disp)
and a vertical blanking interval (V-Blank); and if each vertical
scanning period of the input video signal is represented as the
sum of a first subframe (V-Total (SF1)) and a second sub-
frame (V-Total (SF2)); and if the first subframe (V »-Total
(SF1)) is represented as the sum of an effective display period
(V-Disp (SF1)) and a vertical blanking interval (V ,-Blank
(SF1)); and if the second subframe (V p-Total (SF2)) is rep-
resented as the sum of an effective display period (V -Disp
(SF2)) and a vertical blanking interval (V-Blank (SF2)),
then the first subframe (V-Total (SF1)) is a half-integral
number of times as long as the first cycle time.

[0068] In yet another preferred embodiment, the second
waveform includes a waveform that oscillates between first
and second levels ina cycle time that is equal to or shorter than
one horizontal scanning period (1 H). Or the second wave-
form includes a waveform that oscillates between first and
second levels in a cycle time that is an integral number of
times as short as one horizontal scanning period.

[0069] In yet another preferred embodiment, the storage
capacitor trunks include an even number L of electrically
independent storage capacitor trunks. The first cycle time P,
is either L times (=L-H), or 2-K'L. times, as long as one
horizontal scanning period, where K is a positive integer. And
a part of the first cycle time at the first voltage level is as long
as the other part of the first cycle time at the second voltage
level.

[0070] In yet another preferred embodiment, the storage
capacitor trunks are an even number of storage capacitor
trunks, which consist of multiple pairs of storage capacitor
trunks, each pair supplying storage capacitor counter volt-
ages, of which the oscillating phases are different from each
other by 180 degrees.

[0071] In yet another preferred embodiment, if each verti-
cal scanning period (V-Total) of the input video signal is
represented as the sum of an effective display period (V-Disp)
and a vertical blanking interval (V-Blank); and if each vertical
scanning period of the input video signal is represented as the
sum of a first subframe (V-Total (SF1)) and a second sub-
frame (V-Total (SF2)); and if the luminance of the input
video signal represents a half scale tone, then the display
signal voltages applied to the pixel in the first and second
subframes, respectively, are defined such that the average of
the display luminances of the first and second subframes is
equal to the luminance of the input video signal and that the
respective display luminances of the first and second sub-
frames are different from the luminance of the input video
signal to mutually different degrees. The difference between
the display luminances of the first and second subframes is
preferably maximized.

[0072] Inthisparticular preferred embodiment, in each ver-
tical scanning period of the input video signal, the first sub-
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frame is anterior to the second subframe, and the display
luminance of the first subframe is smaller than that of the
second subframe.

[0073] In yet another preferred embodiment, the pixels
include pixels belonging to a first display area and pixels
belonging to a second display area. The first and second
display areas are able to be scanned independently of each
other. The storage capacitor trunks include a first storage
capacitor trunk belonging to the first display area and a sec-
ond storage capacitor trunk belonging to the second display
area. Typically, the display area is divided into upper and
lower halves. In that case, the number of storage capacitor
trunks belonging to the upper display area is different by one
from that of storage capacitor trunks belonging to the lower
display area.

[0074] In this particular preferred embodiment, the phases
of the respective first waveforms of the storage capacitor
counter voltages supplied through the first and second storage
capacitor trunks shift by 180 degrees at mutually different
times.

[0075] Another liquid crystal display device according to
the present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer.
Each pixel includes a first subpixel and a second subpixel,
having liquid crystal layers to which mutually different volt-
ages are applicable. Each of the first and second subpixels
includes a liquid crystal capacitor formed by a counter elec-
trode and a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode that is electrically
connected to the subpixel electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode provided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the first and
second subpixels are electrically independent of each other.
The device further includes a plurality of electrically inde-
pendent storage capacitor trunks. Each storage capacitor
trunk is electrically connected to the respective storage
capacitor counter electrodes of either the first subpixels or the
second subpixels of the pixels through storage capacitor lines.
The pixels include pixels belonging to a first display area and
pixels belonging to a second display area. The first and second
display areas are able to be scanned independently of each
other. The storage capacitor trunks include a first group of
storage capacitor trunks belonging to the first display area and
a second group of storage capacitor trunks belonging to the
second display area.

[0076] In one preferred embodiment, the storage capacitor
trunks include a storage capacitor trunk that is electrically
connected to both the pixels belonging to the first display area
and the pixels belonging to the second display area.

[0077] Inanother preferred embodiment, a voltage applied
to an arbitrary one of the storage capacitor trunks of the first
group and a voltage applied to an arbitrary one of the storage
capacitor trunks of the second group are voltages with the
same waveform but different phases.

[0078] In this particular preferred embodiment, a phase
difference between the waveform of the voltage applied to the
arbitrary one of the storage capacitor trunks of the first group
and that of the voltage applied to the arbitrary one of the
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storage capacitor trunks of the second group is greater than
one horizontal scanning period but smaller than one vertical
scanning period (V-Total) of a video signal.

[0079] Still another liquid crystal display device according
to the present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer.
Each pixel includes a first subpixel and a second subpixel,
having liquid crystal layers to which mutually different volt-
ages are applicable. Each of the first and second subpixels
includes a liquid crystal capacitor formed by a counter elec-
trode and a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode that is electrically
connected to the subpixel electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode provided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the first and
second subpixels are electrically independent of each other.
The device further includes a plurality of electrically inde-
pendent storage capacitor trunks. Each storage capacitor
trunk is electrically connected to the respective storage
capacitor counter electrodes of either the first subpixels or the
second subpixels of the pixels through storage capacitor lines.
The storage capacitor counter voltage supplied through each
of the storage capacitor trunks is generated by repeatedly
combining first and second groups of rectangular waves a
number of times. Each of those two groups of rectangular
waves consists of multiple rectangular waves that are repre-
sented by first and second voltage levels and that have mul-
tiple cycle times. Each of the first group of rectangular waves
(WI) and the second group of rectangular waves (WII) has a
first period (WIA or WIIA) and a second period (WIB or
WIIB). In the first period (WIA or WIIA), write scanning is
performed on each pixel. The pixels include pixels belonging
to a first display area and pixels belonging to a second display
area. The first and second display areas are able to be scanned
independently of each other. The storage capacitor trunks
include a first storage capacitor trunk belonging to the first
display area and a second storage capacitor trunk belonging
to the second display area. The first period (WIA or WIIA) of
the storage capacitor counter voltage supplied to the first
storage capacitor trunk is a period in which the first display
areais scanned. The first period (WIA or WIIA) of the storage
capacitor counter voltage supplied to the second storage
capacitor trunk is a period in which the second display area is
scanned. The polarity of a display signal voltage written on
the respective pixels being scanned during the first period of
the first group of rectangular waves is different from that of a
display signal voltage written on the respective pixels being
scanned during the first period of the second group of rectan-
gular waves. The waveform of the second group of rectangu-
lar waves during the first period is produced by changing the
first voltage level of the waveform of the first group of rect-
angular waves during the first period into the second voltage
level thereof and the second voltage level into the first voltage
level. And a time at which the first and second groups of
rectangular waves of a first storage capacitor counter voltage
supplied through a first storage capacitor trunk are combined
together is different from a time at which the first and second
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groups of rectangular waves of a second storage capacitor
counter voltage supplied through a second storage capacitor
trunk are combined together.

[0080] In one preferred embodiment, in a first group of
storage capacitor counter voltages supplied through the first
group of storage capacitor trunks, the first and second groups
of rectangular waves are combined together all at the same
time. In a second group of storage capacitor counter voltages
supplied through the second group of storage capacitor
trunks, the first and second groups of rectangular waves are
also combined together all at the same time.

[0081] In another preferred embodiment, if a vertical scan-
ning period on the first display area is V- Total (SFU) and if
a vertical scanning period on the second display area is V-
Total (SFL), one vertical scanning period (V-Total) of an
input video signal satisfies V-Total=V z-Total (SFU)=V ,-To-
tal (SFL).

[0082] In still another preferred embodiment, each of the
first and second groups of rectangular waves is as long as one
vertical scanning period (V-Total) of the input video signal.
[0083] In yet another preferred embodiment, the liquid
crystal display device presents a first subframe (V -Total
(SF1)) and a second subframe (V z-Total (SF2)) during one
vertical scanning period (V-Total) of the input video signal.
Supposing one vertical scanning period on the first display
area in the first subframe is identified by V-Total (SFU1),
one vertical scanning period on the second display area in the
first subframe is identified by V-Total (SFL1), one vertical
scanning period on the first display area in the second sub-
frame is identified by V p-Total (SFU2), and one vertical
scanning period on the second display area in the second
subframe is identified by V-Total (SFL2), V-Total (SF1)
=V-Total (SFU1)=V-Total (SFL1) and V-Total (SF2)
=V -Total (SFU2)=V .-Total (SFL2) are satisfied, the first
group of rectangular waves is as long as V -Total (SF1) and
the second group of rectangular waves is as long as V -Total
(SF2).

[0084] In yet another preferred embodiment, the liquid
crystal display device presents a first subframe (V -Total
(SF1)) and a second subframe (V p-Total (SF2)) during one
vertical scanning period (V-Total) of the input video signal.
Supposing one vertical scanning period on the first display
area in the first subframe is identified by V -Total (SFU1),
one vertical scanning period on the second display area in the
first subframe is identified by V-Total (SFL1), one vertical
scanning period on the first display area in the second sub-
frame is identified by V-Total (SFU2), and one vertical
scanning period on the second display area in the second
subframe is identified by V-Total (SFL2), V-Total (SF1)
=V-Total (SFU1)=V-Total (SFL1) and V-Total (SF2)
=V -Total (SFU2)=V p-Total (SFL2) are satisfied, and each
of'the first and second groups of rectangular waves is as long
as V-Total and includes two first periods.

[0085] Yet another liquid crystal display device according
to the present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer.
Each pixel includes a first subpixel and a second subpixel,
having liquid crystal layers to which mutually different volt-
ages are applicable. Each of the first and second subpixels
includes a liquid crystal capacitor formed by a counter elec-
trode and a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and a storage capacitor
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formed by a storage capacitor electrode that is electrically
connected to the subpixel electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode provided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the first and
second subpixels are electrically independent of each other.
The device further includes a plurality of electrically inde-
pendent storage capacitor trunks. Each storage capacitor
trunk is electrically connected to the respective storage
capacitor counter electrodes of either the first subpixels or the
second subpixels of the pixels through storage capacitor lines.
The pixels include pixels belonging to a first display area and
pixels belonging to a second display area. The first and second
display areas are able to be scanned independently of each
other. The storage capacitor trunks include a first storage
capacitor trunk belonging to the first display area and a sec-
ond storage capacitor trunk belonging to the second display
area. A first storage capacitor voltage is supplied to the first
storage capacitor trunk and a second storage capacitor voltage
is supplied to the second storage capacitor trunk. The liquid
crystal display device presents a first subframe (V -Total
(SF1)) and a second subframe (V p-Total (SF2)) during one
vertical scanning period (V-Total) of an input video signal.
Each of the first and second storage capacitor voltages has a
first period (A) with a first waveform and a second period (B)
with a second waveform in each of the first and second sub-
frames (Vp-Total (SF1)) and (V-Total (SF2)). The sum of
the first and second periods is as long as either the first
subframe (V »-Total (SF1)) or the second subframe (V ,-Total
(SF2)). The first waveform oscillates between first and second
voltage levels in a first cycle time P, which is an integral
number of times as long as, and at least twice as long as, one
horizontal scanning period (H). And the second waveform is
defined so as to have a predetermined effective value every
vertical scanning period (V-Total).

[0086] Inone preferred embodiment, the second waveform
includes a waveform that oscillates between the first and
second levels in a cycle time that is equal to or shorter than one
horizontal scanning period (1 H). The second waveform
includes a waveform that oscillates between the first and
second levels in a cycle time that is an integral number of
times as short as one horizontal scanning period.

[0087] In another preferred embodiment, if one vertical
scanning period (V-Total) of the input video signal is repre-
sented as the sum of the first and second subframes (V - Total
(SF1)) and (V p-Total (SF2)) and if the luminance of the input
video signal is a half scale tone, display signal voltages
applied to the pixel in the first and second subframes are
defined such that the average of the display luminances in the
first and second subframes is equal to the luminance of the
input video signal and that the first and second subframes
have mutually different display luminances.

[0088] In still another preferred embodiment, in each ver-
tical scanning period of the input video signal, the first sub-
frame is located anterior to the second subframe and the
display luminance in the first subframe is smaller than that in
the second subframe.

[0089] Yet another liquid crystal display device according
to the present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer.
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Each pixel includes a first subpixel and a second subpixel,
having liquid crystal layers to which mutually different volt-
ages are applicable. Each of the first and second subpixels
includes a liquid crystal capacitor formed by a counter elec-
trode and a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode that is electrically
connected to the subpixel electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode provided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the first and
second subpixels are electrically independent of each other.
The device further includes a plurality of electrically inde-
pendent storage capacitor trunks. Each storage capacitor
trunk is electrically connected to the respective storage
capacitor counter electrodes of either the first subpixels or the
second subpixels of the pixels through storage capacitor lines.
One vertical scanning period (V-Total) of an input video
signal is divided into at least two subframes, in each of which
a display signal voltage is written on each pixel. Two con-
secutive vertical scanning periods of the input video signal
include a sequence in which the display signal voltage is
written at the same polarity in two consecutive subframes and
then has its polarity inverted in the next subframe. A storage
capacitor counter voltage supplied through each storage
capacitor trunk has, in each subframe, a first waveform, oscil-
lating in a first cycle time P, which is an integral number of
times as long as, and at least twice as long as, one horizontal
scanning period (H), and a second waveform, defined such
that the effective value of the storage capacitor counter volt-
age has a predetermined constant value every predetermined
number of consecutive vertical scanning periods of the input
video signal. And between two subframes in which the polar-
ity is inverted, the first waveforms of the storage capacitor
counter voltages have a phase difference of 180 degrees. The
pixels include pixels belonging to a first display area and
pixels belonging to a second display area. The first and second
display areas are able to be scanned independently of each
other. The storage capacitor trunks include a first storage
capacitor trunk belonging to the first display area and a sec-
ond storage capacitor trunk belonging to the second display
area. The phases of the respective first waveforms of the first
and second storage capacitor counter voltages supplied
through the first and second storage capacitor trunks shift by
180 degrees at mutually different times.

[0090] In one preferred embodiment, in a first group of
storage capacitor counter voltages supplied through the first
group of storage capacitor trunks, the phases of the respective
first waveforms shift by 180 degrees all at the same time. In a
second group of storage capacitor counter voltages supplied
through the second group of storage capacitor trunks, the
phases of the respective first waveforms also shift by 180
degrees all at the same time.

[0091] In another preferred embodiment, if a vertical scan-
ning period on the first display area is V ,-Total (SFU) and if
a vertical scanning period on the second display area is V-
Total (SFL), one vertical scanning period (V-Total) of an
input video signal satisfies V-Total=V z-Total (SFU)=V ,-To-
tal (SFL).

[0092] Yet another liquid crystal display device according
to the present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
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Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer.
Each pixel includes a first subpixel and a second subpixel,
having liquid crystal layers to which mutually different volt-
ages are applicable. Each of the first and second subpixels
includes a liquid crystal capacitor formed by a counter elec-
trode and a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode that is electrically
connected to the subpixel electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode provided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the first and
second subpixels are electrically independent of each other.
The device further includes a plurality of electrically inde-
pendent storage capacitor trunks. Each storage capacitor
trunk is electrically connected to the respective storage
capacitor counter electrodes of either the first subpixels or the
second subpixels of the pixels through storage capacitor lines.
Every vertical scanning period (V-Total) of an input video
signal has a sequence in which the display signal voltage has
its polarity inverted. A storage capacitor counter voltage sup-
plied through each storage capacitor trunk has, in each verti-
cal scanning period (V-Total), a first waveform, oscillating in
a first cycle time P, which is an integral number of times as
long as, and at least twice as long as, one horizontal scanning
period (H), and a second waveform, defined such that the
effective value of the storage capacitor counter voltage has a
predetermined constant value every predetermined number of
consecutive vertical scanning periods of the input video sig-
nal. As the polarity inverts, the first waveform of the storage
capacitor counter voltage has a phase difference of 180
degrees. The pixels include pixels belonging to a first display
area and pixels belonging to a second display area. The first
and second display areas are able to be scanned indepen-
dently of each other. The storage capacitor trunks include a
first storage capacitor trunk belonging to the first display area
and a second storage capacitor trunk belonging to the second
display area. The phases of the respective first waveforms of
the first and second storage capacitor counter voltages sup-
plied through the first and second storage capacitor trunks
shift by 180 degrees at mutually different times.

[0093] In one preferred embodiment, in a first group of
storage capacitor counter voltages supplied through the first
group of storage capacitor trunks, the phases of the respective
first waveforms shift by 180 degrees all at the same time. In a
second group of storage capacitor counter voltages supplied
through the second group of storage capacitor trunks, the
phases of the respective first waveforms also shift by 180
degrees all at the same time.

EFFECTS OF THE INVENTION

[0094] The present invention provides a liquid crystal dis-
play device and its driving method that can avoid the deterio-
ration in display quality even if the oscillating voltage sup-
plied to CS bus lines has an extended period of oscillation
particularly when the area ratio gray scale display technology
is applied to a large-screen or high-resolution LCD panel.
Even when a so-called higher-speed drive method, a panel
division drive method or a combination thereofis adopted, the
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display quality of the liquid crystal display device of the
present invention never deteriorates.

BRIEF DESCRIPTION OF DRAWINGS

[0095] FIG. 1 schematically shows a pixel arrangement for
a liquid crystal display device according to a preferred
embodiment of the present invention.

[0096] FIG. 2 is an equivalent circuit diagram showing an
area of the liquid crystal display device of the preferred
embodiment of the present invention.

[0097] FIG. 3A shows the periods and phases of oscillation
of oscillating voltages supplied to CS bus lines with respect to
the voltage waveforms on gate bus lines and the voltages
applied to subpixel electrodes in the liquid crystal display
device shown in FIG. 2.

[0098] FIG. 3B shows the periods and phases of oscillation
of oscillating voltages supplied to CS bus lines with respect to
the voltage waveforms on gate bus lines and the voltages
applied to subpixel electrodes in the liquid crystal display
device shown in FIG. 2 (in which the voltage applied to the
liquid crystal layer has its polarity inverted compared to FIG.
3A).

[0099] FIG. 4A is a schematic representation showing the
drive state of the liquid crystal display device shown in FIG.
2 (in a situation where the voltages shown in FIG. 3A are
used).

[0100] FIG. 4B is a schematic representation showing the
drive state of the liquid crystal display device shown in FIG.
2 (in a situation where the voltages shown in FIG. 3B are
used).

[0101] FIG. 5(a) is a diagram schematically illustrating a
configuration for supplying an oscillating voltage to the CS
bus lines of a liquid crystal display device as a preferred
embodiment according to the second aspect of the present
invention, and FIG. 5(b) schematically shows an equivalent
circuit that approximates the electrical load impedance
thereof.

[0102] Portions (a) through (e) of FIG. 6 schematically
show the waveforms of oscillating voltages to be applied to
subpixel electrodes in a situation where there is no waveform
blunting in the CS voltage.

[0103] Portions (a) through (e) of FIG. 7 schematically
show the waveforms of oscillating voltages to be applied to
subpixel electrodes in a situation where waveform blunting
has occurred when the CR time constant is 0.2 H.

[0104] FIG. 8 shows how the average and effective values
ofthe oscillating voltages, calculated based on the waveforms
shown in FIGS. 6 and 7, change with one oscillation period of
the CS bus line voltage.

[0105] FIG. 9 schematically shows an equivalent circuit
diagram of a liquid crystal display device with Type I arrange-
ment according to a preferred embodiment of the present
invention.

[0106] FIG. 10A shows the periods and phases of oscilla-
tion of oscillating voltages supplied to CS bus lines with
respect to the voltage waveforms on gate bus lines and the
voltages applied to subpixel electrodes in the liquid crystal
display device shown in FIG. 9.

[0107] FIG. 10B shows the periods and phases of oscilla-
tion of oscillating voltages supplied to CS bus lines with
respect to the voltage waveforms on gate bus lines and the
voltages applied to subpixel electrodes in the liquid crystal
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display device shown in FIG. 9 (in which the voltage applied
to the liquid crystal layer has its polarity inverted compared to
FIG. 10A).

[0108] FIG.11A is a schematic representation showing the
drive state of the liquid crystal display device shown in FIG.
9 (in a situation where the voltages shown in FIG. 10A are
used).

[0109] FIG.11B is a schematic representation showing the
drive state of the liquid crystal display device shown in FIG.
9 (in a situation where the voltages shown in FIG. 10B are
used).

[0110] FIG. 12 schematically shows an equivalent circuit
diagram of a liquid crystal display device with Type I arrange-
ment according to another preferred embodiment of the
present invention.

[0111] FIG. 13A shows the periods and phases of oscilla-
tion of oscillating voltages supplied to CS bus lines with
respect to the voltage waveforms on gate bus lines and the
voltages applied to subpixel electrodes in the liquid crystal
display device shown in FIG. 12.

[0112] FIG. 13B shows the periods and phases of oscilla-
tion of oscillating voltages supplied to CS bus lines with
respect to the voltage waveforms on gate bus lines and the
voltages applied to subpixel electrodes in the liquid crystal
display device shown in FIG. 12 (in which the voltage applied
to the liquid crystal layer has its polarity inverted compared to
FIG. 13A).

[0113] FIG. 14A is a schematic representation showing the
drive state of the liquid crystal display device shown in FIG.
12 (in a situation where the voltages shown in FIG. 13 A are
used).

[0114] FIG. 14B is a schematic representation showing the
drive state of the liquid crystal display device shown in FIG.
12 (in a situation where the voltages shown in FIG. 13B are
used).

[0115] FIG. 15(a) schematically illustrates an exemplary
arrangement of CS bus lines and an inter-pixel opaque layerin
a liquid crystal display device with Type I arrangement
according to a preferred embodiment of'the present invention,
and FIG. 15(b) schematically illustrates an exemplary
arrangement of CS bus lines that function as an inter-pixel
opaque layer in a liquid crystal display device with Type 11
arrangement according to a preferred embodiment of the
present invention.

[0116] FIG. 16A schematically shows the drive state of a
liquid crystal display device with Type II arrangement
according to a preferred embodiment of the present invention.
[0117] FIG. 16B schematically shows the drive state of a
liquid crystal display device with Type II arrangement
according to a preferred embodiment of the present invention
(in which the electric field applied to the liquid crystal layer
has its direction reversed compared to the drive state shown in
FIG. 16A).

[0118] FIG. 17 schematically shows a matrix arrangement
(including the connection pattern of CS bus lines) for a liquid
crystal display device with Type II arrangement according to
a preferred embodiment of the present invention.

[0119] FIG. 18 schematically shows the waveforms of sig-
nals used to drive this liquid crystal display device shown in
FIG. 17.

[0120] FIG. 19 schematically shows a matrix arrangement
(including the connection pattern of CS bus lines) for a liquid
crystal display device with Type II arrangement according to
another preferred embodiment of the present invention.
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[0121] FIG. 20 schematically shows the waveforms of sig-
nals used to drive this liquid crystal display device shown in
FIG. 19.

[0122] FIG. 21 schematically shows a matrix arrangement
(including the connection pattern of CS bus lines) for a liquid
crystal display device with Type II arrangement according to
still another preferred embodiment of the present invention.
[0123] FIG. 22 schematically shows the waveforms of sig-
nals used to drive this liquid crystal display device shown in
FIG. 21.

[0124] FIG. 23 schematically shows a matrix arrangement
(including the connection pattern of CS bus lines) for a liquid
crystal display device with Type I1 arrangement according to
yet another preferred embodiment of the present invention.
[0125] FIG. 24 schematically shows the waveforms of sig-
nals used to drive this liquid crystal display device shown in
FIG. 23.

[0126] FIG. 25 schematically shows a matrix arrangement
(including the connection pattern of CS bus lines) for a liquid
crystal display device with Type I1 arrangement according to
yet another preferred embodiment of the present invention.
[0127] FIG. 26 schematically shows the waveforms of sig-
nals used to drive this liquid crystal display device shown in
FIG. 25.

[0128] FIG. 27 schematically shows a matrix arrangement
(including the connection pattern of CS bus lines) for a liquid
crystal display device with Type II arrangement according to
yet another preferred embodiment of the present invention.
[0129] FIG. 28 schematically shows the waveforms of sig-
nals used to drive this liquid crystal display device shown in
FIG. 27.

[0130] FIG. 29 schematically shows a matrix arrangement
(including the connection pattern of CS bus lines) for a liquid
crystal display device with Type I1 arrangement according to
yet another preferred embodiment of the present invention.
[0131] FIG. 30 schematically shows the waveforms of sig-
nals used to drive this liquid crystal display device shown in
FIG. 29.

[0132] FIGS. 31(a), 31(b) and 31(c) schematically show
three representative Type I arrangements for a liquid crystal
display device according to a preferred embodiment of the
present invention.

[0133] FIGS. 32(a), 32(b) and 32(c) schematically show
three representative Type II arrangements for a liquid crystal
display device according to a preferred embodiment of the
present invention.

[0134] FIG. 33 A shows the waveforms of gate voltages and
CS voltages to explain the reason why stripes are generated
on the Type I liquid crystal display device.

[0135] FIG. 33B shows the waveforms of gate voltages and
CS voltages to explain the reason why stripes are generated
on the Type II liquid crystal display device.

[0136] FIG. 34 schematically shows the stripes that have
been generated on the Type I liquid crystal display device.
[0137] FIGS. 35A and 35B show an equivalent circuit of
the Type I liquid crystal display device with a pattern of
connection to the CS trunks.

[0138] FIG. 36 shows timing relations between the CS volt-
ages and the gate voltages in the liquid crystal display device
shown in FIGS. 35A and 35B.

[0139] FIG. 37 shows the waveforms of gate voltages and
CS voltages to explain the reason why stripes are generated
on the liquid crystal display device shown in FIGS. 35A and
35B.
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[0140] FIG. 38 schematically shows the stripes that have
been generated on the Type II liquid crystal display device.
[0141] FIGS.39A,39B and 39C show an equivalent circuit
of the Type I liquid crystal display device with a pattern of
connection to the CS trunks.

[0142] FIG. 40 shows timing relations between the CS volt-
ages and the gate voltages in the liquid crystal display device
shown in FIGS. 39A through 39C.

[0143] FIG. 41A shows the waveforms of gate voltages to
explain the reason why the stripes are generated on the liquid
crystal display device shown in FIGS. 39A through 39C.
[0144] FIG. 41B shows the waveforms of CS voltages to
explain the reason why the stripes are generated on the liquid
crystal display device shown in FIGS. 39A through 39C.
[0145] FIG. 41C shows the waveforms of voltages applied
to the pixels to explain the reason why the stripes are gener-
ated on the liquid crystal display device shown in FIGS. 39A
through 39C.

[0146] FIG. 42A shows the waveforms of a gate voltage, a
CS voltage and the voltage applied to pixels to illustrate how
to drive a Type I liquid crystal display device according to a
first preferred embodiment of the present invention (repre-
senting Example #1).

[0147] FIG. 42B shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type
1 liquid crystal display device of the first preferred embodi-
ment of the present invention (representing Example #2).
[0148] FIG. 42C shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type
1 liquid crystal display device of the first preferred embodi-
ment of the present invention (representing Example #3).
[0149] FIG. 42D shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type
1 liquid crystal display device of the first preferred embodi-
ment of the present invention (representing Example #4).
[0150] FIG. 43 shows the waveforms ofa gate voltage, aCS
voltage and the voltage applied to pixels to explain why the
stripes are produced on another Type I liquid crystal display
device.

[0151] FIG. 44 shows the waveforms ofa gate voltage, aCS
voltage and the voltage applied to pixels to illustrate how to
drive a Type I liquid crystal display device according to a
second preferred embodiment of the present invention.
[0152] FIG. 45A shows the waveforms of a gate voltage, a
CS voltage and the voltage applied to pixels to illustrate how
to drive a Type I liquid crystal display device according to a
third preferred embodiment of the present invention (repre-
senting Example #1).

[0153] FIG. 45B shows the waveforms of a gate voltage, a
CS voltage and the voltage applied to pixels to illustrate how
to drive the Type I liquid crystal display device of the third
preferred embodiment of the present invention (representing
Example #2).

[0154] FIG. 46A shows the waveforms of a gate voltage, a
CS voltage and the voltage applied to pixels to illustrate how
to drive a Type II liquid crystal display device according to a
fourth preferred embodiment of the present invention (repre-
senting Example #1).

[0155] FIG. 46B shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type
1l liquid crystal display device of the fourth preferred embodi-
ment of the present invention (representing Example #2).
[0156] FIG. 46C shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type



US 2009/0002585 Al

IIliquid crystal display device of the fourth preferred embodi-
ment of the present invention (representing Example #3).
[0157] FIG. 46D shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type
I liquid crystal display device ofthe fourth preferred embodi-
ment of the present invention (representing Example #4).
[0158] FIG. 47A shows the waveforms of gate voltages to
illustrate why the stripes are produced on another Type II
liquid crystal display device.

[0159] FIG. 47B shows the waveforms of a gate voltage and
CS voltages to illustrate why the stripes are produced on that
another Type II liquid crystal display device.

[0160] FIG. 47C shows the waveforms of a gate voltage and
the voltages applied to pixels to illustrate why the stripes are
produced on that another Type I1 liquid crystal display device.
[0161] FIG. 47D shows the waveforms of a gate voltage, a
CS voltage and the voltages applied to pixels to illustrate why
the stripes are produced on that another Type I liquid crystal
display device (representing Example #2).

[0162] FIG. 48 shows the waveforms ofa gate voltage, a CS
voltage and the voltage applied to pixels to illustrate how to
drive a Type II liquid crystal display device according to a
fifth preferred embodiment of the present invention.

[0163] FIG. 49A shows the waveforms of a gate voltage, a
CS voltage and the voltage applied to pixels to illustrate how
to drive a Type II liquid crystal display device according to a
sixth preferred embodiment of the present invention (repre-
senting Example #1).

[0164] FIG. 49B shows the waveforms of a gate voltage, a
CS voltage and the voltage applied to pixels to illustrate how
to drive the Type II liquid crystal display device of the sixth
preferred embodiment of the present invention (representing
Example #1).

[0165] FIG. 49C shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type
11 liquid crystal display device of the sixth preferred embodi-
ment of the present invention (representing Example #2).
[0166] FIG. 49D shows the waveforms of a CS voltage and
the voltage applied to pixels to illustrate how to drive the Type
11 liquid crystal display device of the sixth preferred embodi-
ment of the present invention (representing Example #2).
[0167] FIG. 50 shows the waveforms ofa gate voltage,a CS
voltage and the voltage applied to pixels to illustrate how to
drive a Type I liquid crystal display device according to a
seventh preferred embodiment of the present invention.
[0168] FIG. 51 schematically shows the configuration of a
CS voltage generator for the liquid crystal display device 100
of'the seventh preferred embodiment of the present invention.
[0169] FIG. 52 shows the waveforms ofa gate voltage, a CS
voltage and the voltage applied to pixels to illustrate how to
drive a Type II liquid crystal display device according to an
eighth preferred embodiment of the present invention.
[0170] FIG. 53 shows the waveforms ofa gate voltage, a CS
voltage and the voltage applied to pixels to illustrate how to
drive a Type I liquid crystal display device according to a
ninth preferred embodiment of the present invention.

[0171] FIG. 54 shows the waveforms ofa gate voltage, a CS
voltage and the voltage applied to pixels to illustrate how to
drive a Type II liquid crystal display device according to a
tenth preferred embodiment of the present invention.

[0172] FIG. 55 is a schematic representation to illustrate a
higher-speed drive method that can be used effectively in a
liquid crystal display device according to a preferred embodi-
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ment of the present invention, wherein FIG. 55(a) shows a
normal driving method and FIG. 55(b) shows the higher-
speed drive method.

[0173] FIGS. 56A, 56B and 56C schematically show the
matrix arrangement (that is the connection pattern of CS bus
lines) of a liquid crystal display device according to an elev-
enth preferred embodiment of the present invention in three
sheets.

[0174] FIG. 57 A schematically shows Example #1 of drive
waveforms for the liquid crystal display device shown in
FIGS. 56A through 56C.

[0175] FIG. 57B schematically shows Examples #2
through #5 of drive waveforms for the liquid crystal display
device shown in FIGS. 56A through 56C.

[0176] FIGS. 58A, 58B and 58C schematically show the
matrix arrangement (that is the connection pattern of CS bus
lines) of a liquid crystal display device according to a twelfth
preferred embodiment of the present invention in three sheets.
[0177] FIG. 59A schematically shows Example #1 of drive
waveforms for the liquid crystal display device shown in
FIGS. 58A through 58C.

[0178] FIG. 59B schematically shows Examples #2
through #5 of drive waveforms for the liquid crystal display
device shown in FIGS. 58A through 58C.

[0179] FIG. 60A schematically shows Example #1 of drive
waveforms for a liquid crystal display device according to a
thirteenth preferred embodiment of the present invention.
[0180] FIG. 60B schematically shows Examples #2
through #5 of drive waveforms for the liquid crystal display
device of the thirteenth preferred embodiment of the present
invention.

[0181] FIG. 61A schematically shows Example #1 of drive
waveforms for a liquid crystal display device according to a
fourteenth preferred embodiment of the present invention.
[0182] FIG. 61B schematically shows Examples #2
through #5 of drive waveforms for the liquid crystal display
device of the fourteenth preferred embodiment of the present
invention.

[0183] FIG. 62 schematically shows respective signal tim-
ings in a situation where the multi-pixel drive is adopted in a
normal driving method with no panel division.

[0184] FIG. 63 schematically shows respective signal tim-
ings in a situation where the multi-pixel drive is adopted in a
panel division drive method.

[0185] FIG. 64 shows what problems may arise in the situ-
ation where the multi-pixel drive is adopted in the panel
division drive method.

[0186] FIG. 65 illustrates a method for driving a liquid
crystal display device according to a fifteenth preferred
embodiment of the present invention.

[0187] FIG. 66 illustrates another method for driving a
liquid crystal display device according to the fifteenth pre-
ferred embodiment of the present invention.

[0188] FIG. 67 illustrates a method for driving a liquid
crystal display device according to a sixteenth preferred
embodiment of the present invention.

[0189] FIG. 68 illustrates another method for driving a
liquid crystal display device according to the sixteenth pre-
ferred embodiment of the present invention.

[0190] FIG. 69 illustrates a method for driving a liquid
crystal display device according to a seventeenth preferred
embodiment of the present invention.
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[0191] FIG. 70 illustrates another method for driving a
liquid crystal display device according to the seventeenth
preferred embodiment of the present invention.

[0192] FIGS. 71A, 71B and 71C illustrate a method for
driving a liquid crystal display device according to an eigh-
teenth preferred embodiment of the present invention in three
sheets.

[0193] FIG. 72 illustrates another method for driving a
liquid crystal display device according to the eighteenth pre-
ferred embodiment of the present invention.

[0194] FIG. 73 schematically shows the pixel division
structure of the liquid crystal display device 200 disclosed in
Patent Document No. 5.

[0195] FIG. 74 shows an electrical equivalent circuit cor-
responding to the pixel structure of the liquid crystal display
device 200.

[0196] Portions (a) through (f) of FIG. 75 show the wave-
forms of voltages applied to drive the liquid crystal display
device 200.

[0197] FIG. 76 shows a relation between the voltages
applied to the liquid crystal layers of respective subpixels in
the liquid crystal display device 200.

DESCRIPTION OF REFERENCE NUMERALS

[0198] 10 pixel

[0199] 10a, 105 subpixel

[0200] 12 scan line (gate bus line)

[0201] 14a, 145 signal line (source bus line)
[0202] 16a, 165 TFT

[0203] 18a, 185 subpixel electrode

[0204] 100, 200 liquid crystal display device

BEST MODE FOR CARRYING OUT THE
INVENTION

[0205] Hereinafter, preferred embodiments of a liquid crys-
tal display device and its driving method according to the
present invention will be described with reference to the
accompanying drawings. It should be noted that in a liquid
crystal display device according to a preferred embodiment of
the present invention, the structure of pixels is similar to that
disclosed in Patent Document No. 5, but the connection pat-
tern of storage capacitor lines (which are typically CS bus
lines) and the waveform of a storage capacitor counter voltage
(which will also be referred to herein as a “CS voltage™) are
different from those disclosed in that document. First of all, it
will be described what problem will arise if the oscillating
voltage applied to the CS bus lines (i.e., the CS voltage) has a
short oscillation period.

[0206] Inthe following description, a liquid crystal display
device, having such a pixel arrangement that can be used
effectively in a 1 H one dot inversion drive as shown in FIG.
1, will be described as an example. In the 1 H one dot inver-
sion drive, the potential levels of pixel electrodes and counter
electrode are interchanged at regular intervals and the direc-
tion of the electric field applied to the liquid crystal layer (i.e.,
the direction of the electric lines of force) is inverted every
vertical scanning period. As a result, flickering on the screen
can be reduced. To minimize flickering on the screen, subpix-
els that have intentionally different luminances are preferably
arranged such that their luminance order (i.e., their order of
magnitudes of luminances) becomes as random as possible.
And an arrangement in which no subpixels ranked at the same
position in the luminance order are adjacent to each other in
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the column direction or in the row direction is most prefer-
able. In other words, it is most preferable to arrange subpixels
at the same position in the luminance order in a checkered
pattern to improve the quality of display.

[0207] As used herein, one “vertical scanning period” is
defined as an interval between a point in time when a scan line
is selected and a point in time when the next scan line is
selected. In a liquid crystal display device, one vertical scan-
ning period is equivalent to one frame period when a non-
interlaced drive signal is used but is equivalent to one field
period when an interlaced drive signal is used.

[0208] Also, within each vertical scanning period, a time
lag (i.e., an interval) between a point in time when a scan line
is selected and a point in time when the next scan line is
selected is defined herein as one horizontal scanning period (1
H).

[0209] Hereinafter, a specific example of a liquid crystal
display device according to the present invention will be
described with reference to FIG. 1. The liquid crystal display
device shown in FIG. 1 includes a plurality of pixels, which
are arranged in columns (1 to cq) and rows (1 to rp) so as to
form a matrix pattern (rp, c¢q). Each pixel P(p, q) (where
1=p=rp and 1=q=cq) has two subpixels SPa(p, q) and SPb
(p, Q). FIG. 1 schematically illustrates a part of the relative
arrangement (8 rowsx6 columns) of signal lines S-C1, S-C2,
S-C3, S-C4, . . . and S-Ccq; scan lines G-L1, G-L.2, G-L3, . .
. and G-Lrp; storage capacitor lines CS-A and CS-B; pixels P
(p, q); and subpixels SPa(p, q) and SPb (p, q) of the respective
pixels.

[0210] Asshownin FIG. 1, each pixel P(p, q) has subpixels
SPa(p, q) and SPb(p, q) over and under its associated scan line
G-Lp that extends horizontally approximately through the
center of the pixel. That is to say, the subpixels SPa(p, q) and
SPb(p, q) of each pixel are arranged in the column direction.
In each of the subpixels SPa(p, q) and SPb(p, q), one of the
two storage capacitor electrodes (not shown) thereof is con-
nected to an adjacent storage capacitor line CS-A or CS-B.
Also, asignal line S-Cq to supply a signal voltage (which will
also be referred to herein as a “display signal voltage” or a
“data signal voltage™), representing an image to be presented,
to the pixels P(p, q) runs vertically (in the column direction)
between those pixels to supply the signal voltage to the TFTs
(not shown) of the subpixels (or pixels) on the right-hand side
of that signal line. In the arrangement shown in FIG. 1, one
storage capacitor line and one scan line are shared by two
subpixels, thus achieving the effect of increasing the aperture
ratio of the pixels.

[0211] FIG. 2 is an equivalent circuit diagram of an area of
a liquid crystal display device with the pixel arrangement
shown in FIG. 1. The liquid crystal display device has pixels
that are arranged in columns and rows so as to form a matrix
pattern. Each pixel has two subpixels (which are identified
herein by the reference signs A and B, respectively). Each
subpixel includes a liquid crystal capacitor CLCA_n,m or
CLCB_n,m and a storage capacitor CCSA_n,m or CCSB_n,
m. Each liquid crystal capacitor is formed by a subpixel
electrode, a counter electrode ComLC, and a liquid crystal
layer interposed between them. Each storage capacitor is
formed by a storage capacitor electrode, an insulating film,
and a storage capacitor counter electrode (ComCSA_n or
ComCSB_n). The two subpixels are connected to a common
signal line (source bus line) SBL._m by way of their associ-
ated TFTA_nm and TFTB_n,m. The ON/OFF states of
TFTA_n,m and TFTB_n,m are controlled with a scan signal
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voltage supplied to a common scan line (gate bus line) GBL_
n. When the two TFTs are ON, a display signal voltage is
applied to the respective subpixel electrodes and storage
capacitor electrodes of the two subpixels through a common
signal line. The storage capacitor counter electrode of one of
the two subpixels is connected to a storage capacitor trunk
(CS trunk) CSVtypeR1 and that of the other subpixel is con-
nected to a storage capacitor trunk (CS trunk) CSVtypeR2 by
way of a CS bus line CSBL.

[0212] InFIG. 2, attention should be paid to the fact that the
subpixels of two pixels, belonging to rows that are adjacent to
each other in the column direction, share the same CS bus line
electrically. More specifically, the CS bus line CSBL for the
subpixels CLCB_n,m of the n” row and the CS bus line CSBL
for the subpixels CLCA_n+1,m of a pixel that is adjacent to
the former subpixels in the column direction are electrically
common.

[0213] FIGS. 3A and 3B show the oscillation periods and
phases of oscillating voltages supplied to the CS bus lines
with respect to the voltage waveforms of the gate bus lines as
well as the voltages applied to the subpixel electrodes. In
general, in a liquid crystal display device, the direction of the
electric field applied to the liquid crystal layer of each pixel is
inverted at regular intervals (e.g., every vertical scanning
period), and therefore, two types of drive voltage waveforms
need to be provided for the two directions of the electric field.
These two types of drive states are shown in FIGS. 3A and 3B,
respectively.

[0214] In FIGS. 3A and 3B, VSBL_m denotes the wave-
form of a display signal voltage (source signal voltage) sup-
plied to the source bus line SBL,_m of the m” column, while
VGBL_n denotes the waveform of a scan signal voltage (gate
signal voltage) supplied to the gate bus line GBI _n of the n”
column. VCSVtypeR1 and VCSVtypeR2 denote the wave-
forms of the oscillating voltages supplied as storage capacitor
counter voltages to the CS trunks CSVtypeR1 and CSV-
typeR2, respectively. VPEA_m,n and VPEB_m,n denote the
voltage waveforms of the liquid crystal capacitors of the
respective subpixels.

[0215] In FIGS. 3A and 3B, first of all, it should be noted
that the oscillation periods of the voltages VCSVtypeR1 and
VCSVtypeR2 of CSVtypeR1 and CSVtypeR2 are both as
long as one horizontal scanning period (1 H).

[0216] Secondly, in FIGS. 3A and 3B, VCSVtypeR1 and
VCSVtypeR2 have the following phases. First, looking at the
phase difference between the CS trunks, VCSVtypeR2 has a
phase delay of 0.5 H with respect to VCSVtypeR1. Next,
looking at the voltages on the CS trunks and the gate bus lines,
the voltages on the CS trunks and gate bus lines have the
following phases. As can be seen from FIGS. 3A and 3B, the
time when the gate bus line voltages for respective CS trunks
change from VgH to VgL agrees with the centers of respective
flat portions of the CS trunk voltages. In other words, the Td
value shown in FIGS. 3A and 3B is 0.25 H. However, Td may
have any other value as long as Td is greater than OH but
smaller than 0.5 H.

[0217] Although the periods and phases of the voltages on
the CS trunks have been described with reference to FIGS. 3A
and 3B, the CS trunks do not have to have such voltage
waveforms but just need to satisfy one of the following two
conditions. The first condition is that the first voltage varia-
tion of VCSVtypeR1 after the voltage on its associated arbi-
trary gate bus line has changed from VgH to VgL should be a
voltage increase, while the first voltage variation of after the
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voltage on its associated arbitrary gate bus line has changed
from VgH to VgL should be a voltage decrease. The second
condition is that the first voltage variation of VCSVtypeR1
after the voltage on its associated arbitrary gate bus line has
changed from VgH to VgL should be a voltage decrease,
while the first voltage variation of after the voltage on its
associated arbitrary gate bus line has changed from VgH to
VgL should be a voltage increase.

[0218] FIGS. 4A and 4B summarize the drive states of this
liquid crystal display device. The drive state of the liquid
crystal display device also needs to be one of the two types
according to the combination of drive voltage polarities for
the respective subpixels as in FIGS. 3A and 3B.

[0219] Specifically, the drive state shown in FIG. 4A cor-
responds to the drive voltage waveforms shown in FIG. 3A,
while the drive state shown in FIG. 4B corresponds to the
drive voltage waveforms shown in FIG. 3B.

[0220] FIGS. 4A and 4B schematically show the drive
states of pixels, which are arranged in eight rows (from the n™”
row through (n+7)” row) and in six columns (from the m”
column through the (m+5)” column) among those pixels
arranged in matrix. Each pixel has two subpixels with mutu-
ally different luminances: a “bright (b)” subpixel and a “dark
(d)” subpixel. These drawings are basically the same as FIG.
1.

[0221] In FIGS. 4A and 4B, it should be determined
whether or not this arrangement satisfies the following five
requirements for an area ratio gray scale panel:

[0222] (1) Each pixel should consist of a plurality of sub-
pixels with mutually different luminances when displaying a
halftone;

[0223] (2) The order of magnitudes of the luminances of
those subpixels should always remain the same;

[0224] (3) The subpixels with different luminances should
be arranged densely;

[0225] (4) Pixels of opposite polarities should be arranged
densely on a pixel-by-pixel basis in an arbitrary vertical scan-
ning period (which will be referred to herein as a “frame”);
[0226] (5) In an arbitrary frame, subpixels of the same
polarity should be arranged densely such that subpixels
ranked at the same position in the luminance order (e.g.,
subpixels with the highest luminance, among other things)
alternate one after another.

[0227] Letus see if the first requirement is satisfied. In this
example, each pixel consists of two subpixels with mutually
different luminances. Specifically, in FIG. 4A, the pixel at the
intersection of the n” row and the m” column consists of a
high-luminance subpixel labeled as “b (bright)” and a low-
luminance subpixel labeled as “d (dark)”. Therefore, the first
requirement is satisfied.

[0228] Next, the second requirement will be discussed.
This liquid crystal display device alternately shows two dis-
play states having mutually different drive states at regular
intervals. Comparing FIGS. 4A and 4B showing the drive
states corresponding to the two display states to each other, it
can be seen that both high-luminance subpixels and low-
luminance subpixels remain in the same locations. That is
why the second requirement is also satisfied.

[0229] Let’s turn to the third requirement next. In FIGS. 4A
and 4B, subpixels ranked at two different positions in the
luminance order, i.e., subpixels labeled as “b (bright)” and
subpixels labeled as “d (dark)”, are arranged in a checkered
pattern. When this liquid crystal display device was actually
operated, no defects such as a decrease in resolution due to the
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use of those subpixels with different luminances were visible
to the naked eye. Thus, the third requirement is satisfied.
[0230] Next is the fourth requirement. In FIGS. 4A and 4B,
pixels of opposite polarities are arranged on a pixel-by-pixel
basis in a checkered pattern. Specifically, in FIG. 4A, the
pixel at the intersection of the (n+2)” row and the (m+2)"
column is a “+” pixel. From this pixel, the polarities changes
every pixel from “+” into “~”, and vice versa, both in the row
direction and in the column direction alike. Also, in a liquid
crystal display device that does not satisfy the fourth require-
ment, flickering should be seen on the screen when the pixels
switch their drive polarities between “+” and “~”. When this
liquid crystal display device was operated, however, no flick-
ering was seen to the eye. That is why the fourth requirement
is also satisfied.

[0231] And let’s focus on the fifth requirement. In FIGS.
4 A and 4B, the drive polarities of subpixels ranked at the same
position in the luminance order invert every two rows of
subpixels, i.e., every pixel width. Specifically, in the (n_B)*
row in FIG. 4A, the subpixels of the (m+1)”, (m+3)”, and
(m+5)” columns have the luminance order sign “b (bright)”
and their polarity inversion sign is “~”". In the (n+1_A)" row
right under the (n_B)™ row, the subpixels of the m”, (m+2),
and (m+4)” columns have the luminance order sign “b
(bright)” and their polarity inversion sign is “~”. In the (n+1_
B)” row under the (n+1_A)” row, the subpixels of the (m+1)
% (m+3)”, and (m+5)” columns have the luminance order
sign “b (bright)” and their polarity inversion sign is “+”. And
in the (n+2_A)" row under the (n+1_B)” row, the subpixels
of the m”, (m+2)”, and (m+4)” columns have the luminance
order sign “b (Bright)” and their polarity inversion sign is “+”.
Also, in aliquid crystal display device that does not satisfy the
fifth requirement, flickering should be seen on the screen
when the pixels switch their drive polarities between “+” and
“~”. When this liquid crystal display device was operated,
however, no flickering was seen to the eye. That is why the
fifth requirement is also satisfied.

[0232] When the image presented on this liquid crystal
display device was monitored with the amplitude VCSpp of
the CS voltage varied, viewing angle characteristics
improved. Specifically, as the amplitude VCSpp of the CS
voltage was increased from 0 V (which is a voltage to be
applied to a liquid crystal display device that does not conduct
the multi-pixel display operation), the excessively high con-
trast ratio on the screen when the image was viewed obliquely
could be reduced. Although the viewing angle characteristics
seemed to improve slightly differently depending on the spe-
cific image to present, the best improvement was achieved
when VCSpp was set such that the VL.Caddpp value would be
0.5 to 2 times as high as the threshold voltage of the liquid
crystal display device in a typical drive mode (in which
VCSpp was 0V).

[0233] Thus, the liquid crystal display device described
above improves the viewing angle characteristics by conduct-
ing a multi-pixel display operation with an oscillating voltage
applied to the storage capacitor counter electrodes. In this
case, one oscillation period of the oscillating voltage applied
to the storage capacitor counter electrodes is as long as (or
may be even shorter than) one horizontal scanning period.
However, if the period of oscillation of the oscillating voltage
supplied to the CS bus lines is short, it is rather difficult to
perform such a multi-pixel display operation on a large-
screen LCD including CS bus lines with high load capaci-
tance and resistance, a high-resolution LCD with a short
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horizontal scanning period, or a high-speed-drive LCD with
shortened vertical and horizontal scanning periods.

[0234] This problem will be discussed with reference to
FIGS.510 8.
[0235] FIG. 5(a) is a diagram schematically illustrating a

configuration for supplying an oscillating voltage to the CS
bus lines of the liquid crystal display device described above.
The oscillating voltage is supplied through CS trunks to a
plurality of CS bus lines provided for the LCD panel. The
oscillating voltage is supplied from a CS bus line voltage
generator to the CS trunks via connection points ContP1,
ContP2, ContP3 and ContP4. As the size of the LCD panel
increases, the distance from the pixel at the center of the
display panel to the connection points ContP1 to ContP4
increases so much as to make the load impedance between
them non-negligible. The load impedance is mainly produced
by the liquid crystal layer capacitance (CLC) and storage
capacitance (CCS) of pixels, the resistance RCS ofthe CS bus
lines, and the resistance Rmiki of the CS trunks. This load
impedance may be represented, as a first-order approxima-
tion, by a low pass filter comprised of those capacitances and
resistances as schematically shown in FIG. 5(5). The value of
this load impedance is a function of location on the LCD
panel. That is to say, it is a function of the distance from the
connection points ContP1, ContP2, ContP3 and ContP4. Spe-
cifically, the load impedance is relatively small near the con-
nection points. But the more distant from the connection
points, the higher the load impedance.

[0236] That is to say, since the CS bus line voltage gener-
ated by the oscillating voltage generator is affected by the CS
bus line’s load impedance approximated as a CR low pass
filter, the waveform of the CS bus line voltage blunts (i.e.,
loses its sharpness), the degree of which varies from one
location in the panel to another.

[0237] In the multi-pixel display operation described
above, the oscillating voltage is applied to the CS bus lines in
order to form one pixel by two or more subpixels and to make
the subpixels have mutually different luminances. That is to
say, this multi-pixel display liquid crystal display device
adopts a configuration and drive method in which a voltage
waveform for the respective subpixel electrodes changes with
the oscillating voltage on the CS bus lines and in which the
effective voltage is varied according to the oscillating voltage
waveform of the CS bus lines. That is why if the waveform of
CS bus line voltage varies from one location to another, so
does the effective voltage of the subpixel electrodes. In other
words, if the waveform of the CS bus line voltage blunts
differently from one location to another, the display lumi-
nance varies location by location, too, thus making the lumi-
nance on the screen uneven overall.

[0238] To minimize such unevenness in luminance on the
display screen by extending the oscillation period of CS bus
lines is one of the principal features of the liquid crystal
display device of the present invention. This feature will be
described in further detail below.

[0239] FIGS. 6 and 7 schematically show the waveforms of
oscillating voltages to be applied to the subpixel electrodes in
a situation where the CS load is kept constant. In FIGS. 6 and
7,the voltage applied to the subpixel electrodes is supposed to
be 0 V when the CS bus line voltage is not an oscillating
voltage and the oscillation of the subpixel electrode voltage
caused by that of the CS bus line voltage is supposed to have
an amplitude of 1 V. Portions (a) through (e) of FIG. 6 sche-
matically show the waveforms in a situation where there is no
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waveform blunting in the CS voltage, i.e., when the CR time
constant of the CR low pass filter is OH. On the other hand,
portions (a) through (e) of FIG. 7 schematically show wave-
form blunting that occurs when the CR time constant of the
CR low pass filter is 0.2 H. FIGS. 6 and 7 schematically show
the waveforms of the subpixel electrode voltages when CR
time constant of the CR low pass filter are OH and 0.2 H,
respectively, and when the oscillating voltages on the CS bus
lines have different oscillation periods. Portions (a) through
(e) in FIGS. 6 and 7 show situations where the oscillation
periods of the waveforms are 1 H, 2 H, 4 H, 8 H, respectively.
[0240] Comparing FIGS. 6 and 7 to each other, it can be
seen that the difference between the waveforms shown in
FIGS. 6 and 7 narrows as the oscillation period extends. This
tendency is shown quantitatively in FIG. 8.

[0241] FIG. 8 shows how the average and effective values
of'the oscillating voltages, calculated based on the waveforms
shown in FIG. 7, change with one oscillation period (where
one scale corresponds to one horizontal scanning period 1 H)
of the CS bus line voltage. As can be seen from FIG. 8, the
difference in average voltage or effective voltage between the
situation where the CR time constant is OH and the situation
where the CR time constant is 0.2 H narrows as the oscillation
period of the CS bus line voltage is extended. It can be seen
that the influence of waveform blunting can be reduced sig-
nificantly particularly when one oscillation period of the
oscillating voltage on the CS bus lines is eight or more times
as long as the CR time constant of the CS bus lines (which is
an approximate load impedance of the CS bus lines).

[0242] As can be seen, by extending the oscillation period
of'the oscillating voltage on the CS bus lines, the unevenness
in luminance due to waveform blunting on the CS bus lines
can be reduced on the screen. The influence of waveform
blunting can be reduced significantly particularly when one
oscillation period of the oscillating voltage on the CS bus
lines is eight or more times as long as the CR time constant of
the CS bus lines (which is an approximate load impedance of
the CS bus lines).

[0243] The present invention provides preferred embodi-
ments of a liquid crystal display device and a driving method
thereof that can extend one oscillation period of the oscillat-
ing voltages supplied to the CS bus lines. The preferred
arrangements for extending one CS voltage oscillation period
are roughly classified into the two types, which will be
referred to herein as Type I and Type 11, respectively.

[0244] In a liquid crystal display device according to a
preferred embodiment having the arrangement of Type I,
subpixels of two pixels, which belong to the same column of
the matrix-addressed LCD, which are adjacent to each other
in the column direction, and which are ranked at mutually
different positions in the luminance order (e.g., a first sub-
pixel and a second subpixel), are associated with CS bus lines
that are electrically independent of each other. Specifically,
the CS bus lines associated with the first subpixel on the n™
row and the second subpixel on the (n+1)” row are electri-
cally independent of each other. As used herein, the pixels
belonging to the same column of the matrix-addressed LCD
are pixels driven by the same signal line (which is typically a
source bus line). Also, the pixels that are adjacent to each
other in the column direction in the matrix-addressed LCD
are pixels driven by scan lines to be selected at two consecu-
tive points in time among the scan lines (which are typically
gate bus lines) that are sequentially selected on the time axis.
Furthermore, supposing that there are L pairs of electrically
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independent CS trunks, one oscillation period of the CS bus
line voltage can be I times as long as one horizontal scanning
period. As described above, the number of electrically inde-
pendent CS trunks is preferably more than eight times as large
as the value obtained by dividing one horizontal scanning
period by a CR time constant that is an approximate maxi-
mum load impedance of the CS bus line. More preferably, the
number is an even number that is more than eight times as
large as that value as will be described later. It should be noted
that the number L of the electrically independent CS trunk
pairs will sometimes be referred to herein as the number L of
electrically independent CS trunks. Even if pairs of electri-
cally equivalent CS trunks are arranged on both sides of the
panel, the number of electrically equivalent CS trunks
remains the same.

[0245] Hereinafter, a liquid crystal display device with
Type 1 arrangement and its driving method according to a
preferred embodiment of the present invention will be
described with reference to the accompanying drawings.

[0246] First, an example of a liquid crystal display device
that achieves the area ratio gray scale display by setting one
oscillation period of the oscillating voltage on the CS bus
lines to be four times as long as one horizontal scanning
period will be described with reference to FIGS. 9, 10A, 10B
and 11B. The description will be focused on the following
three points with reference to drawings. Specifically, the first
point is the specific configuration of the liquid crystal display
device, which is mainly characterized by the connection pat-
tern between the storage capacitor counter electrodes of the
storage capacitors connected to respective subpixels and the
CS bus lines. The second point concerns the oscillation period
and phase of the CS bus line voltage with respect to the
voltage waveforms of the gate bus lines. And the third point is
the drive and display states of respective subpixels according
to this preferred embodiment.

[0247] FIG. 9 schematically shows an equivalent circuit
diagram of the liquid crystal display device with Type I
arrangement according to a preferred embodiment of the
present invention and corresponds to FIG. 2 that has already
been referred to. In FIG. 9, any component of the liquid
crystal display device, having the same function as the coun-
terpart shown in FIG. 2, is identified by the same reference
numeral as that used in FIG. 2 and the description thereof will
be omitted herein. Unlike the counterpart shown in FIG. 2, the
liquid crystal display device shown in FIG. 9 includes four
electrically independent CS trunks CSVtypeAl to CSVty-
peAd. And the connection pattern between these CS trunks
and the CS bus lines in FIG. 9 is different from that shown in
FIG. 2.

[0248] InFIG.9, first or all, attention should be paid to the
point that CS bus lines for two adjacent subpixels of two
pixels belonging to two rows that are adjacent in the column
direction (e.g., subpixels associated with CLCB_n,m and
CLCA_n+1,m) are electrically independent of each other.
Specifically, for example, the CS bus line CSBL_B_n for the
subpixel CLCB_n,m on the n” row and the CS bus line
CSBL_A_n+1 forthe subpixel CLCA_n+1 pm of the pixel on
the next row that is adjacent to the n” row in the column
direction are electrically independent of each other.

[0249] The second point to emphasize in FIG. 9 is that each
CS bus line CSBL is connected to the four CS trunks CSV-
typeAl, CSVtypeA2, CSVtypeA3, and CSVtypeAd at one
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end of the panel. That is to say, in the liquid crystal display
device of this embodiment, there are four types of electrically
independent CS trunks.

[0250] The third point to keep in mind in FIG. 9 is the state
of connection between the CS bus lines and the four CS
trunks, i.e., the arrangement of the electrically independent
CS bus lines in the column direction. According to the rule of
connection between the CS bus lines and the CS trunks in
FIG. 9, the bus lines connected to the CS trunks CSVtypeAl,
CSVtypeA2, CSVtypeA3, and CSVtypeA4 are as shown in
the following Table 1:
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[0253] InFIGS. 10A and 10B, first of all, attention should
be paid to the point that periods of oscillation of the voltages
VCSVtypeAl, VCSVtypeA2, VCSVtypeA3 and VCSVity-
peAd of CSVtypeAl, CSVtypeA2, CSVtypeA3, and CSVity-
peAd are all four times as long as one horizontal scanning
period (4 H).

[0254] The second point to emphasize in FIGS. 10A and
10B is that VCSVtypeAl, VCSVtypeA2, VCSVtypeA3, and
VCSVtypeAd have the following phases. First, looking at the
phase difference between the CS trunks, VCSVtypeA2 has a
phase delay of 2 H with respect to VCSVtypeAl, VCSVty-

TABLE 1
CS trunk CS busline connected to CS trunk__ General notation of CS busline listed on left
CSVtypeAl CSBL_A_n, CSBL_B_n+2, CSBL_A_n+4-k,
CSBL_A_n+4, CSBL_B_n+6, CSBL_B_n+2+4-k
CSBL_A_n+8, CSBL B _n+10, (k=0,1,2,3,...)
CSBL_A_n+12, CSBL_B_n+14,
CSVtypeA2 CSBL_B_n, CSBL_A_n+2, CSBL_B_n+4-k,
CSBL_B_n+4, CSBL_A_n+6, CSBL_A_n+2+4-k
CSBL_B_n+8, CSBL_A n+10, (k=0,1,2,3,...)
CSBL_B_n+12, CSBL_A_n+14,
CSVtypeA3 CSBL_A _n+1, CSBL_B_n+3, CSBL_A_n+1+4-k,
CSBL_A_n+5, CSBL_B_n+7, CSBL_B_n+3+4-k
CSBL_A_n+9, CSBL_B_n+11, (k=0,1,2,3,...)
CSBL_A _n+13, CSBL_B_n+15,
CSVtypeA4 CSBL_B_n+1, CSBL_A_n+3, CSBL_B_n+1+4-k,
CSBL_B_n+35, CSBL_A_n+7, CSBL_A_n+3+4-k
CSBL_B_n+9, CSBL_A_n+11, (k=0,1,2,3,...)
CSBL_B_n+13, CSBL_A_n+15,
[0251] It should be noted that a set of CS bus lines to be peA3 has a phase delay of 3 H with respect to VCSVtypeAl,

connected to the four trunks shown in this Table 1 is a set of
the four different types of electrically independent CS bus
lines.

[0252] FIGS. 10A and 10B show the periods and phases of
oscillation of the CS bus line voltages with respect to the
voltage waveforms on the gate bus lines as well as the volt-
ages applied to the respective subpixel electrodes. FIGS. 10A
and 10B correspond to FIGS. 3A and 3B that have already
been referred to. In FIGS. 10A and 10B, the same waveform
as the counterpart shown in FIGS. 3A and 3B is identified by
the same reference numeral as that used in FIGS. 3A and 3B
and the description thereof will be omitted herein. In general,
in a liquid crystal display device, the direction of the electric
field applied to the liquid crystal layer of each pixel is inverted
at regular intervals, and therefore, two types of drive voltage
waveforms need to be provided for the two directions of the
electric field. These two types of drive states are shown in
FIGS. 10A and 10B, respectively.

and VCSVtypeA4 has a phase delay of 1 H with respect to
VCSVtypeAl. Next, looking at the voltages on the CS trunks
and the gate bus lines, the voltages on the CS trunks and gate
bus lines have the following phases. As can be seen from
FIGS. 10A and 10B, the time when the gate bus line voltages
forrespective CS trunks change from VgH to VgL agrees with
the centers of respective flat portions of the CS trunk voltages.
In other words, the Td value shown in FIGS. 10A and 10B is
1 H. However, Td may have any other value as long as Td is
greater than 0 H but smaller than 2 H.

[0255] In this case, the gate bus line associated with the
respective CS trunks is the CS trunks and gate bus lines to
which CS bus lines, connected to the same subpixel electrode
by way of a storage capacitor CS and a TFT, are connected.
According to the arrangement shown in FIG. 9, the gate bus
lines and CS bus lines associated with each CS trunk in this
liquid crystal display device are shown in the following Table
2:

TABLE 2

Corresponding CS busline

CS trunk Corresponding gate busline

CSVtypeAl GBL_n,GBL_n+2,GBL_n+4,
GBL_n+6,GBL_n+38,...
[GBL_n+2-k
(k=0,1,2,3,...)]

CSVtypeA2 GBL_n,GBL_n+2,GBL_n+4,

GBL_n+6,GBL_n+8,...

CSBL_A_n,CSBL_B_n+2,CSBL_A_n+4,
CSBL_B_n+6,CSBL_A n+8,...
[CSBL_A_n+4-k,CSBL_B_n+2+4-k
k=0,1,2,3,...)]
CSBL_B_n,CSBL_A_n+2,CSBL_B_n+4,
CSBL_A n+6,CSBL_B n+8,...
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TABLE 2-continued
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CS trunk Corresponding gate busline Corresponding CS busline
[GBL_n+2-k [CSBL_B_n+4-k CSBL_A n+2+4-k
(k=0,1,2,3,...)] (k=0,1,2,3,...)]

CSVtypeA3 GBL_n+1,GBL_n+3,GBL_n+5, CSBL_A_n+1,CSBL_B_n+3,

GBL_n+7,GBL_n+9,...
[GBL_n+1+2-k
(k=0,1,2,3,...)]

CSBL_A_n+S5,

(k=0,1,2,3,...)]
CSVtypeA4 GBL_n+1,GBL_n+3,GBL n+5,
GBL_n+7,GBL_n+9,...
[GBL_n+1+2-k
k=0,1,2,3,...)]

CSBL_B_n+5,

(k=0,1,2,3,...)]

CSBL_B_n+7,CSBL_A_n+9,...
[CSBL_A_n+1+4-k CSBL_B_n+3+4-k

CSBL_B_n+1,CSBL_A_n+3,

CSBL_A n+7,CSBL_B_n+9,...
[CSBL_B_n+1+4-k CSBL_A n+3+4-k

[0256] Although the periods and phases of the voltages on
the CS trunks have been described with reference to FIGS.
10A and 10B, the CS trunks do not have to have such voltage
waveforms but just need to satisty one of the following two
conditions.

[0257] The first condition is that the first voltage variation
of VCSVtypeAl after the voltage on its associated gate bus
line has changed from VgH to VgL should be a voltage
increase, while the first voltage variation of VCSVtypeA2
after the voltage on its associated gate bus line has changed
from VgH to VgL should be a voltage decrease. Also, to
satisfy the first condition, the first voltage variation of VCS-
VtypeAS3 after the voltage on its associated gate bus line has
changed from VgH to VgL should be a voltage decrease,
while the first voltage variation of VCSVtypeA4 after the
voltage on its associated gate bus line has changed from VgH
to VgL should be a voltage increase. This condition is set on
the drive voltage waveforms shown in FIG. 10A.

[0258] The second condition is that the first voltage varia-
tion of VCSVtypeAl after the voltage on its associated gate
bus line has changed from VgH to VgL should be a voltage
decrease, while the first voltage variation of VCSVtypeA2
after the voltage on its associated gate bus line has changed
from VgH to VgL should be a voltage increase. Also, to
satisfy the second condition, the first voltage variation of
VCSVtypeA3 after the voltage on its associated gate bus line
has changed from VgH to VgL should be a voltage increase,
while the first voltage variation of VCSVtypeA4 after the
voltage on its associated gate bus line has changed from VgH
to VgL should be a voltage decrease. This condition is set on
the drive voltage waveforms shown in FIG. 10B.

[0259] However, for the following reasons, the waveforms
shown in FIGS. 10A and 10B can be used effectively.
[0260] In FIGS. 10A and 10B, the period of oscillation is
constant, thus making it possible to simplify the signal gen-
erator.

[0261] Besides, in FIGS. 10A and 10B, the duty ratio of
oscillation is also constant, thus making it possible to make
the amplitude of oscillation constant and simplify the driver.
This is because if the CS bus line voltage is an oscillating
voltage, the variation in the voltage applied to the liquid
crystal layer will depend on the amplitude and duty ratio of
oscillation. That is why by keeping the duty ratio of oscilla-
tion constant, the amplitude of oscillation can also be made
constant. The duty ratio may be set to one to one, for example.
[0262] Furthermore, in FIGS. 10A and 10B, any oscillating
voltage is paired with another oscillating voltage, of which
the phase is inverse of that of the former voltage (i.e., which

has a phase difference of 180 degrees with respect to the
former voltage). That is to say, the four types of electrically
independent CS trunks consist of two pairs of CS trunks that
supply such oscillating voltages, of which the phases are
different from each other by 180 degrees. As a result, the
amount of current flowing through the counter electrode of
the liquid crystal capacitor can be minimized, and therefore,
the driver connected to the counter electrodes can be simpli-
fied.

[0263] FIGS. 11A and 11B summarize the drive states of
the liquid crystal display device of this preferred embodi-
ment. The drive state of the liquid crystal display device also
needs to be one of the two types according to the combination
of drive voltage polarities for the respective subpixels as in
FIGS. 10A and 10B. Specifically, the drive state shown in
FIG. 11A corresponds to the drive voltage waveforms shown
in FIG. 10A, while the drive state shown in FIG. 11B corre-
sponds to the drive voltage waveforms shown in FIG. 10B.
FIGS. 11A and 11B correspond to FIGS. 4A and 4B that have
already been referred to.

[0264] In FIGS. 11A and 11B, it should be determined
whether or not this arrangement satisfies the following five
requirements for an area ratio gray scale panel:

[0265] (1) Each pixel should consist of a plurality of sub-
pixels with mutually different luminances when displaying a
halftone;

[0266] (2) The order of magnitudes of the luminances of
those subpixels should always remain the same;

[0267] (3) The subpixels with different luminances should
be arranged densely;

[0268] (4) Pixels of opposite polarities should be arranged
densely on a pixel-by-pixel basis in an arbitrary frame;
[0269] (5) In an arbitrary frame, subpixels of the same
polarity should be arranged densely such that subpixels
ranked at the same position in the luminance order (e.g.,
subpixels with the highest luminance, among other things)
alternate one after another.

[0270] Let us see if the first requirement is satisfied. In the
example shown in FIGS. 11 A and 11B, each pixel consists of
two subpixels with mutually different luminances. Specifi-
cally, in FIG. 11A, the pixel at the intersection of the n” row
and the m” column consists of a high-luminance subpixel
labeled as “b (bright)” and a low-luminance subpixel labeled
as “d (dark)”. Therefore, the first requirement is satisfied.
[0271] Next, the second requirement will be discussed. The
liquid crystal display device of this preferred embodiment
alternately shows two display states having mutually differ-
ent drive states at regular intervals. Comparing FIGS. 11A
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and 11B showing the drive states corresponding to the two
display states to each other, it can be seen that both high-
luminance subpixels and low-luminance subpixels remain in
the same locations. That is why the second requirement is also
satisfied.

[0272] Let’s turn to the third requirement next. In FIGS.
11A and 11B, subpixels ranked at two different positions in
the luminance order, i.e., subpixels labeled as “b (bright)”” and
subpixels labeled as “d (dark)”, are arranged in a checkered
pattern. When the liquid crystal display device of this pre-
ferred embodiment was actually operated, no defects such as
a decrease in resolution due to the use of those subpixels with
different luminances were visible to the naked eye. Thus, the
third requirement is satisfied.

[0273] Next is the fourth requirement. In FIGS. 11A and
11B, pixels of opposite polarities are arranged on a pixel-by-
pixel basis in a checkered pattern. Specifically, in FIG. 11A,
the pixel at the intersection of the (n+2)” row and the (m+2)"
column is a “+” pixel. From this pixel, the polarities changes
every pixel from “+” into “~”, and vice versa, both in the row
direction and in the column direction alike. Also, in a liquid
crystal display device that does not satisfy the fourth require-
ment, flickering should be seen on the screen when the pixels
switch their drive polarities between “+” and “~”. When the
liquid crystal display device of this preferred embodiment
was operated, however, no flickering was seen to the eye. That
is why the fourth requirement is also satisfied.

[0274] And let’s focus on the fifth requirement. In FIGS.
11A and 11B, the drive polarities of subpixels ranked at the
same position in the luminance order invert every two rows of
subpixels, i.e., every pixel width. Specifically, in the (n_B)*
row in FIG. 11A, the subpixels of the (m+1)”, (m+3)™, and
(m+5)” columns have the luminance order sign “b (bright)”
and their polarity inversion sign is “~”". In the (n+1_A)" row
right under the (n_B)™ row, the subpixels of the m”, (m+2)”,
and (m+4)” columns have the luminance order sign “b
(bright)” and their polarity inversion sign is “~”. In the (n+1_
B)” row under the (n+1_A)" row, the subpixels of the (m+1)
% (m+3)”, and (m+5)” columns have the luminance order
sign “b (bright)” and their polarity inversion sign is “+”. And
in the (n+2_A)” row under the (n+1_B)” row, the subpixels
of the m”, (m+2)”, and (m+4)” columns have the luminance
order sign “b (Bright)” and their polarity inversion sign is “+”.
Also, in aliquid crystal display device that does not satisfy the
fifth requirement, flickering should be seen on the screen
when the pixels switch their drive polarities between “+” and
“~”. When this liquid crystal display device was operated,
however, no flickering was seen to the eye. That is why the
fifth requirement is also satisfied.

[0275] When the image presented on the liquid crystal dis-
play device of this preferred embodiment was monitored with
the amplitude VCSpp of the CS voltage varied, viewing angle
characteristics improved. Specifically, as the amplitude
VCSpp of the CS voltage was increased from 0V (which is a
voltage to be applied to a typical liquid crystal display device
not according to the present invention), the excessively high
contrast ratio on the screen when the image was viewed
obliquely could be reduced. Although the viewing angle char-
acteristics seemed to improve slightly differently depending
on the specific image to present, the best improvement was
achieved when VCSpp was set such that the VL.Caddpp value
would be 0.5 to 2 times as high as the threshold voltage of the
liquid crystal display device in a typical drive mode (in which
VCSpp was 0V).
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[0276] To sum up, the liquid crystal display device of this
preferred embodiment improves the viewing angle character-
istics by conducting an area ratio gray scale display (multi-
pixel display) operation with an oscillating voltage applied to
the storage capacitor counter electrodes. In this case, one
oscillation period of the oscillating voltage applied to the
storage capacitor counter electrodes can be four times as long
as one horizontal scanning period. Nevertheless, such an area
ratio gray scale display operation can also be performed eas-
ily even on a large-screen LCD including CS bus lines with
high load capacitance and resistance, a high-resolution LCD
with a short horizontal scanning period, or a high-speed-drive
LCD with shortened vertical and horizontal scanning periods.
[0277] Hereinafter, a liquid crystal display device with
Type 1 arrangement and its operation according to another
preferred embodiment of the present invention will be
described with reference to FIGS. 12, 13A, 13B, 14A and
14B.

[0278] This liquid crystal display device achieves the area
ratio gray scale display by setting one oscillation period of the
oscillating voltage on the CS bus lines to be twice as long as
one horizontal scanning period. The description will be
focused on the following three points with reference to draw-
ings. Specifically, the first point is the specific configuration
of the liquid crystal display device, which is mainly charac-
terized by the connection pattern between the storage capaci-
tor counter electrodes of the storage capacitors connected to
respective subpixels and the CS bus lines. The second point
concerns the oscillation period and phase of the CS bus line
voltage with respect to the voltage waveforms of the gate bus
lines. And the third point is the drive and display states of
respective subpixels according to this preferred embodiment.
[0279] FIG. 12 schematically shows an equivalent circuit
diagram of the liquid crystal display device with Type I
arrangement according to another preferred embodiment of
the present invention and corresponds to FIG. 9 that has
already been referred to for the liquid crystal display device of
the previous preferred embodiment. In FIG. 12, any compo-
nent of the liquid crystal display device, having the same
function as the counterpart shown in FIG. 9, is identified by
the same reference numeral as that used in FIG. 9 and the
description thereof will be omitted herein. Unlike the coun-
terpart shown in FIG. 9, the liquid crystal display device
shown in FIG. 12 includes two electrically independent CS
trunks CSVtypeB1 and CSVtypeB2. And the connection pat-
tern between these CS trunks and the CS bus lines in FIG. 12
is also different from that shown in FIG. 9.

[0280] InFIG. 12, firstor all, attention should be paid to the
point that CS bus lines for two adjacent subpixels of two
pixels belonging to two rows that are adjacent in the column
direction are electrically independent of each other. Specifi-
cally, for example, the CS bus line CSBL_B_n for the sub-
pixel CLCB_n,m on the n” row and the CS bus line CSBL,_
A_n+1 for the subpixel CLCA_n+1,m of'the pixel on the next
row that is adjacent to the n” row in the column direction are
electrically independent of each other.

[0281] The second point to emphasize in FIG. 12 is that
each CS bus line CSBL is connected to the two CS trunks
CSVtypeB1 and CSVtypeB2 at one end of the panel. That is
to say, in the liquid crystal display device of this embodiment,
there are two types of electrically independent CS trunks.
[0282] The third point to keep in mind in FIG. 12 is the state
of connection between the CS bus lines and the two CS
trunks, i.e., the arrangement of the electrically independent
CS bus lines in the column direction. According to the rule of
connection between the CS bus lines and the CS trunks in
FIG. 12, the CS bus lines connected to the CS trunks CSV-



US 2009/0002585 Al

20

typeB1 and CSVtypeB2 are as shown in the following Table
3:

TABLE 3

General notation of CS
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CS trunks and the gate bus lines, the voltages on the CS trunks
and gate bus lines have the following phases. As can be seen
from FIGS. 13A and 13B, the time when the gate bus line
voltages for respective CS trunks change from VgH to Vgl
agrees with the centers of respective flat portions of the CS
trunk voltages. In other words, the Td value shown in FIGS.
13A and 13B is 0.5 H. However, Td may have any other value
as long as Td is greater than OH but smaller than 1 H.

[0287] In this case, the gate bus line associated with the
respective CS trunks is the CS trunks and gate bus lines to
which CS bus lines, connected to the same subpixel electrode
by way of a storage capacitor CS and a TFT, are connected.
According to the arrangement shown in FIGS. 13A and 13B,
the gate bus lines and CS bus lines associated with each CS
trunk in this liquid crystal display device are shown in the
following Table 4:

TABLE 4

Corresponding gate busline

Corresponding CS busline

GBL_n,GBL_n+1,GBL_n+2,
GBL_n+3,GBL_n+4,...

GBL_n,GBL_n+1,GBL_n+2,
GBL_n+3,GBL_n+4,...

CSBL_A_n,CSBL_A_n+1,CSBL_A_ n+2,
CSBL_A_n+3,CSBL_A_n+4,...
[CSBL_A_n+k

k=0,1,2,3,...)]
CSBL_B_n,CSBL_B_n+1,CSBL_B_n+2,
CSBL_B_n+3,CSBL_B_n+4,...
[CSBL_B_n+k

k=0,1,2,3,...)]

CS trunk CS busline connected to CS trunk  busline listed on left

CSVtypeBl CSBL_A_n, CSBL_A_n+k,
CSBL_A_n+1, (k=0,1,2,3,...)
CSBL_A_n+2,

CSBL_A_n+3,

CSVtypeB2 CSBL_B_ n, CSBL_B_n+k,
CSBL_B_n+1, (k=0,1,2,3,...)
CSBL_B_n+2,

CSBL_B_n+3,

CS trunk

CSVtypeB1
[GBL_n+k
(k=0,1,2,3,...)]

CSVtypeB2
[GBL_n+k
(k=0,1,2,3,...)]

[0283] It should be noted that a set of CS bus lines to be

connected to the two trunks shown in this Table 3 is a set of the
two different types of electrically independent CS bus lines.

[0284] FIGS. 13A and 13B show the periods and phases of
oscillation of the CS bus line voltages with respect to the
voltage waveforms on the gate bus lines as well as the volt-
ages applied to the respective subpixel electrodes. FIGS. 13A
and 13B correspond to FIGS. 10A and 10B that have already
been referred to. In FIGS. 13A and 13B, the same waveform
as the counterpart shown in FIGS. 10A and 10B is identified
by the same reference numeral as that used in FIGS. 10A and
10B and the description thereof will be omitted herein. In
general, in a liquid crystal display device, the direction of the
electric field applied to the liquid crystal layer of each pixel is
inverted at regular intervals, and therefore, two types of drive
voltage waveforms need to be provided for the two directions
of'the electric field. These two types of drive states are shown
in FIGS. 13A and 13B, respectively.

[0285] In FIGS. 13A and 13B, first of all, attention should
be paid to the point that periods of oscillation of the voltages
VCSVtypeB1 and VCSVtypeB2 of CSVtypeB1 and CSV-
typeB2 are both twice as long as one horizontal scanning
period (2 H).

[0286] The second point to emphasize in FIGS. 13A and
13B is that VCSVtypeB1 and VCSVtypeB2 have the follow-
ing phases. First, looking at the phase difference between the
CS trunks, VCSVtypeB2 has a phase delay of 1 H with
respect to VCSVtypeB1. Next, looking at the voltages on the

[0288] Although the periods and phases of the voltages on
the CS trunks have been described with reference to FIGS.
13A and 13B, the CS trunks do not have to have such voltage
waveforms but just need to satisfy one of the following two
conditions.

[0289] The first condition is that the first voltage variation
of VCSVtypeB1 after the voltage on its associated gate bus
line has changed from VgH to VgL should be a voltage
increase, while the first voltage variation of VCSVtypeB2
after the voltage on its associated gate bus line has changed
from VgH to VgL should be a voltage decrease. This condi-
tion is set on FIG. 13A.

[0290] The second condition is that the first voltage varia-
tion of VCSVtypeB1 after the voltage on its associated gate
bus line has changed from VgH to VgL should be a voltage
decrease, while the first voltage variation of VCSVtypeB2
after the voltage on its associated gate bus line has changed
from VgH to VgL should be a voltage increase. This condition
is set on FIG. 13B.

[0291] FIGS. 14A and 14B summarize the drive states of
the liquid crystal display device of this preferred embodi-
ment. The drive state of the liquid crystal display device also
needs to be one of the two types according to the combination
of drive voltage polarities for the respective subpixels as in
FIGS. 13A and 13B. Specifically, the drive state shown in
FIG. 14A corresponds to the drive voltage waveforms shown
in FIG. 13A, while the drive state shown in FIG. 14B corre-
sponds to the drive voltage waveforms shown in FIG. 13B.
FIGS. 14A and 14B correspond to FIGS. 11A and 11B that
have already been referred to for the liquid crystal display
device of the preferred embodiment described above.

[0292] In FIGS. 14A and 14B, it should be determined
whether or not this arrangement satisfies the following five
requirements for an area ratio gray scale panel:
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[0293] (1) Each pixel should consist of a plurality of sub-
pixels with mutually different luminances when displaying a
halftone;

[0294] (2) The order of magnitudes of the luminances of
those subpixels should always remain the same;

[0295] (3) The subpixels with different luminances should
be arranged densely;

[0296] (4) Pixels of opposite polarities should be arranged
densely on a pixel-by-pixel basis in an arbitrary frame;
[0297] (5) In an arbitrary frame, subpixels of the same
polarity should be arranged densely such that subpixels
ranked at the same position in the luminance order (e.g.,
subpixels with the highest luminance, among other things)
alternate one after another.

[0298] Let us see if the first requirement is satisfied. In the
example shown in FIGS. 14 A and 14B, each pixel consists of
two subpixels with mutually different luminances. Specifi-
cally, in FIG. 14A, the pixel at the intersection of the n” row
and the m” column consists of a high-luminance subpixel
labeled as “b (bright)” and a low-luminance subpixel labeled
as “d (dark)”. Therefore, the first requirement is satisfied.
[0299] Next, the second requirement will be discussed. The
liquid crystal display device of this preferred embodiment
alternately shows two display states having mutually differ-
ent drive states at regular intervals. Comparing FIGS. 14A
and 14B showing the drive states corresponding to the two
display states to each other, it can be seen that both high-
luminance subpixels and low-luminance subpixels remain in
the same locations. That is why the second requirement is also
satisfied.

[0300] Let’s turn to the third requirement next. In FIGS.
14A and 14B, subpixels ranked at two different positions in
the luminance order, i.e., subpixels labeled as “b (bright)” and
subpixels labeled as “d (dark)”, are arranged in a checkered
pattern. When the liquid crystal display device of this pre-
ferred embodiment was actually operated, no defects such as
a decrease in resolution due to the use of those subpixels with
different luminances were visible to the naked eye. Thus, the
third requirement is satisfied.

[0301] Next is the fourth requirement. In FIGS. 14A and
14B, pixels of opposite polarities are arranged on a pixel-by-
pixel basis in a checkered pattern. Specifically, in FIG. 14A,
the pixel at the intersection of the (n+2)” row and the (m+2)"
column is a “+” pixel. From this pixel, the polarities changes
every pixel from “+” into “~”, and vice versa, both in the row
direction and in the column direction alike. Also, in a liquid
crystal display device that does not satisfy the fourth require-
ment, flickering should be seen on the screen when the pixels
switch their drive polarities between “+” and “~”. When the
liquid crystal display device of this preferred embodiment
was operated, however, no flickering was seen to the eye. That
is why the fourth requirement is also satisfied.

[0302] And let’s focus on the fifth requirement. In FIGS.
14A and 14B, the drive polarities of subpixels ranked at the
same position in the luminance order invert every two rows of
subpixels, i.e., every row of pixels. Specifically, in the (n_B)”
row in FIG. 14A, the subpixels of the (m+1)”, (m+3)™, and
(m+5)” columns have the luminance order sign “b (bright)”
and their polarity inversion sign is “~”. In the (n+1_A)” row
right under the (n_B)” row, the subpixels of the m™, (m+2),
and (m+4)” columns have the luminance order sign “b
(bright)” and their polarity inversion sign is “~”. In the (n+1_
B)” row under the (n+1_A)" row, the subpixels of the (m+1)
*_ (m+3)”, and (m+5)” columns have the luminance order
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sign “b (bright)” and their polarity inversion sign is “+”. And
in the (n+2_A)" row under the (n+1_B)” row, the subpixels
of them”, (m+2)", and (m+4)” columns have the luminance
order sign “b (Bright)” and their polarity inversion sign is “+”.
Also, in aliquid crystal display device that does not satisfy the
fifth requirement, flickering should be seen on the screen
when the pixels switch their drive polarities between “+” and
“=”. When this liquid crystal display device was operated,
however, no flickering was seen to the eye. That is why the
fifth requirement is also satisfied.

[0303] When the present inventors monitored the image on
the liquid crystal display device of the preferred embodiment
described above with the amplitude VCSpp of the CS voltage
varied, we found the viewing angle characteristics improve.
Specifically, as the amplitude VCSpp of the CS voltage was
increased from 0 V (which is a voltage to be applied to a
typical liquid crystal display device that does not perform the
area ratio gray scale display operation), the excessively high
contrast ratio on the screen when the image was viewed
obliquely could be reduced. However, when the VCSpp value
was further increased, decrease in contrast ratio on the screen
and other problems occurred. That is why the VCSpp value
needs to be set within such a range as to improve the viewing
angle characteristics sufficiently without causing those prob-
lems. Specifically, although the viewing angle characteristics
seemed to improve slightly differently depending on the spe-
cific image to present, the best improvement was achieved
when VCSpp was set such that the VLCaddpp value would be
0.5 to 2 times as high as the threshold voltage of the liquid
crystal display device in a typical drive mode (in which
VCSpp was 0V).

[0304] To sum up, the liquid crystal display device with
Type I arrangement improves the viewing angle characteris-
tics by conducting a multi-pixel display operation with an
oscillating voltage applied to the storage capacitor counter
electrodes. In this case, one oscillation period of the oscillat-
ing voltage applied to the storage capacitor counter electrodes
can be twice as long as one horizontal scanning period. Nev-
ertheless, such a multi-pixel display operation can also be
performed easily even on a large-screen LCD including CS
bus lines with high load capacitance and resistance, a high-
resolution LCD with a short horizontal scanning period, or a
high-speed-drive LCD with shortened vertical and horizontal
scanning periods.

[0305] In specific examples of the preferred embodiment
described above, the number (of types) of electrically inde-
pendent CS trunks is supposed to be either four or two.
However, in a liquid crystal display device with Type I
arrangement according to the present invention, the number
of (types of) electrically independent CS trunks does not have
to be two or four but may be three, five, or six or more.
Nonetheless, the number L. of electrically independent CS
trunks is preferably an even number. This is because if the
electrically independent CS trunks consist of CS trunk pairs,
each supplying oscillating voltages, of which the phases are
different from each other by 180 degrees (i.e., if L is an even
number), then the amount of current flowing through the
counter electrode of the liquid crystal capacitor can be mini-
mized as described above.

[0306] The following Tables 5 and 6 show the relation
between the CS trunks and their associated gate bus lines and
CS bus lines in a situation where the number L of electrically
independent CS trunks is six and in a situation where the
number L is eight, respectively. Also, if L is an even number,
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the relations between the CS trunks and their associated gate
bus lines and CS bus lines are roughly classifiable into a
situation where [./2 is an odd number (i.e., L=2, 6, 10, 14, and
so on) and a situation where /2 is an even number (i.e., L=4,
8, 12, 16, and so on). A general connection pattern for a
situation where L/2 is an odd number will be described just
after Table 5, while a general connection pattern for a situa-
tion where /2 is an even number will be described right after
Table 6, in which [.=8.
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[0308] CSBL_A_n+(L/2)kis connected to the first stor-
age capacitor trunk,

[0309] CSBL_B_n+(L/2)k is connected to the second
storage capacitor trunk,

[0310] CSBL_A_n+1+(L/2)k is connected to the third
storage capacitor trunk,

[0311] CSBL_B_n+1+(L/2)k is connected to the fourth
storage capacitor trunk,

TABLE 5

CS trunk Corresponding gate busline Corresponding CS busline

CSVtypeCl GBL_n,GBL_n+3,GBL_n+6, CSBL_A_n,CSBL_A_n+3,CSBL_A_n+6,
GBL_n+9,GBL_n+12,... CSBL_A_n+9,CSBL_A_n+12,...
[GBL_n+3-k [CSBL_A_n+3-k,
(k=0,1,2,3,...)] (k=0,1,2,3,...)]

CSVtypeC2 GBL_n, GBL_n+3,GBL_n+6, CSBL_B_n,CSBL_B_n+3,CSBL_B_n+6,
GBL_n+9,GBL_n+12,... CSBL_B_n+9,CSBL_B_n+12,...
[GBL_n+3-k [CSBL_B_n+3-k
(k=0,1,2,3,...)] (k=0,1,2,3,...)]

CSVtypeC3 GBL_n+1,GBL_n+4,GBL_n+7, CSBL_A_n+1,CSBL_A_n+4,
GBL_n+10,GBL_n+13,... CSBL_A_n+7,

[GBL_n+1+3-k CSBL_A_n+10,CSBL_A_n+13,...
(k=0,1,2,3,...)] [CSBL_A_n+1+3-k
(k=0,1,2,3,...)]

CSVtypeC4 GBL_n+1,GBL_n+4,GBL_n+7, CSBL_B_n+1,CSBL_B_n+4,
GBL_n + 10, GBL_n+13,... CSBL_B_n+7,

[GBL_n+1+3-k CSBL_B_n+10,CSBL_B_n+13,...
(k=0,1,2,3,...)] [CSBL_B_n+1+3-k
(k=0,1,2,3,...)]

CSVtypeC5 GBL_n+2,GBL_n+5,GBL_n+8, CSBL_A n+2,CSBL_A n+5,
GBL_n+11,GBL_n+14,... CSBL_A_n+8,

[GBL_n+2+3-k CSBL_A n+11,CSBL_A n+14,...
(k=0,1,2,3,...)] [CSBL_A n+2+3-k
(k=0,1,2,3,...)]

CSVtypeC6 GBL_n+2,GBL_n+5,GBL n+8, CSBL_B_n+2, CSBL B_n+5,

GBL_n+11,GBL_n+ 14, ... CSBL_B_n +8,
[GBL_n+2+3-k CSBL_B_n+11,CSBL_B_n+14,...
(k=0,1,2,3,...)] [CSBL_B n+2+3-k
(k=0,1,2,3,...)]
[0307] In asituation where a half of the number L of elec- [0312]

trically independent storage capacitor trunks is an odd num-
ber (i.e., when L=2, 6, 10, and so on), if the storage capacitor
line, connected to the storage capacitor counter electrode of
the first subpixel of a pixel, located at the intersection between
an arbitrary column and an n” row in a matrix of pixels that
are arranged in columns and rows, is identified by CSBL_A_
n; if the storage capacitor line, connected to the storage
capacitor counter electrode of the second subpixel of that
pixel, is identified by CSBL_B_n; and ifk is a natural number
(including zero), then the connection pattern may be defined
such that:

CSBL_A_n+2+(L/2)k is connected to the fifth
storage capacitor trunk,

[0313] CSBL_B_n+2+(L/2)k is connected to the sixth
storage capacitor trunk,

[0314] similar connection patterns are repeated after
that, and then

[0315] CSBL_A_n+(L/2)-2+(L/2)k is connected to the
(L-3)™ storage capacitor trunk,

[0316] CSBL_B_n+(L/2)-2+(L/2)k is connected to the
(L-2)" storage capacitor trunk,

[0317] CSBL_A_n+(L/2)-1+(L/2)k is connected to the
(L-1)" storage capacitor trunk, and

[0318] CSBL_B_n+(L/2)-1+(L/2)k is connected to the
L? storage capacitor trunk.

TABLE 6

Corresponding CS busline

CS trunk Corresponding gate busline

CSVtypeDl GBL_n, GBL_n+4,GBL_n+38,
GBL_n+12,GBL_n+16,...
[GBL_n+4-k
k=0,1,2,3,...)]

CSVtypeD2 GBL_n, GBL_n+4, GBL_n +8,

GBL_n+12,GBL_n+16,...

[GBL_n+4-k
(k=0,1,2,3,...)]

CSBL_A_n,CSBL_B_n+4,CSBL_A_n+8,
CSBL_B_n+12,CSBL_A_n+16,...
[CSBL_A n+8-k,CSBL_B_n+4+8-k,
(k=0,1,2,3,...)]
CSBL_B_n,CSBL_A_n+4,CSBL_B_n+8,
CSBL_A_n+12,CSBL_B_n+16,. ..
[CSBL_B n+8-k,CSBL_A n+4+8-k
k=0,1,2,3,...)]
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CS trunk Corresponding gate busline

Corresponding CS busline

CSVtypeD3 GBL_n+1,GBL_n+5,GBL_n+9,
GBL_n+13,GBL_n+17,...
[GBL_n+1+4-k
k=0,1,2,3,...)]

CSVtypeD4 GBL_n+1,GBL_n+5,GBL_n+9,
GBL_n+13,GBL_n+17,...
[GBL_n+1+4-k
k=0,1,2,3,...)]

CSBL_A_n+1,CSBL_B_n+5,CSBL_A_n+9,
CSBL_B_n+13,CSBL_A_n+17,...
[CSBL_A_n+1+8-k,CSBL_B_n+5+8-k,
*k=0,1,2,3,...)]
CSBL_B_n+1,CSBL_A_n+5,CSBL_B_n+9,
CSBL_A_n+13,CSBL_B_n+17,...
[CSBL_B_n+1+8 -k CSBL_A n+5+8-k
k=0,1,2,3,...)]

CSVtypeD5 GBL_n+2, GBL_n +6, CSBL_A_n+2,CSBL_B_n +6,CSBL_A_n + 10,
GBL_n + 10, CSBL_B_n+14,CSBL_A_n+18,...

GBL_n+ 14, GBL_n + 18,. .. [CSBL_A_n+2+8-k CSBL_B_n+6+8-k
[GBL_n+2+4-k (k=0,1,2,3,...)]
(k=0,1,2,3,...)]

CSVtypeD6 GBL_n+2, GBL_n +6, CSBL_B_n+2, CSBL_A_n+6,CSBL_B_n+10,
GBL_n + 10, CSBL_A_n+14,CSBL_B_n+18,...
GBL_n+14,GBL_n+18,. .. [CSBL_B_n+2+8-k CSBL_A n+6+8-k
[GBL_n+2+4-k (k=0,1,2,3,...)]

(k=0,1,2,3,...)]

CSVtypeD7 GBL_n+3,GBL_n+7,GBL_n+11, CSBL_A_n+3,CSBL_B_n+7,CSBL_A_n+11,
GBL_n+15,GBL_n+19,... CSBL_B_n+15,CSBL_A_n+19,...
[GBL_n+3+4-k [CSBL_A_n+3+8-k,CSBL_B_n+7+8 -k
(k=0,1,2,3,...)] (k=0,1,2,3,...)]

CSVtypeC8 GBL_n+3,GBL_n+7,GBL_n+11, CSBL_B_n+3,CSBL_A_n+7,CSBL_B_n+11,
GBL_n+15,GBL_n+19,. .. CSBL_A_n+15,CSBL_B_n+19,...
[GBL_n+3+4-k [CSBL_B n+3+8-k CSBL_A n+7+8 'k
(k=0,1,2,3,...)] (k=0,1,2,3,...)]

[0319] On the other hand, in a situation where a half of the [0331]

number L of electrically independent storage capacitor trunks
is an even number (i.e., when [.=4, 8, 12, and so on), if the
storage capacitor line, connected to the storage capacitor
counter electrode of the first subpixel of a pixel, located at the
intersection between an arbitrary column and an n” row in a
matrix of pixels that are arranged in columns and rows, is
identified by CSBL_A_n; if the storage capacitor line, con-
nected to the storage capacitor counter electrode of the sec-
ond subpixel of that pixel, is identified by CSBL_B_n; and if
k is a natural number (including zero), then the connection
pattern may be defined such that:
[0320] CSBL_A_n+L-k and CSBL_B_n+(L/2)+Lk are
connected to the first storage capacitor trunk,
[0321] CSBL_B_n+Lk and CSBL_A_n+(L/2)+Lk are
connected to the second storage capacitor trunk,
[0322] CSBL_A_n+1+4Lk and CSBL_B_n+(L/2)+1+
L-k are connected to the third storage capacitor trunk,
[0323] CSBL_B_n+1+L'k and CSBL_A_n+(L/2)+1+
L-k are connected to the fourth storage capacitor trunk,
[0324] CSBL_A_n+2+Lk and CSBL_B_n+(L/2)+2+
L-k are connected to the fifth storage capacitor trunk,
[0325] CSBL_B_n+2+L'k and CSBL_A_n+(L/2)+2+
L-k are connected to the sixth storage capacitor trunk,
[0326] CSBL_A_n+3+L'k and CSBL_B_n+(L/2)+3+
L-k are connected to the seventh storage capacitor trunk,
[0327] CSBL_B_n+3+L'k and CSBL_A_n+(L/2)+3+
L-k are connected to the eighth storage capacitor trunk,
[0328] similar connection patterns are repeated after
that, and then
[0329] CSBL_A_n+(L/2)-2+L'k and CSBL_B_n+L-
2+Lk are connected to the (L-3)” storage capacitor
trunk,
[0330] CSBL_B_n+(L/2)-2+L’k and CSBL_A_ n+L-
2+Lk are connected to the (L-2)" storage capacitor
trunk,

CSBL_A_n+(L/2)-1+L'k and CSBL_B_n+L-
1+Lk are connected to the (L—1)" storage capacitor
trunk, and

[0332] CSBL_B_n+(L/2)-1+L'k and CSBL_A_n+L-
1+Lk are connected to the L™ storage capacitor trunk.

[0333] As described above, according to the present inven-
tion, a multi-pixel liquid crystal display device that can sig-
nificantly reduce the excessive high contrast ratio on the
screen at an oblique viewing angle is easily applicable to a
large-screen LCD, a high-resolution LCD, or a high-speed-
drive LCD with shortened vertical and horizontal scanning
periods. The reason is as follows. Specifically, ifa multi-pixel
LCD that applies an oscillating voltage to the CS bus lines had
a big size, then the load capacitance or resistance on CS bus
lines would normally increase so much as to blunt the wave-
form of the CS bus line voltage. Or if the resolution or drive
rate of an LCD were increased, then the CS bus line voltage
would have a shorter period of oscillation, thus possibly caus-
ing a significant effect of waveform blunting. Also, as the
effective value of VLCadd would vary noticeably on the
monitor screen, the luminance on the screen would become
apparently uneven. However, these problems could be over-
come by extending one oscillation period of the oscillating
voltage applied to the CS bus lines.

[0334] In the liquid crystal display device disclosed in
Patent Document No. 5, when an electrically common CS bus
line is used for two adjacent subpixels of two pixels belonging
to two adjacent rows and two types of electrically indepen-
dent CS trunks are arranged, one oscillation period of the CS
bus line voltage is 1 H. On the other hand, in the liquid crystal
display device with Type I arrangement according to the
present invention, when electrically independent CS bus lines
are used for two adjacent subpixels of two pixels belonging to
two adjacent rows and two types of electrically independent
CS trunks are arranged, one oscillation period of the CS bus
line voltage can be 2 H. Meanwhile, if four types of electri-
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cally independent CS trunks are arranged, one oscillation
period of the CS bus line voltage can be 4 H.

[0335] According to the configuration or drive waveforms
ofthe liquid crystal display device with Type I arrangement of
the present invention, if electrically independent CS trunks
are used for two adjacent subpixels of two pixels belonging to
two adjacent rows and if the number of types of the electri-
cally independent CS trunks is L, then one oscillation period
of the CS bus line voltage can be L times as long as one
horizontal scanning period (i.e., one oscillation period=LH).
[0336] Hereinafter, a liquid crystal display device with a
Type II arrangement according to another preferred embodi-
ment of the present invention and its driving method will be
described.

[0337] As described above, the liquid crystal display device
with Type I arrangement of the present invention uses L
different sets of electrically independent storage capacitor
counter electrodes (i.e., the number L of electrically indepen-
dent CS trunks), thereby extending one oscillation period of
the oscillating voltage applied to the storage capacitor
counter electrodes to L times as long as one horizontal scan-
ning period (H). As a result, the multi-pixel display operation
can also be performed even on a big, high-resolution LCD, of
which the storage capacitor counter electrode lines make a
heavy electrical load.

[0338] However, the storage capacitor counter electrodes
associated with the respective subpixels of two pixels that are
adjacent to each other in the column direction (i.e., two pixels
belonging to two adjacent rows) need to be electrically inde-
pendent of each other (see FIG. 9, for example). That is to say,
since two CS bus lines need to be provided for each pixel, the
pixel aperture ratio decreases. More specifically, as shown in
FIG. 15(a), if CS bus lines for respective subpixels are
arranged so as to run through the respective centers of those
subpixels, then an opaque layer BM1 needs to be arranged to
prevent light from leaking through the gap between the pixels
that are adjacent to each other in the column direction. For
that reason, the areas covered with the two CS bus lines and
the opaque layer BM1 cannot contribute to the display opera-
tion, thus causing a decrease in pixel aperture ratio, which is
a problem.

[0339] On the other hand, in the liquid crystal display
device with Type II arrangement of this preferred embodi-
ment, two adjacent subpixels of two different pixels that are
adjacent to each other in the column direction have their
associated storage capacitor counter electrodes connected to
a common CS bus line, which is arranged between those two
pixels that are adjacent to each other in the column direction
as shown in FIG. 15(b), thereby making the CS bus line
function as an opaque layer, too. As a result, compared to the
arrangement shown in FIG. 15(a), not just can the number of
CS bus lines be reduced but also can the pixel aperture ratio be
increased by removing the opaque layer BM1 that needs to be
provided separately in FIG. 15(b).

[0340] Also, in the liquid crystal display device with Type
I arrangement of the preferred embodiment described above,
to extend one oscillation period of the oscillating voltage
applied to the CS bus lines to L times as long as one horizontal
scanning period, not only the number of electrically indepen-
dent CS trunks but also the number of power supplies to drive
the storage capacitor counter electrodes both need to be L.
Therefore, to extend one oscillation period of the oscillating
voltage applied to the CS bus lines to an arbitrary long one,
the number of CS trunks and the number of power supplies to
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drive the storage capacitor counter electrodes need to be
increased accordingly. Thus, in the liquid crystal display
device with Type I arrangement of the preferred embodiment
described above, there is a certain limit because the number of
CS trunks and the number of power supplies to drive the
storage capacitor counter electrodes both need to be increased
to extend one oscillation period of the oscillating voltage
applied to the CS bus lines to a long one.

[0341] On the other hand, in the liquid crystal display
device with Type II arrangement according to this preferred
embodiment of the present invention, if the number of elec-
trically independent CS trunks is I (where L is an even
number), one oscillation period of the oscillating voltage can
be 2-K-L (where K is a positive integer) times as long as one
horizontal scanning period.

[0342] Thus, the liquid crystal display device with Type 11
arrangement according to this preferred embodiment of the
present invention can be used as a big, high-resolution LCD
more effectively than the counterpart with Type I arrange-
ment of the preferred embodiment described above.

[0343] Hereinafter, a specific preferred embodiment of
Type II arrangement of the present invention will be
described. In the following description, a liquid crystal dis-
play device that realizes the drive states shown in FIGS. 16A
and 16B will be described as an example. FIGS. 16A and 16B
respectively correspond to FIGS. 4A and 4B that have already
been referred to. However, in the drive state shown in FIG.
16A, the directions of the electric fields applied to the respec-
tive portions of the liquid crystal layer are opposite to those
shown in FIG. 4A. The same statement applies to the electric
field directions shown in FIGS. 4B and 16B, too. As an
example, a configuration for realizing the drive state shown
FIG. 16A will be described. To realize the drive state shown
FIG. 16B, the polarity of the voltage applied to the source bus
lines and that of the storage capacitor voltages may be inverse
of those shown in FIG. 16A as already described with refer-
ence to FIGS. 3A and 3B. As a result, the first and second
subpixels (represented by “b (bright)” or “d (dark)” in the
drawings) can be fixed at their original locations with the
display polarities (“+” or “~” in the drawings) of the pixels
inverted. However, the present invention is in no way limited
to this specific preferred embodiment. Alternatively, only the
voltage applied to the source bus lines may be inverted. In that
case, since the first and second subpixels (represented by “b
(bright)” or “d (dark)” in the drawings) will change their
locations as the polarities of the pixels are inverted. Conse-
quently, the color bleeding and other problems that could
occur during a halftone display operation if the pixel locations
are fixed as described above can be settled.

[0344] Also, in the liquid crystal display device of this
preferred embodiment, two pixels adjacent to each other in
the column direction (belonging to the n” row and (n+1)”
row, respectively) share a common CS bus line CSBL, which
is arranged between the subpixel electrode 185 of the pixel on
the n” row and the subpixel electrode 18a of the pixel on the
(n+1)” row to supply a storage capacitor counter voltage
(oscillating voltage) to the storage capacitors of the subpixels
associated with these subpixel electrodes. This CS bus line
CSBL also serves as an opaque layer to block passage of light
between the pixels on the n” and (n+1)” rows. Optionally,
this CS bus line CSBL may be arranged so as to partially
overlap with the subpixel electrodes 18a and 185 with an
insulating film interposed between them.
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[0345] In each of the liquid crystal display devices to be
described as exemplary preferred embodiments, if one oscil-
lation period of the oscillating voltage applied to CS bus lines
is longer than one horizontal scanning period and if the num-
ber of electrically independent CS trunks is L (where L is an
even number), one oscillation period of the oscillating voltage
is 2°K'L times as long as one horizontal scanning period
(where K is a positive integer). That is to say, in the liquid
crystal display device with Type I arrangement of the pre-
ferred embodiment of the present invention described above,
one oscillation period of the oscillating voltage can be no
greater than L times as long as one horizontal scanning
period. On the other hand, in the liquid crystal display device
with Type Il arrangement of this preferred embodiment of the
present invention, one oscillation period can be further
extended by the factor of 2-K. Besides, K does not depend on
the number of electrically independent CS trunks. K is a
parameter to be determined by the connection pattern
between respective electrically independent CS trunks and
CS bus lines and is a half of the number of CS bus lines that
are connected to a common CS trunk (i.e., the number of
electrically equivalent CS bus lines) among a series of CS bus
lines that form one complete cycle of connection with the CS
trunks.

[0346] In the area ratio gray scale display (i.e., the multi-
pixel drive) operation performed by the liquid crystal display
device of the present invention, each pixel is split into two
subpixels, and mutually different oscillating voltages (i.e.,
storage capacitor counter voltages) are applied to the storage
capacitors connected to the respective subpixels, thereby pro-
ducing a bright subpixel and dark subpixel. The bright sub-
pixel may be produced if the first change of the oscillating
voltages after its TFT has been turned OFF is a voltage
increase, for example. Conversely, the dark subpixel may be
produced if the first change of the oscillating voltages after its
TFT has been turned OFF is a voltage decrease. That is why
if CS bus lines for subpixels, of which the oscillating voltage
should be increased after their TFTs have been turned OFF,
are connected to one common CS trunk and CS bus lines for
subpixels, of which the oscillating voltage should be
decreased after their TFTs have been turned OFF, are con-
nected to another common CS trunk, then the number of CS
trunks can be reduced. K is a parameter that represents how
effectively one period can be extended according to the con-
nection pattern between the CS bus lines and CS trunks.

[0347] The greater the K value, the longer one period of the
oscillating voltage can be. However, K should not be too
large. The reason is as follows.

[0348] Asthe K valueis increased, the number of subpixels
connected to a common CS trunk also increases.

[0349] Those subpixels are connected to mutually different
TFTs, which are turned OFF at respectively different timings
(at intervals that are multiples of 1 H). That is why an interval
between a point in time when a TFT associated with one of the
subpixels connected to a common CS trunk is turned OFF and
a point in time when its oscillating voltage increases (or
decreases) for the first time is different from an interval
between a point in time when a TFT associated with another
subpixel is turned OFF and a point in time when its oscillating
voltage increases (or decreases) for the first time. This time
difference increases as the K value increases (i.e., as the
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number of CS bus lines connected to the common CS trunk
increases): As a result, a line defect with significantly differ-
ent luminance could be seen on the screen. To eliminate such
a line defect, the time difference is preferably not more than
5% of the number of scan lines (i.e., the number of pixel rows)
asarule. Inan XGA, for example, the K value is preferably set
such that the time difference is 38 H or less, which is 5% or
less of 768 rows. On the other hand, the lower limit of one
period of the oscillating voltage should be set so as not to
cause uneven luminances due to waveform blunting as has
already been described with reference to FIG. 8. For example,
in a 45-inch XGA, no waveform blunting problem should
occur if one oscillation period is at least as long as 12 H. In
view of these considerations, when the present invention is
applied to a 45-inch LCD TV monitor, for example, if K is 1
or 2, L is 6, 8, 10 or 12, and if one period of the oscillating
voltage is defined within the range of 12 H to 48 H, high-
quality display with no uneven luminances is realized. The
number [ of electrically independent CS trunks should be
determined with the number of oscillating voltage sources (or
power supplies to drive the storage capacitor counter elec-
trodes), the wiring pattern on the panel (i.e., on the TFT
substrate), and other factors taken into consideration.

[0350] Hereinafter, a liquid crystal display device with
Type Il arrangement according to a preferred embodiment of
the present invention and its driving method will be described
in detail by way of an illustrative example in which K=1 and
L=4, 6, 8, 10, or 12 and another example in which K=2 and
L=4 or 6. To avoid redundancy of description with the fore-
going preferred embodiments, the following description will
be focused on the connection patterns between the CS bus
lines and the CS trunks.

[0351] Pattern in which K=1, L=4, and Oscillation
Period=8 H
[0352] The matrix arrangement (including the connection

pattern of CS bus lines) of the liquid crystal display device
with Type Il arrangement according to this preferred embodi-
ment is shown in FIG. 17 and the waveforms of signals used
to drive this liquid crystal display device are shown in FIG.
18. Also, the connection pattern adopted in FIG. 17 is shown
in the following Table 7. By applying an oscillating voltage to
the CS bus lines at the timings shown in FIG. 18 in the matrix
arrangement shown in FIG. 17, the drive state shown in FIG.
15A is realized.

[0353] InFIG. 17, each CS bus line is connected to any of
the four CS trunks that are arranged at each of the right and
left ends of the paper. Therefore, the number (of types) of
electrically independent CS bus lines is four (i.e., L=4). It can
also be seen from FIG. 17 that a certain rule is set on the
connection pattern between the CS bus lines and CS trunks.
The rule is that the same connection pattern should recur
regularly every eight CS bus lines in FIG. 17. Therefore, K=1
(=8/2L)).

TABLE 7
L=4K=1
CS trunk CS busline connected to CS trunk
Mla CSBL_ (n-1)B,(n)A
CSBL_(n+4)B,(n+5)A
M2a CSBL_ (n)B,(n+1)A

CSBL_ (n+3)B,(n+4)A
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TABLE 7-continued TABLE 8
L=4K=1 L=6K=1
CS trunk CS busline connected to CS trunk CS trunk CS busline connected to CS trunk
M3a CSBL_ (n+1)B, m+2)A Mib CSBL_ (n-1)B, () A
CSBL_ (n+6)B, m+7)A CSBL_ (n+6)B,(n+7)A
Mda CSBL_ (n+2)B, (m+3)A M2b CSBL_ () B,(n+1)A
CSBL_(n+5)B, (m+6)A CSBL_ (n+5)B,(n+6)A
M3b CSBL_(n+1)B,(n+2)A
wheren=1,9,17,... CSBL_(n+8)B,(n+9)A
Mdb CSBL_ (n+2)B,(n+3)A
[0354] As can be seen from this Table 7, the CS bus lines CSBL_(n+7)B,(n+8)A
M5b CSBL.

shown in FIG. 17 are classified into the type that satisfies, for
any p, the relations:

[0355] CSBL_(p)B, (p+1)A and

[0356] CSBL_(p+5)B, (p+6)A

(such a type will be referred to herein as “Type o) and the
type that satisfies, for any p, the relations:

[0357] CSBL_(p+1)B, (p+2)A and

[0358] CSBL_(p+4)B, (p+5A

(such a type will be referred to herein as “Type §°). Specifi-
cally, the CS bus lines connected to the CS trunks Mla and
M3a are Type o, while the CS bus lines connected to the CS
trunks M2a and M4a are Type f3.

[0359] Eight consecutive CS bus lines that form one com-
plete cycle of connection pattern consist of four Type o bus
lines (two connected to M1a and two connected to M3a) and
four Type f bus lines (two connected to M2a and two con-
nected to Mda).

[0360] Ifthe parameters [ and K mentioned above are used,
it can be seen that a set of CS bus lines, which are represented,
for any p, by:

[0361] CSBL_(p+2-(K-1))B, (p+2-(K-1)+1)A and
[0362] CSBL_(p+2-(K-1)+K-L+1)B, (p+2-(K-1)+KL+
2)A

[0363] or

[0364] CSBL_(p+2-(K-1)+1)B, (p+2-(K~1)+2)A

[0365] CSBL_(p+2(K-1)+K-L)B, (p+2-(K-1)+K-L+1)A

should include electrically equivalent CS bus lines, where
p=1, 3, 5, etc. or p=0, 2, 4, etc. This condition is set because
there are no CS bus lines belonging to both Type o and Type
B.

[0366] It can be seen from FIG. 18 that in this case, the
oscillating voltage applied to the CS bus lines has an oscilla-
tion period of 8 H, i.e., 2-K-L times as long as one horizontal
scanning period.

[0367] Pattern in which K=1, L=6, and Oscillation
Period=12 H

[0368] Next, a connection pattern for a situation where the
number (of types) of electrically independent CS trunks is six
is shown in FIG. 19 and the drive waveforms in that situation
are shown in FIG. 20. Also, the connection pattern shown in
FIG. 19 is summarized in the following Table 8:

[0369] In FIG. 20, each CS bus line is connected to any of
the six CS trunks that are arranged at each of the right and left
ends of the paper. Therefore, the number (of types) of elec-
trically independent CS bus lines is six (i.e., L=6).

[0370] Itcanalso be seen from FIG. 19 that a certain rule is
set on the connection pattern between the CS bus lines and CS
trunks. The rule is that the same connection pattern should
recur regularly every 12 CS bus lines in FIG. 19. Therefore,
K=1(=12/2 L)).

CSBL_ (n+10)B, (n+ 11)A
M6b CSBL_ (n+4) B, (m+5)A

CSBL_ (n+9)B, (n+10) A

(
(+3)B,(n+4)A
(
(

wheren=1,13,25,...

[0371] As can be seen from Table 8, the CS bus lines are
connected in FIG. 19 such that one of the following two sets
of CS bus lines:

[0372] CSBL_(p)B, (p+1)A and
[0373] CSBL_(p+7)B, (p+8)A

[0374] or

[0375] CSBL_(p+1)B, (p+2)A

[0376] CSBL_(p+6)B, (p+7)A

[0377] where p=1, 3, 5, etc. or p=0, 2, 4, etc.

consists of electrically equivalent CS bus lines.

[0378] Ifthe parameters [ and K mentioned above are used,
it can be seen that a set of CS bus lines, which are represented,
for any p, by:

[0379] CSBL_(p+2-(K-1))B, (p+2-(K-1)+1)A and

[0380] CSBL_(p+2-(K-D+K-L+D)B, (p+2-(K-1)+K-L+
2)A

[0381] or

[0382] CSBL_(p+2(K-1)+1)B, (p+2-(K-1)+2)A and
[0383] CSBL_(p+2{(K-1)+K-L)B, (p+2-(K-1)+K-L+1)A

should include electrically equivalent CS bus lines, where
r=1, 3, 5, etc. or p=0, 2, 4, etc.

[0384] It can be seen from FIG. 20 that in this case, the
oscillating voltage applied to the CS bus lines has an oscilla-
tion period of 12 H, i.e., 2-K-L times as long as one horizontal
scanning period.

[0385] Pattern in which K=1, L=8, and Oscillation
Period=16 H
[0386] Next, a connection pattern for a situation where the

number (of types) of electrically independent CS bus lines is
eight is shown in FIG. 21 and the drive waveforms in that
situation are shown in FIG. 22. Also, the connection pattern
shown in FIG. 21 is summarized in the following Table 9.
[0387] InFIG. 21, each CS bus line is connected to any of
the eight CS trunks that are arranged at the left end of the
paper. Therefore, the number (of types) of electrically inde-
pendent CS bus lines is eight (i.e., L=8).

[0388] Itcanalso beseen from FIG. 21 that a certain rule is
set on the connection pattern between the CS bus lines and CS
trunks. The rule is that the same connection pattern should
recur regularly every 16 CS bus lines in FIG. 21. Therefore,
K=1 (=16/2 L)).
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TABLE 9 TABLE 10
L=8K=1 L=10K=1
CS trunk CS busline connected to CS trunk CS trunk CS busline connected to CS trunk
Mle CSBL_ (n-1)B, @) A Mi1d CSBL_ (n-1)B, () A
CSBL_ (n+8)B, (m+9) A CSBL_ (n+10)B, (n+ 11) A
M2c CSBL_ () B, (m+1)A M2d CSBL_ () B,(n+1)A
CSBL_(n+7)B, (m+8)A CSBL_ (n+9) B, (n +10) A
M3c CSBL_(n+1)B,(n+2)A M3d CSBL_(n+1)B,(n+2)A
CSBL_ (n+10)B, (n+11) A CSBL_ (n+12)B, (n+ 13)A
Mdc CSBL_ (n+2)B, (m+3)A Mad CSBL_ (n+2)B,(n+3)A
CSBL_ (n+9) B, (n+10) A CSBL_ (n+11)B, (n+ 12)A
M3c¢ CSBL_ (n+3)B,m+4) A M5d CSBL_(n+3)B,(n+4)A
CSBL__ (n+12)B,(n+13)A CSBL__ (n+14)B, (n+ 15)A
Mé6c CSBL_ (n+4)B,m+5A Meéd CSBL_(n+4)B,(n+5)A
CSBL__ (n+11)B,(n+12)A CSBL_ (n+13)B,(n+14)A
M7¢c CSBL_(n+35)B,(n+6)A M7d CSBL_(n+35)B,(n+6)A
CSBL_(n+14)B,(n+15A CSBL_(n+16)B,(n+17) A
MS8c CSBL_(n+6)B,m+7)A Ms8d CSBL_(n+6)B,(n+7)A
CSBL_(n+13)B,(n+14) A CSBL_(n+15)B, (n+16) A
Mod CSBL_(n+7)B,(n+6)A
wheren=1,17,33,... CSBL_(n+18)B,(n+19)A
M10d CSBL_(n+8)B,(n+7)A

[0389] As can be seen from Table 9, the CS bus lines are
connected in FIG. 21 such that one of the following two sets
of CS bus lines:

[0390] CSBL_(p)B, (p+1)A and

[0391] CSBL_(p+9)B, (p+10)A

[0392] or

[0393] CSBL_(p+1)B, (p+2)A and

[0394] CSBL_(p+8)B, (p+9)A

[0395] where p=1, 3, 5, etc. or p=0, 2, 4, etc.

consists of electrically equivalent CS bus lines.

[0396] Ifthe parameters [ and K mentioned above are used,
it can be seen that a set of CS bus lines, which are represented,
for any p, by:

[0397] CSBL_(p+2-(K-1))B, (p+2-(K-1)+1)A and
[0398] CSBL_(p+2(K-D+KL+D)B, (p+2-(K-1)+KL+
2)A

[0399] or

[0400] CSBL_(p+2-(K-1)+1)B, (p+2-(K-1)+2)A and
[0401] CSBL_(p+2-(K-1)+K-L)B, (p+2-(K-+K-L+1)A

should include electrically equivalent CS bus lines, where
p=1,3, 5, etc. or p=0, 2, 4, etc.

[0402] It can be seen from FIG. 22 that in this case, the
oscillating voltage applied to the CS bus lines has an oscilla-
tion period of 16 H, i.e., 2-K-L times as long as one horizontal
scanning period.

[0403] Pattern in which K=1, =10, and Oscillation
Period=20 H

[0404] Next, a connection pattern for a situation where the
number (of types) of electrically independent CS bus lines is
10 is shown in FIG. 23 and the drive waveforms in that
situation are shown in FIG. 24. Also, the connection pattern
shown in FIG. 23 is summarized in the following Table 10.

[0405] In FIG. 23, each CS bus line is connected to any of
the 10 CS trunks that are arranged at both the right and left
ends of the paper. Therefore, the number (of types) of elec-
trically independent CS bus lines is 10 (i.e., L=10). It can also
be seen from FIG. 23 that a certain rule is set on the connec-
tion pattern between the CS bus lines and CS trunks. The rule
is that the same connection pattern should recur regularly
every 20 CS bus lines in FIG. 23. Therefore, K=1 (=20/(2 L)).

CSBL_ (n+17)B, (n+ 18) A

wheren=1,21,41,...

[0406] As can be seen from Table 10, the CS bus lines are
connected in FIG. 23 such that one of the following two sets
of CS bus lines:

[0407] CSBL_(p)B, (p+1)A and

[0408] CSBL_(p+11)B, (p+12)A

[0409] or

[0410] CSBL_(p+1)B, (p+2)A and

[0411] CSBL_(p+10)B, (p+1 1A

[0412] where either p=1, 3, 5, etc. or p=0, 2, 4, etc.

consists of electrically equivalent CS bus lines.

[0413] Ifthe parameters L and K mentioned above are used,
it can be seen that a set of CS bus lines, which are represented,
for any p, by:

[0414] CSBL_(p+2:(K-1))B, (p+2:(K-1)+1)A and

[0415] CSBL_(p+2-(K-D+K-L+1)B, (p+2-(K-1)+K-L+
2)A

[0416] or

[0417] CSBL_(p+2-(K-1)+1)B, (p+2-(K-1)+2)A and
[0418] CSBL_(p+2:(K-D+K-L)B, (p+2:(K-1)+K-L+1)A

should include electrically equivalent CS bus lines, where
p=1, 3, 5, etc. or p=0, 2, 4, etc.

[0419] It can be seen from FIG. 24 that in this case, the
oscillating voltage applied to the CS bus lines has an oscilla-
tion period of 20 H, i.e., 2-K-L times as long as one horizontal
scanning period.

[0420] Pattern in which K=1, =12, and Oscillation
Period=24 H
[0421] Next, a connection pattern for a situation where the

number (of types) of electrically independent CS bus lines is
12 is shown in FIG. 25 and the drive waveforms in that
situation are shown in FIG. 26. Also, the connection pattern
shown in FIG. 25 is summarized in the following Table 11.
[0422] InFIG. 25, each CS bus line is connected to any of
the 12 CS trunks that are arranged at the left end of the paper.
Therefore, the number (of types) of electrically independent
CS bus lines is 12 (i.e., L=12). It can also be seen from FIG.
25 that a certain rule is set on the connection pattern between
the CS bus lines and CS trunks.

[0423] The rule is that the same connection pattern should
recur regularly every 24 CS bus lines in FIG. 25. Therefore,
K=1 (=24/2 L)).
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TABLE 11
L=12K=1
CS trunk CS busline connected to CS trunk
Mle CSBL_(n-1)B,(mA
CSBL__ (n+12)B,(n+13)A
M2e CSBL_ (n)B,(n+1)A
CSBL__ (n+11)B,(n+12)A
M3e CSBL_(n+1)B,(n+2)A
CSBL__ (n+14)B,(n+ 15 A
M4e CSBL_ (n+2)B,(mn+3)A
CSBL__ (n+13)B,(n+14) A
M3e CSBL_ (n+3)B,m+4) A
CSBL__ (n+16)B,(n+17) A
Mé6e CSBL_ (n+4)B,m+5A
CSBL__ (n+15)B,(n+16)A
M7e CSBL_(n+35)B,(n+6)A
CSBL_(n+18)B,(n+19)A
M8e CSBL_(n+6)B,m+7)A
CSBL_(n+17)B,(n+18)A
M9e CSBL_(n+7)B,(n+6)A
CSBL_ (n+20)B,(n+21)A
M10e CSBL_ (n+8)B,(n+7)A
CSBL__ (n+19)B, (n+20)A
Mlle CSBL_ (n+9)B,(n+10)A
CSBL__ (n+22)B,(n+23)A
Ml2e CSBL__ (n+10)B,(n+11)A

CSBL_ (n+21)B, (n+22)A

wheren=1,25,49, ...

[0424] As can be seen from Table 11, the CS bus lines are
connected in FIG. 25 such that one of the following two sets
of CS bus lines:

[0425] CSBL_(p)B, (p+1)A and

[0426] CSBL_(p+13)B, (p+14)A

[0427] or

[0428] CSBL_(p+1)B, (p+2)A and

[0429] CSBL_(p+12)B, (p+13)A

[0430] where either p=1, 3, 5, etc. or p=0, 2, 4, etc.
consists of electrically equivalent CS bus lines.

[0431] Ifthe parameters [ and K mentioned above are used,
it can be seen that a set of CS bus lines, which are represented,
for any p, by:

[0432] CSBL_(p+2-(K-1))B, (p+2-(K-1)+1)A and
[0433] CSBL_(p+2:(K-1)+K-L+1)B, (p+2-(K-1)+KL+
2)A

[0434] or

[0435] CSBL_(p+2-(K-1)+1)B, (p+2-(K-1)+2)A and
[0436] CSBL_(p+2-(K-1)+K-L)B, (p+2-(K-D+K-L+1)A
should include electrically equivalent CS bus lines, where
p=1, 3, 5, etc. or p=0, 2, 4, etc.

[0437] It can be seen from FIG. 26 that in this case, the
oscillating voltage applied to the CS bus lines has an oscilla-
tion period 0f24 H, i.e., 2-K-L times as long as one horizontal
scanning period.

[0438] In each of the specific examples described above,
the parameter K is supposed to be one. Hereinafter, examples
in which the parameter K is two will be described.

[0439] Pattern in which K=2, =4, and Oscillation
Period=16 H

[0440] Next, a connection pattern for a situation where the
parameter K is two and the number (of types) of electrically
independent CS bus lines is four is shown in FIG. 27 and the
drive waveforms in that situation are shown in FIG. 28. Also,
the connection pattern shown in FIG. 27 is summarized in the
following Table 12.
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[0441] InFIG. 27, each CS bus line is connected to any of
the four CS trunks that are arranged at each of the right and
left ends of the paper. Therefore, the number (of types) of
electrically independent CS bus lines is four (i.e., L=4). It can
also be seen from FIG. 27 that a certain rule is set on the
connection pattern between the CS bus lines and CS trunks.
The rule is that the same connection pattern should recur
regularly every 16 CS bus lines in FIG. 27. Therefore, K=2
(=16/(2 L)).

TABLE 12

L=4K=2
CS trunk CS busline connected to CS trunk
Mif CSBL_ (n-1)B,(mA

CSBL_(n+1)B,(n+2)A
CSBL_(n+8)B,(n+9)A
CSBL_(n+10)B (n+11) A
M2f CSBL_(n)B,(n+1)A
CSBL_(n+2)B,(n+3)A
CSBL_ (n+7)B,(n+8)A
CSBL_(n+9)B (n+10)A
M3f CSBL_(n+3)B,(n+4)A
CSBL_(n+5)B,(n+6)A
CSBL_ (n+12)B, (n+ 13)A
CSBL_(n+14)B (n+15)A
Maf CSBL_(n+4)B,(n+5)A
CSBL_(n+6)B,(n+7)A
CSBL_ (n+11)B, (n+ 12)A
CSBL_(n+13)B(n+14)A

wheren=1,17,33,...

[0442] As can be seen from Table 12, the CS bus lines are
connected in FIG. 27 such that one of the following two sets
of CS bus lines:

[0443] CSBL_(p)B, (p+1)A,
[0444] CSBL_(p+2)B, (p+3)A
[0445] and

[0446] CSBL_(p+9)B, (p+10)A,
[0447] CSBL_(p+11)B, (p+12)A
[0448] or

[0449] CSBL_(p+1)B, (p+2)A,
[0450] CSBL_(p+3)B, (p+4)A
[0451] and

[0452] CSBL_(p+8)B, (p+9)A,
[0453] CSBL_(p+10)B, (p+11)A
[0454] where p=1, 3, 5, etc. or p=0, 2, 4, etc.

consists of electrically equivalent CS bus lines.

[0455] Ifthe parameters [ and K mentioned above are used,
it can be seen that a set of CS bus lines, which are represented,
for any p, by:
[0456] CSBL_(p+2-(1-1))B, (p+2-(1-1)+D)A
[0457] CSBL_(p+2:(K-1))B, (p+2:(K-1)+1)A
[0458] and
[0459] CSBL_(p+2:(1-D+K-L+1)B, (p+2-(1-1)+K-L+
2)A
[0460] CSBL_(p+2-(K-D+K-L+1)B, (p+2-(K-1)+K-L+
2)A
[0461] or
[0462] CSBL_(p+2-(1-1)+D)B, (p+2-(1-1)+2)A

[0463] CSBL_(p+2:(K-1)+1)B, (p+2:(K-1)+2)A
[0464] and
[0465] CSBL_(p+2-(1-1)+K-L)B, (p+2:(1-1)+K-L+1)A
[0466] CSBL_(p+2:(K-1)+K-L)B, (p+2:(K-1)+K-L+1)A

should include electrically equivalent CS bus lines, where
p=1, 3, 5, etc. or p=0, 2, 4, etc.
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[0467] It can be seen from FIG. 28 that in this case, the
oscillating voltage applied to the CS bus lines has an oscilla-
tion period of 16 H, i.e., 2-K-L times as long as one horizontal
scanning period.

[0468] Pattern in which K=2, =4, and Oscillation
Period=16 H

[0469] Next, a connection pattern for a situation where the
parameter K is two and the number (of types) of electrically
independent CS bus lines is six is shown in FIG. 29 and the
drive waveforms in that situation are shown in FIG. 30. Also,
the connection pattern shown in FIG. 29 is summarized in the
following Table 13.

[0470] In FIG. 29, each CS bus line is connected to any of
the six CS trunks that are arranged at each of the right and left
ends of the paper. Therefore, the number (of types) of elec-
trically independent CS bus lines is six (i.e., L=6). It can also
be seen from FIG. 29 that a certain rule is set on the connec-
tion pattern between the CS bus lines and CS trunks. The rule
is that the same connection pattern should recur regularly
every 24 CS bus lines in FIG. 29. Therefore, K=2 (=24/(2 L)).

TABLE 13

L=6.K=2
CS trunk CS busline connected to CS trunk
Mlg CSBL_ (n-1)B,(mA

CSBL_(n+1)B,(m+2)A
CSBL_(n+12)B,(n+13)A
CSBL_(n+14)B@m+15)A
M2g CSBL_(m)B,(n+1)A
CSBL_(n+2)B,(n+3)A
CSBL_(n+11)B,(n+12)A
CSBL_(n+13)B@n+14)A
M3g CSBL_(n+3)B,(n+4)A
CSBL_(n+5)B,(n+6)A
CSBL_(n+16)B,(n+17)A
CSBL_(n+18)B (n+19)A
M4g CSBL_(n+4)B,(n+5)A
CSBL_(n+6)B,(n+7)A
CSBL_(n+15)B, (n+16)A
CSBL_(n+17)B(n+18)A
N5g CSBL_(n+7)B,(m+8)A
CSBL_(n+9)B,(@n+10)A
CSBL_(n+20)B,(n+21)A
CSBL_ (n+22)B(@n+23)A
Né6g CSBL_(n+8)B,(m+9)A
CSBL_(n+10)B,(n+11)A
CSBL_(n+19)B, (n+20)A
CSBL_(n+21)B(@m+22)A

wheren =1, 25,49, ...

[0471] As can be seen from Table 13, the CS bus lines are
connected in FIG. 29 such that one of the following two sets
of CS bus lines:

[0472] CSBL_(p)B, (p+1)A,

[0473] CSBL_(p+2)B, (p+3)A

[0474] and

[0475] CSBL_(p+13)B, (p+14)A,

[0476] CSBL_(p+15)B, (p+16)A

[0477] or

[0478] CSBL_(p+1)B, (p+2)A,

[0479] CSBL_(p+3)B, (p+4)A

[0480] and

[0481] CSBL_(p+12)B, (p+13)A,

[0482] CSBL_(p+14)B, (p+15)A

[0483] where p=1, 3, 5, etc. or p=0, 2, 4, etc.

consists of electrically equivalent CS bus lines.
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[0484] Ifthe parameters [ and K mentioned above are used,
it can be seen that a set of CS bus lines, which are represented,
for any p, by:

[0485] CSBL_(p+2:(1-1)B, (p+2-(1-1)+1)A

[0486] CSBL_(p+2-(K-1))B, (p+2-(K-1)+D)A

[0487] and

[0488] CSBL_(p+2:(1-1)+K-L+1)B, (p+2-(1-1)+K-L+
2)A

[0489] CSBL_(p+2-(K-D+K-L+1)B, (p+2-(K-1)+K-L+
2)A

[0490] or

[0491] CSBL_(p+2-(1-1)+D)B, (p+2-(1-1)+2)A

[0492] CSBL_(p+2:(K-1)+1)B, (p+2:(K-1)+2)A

[0493] and

[0494] CSBL_(p+2-(1-1)+K-L)B, (p+2-(1-1)+K-L+1)A
[0495] CSBL_(p+2:(K-D+K-L)B, (p+2:(K-1)+K-L+1)A

should include electrically equivalent CS bus lines, where
p=L, 3, 5, etc. or p=0, 2, 4, etc.

[0496] It can be seen from FIG. 30 that in this case, the
oscillating voltage applied to the CS bus lines has an oscilla-
tion period of 24 H, i.e., 2-K-L times as long as one horizontal
scanning period.

[0497] Inthe preferred embodiments described above, situ-
ations where the parameter « is one and the parameter [L.=4, 6,
8, 10 or 12 and situations where the parameter x is two and the
parameter =4 or 6 have been set forth. However, Type 11
arrangement of the present invention is never limited to those
specific preferred embodiments.

[0498] Specifically, K may be any positive integer, i.e.,
K=1,2,3,4,5,6,7,8,9, and so on, and L. may be an even
number, i.e., L=2, 4, 6, 8, 10, 12, 14, 16, 18, and so on. In
addition, K and L. may be defined independently from the
their own ranges.

[0499] In those cases, the connection patterns between the
CS trunks and the CS bus lines may follow the rule described
above.

[0500] Specifically, if the parameters K and L are K and L,
respectively (i.e., if K=K and L=L), CS bus lines connected to
the same trunk, i.e., electrically equivalent CS bus lines,
should be:

[0501] CSBL_(p+2:(1-1))B, (p+2-(1-1)+1)A,

[0502] CSBL_(p+2:(2-1))B, (p+2:(2-1)+1)A,

[0503] CSBL_(p+2:(3-1))B, (p+2:(3-1)+1)A,

[0504] ...
[0505] CSBL_(p+2:(K-1))B, (p+2-(K-1)+1)A

[0506] and

[0507] CSBL_(p+2-(1-1)+K-L+1)B, (p+2-(1-1)+K-L+2)
[0508]
A:
[0509]
As
[0510]
[0511]
A;
[0512] or

[0513] CSBL_(p+2:(1-1)+1)B, (p+2-(1-1)+2)A,
[0514] CSBL_(p+2:(2-1)+1)B, (p+2-(2-1)+2)A,
[0515] CSBL_(p+2:(3-1)+1)B, (p+2-(3-1)+2)A,
[0516] ...
[0517] CSBL_(p+2:(K-1)+1)B, (p+2-(K-1)+2)A

[0518] and

[0519] CSBL_(p+2-(1-1)+K'L)B, (p+2-(1-1)+K-L+1)A,
[0520] CSBL_(p+2:(2-1)+K'L)B, (p+2-2-1)+K-L+1)A,

CSBL_(p+2-(2-1)+K-L+1)B, (p+2-(2-1)+K-L+2)

CSBL_(p+2-3-1+KL+1)B, (p+2-3-1)+K-L+2)

CSBL_(p+2-(K-1)+K-L+D)B, (p+2-(3-1)+K-L+2)
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[0521] CSBL_(p+2-(3-1)+K-L)B, (p+2-3-1)+K-L+1)A,
[0522] ...

[0523] CSBL_(p+2-(K-1)+K-L)B, (p+2-(K-1+K-L+1)A,
[0524] where p=1, 3, 5, etc. or p=0, 2, 4, etc.

[0525] Furthermore, if the parameters K and L are K and L,

respectively (i.e., if K=K and [=L), the oscillating voltage
applied to the CS bus lines may have an oscillation period that
is 2-K-L times as long as one horizontal scanning period.
[0526] Inthe foregoing description, the first subpixel of one
of two adjacent picture elements and the second subpixel of
the other picture element share a common CS bus line.
[0527] However, the common CS bus line may be naturally
split into two or more electrically equivalent CS bus lines.
[0528] Theliquid crystal display device with TypeI or Type
II arrangement of the preferred embodiment described above
can extend one oscillation period of the oscillating voltage
applied to the CS bus lines (storage capacitor lines), and
therefore, can apply the area ratio gray scale display technol-
ogy disclosed in Patent Document No. 5 to either a large-
screen LCD panel or a high-resolution LCD panel, among
other things. In addition, the liquid crystal display device with
Type II arrangement can supply an oscillating voltage
through a common CS bus line to subpixels of two pixels that
are adjacent to each other in the column direction. That is why
by arranging the CS bus line between the pixels that are
adjacent to each other in the column direction, the CS bus line
can also be used as an opaque layer (which is typically imple-
mented as a black matrix (BM)). As aresult, the number of CS
bus lines required by the Type II liquid crystal display device
can be smaller than that of the Type I liquid crystal display
device. On top of that, since the opaque layer that should be
provided separately for the liquid crystal display device with
Type I arrangement can be removed, the pixel aperture ratio
can be increased as well.

[0529] FIGS. 31(a), 31(b) and 31(c) show three represen-
tative Type I arrangements Typel-1, Typel-2 and Typel-3,
while FIGS. 32(a), 32(b) and 32(c) show three representative
Type II arrangements Typell-1, Typell-2 and Typell-3. In
these drawings, gate bus lines are identified by the reference
sign G and are numbered 001, 002 and so on. Each row of
pixels (which will also be referred to herein as “dots™) is
associated with a gate bus line G and each gate bus line
number such as 001 also shows the number of its associated
row of pixels. On the other hand, columns of pixels are num-
bered a, b and c. Therefore, pixels of the first row are identi-
fied by 1-a, 1-b, 1-¢ and so on, and pixels of the first column
are identified by 1-a, 2-a, 3-a and so on.

[0530] Furthermore, each CS bus line is identified by its
type, i.e., the type of the CS trunk connected thereto. Specifi-
cally, a CS bus line identified by CS1 is connected to a first CS
trunk CS1 and a CS bus line identified by CS2 is connected to
a second CS trunk CS2. In each of the six arrangements
shown in FIGS. 31 and 32, there are 10 different types of CS
trunks (or CS voltages) and CS bus lines are arranged cycli-
cally and sequentially connected to CS1 through CS10,
respectively, from the top toward the bottom of the paper.
[0531] Each pixel includes two subpixels. One of these two
subpixels, associated with a CS bus line that is connected to
the storage capacitor counter electrode of its storage capacitor
and that is identified by the smaller number, is identified by A
and the other subpixel B. For example, the pixel 1-a on the
first row shown in FIG. 31 includes a subpixel 1-a-A with a
storage capacitor connected to the CS trunk CS1 and a sub-
pixel 1-a-B with a storage capacitor connected to the CS trunk
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CS2. Also, the darker one of the two subpixels of each pixel is
hatched. As described above, each of the six arrangements
shown in FIGS. 31 and 32 can eliminate flickers when sub-
jected to 1 H one dot inversion drive.

[0532] As described above, when an arrangement for
extending one oscillation period of the oscillating voltage
applied to the storage capacitor counter electrode by provid-
ing a plurality of electrically independent CS trunks is
adopted as in the Type I or Type II liquid crystal display
device, waveform blunting of the oscillating voltage can be
reduced. However, the resultant display quality could be
debased for another reason. The reason will be described
below.

[0533] The display quality is debased due to disagreement
between one period of the oscillating voltage (CS voltage)
applied to the CS bus line and one vertical scanning period.
Thus, the vertical scanning period will be described first. In
the following description, one vertical scanning period is
supposed to be as long as one frame period for the sake of
simplicity.

[0534] One vertical scanning period V-Total of a video
signal supplied to a display device is made up of an effective
scanning period V-Disp in which video is presented and a
vertical blanking interval V-Blank in which no video is pre-
sented. The effective scanning period for presenting video is
determined by the display area (or the number of effective
pixels) of an LCD panel. On the other hand, the vertical
blanking interval is an interval for signal processing, and
therefore, is not always constant but changes from one manu-
facturer of TV receivers to another. For instance, if the display
area has 768 rows of pixels (in an XGA), the effective scan-
ning period is fixed at 768xone horizontal scanning period
(H) (which will be identified herein by “768 H”). However, in
one case, one vertical blanking interval may be 35 H and one
vertical scanning period V-Total may be 803 H. In another
case, one vertical blanking interval may be 36 H and one
vertical scanning period V-Total may be 804 H. Furthermore,
the length of one vertical blanking interval may even alternate
between an odd number and an even number (e.g., 803 H and
804 H) every vertical scanning period.

[0535] The CS voltage oscillates within its amplitude dur-
ing one frame period (=one vertical blanking interval+one
effective scanning period). However, since one vertical
blanking interval does not have a fixed length, the next frame
period may sometimes begin before one cycle of oscillation is
complete. That is why the CS voltage may have a disturbed
period of oscillation in the transition period between signal
processing of the first frame and that of the second frame. For
example, in both the Type I arrangement shown in FIG. 33A
and the Type II arrangement shown in FIG. 33B, the CS
voltage waveform has a disturbed period in the transition
between the first and second frames. When this phenomenon
was observed on video, it was discovered that bright rows of
pixels and dark rows of pixels alternated with each other
periodically to debase the display quality significantly. For
example, as shown in FIG. 34, dark and bright states may
alternate every five rows of pixels (i.e., every ten CS bus lines
or every CS trunks of ten phases). On the other hand, in the
Type 1I liquid crystal display device shown in FIG. 38, dark
and bright states may alternate every ten rows of pixels.
[0536] This phenomenon will be described in further detail.
[0537] Suppose a liquid crystal display device has one ver-
tical scanning period V-Total of 803 H, one effective scanning
period V-Disp of 768 H, one vertical blanking interval
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V-Blank of 35 H, ten types of CS voltages (which will be
sometimes referred to herein as “CS voltages of ten phases”)
that switch between a first voltage level (which is High level
in this example) and a second voltage level (which is Low
level in this example), and has its frame polarity inverted by 1
H dot inversion technique. FIGS. 35A and 35B show an
equivalent circuit of this liquid crystal display device with a
pattern of connections to CS trunks. Also, FIG. 36 shows the
timing relation between the CS voltages and the gate voltages
(i.e., voltages on gate bus lines; which will also be referred to
herein as “gate signals”).

[0538] The connection pattern shown in FIGS. 35A and
35B corresponds to the Typel-1 arrangement shown in FIG.
31(a). In this pattern, the subpixels 1-a-A, 1-5-A, 1-c-A, etc.
on the first row of pixels and the subpixels 6-a-A, 6-b-A,
6-c-A, etc. on the sixth row of pixels are connected to the CS
trunk CS1. The subpixels 1-a-B, 1-56-B, 1-¢-B, etc. on the first
row of pixels and the subpixels 6-a-B, 6-6-B, 6-c-B, etc. on
the sixth row of pixels are connected to the CS trunk CS2. The
subpixels 2-a-A, 2-b-A, 2-c-A, etc. on the second row of
pixels and the subpixels 7-a-A, 7-b-A, 7-c-A, etc. on the
seventh row of pixels are connected to the CS trunk CS3.
[0539] As shown in FIG. 36, after data has been written on
the first row of pixels to turn OFF the TFTs that are connected
to the gate bus line associated with the first row of pixels, the
CS voltage changes its voltage levels for the first time (i.e.,
rises from the second voltage level to the first voltage level in
this example). After that, the CS voltage will switch its levels
between the first and second voltage levels every 5 H period
(i.e., one period of oscillation is 10 H and the duty ratio is one
to one). In the same way, after the TFTs connected to a gate
bus line that is associated with the second, third or any other
row of pixels have been turned OFF, their associated CS
voltage will rise or fall and then the first and second voltage
levels will switch every 5 H period.

[0540] Ifthe first switch of CS voltages after (e.g., 1 Hafter)
the TFTs have been turned OFF in one frame is a rise from the
second voltage level to the first voltage level, then the polarity
will invert in the next frame (which is called “frame inversion
drive”). Thus, in the latter frame, the first switch of CS volt-
ages at the same timing as in the former frame, i.e., after (e.g.,
1 H after) the TFTs have been turned OFF, will be a fall from
the first voltage level to the second voltage level. The CS
voltages switch between the first and second voltage levels
every 5 H period. That is why supposing the first voltage level
5 H+the second voltage level 5 H=10 H is one period, V-To-
tal=803 H is 80 periods plus 3 H. And if the first switch of the
CS voltages in one frame is a rise from the second voltage
level to the first voltage level, then the last period (in 803 H
periods) will finish with the first voltage level. In the next
frame, the first voltage level should change into the second
voltage level. Thus, the first voltage level of the previous
frame changes into the second voltage level. At this time,
however, the CS voltages do not switch every 5 H but change
in the order of the second voltage level (5 H), the first voltage
level (3 H) and then the second voltage level (5 H) as shown
in FIG. 37.

[0541] In this case, the subpixels 1-a-A, 1-b-A, 1-c-A, etc.
on the first row of pixels G:001 and the subpixels 6-a-A,
6-b-A, 6-c-A, etc. on the sixth row of pixels G:006 are con-
nected to the same CS trunk CS1. As for the subpixels 1-a-A,
1-c-A, etc. on the first row of pixels, the first change of CS
voltages after the TFTs on the first row of pixels have been
turned OFF is a rise from the second voltage level to the first

Jan. 1, 2009

voltage level. As a result, those subpixels will look bright.
Meanwhile, the subpixels on the sixth row of pixels are also
connected to the same CS trunk CS1. And the first change of
CS voltages after the TFTs on the sixth row of pixels have
been turned OFF is a fall from the first voltage level to the
second voltage level. As a result, those subpixels 6-a-A, 6-c-
A, etc. on the sixth row will also be bright (see FIG. 37).
[0542] In this case, the subpixels 1-a-A, 1-c-A, etc. on the
first row of pixels will become bright subpixels by taking
advantage of the rise from the second voltage level of the
oscillating voltage of CS1 to the first voltage level thereof,
while the subpixels 6-a-A, 6-c-A, etc. on the sixth row of
pixels will also become bright subpixels by taking advantage
of the fall from the first voltage level to the second voltage
level.

[0543] Consequently, comparing the effective values of
voltages applied to the subpixels 1-a-A, 1-c-A, etc. on the first
row of pixels to those of voltages applied to the subpixels
6-a-A, 6-c-A, etc. on the sixth row of pixels in one frame (i.e.,
the areas of the hatched portions of FIG. 37) in a situation
where V-Total=803 H, it can be seen that the overall area of
the subpixels 6-a-A, 6-c-A, etc. on the sixth row of pixels is
greater than that of the subpixels 1-a-A, 1-c-A, etc. by the area
of'the portion with the darker shadow (with a width of 2 H (=5
H-3 H)). That is to say, the subpixels 6-a-A, 6-c-A, etc. have
the higher luminance.

[0544] As can be seen, even if the subpixels are connected
to the same CS trunk every five rows of pixels (i.e., 1%, 67,
117,167, 21, 26” rows and so on), the bright subpixels on
the 67, 167 and 26 rows will look brighter than the coun-
terparts on the 1%, 117 and 21 rows. The same statement
applies to every CS trunk CS1, CS3, CS5, CS7 or CS9 that is
connected to the bright subpixels. That is why when video is
viewed on this display device, the first through fifth rows of
pixels will look dark, the sixth through tenth rows of pixels
will look bright, and the eleventh through fifteenth rows of
pixels will look dark as shown in FIG. 34. That is to say, bright
and dark stripes will alternate with each other every five rows
of pixels. In the foregoing example, the bright subpixels con-
tribute more greatly to the display operation than the dark
subpixels do. That is why the bright subpixels have been
described mainly and the description of the dark subpixels is
omitted herein.

[0545] Next, another specific example will be described.
[0546] Suppose a liquid crystal display device has V-Total
of'803 H, V-Disp of 768 H, V-Blank of 35 H, CS voltages of
ten phases that switch between a first voltage level and a
second voltage level, and has its frame polarity inverted by 1
H dot inversion technique. FIGS. 39A through 39C show an
equivalent circuit of this liquid crystal display device with a
pattern of connections to CS trunks.

[0547] The connection pattern shown in FIGS. 39A
through 39C corresponds to the Typell-1 arrangement shown
in FIG. 32(a). In this pattern, the subpixels 1-a-A, 1-b-A,
1-c-A, etc. on the first row of pixels, the subpixels 11-a-B,
11-5-B, 11-¢-B, etc. on the eleventh row of pixels, and the
subpixels 12-a-A, 12-b-A, 12-c-A, etc. on the twelfth row of
pixels are connected to the CS trunk CS1. The subpixels
1-a-B, 1-6-B, 1-¢-B, etc. on the first row of pixels, the sub-
pixels 2-a-A, 2-b-A, 2-c-A, etc. on the second row of pixels,
the subpixels 10-a-B, 10-5-B, 10-¢-B, etc. on the tenth row of
pixels and the subpixels 11-a-A, 11-b-A, 11-c-A, etc. on the
eleventh row of pixels are connected to the CS trunk CS2. And
the subpixels 2-a-B, 2-6-B, 2-¢-B, etc. on the second row of



US 2009/0002585 Al

pixels, the subpixels 3-a-A, 3-b-A, 3-c-A, etc. on the third
row of pixels, the subpixels 13-a-B, 13-5-B, 13-¢-B, etc. on
the thirteenth row of pixels and the subpixels 14-a-A, 14-5-A,
14-c-A, etc. on the fourteenth row of pixels are connected to
the CS trunk CS3.

[0548] As shown in FIG. 40, after data has been written on
the first row of pixels to turn OFF the TFTs that are connected
to the gate bus line associated with the first row of pixels, the
CS voltage changes its voltage levels for the first time (i.e.,
rises from the second voltage level to the first voltage level in
this example). After that, the CS voltage will switch its levels
between the first and second voltage levels every 10 H period
(i.e., one period of oscillation is 20 H and the duty ratio is one
to one). In the same way, after the TFTs connected to a gate
bus line that is associated with the second, third or any other
row of pixels have been turned OFF, their associated CS
voltage will rise or fall and then the first and second voltage
levels will switch every 10 H period.

[0549] Ifthe first switch of CS voltages after (e.g., 2 H after)
the TFTs have been turned OFF in one frame is a rise from the
second voltage level to the first voltage level, then the polarity
will invert in the next frame (which is called “frame inversion
drive”). Thus, in the latter frame, the first switch of CS volt-
ages at the same timing as in the former frame, i.e., after (e.g.,
2 H after) the TFTs have been turned OFF, will be a fall from
the first voltage level to the second voltage level. The CS
voltages switch between the first and second voltage levels
every 10 H period. That is why supposing the first voltage
level 10 H+the second voltage level 10 H=20 H is one period,
V-Total=803 H is 40 periods plus 3 H. And if the first switch
of the CS voltages in one frame is a rise from the second
voltage level to the first voltage level, then the last period (in
803 H periods) will finish with the first voltage level. In the
next frame, the first voltage level should change into the
second voltage level. Thus, the first voltage level of the pre-
vious frame changes into the second voltage level. At this
time, however, the CS voltages do not switch every 10 H but
change in the order of the second voltage level (10 H), the first
voltage level (3 H) and then the second voltage level (10 H) as
shown in FIG. 41B.

[0550] In this case, the subpixels 1-a-A, 1-b-A, 1-c-A, etc.
onthe first row of pixels G: 001, the subpixels 11-a-B, 11-56-B,
11-¢-B, etc. on the eleventh row of pixels G:011 and the
subpixels 12-a-A, 12-b-A, 12-c-A, etc. on the twelfth row of
pixels G:012 are connected to the same CS trunk CS1 (see
FIG. 38 and FIGS. 39A through 39C). As for the subpixels
1-a-A, 1-c-A, etc. on the first row of pixels, the first change of
CS voltages after the TFTs on the first row of pixels have been
turned OFF is a rise from the second voltage level to the first
voltage level. As a result, those subpixels will look bright.
Meanwhile, the subpixels on the eleventh row of pixels and
the subpixels on the twelfth row of pixels are also connected
to the same CS trunk CS1. And the first change of CS voltages
after the TFTs on the twelfth row of pixels have been turned
OFF is a fall from the first voltage level to the second voltage
level. As a result, the subpixels 12-a-A, 12-c-A, etc. on the
twelfth row of pixels will also look bright but the subpixels
11-a-B, 11-¢-B, etc. on the eleventh row of pixels will look
dark.

[0551] In this case, the subpixels 1-a-A, 1-c-A, etc. on the
first row of pixels will become bright subpixels by taking
advantage of the rise from the second voltage level of the
oscillating voltage of CS1 to the first voltage level thereof,
while the subpixels 12-a-A, 12-¢c-A, etc. on the twelfth row of
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pixels will also become bright subpixels by taking advantage
of the fall from the first voltage level to the second voltage
level.

[0552] Consequently, comparing the effective values of
voltages applied to the subpixels 1-a-A, 1-¢c-A, etc. on the first
row of pixels to those of voltages applied to the subpixels
12-a-A, 12-c-A, etc. on the twelfth row of pixels in one frame
(i.e., the areas of the hatched portions of FIG. 41C) in a
situation where V-Total=803 H, it can be seen that the overall
area of the subpixels 12-a-A, 12-c-A, etc. on the twelfth row
ofpixels is greater than that of the subpixels 1-a-A, 1-c-A, etc.
by the area of the portion with the darker shadow (with a
width of 7 H (=10 H-3 H)). That is to say, the subpixels
12-a-A, 12-c-A, etc. have the higher luminance.

[0553] As can be seen, even if the subpixels are connected
to the same CS trunk just about every ten rows of pixels (i.e.,
15, 12 217, 3279, 41°" and 52" rows and so on), the bright
subpixels on the 127, 32"% and 52" rows will look brighter
than the counterparts on the 1%, 21* and 31** rows. The same
statement applies to every CS trunk. That is why when video
is viewed on this display device, the first through tenth rows
of pixels will look dark, the eleventh through twentieth rows
of pixels will look bright, and the twenty-first through thirti-
eth rows of pixels will look dark as shown in FIG. 38. That is
to say, bright and dark stripes will alternate with each other
every ten rows of pixels. In the foregoing example, the bright
subpixels contribute more greatly to the display operation
than the dark subpixels do. That is why the bright subpixels
have been described mainly and the description of the dark
subpixels is omitted herein.

[0554] In the example shown in FIG. 41C, the effective
value of the voltage applied to respective subpixels on the 1%,
374 5% 7% and other odd-numbered rows of pixels is different
from that of the voltage applied to their counterparts on the
274 4% 6™, 8™ and other even-numbered rows of pixels by the
luminance represented by the portions with horizontal stripes
(with a width of 1 H) in FIG. 41C. However, as this bright/
dark state transition occurs every row of pixels, the difference
is very difficult to sense on the overall screen, thus causing
almost no problem in practice.

[0555] A liquid crystal display device and its driving
method according to the preferred embodiment to be
described below can overcome these problems.

[0556] Specifically, in the liquid crystal display device of
this preferred embodiment, a CS voltage supplied through
each of multiple CS bus lines (CS trunks) has a first period (A)
with a first waveform and a second period (B) with a second
waveform within one vertical scanning period (V-Total) of an
input video signal. The sum of the first and second periods is
equal to one vertical scanning period (V-Total=A+B). The
first waveform oscillates between first and second voltage
levels in a first cycle time P, which is an integral number of
times as long as, and at least twice as long as, one horizontal
scanning period (H). And the second waveform is defined
such that the CS voltage has a predetermined effective value
every predetermined number of consecutive vertical scanning
periods, the number being equal to or smaller than 20. For
example, if 10 different types of CS voltages are supplied
through CS trunks of 10 phases, the effective value of every
CS voltage is defined to be a predetermined constant value.
[0557] As can be seen from the above-described reason
why those stripes are seen on the screen, if the connection
pattern is designed such that the storage capacitor counter
voltages on mutually different rows of pixels that are con-
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nected to the same CS trunk have a predetermined effective
value, no stripes will be produced. In this case, during an
effective scanning period (V-Disp), the CS voltage needs to
oscillate between first and second voltage levels in a constant
cycle time. In a vertical blanking interval (V-Blank) in which
no video is presented, however, the CS voltage does not have
to oscillate between first and second voltage levels in a con-
stant cycle time. But if the CS voltage has a predetermined
effective value every predetermined number of consecutive
vertical scanning periods, the number being equal to or
smaller than 20, then the image on the entire display screen
can be uniform. If the predetermined number exceeded 20,
the effects that should be achieved by setting the effective
value of the CS voltage to be a predetermined constant value
could not be achieved fully (i.e., the CS voltage would not be
averaged sufficiently with time) and stripes could be visible
on the screen.

[0558] The first period is associated with the effective scan-
ning period and the second period is associated with the
vertical blanking interval. However, the phases of these two
periods do not agree with each other and the lengths thereof
are not (and need not be) exactly equal to each other, either. As
described above, one vertical scanning period is defined
herein as an interval between a point in time when one scan
line is selected and a point in time when the next scan line is
selected. That is to say, a time period in which a gate voltage
applied to a gate bus line is high is one vertical scanning
period. On the other hand, when a predetermined amount of
time (of 0 H to 2 H, for example) passes after the TFTs
connected to the associated gate bus line have been turned
OFF, the CS signal changes from a first voltage level into a
second voltage level, or vice versa (i.e., either rises or falls),
and then repeatedly alternates between the first and second
voltage levels. That is to say, when those TFT's are turned ON,
the CS voltage already has a waveform that oscillates in a first
cycle time P . That is why its phase (represented by the start
point of one period) shifts from the start point of one vertical
scanning period accordingly. These points will be described
in detail later by way of specific examples.

[0559] The predetermined effective value of the storage
capacitor counter voltage, which becomes constant through a
predetermined number of (and 20 or less) consecutive vertical
scanning periods, may be set equal to, but does not have to be
equal to, either the average or effective value between the first
and second voltage levels of the first waveform. The prede-
termined effective value does not have to be equal to either the
average or effective value of the second waveform, either.
Also, although the first waveform is an oscillating wave, the
second waveform may or may not be an oscillating wave.
Furthermore, even if the second waveform is an oscillating
wave, its voltage levels (which will be referred to herein as
“third and fourth voltage levels™) do not have to be equal to
the first and second voltage levels of the first waveform,
either. Nevertheless, if both of the first and second waveforms
are rectangular waves that oscillate between the first and
second voltage levels and have a duty ratio of one to one, then
the driver can be simplified. The oscillating wave does not
have to be a rectangular wave but may also be a sine wave, a
triangular wave or any other wave. Furthermore, if the second
waveform is not an oscillating wave, then a waveform that has
not only the first and second voltage levels but also a fifth
voltage level, which is different from any of the first through
fourth voltage levels mentioned above, is used.
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[0560] The number of periods, through which the effective
value of the CS voltage is a predetermined constant value, is
preferably four or less. This is because the reason why the
voltages applied through the same CS trunk to the storage
capacitor counter electrodes on mutually different rows of
pixels have different effective values is that one vertical scan-
ning period is not an integral number of times as long as one
period of oscillation of the CS voltage and that the vertical
blanking interval in one vertical scanning period is not fixed
as described above. The vertical blanking interval is not fixed.
However, if there are at least four vertical scanning periods
(i.e., four frame periods), the effective value of the CS voltage
can be a predetermined constant value according to virtually
every driving method currently available. For example,
according to a driving method, one vertical blanking interval
changes its lengths every vertical scanning period (i.e., is an
odd number of times as long as one horizontal scanning
period in one vertical scanning period but is an even number
of times as long as one horizontal scanning period in the next
vertical scanning period). Even so, if there are four vertical
scanning periods, which are twice as long as one cycle time in
which the vertical blanking intervals are switched (i.e., two
vertical scanning periods), the effective value can be a prede-
termined constant value. And if one vertical blanking interval
is fixed to be either an odd number of times, or an even
number of times, as long as one horizontal scanning period,
the effective value can also be a predetermined constant value
as long as there are at least two vertical scanning periods.

[0561] One period of oscillation of the first waveform (i.e.,
the first cycle time P ) is an integral number of times as long
as, and at least twice as long as, one horizontal scanning
period (H). If the Type I arrangement, including an even
number L of electrically independent CS trunks, is adopted,
the first cycle time P, can be L times (=L-H) as long as one
horizontal scanning period. On the other hand, if the Type II
arrangement is adopted, the first cycle time P, can be 2-K-L
times as long as one horizontal scanning period, where K is a
positive integer. In this case, a part of the first cycle time at the
first voltage level is preferably as long as the other part of the
first cycle time at the second voltage level.

[0562] Suppose the rest of one vertical scanning period
other than the first period in which the CS voltage has the first
waveform (i.e., the second period in which the CS voltage has
the second waveform) is an even number of times as long as
one horizontal scanning period. If a part of the second wave-
form of the second period at the first voltage level is as long as
another part of the second waveform at the second voltage
level, then the effective value of the second waveform can be
fixed at the average between the first and second voltage
levels. This can be done no matter whether the frame inver-
sion drive is adopted or not.

[0563] If the frame inversion drive is adopted and if the
second period is an odd number of times as long as one
horizontal scanning period, a part of the second period of a
vertical scanning period at the first voltage level may be
shorter than another part of the second period at the second
voltage level by one horizontal scanning period. In that case,
if a part of the second period of the next vertical scanning
period at the first voltage level is shorter than another part of
the second period at the second voltage level by one horizon-
tal scanning period, then the second waveforms of two con-
secutive vertical scanning periods can have a constant effec-
tive value.
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[0564] Furthermore, if the frame inversion drive is adopted,
the first period may be a half-integral number of times (i.e., an
(integer+a half) number of times) as long as the first cycle
time.

[0565] For example, if the display area has a number N of
pixel rows, an effective display period (V-Disp) is N times as
long as one horizontal scanning period (if V-Disp=N-H), and
the first cycle time is identified by P, the first period (A) is
defined so as to satisfy A=[Int{(N-H-P_/2)/P }+5]-P +
M-P,, where Int(x) is an integral part of an arbitrary real
number x and M is an integer that is equal to or greater than
zZero.

[0566] Alternatively, if one vertical scanning period (V-To-
tal) is Q times as long as one horizontal scanning period (if
V-Total=Q-H) where Q is a positive integer and if the first
cycle time is identified by P, the first period (A) may be
defined so as to satisfy A=[Int{(Q-H-P,/2)/P }+¥2]P,,
where Int(x) is an integral part of an arbitrary real number X.
[0567] Still alternatively, if one vertical scanning period
(V-Total) is Q times as long as one horizontal scanning period
(if V-Total=Q-H) where Q is a positive integer and if the first
cycle time is identified by P, then the first period (A) may
also be defined so as to satisfy A=[Int{(Q-H-3-P/2)/P , } +\4]
‘P, where Int(X) is an integral part of an arbitrary real number
X.
[0568] The first period may be appropriately defined so as
to satisfy one of these three equations according to the con-
nection pattern (i.e., either Type I or Type II) of the CS bus
lines. As described above, the first cycle time P, is equal to
L-H in Type I but is equal to 2-K-L-H in Type II. That is why
depending on the number N of rows of pixels and the number
L of storage capacitor trunks in the liquid crystal display
device, the first and second periods (A) and (B) may be
determined by one of the equations described above using the
effective display period (V-Disp) and/or the vertical scanning
period (V-Total). The second period (B) can be calculated by
subtracting the first period (A) from one vertical scanning
period (V-Total).

[0569] Suppose the waveform of the CS voltage during the
second period, i.e., the second waveform, oscillates between
the third and fourth voltage levels. In that case, the average of
the third and fourth voltage levels is preferably set equal to
that of the first and second voltage levels. And it is most
preferable to set the third and fourth voltage levels equal to the
first and second voltage levels, respectively, to simplify the
circuit configuration.

[0570] Inthiscase, if B/H is an even number, the waveform
is preferably defined such that the period at the third voltage
level is as long as the period at the fourth voltage level. On the
other hand, if B/H is an odd number, a part of a vertical
scanning period at the third voltage level is preferably shorter
than another part of the period at the fourth voltage level by
one horizontal scanning period. Likewise, in the second
period of the next vertical scanning period, part of the second
period at the third voltage level is also preferably shorter than
the other part of the second period at the fourth voltage level
by one horizontal scanning period.

[0571] TheQ value (i.e., how many times one vertical scan-
ning period (V-Total) is longer than one horizontal scanning
period) can be obtained by counting the number of times the
gate voltage becomes high since the gate voltage for the gate
bus line associated with the first row (i.e., the first gate start
pulse) has been asserted and until the gate voltage for the gate
bus line associated with the first row is asserted next time. In
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this case, Q is preferably calculated on a video signal that was
supplied two frames ago. This is because if Q should be
calculated on the video signal representing the current frame
that is going to be presented, a frame memory would be
needed, thus complicating the circuit configuration and
increasing the cost excessively. Also, if Q is calculated on a
video signal that was supplied one frame ago, then the situa-
tion where even- and odd-numbered frames have different
vertical scanning periods cannot be coped with. However, if Q
is calculated on a video signal that was supplied two frames
ago, then there is no need to provide a frame memory and
almost all methods of setting a vertical scanning period can be
coped with.

[0572] Hereinafter, preferred embodiments ofaliquid crys-
tal display device and its driving method according to the
present invention will be described in further detail by way of
specific examples.

EMBODIMENT 1

[0573] First, an exemplary method for driving a Type 1
liquid crystal display device will be described with reference
to FIGS. 42A through 42D. The liquid crystal display device
of'this example may be the Typel-1 LCD shown in FIG. 31(a),
for example.

[0574] Inthis example, a video signal with a V-Total of 803
H, a V-Blank of 35 H, and a V-Disp of 768 H is received, CS
voltages of ten phases are supplied, the first waveform (in the
first period) of the CS voltage oscillates between first and
second voltage levels in an oscillation period of 10 H (which
is the first cycle time P ), and the frame inversion drive is
carried out by the 1 H dot inversion technique. FIG. 42A
shows the gate voltages supplied to a gate bus line G:001 for
the first row and a gate bus line G:766 for the 766 row, the CS
voltage and the voltage applied to pixels (only the voltage
applied to bright subpixels is shown). In FIGS. 42B to 42D,
the gate voltage is omitted and only the CS voltage and the
voltage applied to pixels are shown.

[0575] After a display signal voltage has been written on
pixels on the first row (i.e., after their associated TFTs have
been turned OFF), the CS voltage CS1 on the CS bus line CS1
that is connected to the first row of pixels changes from the
second voltage level into the first voltage level. In the follow-
ing description, a CS voltage and its associated CS trunk will
be identified by the same reference numeral. This CS voltage
CS1 has been at the second voltage level for at least 5 H when
the second voltage level changes into the first voltage level.
And once the CS voltage has changed its voltage levels, the
CS voltage will repeatedly change its levels from the first
voltage level into the second voltage level, and vice versa,
every 5 H (which corresponds to the first waveform). That is
to say, the start point of the first waveform of the CS voltage
(i.e., the start point of the first period) is set earlier than the
point in time when the TFT connected to the gate bus line for
the associated row of pixels is turned OFF by at least a half of
one cycle time of the first waveform (i.e., the first cycle time
P,). The same statement will also apply to the second through
eighth preferred embodiments to be described below.

[0576] Hereinafter, it will be described why the CS voltage
has been at the second voltage level for at least 5 H when the
CS voltage changes its levels for the first time after the TFT
has been turned OFF. In this preferred embodiment, a number
of independent CS voltages of multiple phases are used to
extend one cycle time in which the CS voltage changes its
levels (i.e., one period of oscillation) and thereby supply
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equivalent CS voltages with no waveform blunting to respec-
tive rows of pixels. To supply those equivalent CS voltages to
respective rows of pixels that are connected to the same CS
trunk, a period of time of at least 5 H (which is a half or more
as long as the first cycle time P ) is guaranteed before the CS
voltage changes its levels for the first time after the TF Ts have
been turned OFF.

[0577] The last one of the rows of effective pixels that are
connected to this CS trunk CS1 is a row of pixels to be
selected by the 766 gate bus line G:766. And once the CS
voltage changes its levels from the first voltage level into the
second voltage level after the display signal voltage has been
written on the 766" row of pixels, there is no need to change
the voltage levels every 5 H (i.e., in an oscillation period of 10
H) in the 38 H period (which is the second period or period B
in which the first and second voltage levels are allocated
equally) before the display signal voltage of the next frame
starts being written on the pixels of the 1% row again. How-
ever, to equalize the CS voltage levels of all rows of pixels
with each other, the CS voltage needs to have been at the first
voltage level for 5 H when the CS voltage changes its levels
from the first voltage level into the second voltage level after
the display signal voltage has been written on the pixels of the
first row in the next frame.

[0578] Thatis why as shownin FIG. 42, the CS voltage CS1
has been at the second voltage level for 5 H when the CS
voltage changes its levels from the second voltage level into
the first voltage level after the display signal voltage has been
written on the first row of pixels. After that, the CS voltage
CS1 will switch its levels between the first and second voltage
levels every 5 H. And after the display signal voltage has been
written on the 766" row of pixels and before the display
signal voltage of the next frame starts being written on the first
row of pixels, the CS voltage CS1 changes its levels at least
once from the second voltage level into the first voltage level.
[0579] Inthe remaining 38 H period (=803 H-765 H, which
is the second period) after the voltage levels have been
switched every 5 H for the 765 H period (which is the first
period), the second waveform, of which a part at the first
voltage level is as long as the other part at the second voltage
level, is supposed to be adopted. As for this 38 H period (i.e.,
the second period), the sum of the periods at the first voltage
level just needs to be as long as that of the periods at the
second voltage level, and the cycle time is not particularly
limited. Specifically, each of the periods at the first and sec-
ond voltage levels may be 19 H as shown in the upper portion
of FIG. 42. Alternatively, periods in which the first and second
voltage levels switch every 5 H may be combined with peri-
ods in which the first and second voltage levels switch every
H as shown in the lower portion of FIG. 42. Still alternatively,
an oscillating waveform in which these two voltage levels
alternate at an interval of less than 1 H may even be adopted.
Furthermore, a waveform with a fifth voltage level, which is
different from the first and second voltage levels, may also be
adopted.

[0580] By supplying these CS voltages, the stripes shown
in FIG. 34 can be eliminated and good display performance is
realized.

[0581] In the example illustrated in FIG. 42, V-Total=803
H. However, if V-Total=809 H (V-Blank=44 H), the second
waveform after the 765 H oscillation period (i.e., the first
period) is over may have a first voltage level period of 22 H
and a second voltage level period of 22 H.
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[0582] In this preferred embodiment, the second period is
an even number of times as long as one horizontal scanning
period H (i.e., 38 H or 44 H). Therefore, the effective value of
the second waveform of the CS voltages may be defined to be
a predetermined constant value during one vertical scanning
period (e.g., the average of the first and second voltage levels
in this example). Since the first period is 765 H and since the
effective value of the first waveform of the CS voltages is not
equal to the average of the first and second voltage levels but
is a constant value, the effective value of the CS voltages can
be a constant value in the overall vertical scanning period.
Consequently, the stripes shown in FIG. 34 are not visible on
the screen.

EMBODIMENT 2

[0583] Next, another exemplary method for driving a Type
Iliquid crystal display device will be described with reference
to FIGS. 43 and 44. The liquid crystal display device of this
example may be the Typel-1 LCD shown in FIG. 31(a), for
example.

[0584] Inthis example, a video signal with a V-Total of 804
H, a'V-Blank of 36 H, and a V-Disp of 768 H is received, CS
voltages of ten phases are supplied, the first waveform (in the
first period) of the CS voltage oscillates between first and
second voltage levels in an oscillation period of 10 H (which
is the first cycle time P ), and the frame inversion drive is
carried out by the 1 H dot inversion technique.

[0585] TheCS voltages have almost the same waveforms as
the first preferred embodiment described above. However, as
V-Total increases by 1 H, the first period remains 765 H but
the second period increases by 1 H to 39 H. If the second
period of 39 H is evenly split into two periods to be allocated
to the first and second voltage levels, respectively, then each
of those two periods becomes 19.5 H. However, as it is diffi-
cult, and would raise the price of the circuit excessively, to
allocate the 0.5 H period according to the current signal
processing technology, the 39 H period is actually split into a
19 H period and a 20 H period. In this case, if those two
periods always came up in the order of 19 H and 20 H as
shown in FIG. 43, then a number of rows of pixels that are
connected to the same CS trunk CS1 would be classified into
a group of rows of pixels that are always bright for 19 H
(including the 1%, 11%, 21 and other rows of pixels) and
another group of rows of pixels that are always bright for 20
H (including the 67, . . . 756", and 766™ rows of pixels). As
for the voltages applied to those pixels, a difference would be
made in the applied voltage in the shadowed periods, thus
causing a luminance difference and producing bright and
dark stripes such as those shown in FIG. 34.

[0586] Inthis manner, ifthe second periodis an odd number
oftimes as long as one horizontal scanning period H, then the
first and second voltage level periods are defined to be 19 H
and 20 H, respectively, for one frame and to be 19 Hand 20 H
again, respectively, for the next frame as shown in FIG. 44.
That is to say, in any pair of two consecutive frames, the first
voltage level period is set shorter than the second voltage level
period by 1 H. In that case, the 6™, . . . 756™ and 766™ rows of
pixels will be brighter than the 1°, 117, 21°? and other rows of
pixels in one frame, but the 1, 11?, 21°* and other rows of
pixels will be brighter than the 6, .. . 756™ and 766 rows of
pixels in the next frame. Consequently, in these two consecu-
tive frames, the luminance levels can be equalized with each
other on the 1%, 67, 117, 16" . . . 756" and 766™ rows of
pixels, thus eliminating the stripes.
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[0587] In this preferred embodiment, the second period is
39 H, which is an odd number of times as long as one hori-
zontal scanning period H, and therefore, it is difficult to set the
effective value of the second waveform of the CS voltages
equal to a predetermined constant value within one vertical
scanning period. That is why the effective value is set to be a
predetermined constant value every two consecutive vertical
scanning periods. Naturally, it is possible to set the effective
value equal to a constant value every more than two consecu-
tive frame periods. However, if the interval were 20 or more
frame periods, then the effect of equalizing the effective val-
ues could not be achieved fully. For that reason, the effective
value is preferably made constant in as short an interval as
possible. Specifically, the interval is preferably four frame
periods or less. In this example, two frame periods are the
shortest and most preferable interval.

[0588] In the liquid crystal display device of the first pre-
ferred embodiment described above, the second period is an
even number of times as long as one horizontal scanning
period, and therefore, the effective value of the second wave-
form can be set equal to a predetermined constant value every
vertical scanning period. Alternatively, the effective value
may be set equal to a predetermined value every two or more
consecutive vertical scanning periods as is done in this pre-
ferred embodiment.

EMBODIMENT 3

[0589] Next, still another exemplary method for driving a
Type 1 liquid crystal display device will be described with
reference to FIGS. 45A and 45B. The liquid crystal display
device of this example may be the Typel-1 LCD shown in
FIG. 31(a), for example.

[0590] Inthis example, a video signal with a V-Total of 804
H,aV-Blank of36 H, and a V-Disp of 768 Hand a video signal
with a V-Total of 803 H, a V-Blank of 35 H, and a V-Disp of
768 H are received alternately every other frame, CS voltages
of ten phases are supplied, the first waveform (in the first
period) of the CS voltage oscillates between first and second
voltage levels in an oscillation period of 10 H (which is the
first cycle time P ), and the frame inversion drive is carried
out by the 1 H dot inversion technique.

[0591] TheCS voltages have almost the same waveforms as
the preferred embodiments described above. However, when
V-Total is 804 H, the first period is 765 H but the second
period is 39 H. If the second period is evenly split into two
periods to be allocated to the first and second voltage levels,
respectively, then each of those two periods becomes 19.5 H.
As already described for the second preferred embodiment, it
is difficult, and would raise the price of the circuit excessively,
to allocate the 0.5 H period according to the current signal
processing technology. That is why the 39 H period is actually
splitinto a 19 H period and a 20 H period. On the other hand,
when V-Total is 803 H, the first period remains the same but
the second period is 38 H. Thus, the second period can be
evenly split of two periods of 19 H each.

[0592] Inthis case, if one frame has a V-Total of 804 H, the
CS voltage in the second period (i.e., the second waveform)
has a first voltage level period of 19 H and a second voltage
level period of 20 H as shown in FIG. 45A. As V-Total=803 H
in the next frame, the second waveform has a first voltage
level period of 19 H and a second voltage level period of 19 H.
As V-Total=804 H again in the third frame, the second wave-
form has a first voltage level period of 20 H and a second
voltage level period of 19 H. And in the frame that follows,
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V-Total=803 H again, and therefore, the second waveform
has a first voltage level period of 19 H and a second voltage
level period of 19 H.

[0593] If the second period alternately becomes an even
number of times, and an odd number of times, as long as one
horizontal scanning period every vertical scanning period as
described above, the stripes can be eliminated and good dis-
play performance is realized by setting the effective value of
the second waveform of the CS voltage equal to a predeter-
mined constant value every four consecutive frame periods.
Alternatively, the effective value of the second waveform may
also be set equal to a predetermined constant value every
more than four frame periods. And the second waveform is
not limited to that waveform, either. Optionally, the second
waveform may be defined such that the first and second volt-
age levels switch every horizontal scanning period H as
shown in FIG. 45B, for example.

EMBODIMENT 4

[0594] Next, an exemplary method for driving a Type 11
liquid crystal display device will be described with reference
to FIGS. 46A through 46D. The liquid crystal display device
of this example may be the Typell-1 LCD shown in FIG.
32(a), for example.

[0595] Inthis example, a video signal with a V-Total of 804
H, a V-Blank of 36 H, and a V-Disp of 768 H is received, CS
voltages of ten phases are supplied, the first waveform (in the
first period) of the CS voltage oscillates between first and
second voltage levels in an oscillation period of 20 H (which
is the first cycle time P ), and the frame inversion drive is
carried out by the 1 H dot inversion technique.

[0596] After a display signal voltage has been written on
pixels on the first row (i.e., after their associated TFTs have
been turned OFF), the CS voltage CS1 on the CS bus line CS1
that is connected to the first row of pixels changes from the
second voltage level into the first voltage level. This CS
voltage CS1 has been at the second voltage level for at least 10
H when the second voltage level changes into the first voltage
level. And once the CS voltage has changed its voltage levels,
the CS voltage will repeatedly change its levels from the first
voltage level into the second voltage level, and vice versa,
every 10 H.

[0597] In this case, the CS voltage has been at the second
voltage level for at least 10 H (i.e., for at least a half of one
oscillation period) when the CS voltage changes its voltage
levels in order to supply equivalent CS voltages to the respec-
tive rows of pixels that are connected to the same CS trunk as
already described for the first preferred embodiment.

[0598] The last one of the rows of effective pixels that are
connected to this CS trunk CS1 is a row of pixels to be
selected by the 761° gate bus line G:761. And once the CS
voltage changes its levels from the second voltage level into
the first voltage level after the display signal voltage has been
written on the 761°* row of pixels, there is no need to change
the voltage levels every 10 H (i.e., in an oscillation period of
20 H) in the remaining 44 H period (i.e., the second period)
before the display signal voltage ofthe next frame starts being
written on the pixels of the 1 row again. However, to equalize
the CS voltage levels of all rows of pixels with each other, the
CS voltage needs to have been at the first voltage level for 10
H when the CS voltage changes its levels from the first volt-
age level into the second voltage level after the display signal
voltage has been written on the pixels of the first row in the
next frame.
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[0599] That is why as shown in FIG. 46A, the CS voltage
CS1 has been at the second voltage level for 10 H when the CS
voltage changes its levels from the second voltage level into
the first voltage level after the display signal voltage has been
written on the first row of pixels. After that, the CS voltage
CS1 will switch its levels between the first and second voltage
levels every 10 H. And after the display signal voltage has
been written on the 761 row of pixels and before the display
signal voltage of the next frame starts being written on the first
row of pixels, the CS voltage CS1 changes its levels at least
once from the second voltage level into the first voltage level.
[0600] Inthe remaining 34 H period (=804 H-770 H, which
is the second period) after the voltage levels have been
switched every 10 H for the 770 H period (which is the first
period), the second waveform, of which a part at the first
voltage level is as long as the other part at the second voltage
level, is supposed to be adopted. As for this 34 H period (i.e.,
the second period), the sum of the periods at the first voltage
level just needs to be as long as that of the periods at the
second voltage level, and the cycle time is not particularly
limited. Specifically, each of the periods at the first and sec-
ond voltage levels may be 17 H as shown in FIG. 46A.
Alternatively, the first and second voltage levels may switch
every H as shown in FIG. 46C. Still alternatively, an oscillat-
ing waveform in which these two voltage levels alternate atan
interval of less than 1 H may even be adopted. Furthermore, a
waveform with a fifth voltage level, which is different from
the first and second voltage levels, may also be adopted as
shown in FIG. 46D.

[0601] By supplying these CS voltages, the stripes shown
in FIG. 38 can be eliminated and good display performance is
realized.

[0602] In the examples illustrated in FIGS. 46A through
46D, V-Total=804 H. However, if V-Total=810 H
(V-Blank=40 H), the second waveform after the 770 H oscil-
lation period (i.e., the first period) is over may have a first
voltage level period of 20 H and a second voltage level period
of 20 H.

[0603] In this preferred embodiment, the second period is
an even number of times as long as one horizontal scanning
period H as in the liquid crystal display device of the first
preferred embodiment described above. Therefore, the effec-
tive value of the second waveform of the CS voltages may be
defined to be a predetermined constant value during one
vertical scanning period (e.g., the average of the first and
second voltage levels in this example). Also, the first period is
770 H and the effective value of the first waveform of the CS
voltages may be equal to the average of the first and second
voltage levels, too.

EMBODIMENT 5

[0604] Next, another exemplary method for driving a Type
1T liquid crystal display device will be described with refer-
ence to FIGS. 47A through 47D and FIG. 48. The liquid
crystal display device of this example may be the Typell-1
LCD shown in FIG. 32(a), for example.

[0605] Inthis example, a video signal with a V-Total of 803
H, a V-Blank of 35 H, and a V-Disp of 768 H is received, CS
voltages of ten phases are supplied, the first waveform (in the
first period) of the CS voltage oscillates between first and
second voltage levels in an oscillation period of 20 H (which
is the first cycle time P,), and the frame inversion drive is
carried out by the 1 H dot inversion technique.
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[0606] TheCS voltages have almost the same waveforms as
the fourth preferred embodiment described above. However,
as V-Total decreases by 1 H, the first period remains 770 H but
the second period decreases by 1 H to 33 H. If the second
period of 33 H is evenly split into two periods to be allocated
to the first and second voltage levels, respectively, then each
of those two periods becomes 16.5 H. However, as it is diffi-
cult, and would raise the price of the circuit excessively, to
allocate the 0.5 H period according to the current signal
processing technology, the 33 H period is actually split into a
17 H period and a 16 H period. In this case, if those two
periods always came up in the order of 16 H and 17 H as
shown in FIG. 47B, then a number of rows of pixels that are
connected to the same CS trunk CS1 would be classified into
a group of rows of pixels that are always bright for 16 H
(including the 1%, 21%, 41°" and other rows of pixels) and
another group of rows of pixels that are always bright for 17
H (including the 12, 32"%, 52"% and other rows of pixels). As
for the voltages applied to those pixels, a difference would be
made in the applied voltage in the shadowed periods, thus
causing a luminance difference and producing bright and
dark stripes such as those shown in FIG. 38. In this case, there
is also a difference in applied voltage between the 1%, 377, 5
7% and 97 rows of pixels and the 2%, 47 6”8 and 10? rows
ofpixels as indicated by the horizontal stripes (with a width of
1 H) in FIG. 47C. However, as the bright and dark states
alternate every row of pixels, the display quality is hardly
affected. On the other hand, the even split of the second period
into the first and second voltage level periods occurs every 10
rows of pixels, thus producing quite visible unevenness in
brightness on the screen.

[0607] Therefore, ifthe second period to be evenly splitinto
the first and second voltage level periods is an odd number of
times as long as one horizontal scanning period H, then the
first and second voltage level periods are defined to be 16 H
and 17 H, respectively, for one frame and to be 16 Hand 17 H
again, respectively, for the next frame as shown in FIG. 48.
That is to say, in any pair of two consecutive frames, the first
voltage level period is set shorter than the second voltage level
period by 1 H. In that case, the 12 3279 5274 and other rows
of pixels will be brighter than the 1%, 21%%, 41°* and other rows
of pixels in one frame, but the 1%, 21*, 41** and other rows of
pixels will be brighter than the 127, 3279, 52" and other rows
of pixels in the next frame. Consequently, in these two con-
secutive frames, the luminance levels can be equalized with
each other on the 1%, 127, 215,327, 41%, 52"¢ and other rows
of pixels, thus eliminating the stripes. Optionally, the second
waveform may be defined such that the first and second volt-
age levels switch every horizontal scanning period H as
shown in FIG. 47D.

[0608] In this preferred embodiment, the second period is
33 H, which is an odd number of times as long as one hori-
zontal scanning period H, and therefore, itis difficult to set the
effective value of the second waveform of the CS voltages
equal to a predetermined constant value within one vertical
scanning period. That is why the effective value is set to be a
predetermined constant value every two consecutive vertical
scanning periods. Naturally, it is possible to set the effective
value equal to a constant value every more than two consecu-
tive frame periods. However, if the interval were 20 or more
frame periods, then the effect of equalizing the effective val-
ues could not be achieved fully. For that reason, the effective
value is preferably made constant in as short an interval as
possible. Specifically, the interval is preferably four frame
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periods or less. In this example, two frame periods are the
shortest and most preferable interval.

[0609] In the liquid crystal display device of the fourth
preferred embodiment described above, the second period is
an even number of times as long as one horizontal scanning
period, and therefore, the effective value of the second wave-
form can be set equal to a predetermined constant value every
vertical scanning period. Alternatively, the effective value
may be set equal to a predetermined value every two or more
consecutive vertical scanning periods as is done in this pre-
ferred embodiment.

EMBODIMENT 6

[0610] Next, still another exemplary method for driving a
Type 1I liquid crystal display device will be described with
reference to FIGS. 49A through 49D. The liquid crystal dis-
play device of this example may be the Typell-1 LCD shown
in FIG. 32(a), for example.

[0611] Inthis example, a video signal with a V-Total of 804
H,aV-Blank of36 H, and aV-Disp of 768 Hand a video signal
with a V-Total of 803 H, a V-Blank of 35 H, and a V-Disp of
768 H are received alternately every other frame, CS voltages
of ten phases are supplied, the first waveform (in the first
period) of the CS voltage oscillates between first and second
voltage levels in an oscillation period of 20 H (which is the
first cycle time P ), and the frame inversion drive is carried
out by the 1 H dot inversion technique.

[0612] TheCS voltages have almost the same waveforms as
the fourth and fifth preferred embodiments described above.
[0613] However, when V-Total is 804 H, the first period is
770 H and the second period is 34 H. Thus, the second period
may be evenly split into first and second voltage level periods
of 17 H each. On the other hand, when V-Total is 803 H, the
first period remains 770 H but the second period is 33 H. If the
second period is evenly split into two periods to be allocated
to the first and second voltage levels, respectively, then each
of those two periods becomes 16.5 H. As it is difficult, and
would raise the price of the circuit excessively, to allocate the
0.5 H period according to the current signal processing tech-
nology, the 33 H period is actually splitinto a 17 H period and
a 16 H period.

[0614] Inthis case, if one frame has a V-Total of 804 H, the
CS voltage in the second period (i.e., the second waveform)
has a first voltage level period of 17 H and a second voltage
level period of 17 H as shown in FIG. 49A. As V-Total=803 H
in the next frame, the second waveform has a first voltage
level period of 16 H and a second voltage level period of 17 H
as shown in FIG. 49A. As V-Total=804 H again in the third
frame, the second waveform has a first voltage level period of
17 H and a second voltage level period of 17 H. And in the
frame that follows, V-Total=803 H again, and therefore, the
second waveform has a first voltage level period of 17 H and
a second voltage level period of 16 H as shown in FIG. 49B.
[0615] In FIGS. 49A and 49B, there is also a difference in
applied voltage between the 1%, 3%, 5%, 7% and 9% rows of
pixels and the 27, 4% 6" 8" and 107 rows of pixels as
indicated by the horizontal stripes (with a width of 1 H).
However, as the bright and dark states alternate every row of
pixels, the display quality is hardly affected.

[0616] If the second period alternately becomes an even
number of times, and an odd number of times, as long as one
horizontal scanning period every vertical scanning period as
described above, the stripes can be eliminated and good dis-
play performance is realized by setting the effective value of
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the second waveform of the CS voltage equal to a predeter-
mined constant value every four consecutive frame periods.
Alternatively, the effective value of the second waveform may
also be set equal to a predetermined constant value every
more than four frame periods. And the second waveform is
not limited to that waveform, either. Optionally, the second
waveform may be defined such that the first and second volt-
age levels switch every horizontal scanning period H as
shown in FIGS. 49C and 49D, for example.

EMBODIMENT 7

[0617] Next, still another exemplary method for driving a
Type 1 liquid crystal display device will be described with
reference to FIGS. 50 and 51. The liquid crystal display
device of this example may be the Typel-1 LCD shown in
FIG. 31(a), for example.

[0618] Inthe first, second and third preferred embodiments
of'the TypeIliquid crystal display device described above, the
CS voltages are supposed to have a first period with a periodic
oscillation of 765 H out of a V-Total of 803 H or 804 Hand a
second period of 38 H for the first preferred embodiment, 39
H for the second preferred embodiment, and 39 H and 38 H
that alternate frame by frame for the third preferred embodi-
ment.

[0619] However, the length of the first period is not limited
to these specific examples. Alternatively, 795 H out of a
V-Total of 803 H may be the first period in which the wave
oscillates in a cycle time of 10 H, and the remaining 8 H or 9
H period may be the second period as shown in FIG. 50.
[0620] Inthis manner, the more regular one period of oscil-
lation of the CS voltage (i.e., the longer the first period), the
more significantly the display quality and reliability can be
improved.

[0621] If the pixels form a number N of pixel rows, an
effective display period (V-Disp) is N times as long as one
horizontal scanning period (if V-Disp=N-H), and one period
of oscillation of the first waveform of the CS voltages has a
first cycle time P, then the first period (A) satisfies A=[Int{
(N-H—P_/2)/P_} +15]-P +M-P, where Int(x) is an integral
part of an arbitrary real number x and M is an integer that is
equal to or greater than zero.

[0622] Supposing N=768 and P_,=10 H, Int{(768 H-5
H)/10 H}=76. As a result, A=765 H+M-10 H.

[0623] In this case, when M=0, A=765 H. And when M=3,
A=795 H. Since the first period (A) is naturally shorter than
V-Total, M can be at most equal to three. That is why in this
example, the length of the first period may be appropriately
controlled within the range of 765 H to 795 H but is most
preferably equal to 795 H.

[0624] This CS voltage may be generated in response to a
CS timing signal that has been generated by the CS controller
shown in FIG. 51.

[0625] The liquid crystal display device 100 shown in FIG.
51 includes an LCD panel 20, a controller 30, and the CS
controller 40. The controller 30 receives a composite video
signal, including a video signal and a sync signal, from an
external device and supplies a gate start pulse GPS and a gate
clock signal GCK to the LCD panel 20 and the CS controller
40. The CS controller 40 supplies a CS timing signal to the
LCD panel 20 by performing the processing steps to be
described below. In response to the CS timing signal, the LCD
panel 20 generates a CS voltage, oscillating between prede-
termined voltage levels, based on the externally supplied
voltage.
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[0626] The CS controller 40 performs the following pro-
cessing steps.
[0627] First ofall, the CS controller 40 calculates an integer

Q, the product (Q-H) of which and one horizontal scanning
period H is equal to one vertical scanning period (V-Total) of
an input video signal. That is to say, the CS controller 40
calculates how many times one vertical scanning period is
longer than one horizontal scanning period. The Q value can
be obtained by counting the number of times the gate voltage
becomes high since the gate voltage for the gate bus line
associated with the first row (i.e., the first gate start pulse) has
been asserted and until the gate voltage for the gate bus line
associated with the first row is asserted next time. This count-
ing may be performed by a known counter, for example. In
this case, Q is preferably calculated on a video signal that was
supplied two frames ago. This is because if Q should be
calculated on the video signal representing the current frame
that is going to be presented, a frame memory would be
needed, thus complicating the circuit configuration and
increasing the cost excessively.

[0628] Next, the CS controller 40 calculates A that satisfies
A==[Int{(Q-L/2)/L}+¥]-L-H (where Int(x) is an integral
part of an arbitrary real number x). In this case, as Q=803 (or
804) and L=10 (P_=10 H), A=795 H.

[0629] Alternatively, if the number N of pixel rows on the
display area is already known (e.g., stored in a memory), then
the CS controller 40 may calculate A that satisfies A=[Int{
(N-L/2)/L}+v5]-L-H+M-L-H (where Int(x) is an integral part
of an arbitrary real number x and M is an integer that is equal
to or greater than zero) when one horizontal scanning period
is identified by H and an effective display period (V-Disp) is
N-H. It should be noted that the longest A (=795 H) is pref-
erably calculated.

[0630] The processing step of calculating A may be per-
formed by a known arithmetic and logic unit, for example. L
(and M) may be stored in a memory, for instance. M is
preferably defined such that the length A of the first period is
maximized but does not exceed V-Total. Naturally, Q,N, L, K
and M may be stored in a memory in advance. Optionally, the
calculations may also be done by means of software.

[0631] Next, B that satisfies Q-H-A=B is calculated. That
is to say, the length of the second period is figured out.
[0632] The waveform of the CS voltage during the second
period (i.e., the second waveform) is defined such that the
average (effective value) during the second period is equal to
that of the first and second voltage levels. If the second wave-
form is an oscillating wave, then the second waveform may
oscillate between third and fourth voltage levels and the aver-
age of the third and fourth voltage levels may be equal to that
of'the first and second voltage levels. However, if the third and
fourth voltage levels are equal to the first and second voltage
levels, respectively, then the circuit configuration can be sim-
plified. On the other hand, if the second waveform is not an
oscillating wave, then the circuit will be expensive but a fifth
voltage level, which is equal to the average of the first and
second voltage levels, may be used.

[0633] Also, if the second waveform is an oscillating wave
with a cycletime of 2 H or more and if B/H is an even number,
then the period at the first voltage level may be defined to be
as long as the period at the second voltage level. On the other
hand, if B/H is an odd number, the period at the first voltage
level may be shorter than the period at the second voltage
level by one horizontal scanning period in one vertical scan-
ning period. And in the second period of the next vertical
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scanning period, the period at the first voltage level may also
be shorter than the period at the third voltage level by one
horizontal scanning period. Specific examples have already
been described with respect to the first through third preferred
embodiments and this seventh preferred embodiment.

EMBODIMENT 8

[0634] Next, still another exemplary method for driving a
Type 1I liquid crystal display device will be described with
reference to FIG. 52. The liquid crystal display device of this
example may be the Typell-1 LCD shown in FIG. 32(a), for
example.

[0635] Inthe fourth, fifth and sixth preferred embodiments
of the Type II liquid crystal display device described above,
the CS voltages are supposed to have a first period with a
periodic oscillation of 770 H out of a V-Total of 804 H or 803
H and a second period of 34 H for the fourth preferred
embodiment, 33 H for the fifth preferred embodiment, and 34
H and 33 H that alternate frame by frame for the sixth pre-
ferred embodiment.

[0636] However, the length of the first period is not limited
to these specific examples. Alternatively, 790 H out of a
V-Total of 804 H may be the first period in which the wave
oscillates in a cycle time of 20 H, and the remaining 14 H or
13 H period may be the second period as shown in FIG. 52.
[0637] Inthis manner, the more regular one period of oscil-
lation of the CS voltage (i.e., the longer the first period), the
more significantly the display quality and reliability can be
improved.

[0638] If the pixels form a number N of pixel rows, an
effective display period (V-Disp) is N times as long as one
horizontal scanning period (if V-Disp=N-H), and one period
of oscillation of the first waveform of the CS voltages has a
first cycle time P, then the first period (A) satisfies A=[Int{
(N-H-P_/2)/P }+¥]-P +M-P,,, where Int(x) is an integral
part of an arbitrary real number x and M is an integer that is
equal to or greater than zero.

[0639] Supposing N=768 and P,=20 H, Int{(768 H-10
H)/20 H}=37. As a result, A=750 H+M-20 H.

[0640] In this case, when M=0, A=750 H. And when M=2,
A=790 H. Since the first period (A) is naturally shorter than
V-Total, M can be at most equal to two. That is why in this
example, the length of the first period may be appropriately
controlled within the range of 750 H to 790 H but is most
preferably equal to 790 H.

[0641] As in the seventh preferred embodiment, the CS
voltage described above may be generated in response toaCS
timing signal that has been generated by the CS controller
shown in FIG. 51.

[0642] First of all, an integer Q, the product (Q-H) of which
and one horizontal scanning period H is equal to one vertical
scanning period (V-Total) of an input video signal, is calcu-
lated.

[0643] Next, A that satisfies A=[Int{(Q-K-L)/(2-K-L)}+5]
-2-K-L-H (where Int(x) is an integral part of an arbitrary real
number x and K is a positive integer) is calculated. In this
case, as Q=804 (or 803), L=10 and K=1 (P =20 H), A=790 H.
[0644] Alternatively, if the number N of pixel rows on the
display area is already known (e.g., stored in a memory), then
A that satisfies A=[Int{(N-K-L)/(2-K-L)}+¥2]-2-K-L-H+
2-M-K-L-H (where Int(x) is an integral part of an arbitrary real
number X, K is a positive integer, and M is an integer that is
equal to or greater than zero) may be calculated when one
horizontal scanning period is identified by H and an effective
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display period (V-Disp) is N-H. It should be noted that the
longest A (=790 H) is preferably calculated.

[0645] Next, B that satisfies Q-H-A=B is calculated. That
is to say, the length of the second period is figured out.
[0646] The waveform of the CS voltage during the second
period (i.e., the second waveform) may be defined as already
described for the seventh preferred embodiment. Specific
examples have already been described with respect to the
fourth through sixth preferred embodiments and this eighth
preferred embodiment.

EMBODIMENT 9

[0647] Next, still another exemplary method for driving a
Type I liquid crystal display device will be described with
reference to FIG. 53. The liquid crystal display device of this
example may be the Typel-1 LCD shown in FIG. 31(a), for
example.

[0648] In the first through eighth preferred embodiments
described above, the start point of the first waveform (i.e., the
start point of the first period) of the CS voltage is set earlier
than the point in time when the TFT's connected to the gate bus
line of the associated row of pixels are turned OFF by at least
ahalf period of the first waveform (i.e., a half of the first cycle
time P,). This timing is adopted to supply equivalent CS
voltages to all of the rows of pixels that are connected to the
same CS trunk. However, the start point of the first waveform
of the CS voltage may also be set later than the point in time
when the TFTs connected to the gate bus line of the associated
row of pixels are turned OFF. A preferred CS voltage wave-
form in that situation will be described below.

[0649] For example, in the seventh preferred embodiment
described above, 795 H out of V-Total of 803 H is defined as
the first period and the remaining 8 H period as the second
period. In that case, that second period of the CS voltage is
evenly split into two 4 H periods to be allocated to the first and
second voltage levels, respectively. That is why if the start
point of the first period is ahead of the point in time when the
TFTs on the associated row of pixels are turned OFF by at
least a half of the first cycle time P, as shown in FIG. 50,
equivalent CS voltages can be supplied to respective rows of
pixels that are connected to the same CS trunk.

[0650] However, if the first period is started later (e.g., 1 H
later) than the point in time when the TFTs on the associated
row of pixels are turned OFF, then the voltage level of the CS
voltage that changes after the TFT's connected to Gate:001 for
the first row of pixels have been turned OFF will be main-
tained for 4 H, which is different from the other rows of
pixels. This is because the second period is evenly split into
two 4 H periods that are allocated to the first and second
voltage levels.

[0651] To overcome this problem, the liquid crystal display
device of this preferred embodiment sets those portions of the
second period allocated to the first and second voltage levels
to be equal to greater than a half of the first cycle time P, but
equal to or smaller than the first cycle time P ,.

[0652] Specifically, if V-Total=803 H, the first period may
be 785 H, the second period may be the remaining 18 H, and
that second period may be evenly split into two 9 H periods to
be allocated to the first and second voltage levels, respec-
tively, as shown in FIG. 53. If the CS voltage waveform is
defined in this manner, equivalent CS voltages can be sup-
plied to the respective rows of pixels that are connected to the
same CS trunk, no matter whether the first period of the CS
voltage is started before the associated TFTs are turned OFF
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as in the CS signal #1 shown in the upper portion of FIG. 53
(and as already described for the seventh preferred embodi-
ment) or after the associated TFTs have been turned OFF as in
the CS signal #2 shown in the lower portion of FIG. 53.
[0653] To set the second period as described above, if one
vertical scanning period (V-Total) is Q times as long as one
horizontal scanning period (i.e., if V-Total=Q-H) and if the
first cycle time is identified by P, the first period A

[0654] should satisfy: A=[Int{(Q-H-3-P_/2)/P }+¥] P,
where Int(x) is an integral part of an arbitrary real number x.
[0655] Supposing Q=803 and P_=110 H, Int{(803 H-15
H)/10 H}=78. As a result, A=785 H.

[0656] As in the seventh preferred embodiment, the CS
voltage described above may be generated in response toaCS
timing signal that has been generated by the CS controller
shown in FIG. 51.

[0657] First of all, an integer Q, the product (Q-H) of which
and one horizontal scanning period H is equal to one vertical
scanning period (V-Total) of an input video signal, is calcu-
lated.

[0658] Next, A that satisfies A=[Int{(Q-3-L/2)/L}+%]-L
(where Int(x) is an integral part of an arbitrary real number x)
is calculated. In this case, as Q=803, L=10 (P =10 H), A=785
H.

[0659] Next, B that satisfies Q-H-A=B is calculated. That
is to say, the length of the second period is figured out.
[0660] The waveform of the CS voltage during the second
period (i.e., the second waveform) may be defined as already
described for the seventh preferred embodiment. Specific
examples have already been described with respect to the first
through third preferred embodiments, the seventh preferred
embodiment and this ninth preferred embodiment. By setting
the first period of the CS voltage as long as possible and by
maintaining the respective voltage levels for P /2 to P, during
the second period as described above, equivalent CS voltages
can be supplied to the respective rows of pixels that are
connected to the same CS trunk, no matter whether the first
period of the CS voltage is started before or after the associ-
ated TFTs are turned OFF. As a result, a display device with
high reliability can be provided without debasing the display

quality.
EMBODIMENT 10

[0661] Next, still another exemplary method for driving a
Type 11 liquid crystal display device will be described with
reference to FIG. 54. The liquid crystal display device of this
example may be the Typell-1 LCD shown in FIG. 32(a), for
example.

[0662] In the liquid crystal display device of the eighth
preferred embodiment described above, 790 H out of V-Total
of'804 H is defined as the first period and the remaining 14 H
period as the second period. In that case, that second period of
the CS voltage is evenly split into two 7 H periods to be
allocated to the first and second voltage levels, respectively.
That is why if the start point of the first period is ahead of the
point in time when the TFTs on the associated row of pixels
are turned OFF by at least a half of the first cycle time P, as
shown in FIG. 52, equivalent CS voltages can be supplied to
respective rows of pixels that are connected to the same CS
trunk.

[0663] However, if the first period is started later (e.g., 1 H
later) than the point in time when the TFTs on the associated
row of pixels are turned OFF, then the voltage level of the CS
voltage that changes after the TFTs connected to Gate:001 for
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the first row of pixels have been turned OFF will be main-
tained for 7 H, which is different from the other rows of
pixels. This is because the second period is evenly split into
two 7 H periods that are allocated to the first and second
voltage levels.

[0664] To overcome this problem, the liquid crystal display
device of this preferred embodiment sets those portions of the
second period allocated to the first and second voltage levels
to be equal to greater than a half of the first cycle time P, but
equal to or smaller than the first cycle time P ,.

[0665] Specifically, if V-Total=824 H, the first period may
be 790 H, the second period may be the remaining 34 H, and
that second period may be evenly split into two 17 H periods
to be allocated to the first and second voltage levels, respec-
tively, as shown in FIG. 54. If the CS voltage waveform is
defined in this manner, equivalent CS voltages can be sup-
plied to the respective rows of pixels that are connected to the
same CS trunk, no matter whether the first period of the CS
voltage is started before the associated TFTs are turned OFF
as in the CS signal #1 shown in the upper portion of FIG. 54
(and as already described for the eighth preferred embodi-
ment) or after the associated TF'Ts have been turned OFF as in
the CS signal #2 shown in the lower portion of FIG. 54.
[0666] To set the second period as described above, if one
vertical scanning period (V-Total) is Q times as long as one
horizontal scanning period (i.e., if V-Total=Q-H) and if the
first cycle time is identified by P, the first period A should
satisfy: A=[Int{(Q-H-3-P_/2)/P_}+5]-P_, where Int(x) is an
integral part of an arbitrary real number x.

[0667] Supposing Q=824 and P,=20 H, Int{(824 H-30
H)/20 H}=39. As a result, A=790 H.

[0668] As in the seventh preferred embodiment, the CS
voltage described above may be generated in response to a CS
timing signal that has been generated by the CS controller
shown in FIG. 51.

[0669] First of all, an integer Q, the product (Q-H) of which
and one horizontal scanning period H is equal to one vertical
scanning period (V-Total) of an input video signal, is calcu-
lated.

[0670] Next, A that satisfies A=[Int{(Q-3-K-L)/(2' K-L)} +
15]-2-K-L-H (where Int(x) is an integral part of an arbitrary
real number x and K is a positive integer) is calculated. In this
case, as Q=824, =10 and K=1 (P_,=20 H), A=790 H.
[0671] Next, B that satisfies Q-H-A=B is calculated. That
is to say, the length of the second period is figured out.
[0672] The waveform of the CS voltage during the second
period (i.e., the second waveform) may be defined as already
described for the eighth preferred embodiment. Specific
examples have already been described with respect to the
fourth through sixth preferred embodiments, the eighth pre-
ferred embodiment and this tenth preferred embodiment.
[0673] By setting the first period of the CS voltage as long
as possible and by maintaining the respective voltage levels
for P /2 to P, during the second period as described above,
equivalent CS voltages can be supplied to the respective rows
of pixels that are connected to the same CS trunk, no matter
whether the first period of the CS voltage is started before or
after the associated TFTs are turned OFF. As a result, a
display device with high reliability can be provided without
debasing the display quality.

[0674] In the examples described above, one vertical scan-
ning period in a liquid crystal display device (i.e., an interval
between a point in time when a scan line is selected and a
point in time when the same scan line is selected next time) is
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supposed to be equal to one vertical scanning period (i.e., a
time unit including display data for a single picture (or
frame)) of an input video signal for the display device.
[0675] Forexample,an NTSC signal is an interlaced signal,
of which a single frame consists of a field including display
data on the odd-numbered rows of a single picture (frame)
and a field including display data on the even-numbered rows
thereof. The NTSC signal has a frame frequency of 30 Hz, a
frame period of Y30 second, a field frequency of 60 Hz and a
field period of Yso second. Even when presenting pictures
based on this NTSC signal, an LCD usually adopts a non-
interlaced drive (also called a “progressive drive”) in which a
display signal is supplied to every pixel during each field
period. That is why one vertical scanning period of an input
video signal for an LCD is Y60 second, which is as long as one
field period of an NTSC signal. An input video signal for an
LCD is generated based on (e.g., by interpolating) an NTSC
signal representing each field.

[0676] A so-called “higher-speed drive” is a method for
improving the moving picture display performance of LCDs.
Specifically, this is a driving method in which a display signal
is written on each pixel of an LCD at a frequency that is k
times (where k is an integer that is equal to or greater than
two) as high as the vertical scanning frequency (which is the
inverse number of one vertical scanning period) of an input
video signal for the LCD. According to this driving method,
one vertical scanning period of the LCD is set to be k times as
short as that of the input video signal.

[0677] Hereinafter, a multi-pixel drive method that can be
used effectively in such a higher-speed drive method will be
described. In the following description, one vertical scanning
period of an LCD (that is an interval between a point in time
when a scan line is selected and a point in time when the same
scan line is selected next time) needs to be distinguished from
that of an input video signal for the LCD. For that purpose,
one vertical scanning period of an input video signal will also
be identified by V-Total as in the foregoing description but
that of an LCD by V ,-Total. Also, supposing one horizontal
scanning period of an input video signal, which is calculated
by dividing one vertical scanning period V-Total of an input
video signal by the number N of pixel rows in the display area
(e.g., N=768 in an XGA), is identified by H', one horizontal
scanning period H of an LCD being driven at a rate that is k
times as high as that of an input video signal is given by H'/k
and V p-Total=V-Total/k=N-H=N-H'/k is satisfied. That is to
say, in the drive method described above, H'=H (i.e.,
V-Total=V p-Total).

[0678] Also, an effective display period and a vertical
blanking interval that make up one vertical scanning period
V-Total of an LCD will be identified herein by V ,-Disp and
Vp-Blank, respectively. Furthermore, one vertical scanning
period V-Total of an input video signal will be referred to
herein as a “frame” and one vertical scanning period V - Total
of an LCD as a “subframe”.

[0679] Hereinafter, an example of a preferred higher-speed
drive method will be described with reference to FIG. 55.
[0680] FIG. 55 schematically shows the levels of display
luminances (which typically correspond to the effective val-
ues of display signal voltages supplied to the signal lines of an
LCD) in a situation where one frame (V-Total) of an input
video signal is Veo seconds and where input video is displayed
at the minimum luminance (black), alow luminance, an inter-
mediate luminance, a high luminance and the maximum
luminance (white) for two consecutive frames. Specifically,
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FIG. 55(a) shows a conventional driving method, while FIG.
55(b) shows an exemplary higher-speed drive method.
[0681] As shown in FIG. 55(a), according to the normal
driving method, display signal voltages are applied such that
a display luminance corresponding to the luminance of an
input video signal is obtained in each frame. On the other
hand, according to the higher-speed drive method shown in
FIG. 55(b), each frame is divided into two subframes (with a
duration of V20 seconds), a display signal voltage is applied
one subframe after another, and the display luminance is
controlled on a subframe-by-subframe basis. In the conven-
tional driving method, one frame (V-Total) corresponds to
one vertical scanning period (V p-Total) of an LCD. On the
other hand, in the higher-speed drive method described
above, one subframe (V-Total/2) corresponds to one vertical
scanning period (V p-Total) of an LCD.

[0682] In the higher-speed drive method of this example,
each pair of display luminances of two subframes in a single
frame (i.e., each pair of display signal voltages) is defined so
as to satisfy the following conditions.

[0683] The first condition is that the average of the display
luminances of two subframes should agree with the lumi-
nance of the input video signal. In the conventional driving
method shown in FIG. 55(a), the display luminance of each
frame and the luminance of the input video signal have one-
to-one correspondence. According to the higher-speed drive
method shown in FIG. 55(b), however, it is the average of the
display luminances of two subframes in each frame that cor-
responds to the luminance of the input video signal. That is to
say, the luminances are set such that the integrated value of
the display luminances of two subframes is equal to the lumi-
nance of the input video signal.

[0684] The second condition is that the display luminances
ofrespective subframes should be set such that the difference
in display luminance between two subframes in each frame
varies from one frame to another. Specifically, as is adopted in
this example, the display luminances of respective subframes
are preferably set such that the difference in display lumi-
nance between two subframes is maximized. For example, at
the low luminance and intermediate luminance shown in FIG.
55(b), the former one of two subframes has the lowest lumi-
nance (black) and the latter one has a display luminance that
is twice as high as the luminance of the input video signal. At
each of the high and maximum luminances shown in FIG.
55(b), the latter subframe has the maximum luminance, and
therefore, the difference in luminance between the frames is
represented by the display luminance value of the former
subframe. In the example shown in FIG. 55(b), the former one
of the two subframes is supposed to have a low luminance.
Conversely, the latter one of the two subframes may have a
low luminance, too. Nevertheless, the former one of two
subframes preferably has a low luminance because the disor-
dered video that would appear right after the previous sub-
frame has started to be written in a situation where the video
signal causes some disturbance due to a variation in the length
of one vertical scanning period V-Total of the input video
signal would become less sensible in that case.

[0685] In this example, one frame is supposed to be split
into two subframes. Alternatively, a single frame may be
divided into three or more subframes, too. In that case, the
second condition may be stated as follows.

[0686] Supposing one frame consists of three or more sub-
frames, the luminances may be set such that either the central
subframe of the frame or a subframe that is closest to the

Jan. 1, 2009

center has the maximum luminance and that the luminances
decrease sequentially outward from that subframe. In that
case, the display luminances of the other subframes are pref-
erably set such that the three or more subframes that form the
single frame have the maximum difference in display lumi-
nance. It should be noted that in the foregoing description, the
location of each subframe in a frame is defined on the time
axis. For example, two subframes that are located before and
after the central subframe are subframes that are anterior to,
and posterior to, that subframe on the time axis. However,
there is no need to set the display luminances of those two
subframes symmetrically with respect to the central sub-
frame.

[0687] If the display luminances of subframes are con-
trolled so as to satisfy this second condition, then a low-
luminance display state will be inserted between the frames.
That is why the quality of moving pictures displayed by a
so-called “impulse drive” technique will improve. In the prior
art, if such a low-luminance display state (which is typically
a black display state) were inserted to carry out an impulse
drive, then the display luminance and the contrast ratio would
normally decrease. According to the driving method adopted
in this example, however, the display luminances of respec-
tive subframes are set such that the first condition described
above is satisfied, and therefore, the display luminance or the
contrast ratio never decreases. An example of a preferred
higher-speed drive method is disclosed in Japanese Patent
Application No. 2004-332509 filed by the applicant of the
present application (which corresponds to Japanese Patent
Application Laid-Open Publication No. 2005- and United
States Patent Application Publication No.
US20050162360A1), for example, the entire disclosure of
which is hereby incorporated by reference.

[0688] The display signal voltages supplied to the signal
lines of an LCD such that the display luminances schemati-
cally shown in FIG. 55() are obtained in respective sub-
frames are typically gray scale voltages corresponding to the
luminance of the input video signal but are not limited to such
voltages. Any other voltage may be applied as long as the
display luminances schematically shown in FIG. 55(b) are
obtained.

[0689] For example, if the response of liquid crystal mol-
ecules is slow, overshoot (OS) drive (which is sometimes also
called “overdrive drive”) may be carried out. The OS drive
can increase the response at half scale tones, among other
things. For instance, even if a gray scale voltage associated
with the intermediate luminance were applied to a pixel that
displays the low luminance in FIG. 55(5), the intended inter-
mediate luminance could not be reached within the frame
period (which typically has a duration of 16.7 ms) as long as
the response of liquid crystal molecules is slow. For that
reason, in view of such a response characteristic of liquid
crystal molecules, a voltage that is higher than the gray scale
voltage associated with the intermediate luminance to be
displayed is applied such that the intended intermediate lumi-
nance can be reached within the frame period. Such a driving
method in which a voltage that is higher than the gray scale
voltage associated with the luminance to be displayed is
applied such that the intended display luminance (i.e., target
luminance) can be reached within the frame period in which
the luminances have been changed is called “OS drive”. Natu-
rally, if the target luminance of the current frame is lower than
that of the previous frame, a voltage that is lower than the
voltage associated with the target luminance may be applied.
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[0690] In the OS drive method, the display signal voltage
supplied to each signal line depends not only on the lumi-
nance to display (i.e., target luminance) that is determined by
the luminance of the input video signal but also on the lumi-
nance displayed in the previous frame. That is why when the
OS drive is carried out, display signal voltages, each of which
is determined in advance by the respective luminances of the
previous and current frames, are stored in a lookup table
(LUT) and a predetermined display signal voltage is selected
from the LUT on a frame-by-frame basis. In this case, the
display signal voltage is typically set between the lowest gray
scale voltage (which is also called a “black voltage™) associ-
ated with the lowest luminance and the highest gray scale
voltage (which is also called a “white voltage™) associated
with the highest luminance. However, a voltage higher than
the highest gray scale voltage may also be used.

[0691] Ifthe OS drive and the higher-speed drive described
above are adopted in combination, the display signal voltages
applied to the previous and current subframes just need to be
defined so as to satisfy the two conditions described above
with respect to respective display signal voltages that are
selected for various combinations of luminances of the pre-
vious and current frames. Those sets of display signal volt-
ages that are selected on a subframe-by-subframe basis may
also be stored in the LUT as in the example described above.
[0692] The higher-speed drive method shown in FIG. 55(b)
also satisfies the condition that the direction of the voltage
applied to the liquid crystal layer (which is typically repre-
sented by the polarity of a potential at a pixel electrode with
respect to a potential at a counter electrode) should invert one
frame after another. The signs shown in FIG. 55 indicate the
polarities of the voltages applied to the liquid crystal layer.
[0693] According to the higher-speed drive method shown
in FIG. 55(b), the two subframes of each frame may have
either the same polarity (+, +)—(~, —) or mutually different
polarities (+, =)—(-, +).

[0694] Attention should be paid to the fact that the polarity
always inverts one frame after another according to the con-
ventional drive method shown in FIG. 55(a) but the polarity
does not always invert every subframe in the higher-speed
drive method shown in FIG. 55(5). As shown in FIG. 55(5),
the polarity may not invert within a frame but may invert
between two frames. In either case, looking on a subframe
basis, the polarity remains the same in two consecutive sub-
frames and then inverts in the next subframe. A sequence of
the polarities of voltages applied to such a liquid crystal layer
(which will be referred to herein as “write polarities”) never
happened in the conventional driving method. More specifi-
cally, this sequence includes a situation where one frame (or
one vertical scanning period) of an input video signal includes
two or more subframes, the subframes of the same frame have
the same write polarity but two consecutive frames have
different sets of write polarities (e.g., (+, +)—(—, —) or (+, +,
+)—>(-, —, —)) and a situation where the subframes of the same
frame have different write polarities and two consecutive
frames also have different sets of write polarities (e.g., (+,
_)_>(_s +) or (+s ] +)_>(_s +; _))

[0695] This sequence of polarities is unique to the higher-
speed drive. Hereinafter, oscillating voltages (CS voltages)
that are preferably applied to combine the multi-pixel drive
described above with the higher-speed drive will be
described. In the following description of preferred embodi-
ments, a preferred multi-pixel drive method to combine with
a higher-speed drive in which k=2 or 3 will be described. In
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this case, the “higher-speed drive” is not limited to the
example described above but may also be applied to a drive
method in which one vertical scanning period is simply
extended by a factor of k or any other known higher-speed
drive method. Even in the higher-speed drive, if the sub-
frames of the same frame have different write polarities but if
the two consecutive frames have the same set of write polari-
ties (e.g., (+, =)—=(+, =) or (+, —, +, =)—(+, —, +, -)), one
vertical scanning period (V-Total) of the input video signal
just needs to be replaced with one vertical scanning period
(i.e., a subframe period, which is calculated by dividing V .-
Total by k) of the LCD, and the description thereof will be
omitted herein.

[0696] In a liquid crystal display device according to the
preferred embodiment to be described below, to which the
higher-speed drive method is applicable effectively, one ver-
tical scanning period (V-Total) of an input video signal is
divided into at least two subframes, in each of which a display
signal voltage is written on each pixel. Two consecutive ver-
tical scanning periods of the input video signal include a
sequence in which the display signal voltage is written at the
same polarity in two consecutive subframes and then has its
polarity inverted in the next subframe. A storage capacitor
counter voltage supplied through each storage capacitor trunk
has, in each subframe, a first waveform, oscillating in a first
cycletime P, which is an integral number of times as long as,
and at least twice as long as, one horizontal scanning period
(H), and a second waveform, defined such that the effective
value of the storage capacitor counter voltage has a predeter-
mined constant value every predetermined number of con-
secutive vertical scanning periods of the input video signal.
And between two subframes in which the polarity is inverted,
the first waveforms of the storage capacitor counter voltages
have a phase difference of 180 degrees. In one preferred
embodiment, every vertical scanning period of the input
video signal, the display signal voltage inverts its polarity and
the first waveform of the storage capacitor voltage has its
phase shifted by 180 degrees. In another preferred embodi-
ment, every vertical scanning period of the input video signal,
the display signal voltage inverts its polarity. And every sub-
frame in each vertical scanning period of the input video
signal, the display signal voltage inverts its polarity and the
first waveform of the storage capacitor counter voltage has its
phase shifted by 180 degrees.

[0697] Hereinafter, a liquid crystal display device and its
driving method according to such a preferred embodiment
that is effectively applicable to the higher-speed drive method
will be described by way of specific examples.

EMBODIMENT 11

[0698] A method for driving a Type II LCD with 768 rows
of pixels (with an XGA arrangement) will be described with
reference to FIGS. 56 A through 56C and FIGS. 57A and 57B.
FIGS. 56A through 56C schematically show the matrix
arrangement (or the connection pattern of CS bus lines) of the
Type II LCD with an XGA. In this example, 10 types (10
phases) of CS voltages CS1 through CS10 are used (where
K=1 and L=10). It should be noted that CS1 through CS10
will also be used as reference numerals to identify the CS
voltages (i.e., storage capacitor counter voltages), CS trunks
and CS bus lines as in the preferred embodiments described
above.

[0699] FIGS.57A and 57B schematically show drive wave-
forms for the LCD shown in FIGS. 56 A through 56C.
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[0700] Inthe driving method to be described below, when a
video signal, of which one vertical scanning period (or frame)
V-Total is 806 H', one effective display period V-Disp is 768
H' and one vertical blanking interval V-Blank is 38 H', is
input, one frame of the video signal is supposed to be splitinto
two subframes. In this example, V-Total=16.7 ms. Also, in the
example to be described below, the polarities of the voltages
applied to the liquid crystal layer are supposed to follow the
sequence shown in the upper row of FIG. 55(5) (in which the
polarity remains the same within a single frame, e.g., (+,
+)—(-, -)) and frame inversion is supposed to be carried out
as 1 H dot inversion. However, the sequence shown in the
lower row of FIG. 55(5) (in which two subframes within each
frame have mutually different polarities, e.g., (+, =)—(-, +))
is similarly applicable as well.

[0701] Since a video signal, one frame of which is 806 H'
(i.e., 1 H=16.7 ms/806), is written at 2x rate, one horizontal
scanning period 1 H becomes 1 H'/2 for the LCD. In this case,
the vertical scanning period, effective display period and
vertical blanking interval of the subframe SF1 are identified
by V,-Total (SF1), V,-Disp (SF1) and V-Blank (SF1),
respectively, while the vertical scanning period, effective dis-
play period and vertical blanking interval of the subframe SF2
are identified by V-Total (SF2), V,-Disp (SF2) and V-
Blank (SF2), respectively, as shown in FIGS. 57A and 57B.
[0702] Ifonevertical scanning period V ,-Total (SF1) of the
subframe SF1 is 768 H+38 H and if one vertical scanning
period V -Total (SF2) of the subframe SF2 is also 768 H+38
H, then not only 1612 H=806 H' (i.e., V-Total=V ,-Total
(SF1)+V-Total (SF2)) but also Vp-Total (SF1)=V -Total
(SF2) are satisfied. In this example, one vertical blanking
interval of 38 H' of the video signal is equally split into two
vertical blanking intervals of the two subframes of 38 H
apiece.

[0703] Inthe subframe SF1,if“+” (i.e., positive polarity) is
written on the first pixel of the first row of pixels (i.e., Gate:
001 shown in FIGS. 57A and 57B, which is one of multiple
rows of pixels connected to the gate bus line GBL_1 shown in
FIG. 56A), then the CS voltage CS1 on the CS bus line
connected to that pixel rises from the second voltage level to
the first voltage level after the TFTs on the first pixel row have
been turned OFF.

[0704] As shown in Example #1 of FIG. 57A, CS1 changes
its voltage levels every 10 H over the first 800 H period (the
first period of SF1 will be identified herein by A1) and then
has the first voltage level and the second voltage level once
apiece for two 3 H sub-periods of the remaining 6 H period
(the second period of SF1 will be identified herein by B1).
That is to say, the first waveform of the CS voltage is an
oscillating waveform with a cycle time P, of 20 H and a duty
ratio of 1:1 and the second waveform thereof is an oscillating
waveform with a cycle time of 6 H and a duty ratio of 1:1. The
length A1 (of 800 H) of the first period can be given by
Al1=Int(Q-H/P)-PA (where Q=806 in this example).

[0705] As in the subframe SF1, + is also written on the
subframe SF2. Thus, the CS voltage CS1 on the CS bus line
connected to the first pixel on the first pixel row is defined so
as to rise from the second voltage level to the first voltage
level after the TFTs on the first pixel row have been turned
OFF. In the next subframe SF1 belonging to the next frame,
the opposite polarity “~” (i.e., negative polarity) is written
(which is called “frame inversion”). That is why as shown in
Example #1, the CS voltage CS1 of the subframe SF2 oscil-
lates over the first 790 H period (the first period of SF2 will be
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identified herein by A2) and then has the first voltage level and
the second voltage level once apiece for two 8 H sub-periods
of the remaining 16 H period (the second period of SF2 will
be identified herein by B2). That is to say, the first waveform
ofthe CS voltage is an oscillating waveform with a cycle time
P, of 20 H and a duty ratio of 1:1 and the second waveform
thereof is an oscillating waveform with a cycle time of 16 H
and a duty ratio of 1:1. The length A2 (of 790 H) of the first
period can be given by A2=[Int{(Q-H-P/2)/P}+]-P,
(where Q=806 in this example). The nine other CS voltages
CS2 through CS10, except the CS voltage CS1, can be
obtained by shifting the phase of CS1 as described above.
[0706] By adopting the CS voltages such as those shown in
Example #1 of FIG. S7A, even in the higher-speed drive that
has a sequence in which two consecutive subframes have the
same polarity and then the next subframe has the inverted
polarity, the CS voltage supplied to every pixel line can have
the same effective value in each subframe. As a result, a good
image with almost no unevenness can be displayed.

[0707] Furthermore, if a CS wvoltage that satisfies
A1-A2=P /2 and B2-B1=P /2 is used, the two subframes
SF1 and SF2 can have the same length in each and every
frame. That is to say, A1+4B1=A2+B2 and V-Total (SF1)
=V -Total (SF2) are satisfied. As a result, a good image with
virtually no unevenness can be displayed.

[0708] It should be noted that the second waveform of the
CS voltage in the respective second periods B1 and B2 of the
two subframes is not limited to the example described above.
[0709] Alternatively, if the respective second periods B1
and B2 of the subframes SF1 and SF2 are 6 Hand 16 H as in
Example #1 described above, the respective second wave-
forms of the CS voltages in those second periods B1 and B2
may be oscillating waveforms in which the first and second
voltage levels switch at intervals of 0.5 H (i.e., which have an
oscillation period of 1 H) as in Example #2 shown in FIG.
57B. Still alternatively, the second waveform may even have
a period that is shorter than 1 H. For instance, as in Example
#5, the respective second waveforms of the CS voltages in
those second periods B1 and B2 may also be oscillating
waveforms in which the first and second voltage levels switch
atintervals 0of0.25 H (i.e., which have an oscillation period of
0.5 H). Ifone oscillation period of the second waveform ofthe
CS voltage is less than 1 H in this manner, the same CS
voltage can be used, no matter whether the respective second
periods B1 and B2 are an even number of times, or an odd
number of times, as long as one horizontal scanning period H.
[0710] Furthermore, in asituation where the respective sec-
ond periods B1 and B2 of the subframes SF1 and SF2 are 6 H
and 16 H, the respective second waveforms of the CS voltages
in those second periods B1 and B2 may be fixed at the average
of the first and second voltage levels, not oscillating wave-
forms, as in Example #3 shown in FIG. 57B. If the CS voltage
value during the second period is fixed in this manner, the
same CS voltage can always be used as in Example #2
described above, no matter whether the respective second
periods B1 and B2 are an even number of times, or an odd
number of times, as long as one horizontal scanning period H.
According to Example #3, however, a third voltage level
needs to be newly set besides the first and second voltage
levels, and therefore, the circuit should be more expensive
than the situation where the scheme of Example #2 is
adopted.

[0711] Furthermore, the CS voltages shown as Example #4
in FIG. 57B may also be used. In Examples #1 through #3
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described above, the first period Al of the subframe SF1 of
the CS voltage begins 8 H before the TFTs on the first row of
pixels are turned ON. In this Example #4, however, the first
period A1 of the CS voltage with a length of 780 H begins
when the TFTs on the second row of pixels are turned OFF. In
the first period A1, the first waveform of the CS voltage CS1
is an oscillating waveform with a cycle time of 20 H and a
duty ratio of 1:1. After that, there is a second period B1 with
a length of 26 H and the second waveform of the CS voltage
is an oscillating waveform with a cycle time of 26 H and a
duty ratio of 1:1. In the subframe SF2 that follows it, the first
period A2 has a length of 770 H and the first waveform is an
oscillating waveform with a cycle time of 20 H and a duty
ratio of 1:1. The second period B2 that follows it has a length
of36 H and the second waveform is an oscillating waveform
with a cycle time of 36 H and a duty ratio of 1:1.

[0712] In this Example #4, the CS voltage also satisfies
A1-A2=P 2 and B2-B1=P /2, and the two subframes SF1
and SF2 can have the same length in each and every frame. As
a result, a good image with no unevenness can be displayed.

EMBODIMENT 12

[0713] A methodfor driving a Type II LCD with 1,080 rows
ofpixels (with a Full HD arrangement) will be described with
reference to FIGS. S8 A through 58C and FIGS. 59A and 59B.
FIGS. 58A through 58C schematically show the matrix
arrangement (or the connection pattern of CS bus lines) of the
Type II LCD with a full HD. In this example, 12 types (12
phases) of CS voltages CS1 through CS12 are used (where
K=1 and L.=12).

[0714] FIGS.59A and 59B schematically show drive wave-
forms for the LCD shown in FIGS. 58 A through 58C.
[0715] Inthe driving method to be described below, when a
video signal, of which one vertical scanning period (or frame)
V-Total is 1,125 H', one effective display period V-Disp is
1,080 H' and one vertical blanking interval V-Blank is 45 H',
is input, one frame of the video signal is supposed to be split
into two subframes. In this example, V-Total=16.7 ms. Also,
in the example to be described below, the polarities of the
voltages applied to the liquid crystal layer are supposed to
follow the sequence shown in the upper row of FIG. 55(5) (in
which the polarity remains the same within a single frame,
e.g., (+, +)—(-, -)) and frame inversion is supposed to be
carried out as 1 H dot inversion.

[0716] Since a video signal, one frame of which is 1,125 H'
(i.e., 1 H'=16.7ms/1,125), is written at 2x rate, one horizontal
scanning period 1 H becomes 1 HY2 for the LCD. If one
vertical scanning period V -Total (SF2) of the subframe SF1
is 1,080 H+24 H and if one vertical scanning period V ,-Total
(SF2) of the subframe SF2 is 1,080 H+66 H, then 2250
H=1125 H' (i.e., V-Total=V .-Total (SF1)+V ,-Total (SF2)) is
satisfied. In this example, one vertical blanking interval of 45
H' of the video signal is divided into 24 H and 66 H to be
allocated to the respective vertical blanking intervals of the
subframes SF1 and SF2. The respective first periods Al and
A2 of the subframes have the same length and each first
period is as long as its associated effective display period
V-Disp (SF1) or V,-Disp (SF2). It should be noted, how-
ever, that V,-Total (SF1)=V ,-Total (SF2) is not satisfied in
this example.

[0717] In this case, the same polarity is written on both of
the subframes SF1 and SF2 and the length of 1,080 H of
V p-Disp is an integral number of times as long as one oscil-
lation period (of 24 H) of the CS voltage. That is why sup-

Jan. 1, 2009

posing the blanking interval V-Blank (SF1) between the
subframes SF1 and SF2 is n times as long as 24 H, oscillation
in which the first and second voltage levels switch at intervals
of' 12 H (i.e., in a cycle time of 24 H) just needs to be repeated,
no matter how long the second period B1 of the subframe SF1
may be. In other words, there is no need to distinguish the first
and second periods Al and B1 from each other as for the
subframe SF1. For that reason, in FIGS. 59A and 59B, the
second period B1 of the subframe SF1 is not shown but the
sum of the first and second periods of SF1 and the first period
of SF2 is shown as the “first period A1”.

[0718] In the next subframe SF1 that follows the subframe
SF2 and that belongs to the next frame, the opposite polarity
“~is written (Which is called “frame inversion”). That is why
if V-Total (SF1)=1,080 H+24 H and V ,-Total (SF1)=1,080
H+66 H, the CS voltage CS1 oscillates over the first 2,244 H
period (that is the sum of the first and second periods A1 and
B1 of SF1 and the first period A2 of SF2) and then has the first
voltage level and the second voltage level once apiece for two
3 H sub-periods of the remaining 6 H period (the second
period of SF2 will be identified herein by B2).

[0719] That is to say, the first waveform of the CS voltage
over one frame is an oscillating waveform with a cycle time
P, 0f 24 H and a duty ratio of 1:1 and the second waveform
thereof is an oscillating waveform with a cycle time of 6 H
and a duty ratio of 1:1. It should be noted that 2,244 H, which
is the sum of the periods with the first waveform (i.e., the first
and second periods A1 and B1 of SF1 and the first period A2
of SF2) can be calculated by [Int{(Q-H-P,/2)/P }+5] PA
(where Q=2,250 H).

[0720] By adopting the CS voltages such as those shown in
Example #1 of FIG. S9A, even in the higher-speed drive that
has a sequence in which two consecutive subframes have the
same polarity and then the next subframe has the inverted
polarity, the CS voltage supplied to every pixel line can have
the same effective value in each subframe. As a result, a good
image with almost no unevenness can be displayed.

[0721] Tt should be noted that the second waveform of the
CS voltage in the second period B2 is not limited to the
example described above.

[0722] For example, as in Example #2 shown in FIG. 59B,
the second waveform of the CS voltage may be an oscillating
waveform in which the first and second voltage levels switch
at intervals of 0.5 H (i.e., which have an oscillation period of
1 H). Still alternatively, the second waveform may even have
a period that is shorter than 1 H. For instance, as in Example
#5, the second waveform of the CS voltage in the second
period may also be an oscillating waveform in which the first
and second voltage levels switch at intervals of 0.25 H (i.e.,
which have an oscillation period of 0.5 H). If one oscillation
period of the second waveform of the CS voltage is less than
1 H in this manner, the same CS voltage can always be used,
no matter whether the second period is an even number of
times, or an odd number of times, as long as one horizontal
scanning period H.

[0723] Alternatively, the second waveform of the CS volt-
age in the second period B2 may be fixed at the average of the
first and second voltage levels, not an oscillating waveform,
as in Example #3 shown in FIG. 59B. If the CS voltage value
during the second period B2 is fixed in this manner, the same
CS voltage can always be used as in Example #2 described
above, no matter whether the second period B2 is an even
number of times, or an odd number of times, as long as one
horizontal scanning period H. According to Example #3,
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however, a third voltage level needs to be newly set besides
the first and second voltage levels, and therefore, the circuit
should be more expensive than the situation where the
scheme of Example #2 is adopted.

[0724] Still alternatively, the CS voltage shown as Example
#4 may also be used. In Examples #1 through #3 described
above, the first period A1 of the CS voltage begins 10 H before
the TFTs on the first row of pixels are turned ON. In this
Example #4, however, the first period Al of the CS voltage
with a length 0of 2,220 H begins when the TFTs on the second
row of pixels are turned OFF. In the first period Al, the first
waveform of the CS voltage CS1 is an oscillating waveform
with a cycle time of 24 H and a duty ratio of 1:1. After that,
there is a second period B2 with a length of 30 H and the
second waveform of the CS voltage is an oscillating wave-
form with a cycle time of 30 H and a duty ratio of 1:1.
[0725] If the same polarity is written on both of the sub-
frames SF1 and SF2 as described above, then the blanking
interval between the respective effective display periods of
the subframes SF1 and SF2 (i.e., the blanking interval of SF1)
may be split for the blanking interval of the video signal such
that the sum of the effective display period and the blanking
interval (i.e., the first and second periods Al and B1) of the
subframe SF1 is equal to P ,-n. On the other hand, if opposite
polarities are written on the subframes SF1 and SF2, then the
blanking interval between the respective effective display
periods of the subframes SF1 and SF2 (i.e., the blanking
interval of SF1) may be split such that the sum of the effective
display period and the blanking interval (i.e., the first and
second periods Al and B1) of the subframe SF1 is equal to
P (n+Y%).

EMBODIMENT 13

[0726] A method for driving a Type II LCD with 768 rows
of pixels (with an XGA arrangement) will be described with
referenceto FIGS. 60A and 60B. In this example, 10 types (10
phases) of CS voltages CS1 through CS10 are used (where
K=1 and L=10).

[0727] FIGS. 60A and 60B schematically show drive wave-
forms. In the driving method to be described below, when a
video signal, of which one vertical scanning period (or frame)
V-Total is 806 H', one effective display period V-Disp is 768
H' and one vertical blanking interval V-Blank is 38 H', is
input, one frame of'the video signal is supposed to be divided
into three subframes. In this example, the polarities of the
voltages applied to the liquid crystal layer are supposed to
follow the sequence in which the polarity remains the same
within a single frame, e.g., (+, +, +)—>(-, —, -), and frame
inversion is supposed to be carried out as 1 H dot inversion.
[0728] Since a video signal, one frame of which is 806 H'
(i.e., 1 H=16.7 ms/806), is written at 3x rate, one horizontal
scanning period 1 H becomes 1 HY3 for the LCD. If one
vertical scanning period V -Total (SF1) of the subframe SF1
is 768 H+38 H, if one vertical scanning period V p-Total (SF2)
of the subframe SF2 is also 768 H+38 H, and if one vertical
scanning period V p-Total (SF3) of the subframe SF3 is also
768 H+38 H, then not only 2,418 H=806 H' (i.e., V-Total=V .-
Total (SF1)+V p-Total (SF2)+V -Total (SF3)) but also V-
Total (SF1)=V o-Total (SF2)=V ,-Total (SF3) are satisfied as
shown in FIGS. 60A and 60B. In this example, one vertical
blanking interval of 38 H' of the video signal is equally
divided into three vertical blanking intervals of 38 H apiece
for the three subframes.
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[0729] The same polarity is written on all of the subframes
SF1, SF2 and SF3 belonging to the same frame. That is why
as in Example #1, the CS voltage CS1 changes its voltage
levels every 10 H over the first 800 H period (the first period
Al of SF1) and then has the first voltage level and the second
voltage level once apiece for two 3 H sub-periods of the
remaining 6 H period (the second period B1 of SF1). Subse-
quently, the CS voltage CS1 again changes its voltage levels
every 10 H over the next 800 H period (the first period A2 of
SF2) and then has the first voltage level and the second volt-
age level once apiece for two 3 H sub-periods of the remain-
ing 6 H period (the second period B2 of SF2).

[0730] On the other hand, opposite polarities are written on
the subframe SF3 and the next subframe SF1 belonging to a
different frame. That is why the CS voltage oscillates over the
first 790 H period (the first period A3 of SF3) and then has the
first voltage level and the second voltage level once apiece for
two 8 H sub-periods of the remaining 16 H period (the second
period B3 of SF3). That is to say, the first waveform of the CS
voltage of the subframe SF3 is an oscillating waveform with
acycletime P, of 20 H and a duty ratio of 1:1 and the second
waveform thereof is an oscillating waveform with a cycle
time of 16 H and a duty ratio of 1:1. The length A3 (of 790 H)
of the first period can be given by A3=[Int{(Q-H-P_/2)/P}+
15]-P, (where Q=806 in this example).

[0731] By adopting the CS voltages such as those shown in
Example #1 of FIG. 60A, even in a 3x drive that has a
sequence in which two consecutive subframes have the same
polarity and then the next subframe has the inverted polarity,
the CS voltage supplied to every pixel line can have the same
effective value in each subframe. As a result, a good image
with almost no unevenness can be displayed.

[0732] It should be noted that the second waveform of the
CS voltage in the respective second periods B1, B2 and B3 of
the three subframes is not limited to the example described
above.

[0733] For example, the respective second waveforms of
the CS voltages in those second periods B1, B2 and B3 may
be oscillating waveforms in which the first and second voltage
levels switch at intervals of 0.5 H (i.e., which have an oscil-
lation period of 1 H) as in Example #2 shown in FIG. 60B.
Alternatively, the second waveform may even have a period
that is shorter than 1 H. For instance, as in Example #5, the
respective second waveforms of the CS voltages in those
second periods B1, B2 and B3 may also be oscillating wave-
forms in which the first and second voltage levels switch at
intervals of 0.25 H (i.e., which have an oscillation period of
0.5 H). If one oscillation period of the second waveform of the
CS voltage is less than 1 H in this manner, the same CS
voltage can always be used, no matter whether the respective
second periods are an even number of times, or an odd num-
ber of times, as long as one horizontal scanning period H.

[0734] Still alternatively, the respective second waveforms
of'the CS voltages in those second periods B1, B2 and B3 may
be fixed at the average of the first and second voltage levels,
not oscillating waveforms, as in Example #3 shown in FIG.
60B. If the CS voltage value during the second period is fixed
in this manner, the same CS voltage can always be used as in
Example #2 described above, no matter whether the respec-
tive second periods B1, B2 and B3 are an even number of
times, or an odd number of times, as long as one horizontal
scanning period H. According to Example #3, however, a
third voltage level needs to be newly set besides the first and
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second voltage levels, and therefore, the circuit should be
more expensive than the situation where the scheme of
Example #2 is adopted.

[0735] Furthermore, the CS voltages shown as Example #4
may also be used. In Examples #1 through #3 described
above, the first period Al of the subframe SF1 of the CS
voltage begins 8 H before the TFTs on the first row of pixels
are turned ON. In this Example #4, however, the first period
Al of the CS voltage with a length of 780 H begins when the
TFTs on the second row of pixels are turned OFF. In the first
period Al, the first waveform of the CS voltage CS1 is an
oscillating waveform with a cycle time of 20 H and a duty
ratio of 1:1. After that, there is a second period B1 with a
length of 26 H and the second waveform of the CS voltage is
an oscillating waveform with a cycle time of 26 H and a duty
ratio of 1:1. The subframe SF2 that follows it has the first
period A2 having a length of 780 H (which is an oscillating
waveform with a cycle time of 20 H and a duty ratio of 1:1)
and the second period B2 having a length of 26 H (which is an
oscillating waveform with a cycle time of 26 H and a duty
ratio of 1:1). Then, the subframe SF2 is followed by the
subframe SF3. The subframe SF3 has the first period A3
having a length of 770 H (which is an oscillating waveform
with a cycle time of 20 H and a duty ratio of 1:1) and the
second period B3 having a length of 36 H (which is an
oscillating waveform with a cycle time of 36 H and a duty
ratio of 1:1). Then, the subframe SF3 is followed by the
subframe SF1.

EMBODIMENT 14

[0736] Another method for driving a Type II LCD with 768
rows of pixels (with an XGA arrangement) will be described
with reference to FIGS. 61A and 61B, which schematically
show drive waveforms. In the driving method to be described
below, when a video signal, of which one vertical scanning
period (or frame) V-Total is 806 H', one effective display
period V-Disp is 768 H' and one vertical blanking interval
V-Blank is 38 H', is input, one frame of the video signal is
supposed to be divided into three subframes. In this example,
the polarities of the voltages applied to the liquid crystal layer
are supposed to follow the sequence in which the polarity
inverts within a frame, e.g., (+, —, +)—(-, +, -), and frame
inversion is supposed to be carried out as 1 H dot inversion
(i.e., corresponding to the sequence shown on the lower row
in FIG. 55(b)).

[0737] Ifthe subframes SF1, SF2 and SF3 are written with
their polarities inverted as shown in FIGS. 61A and 61B and
if one frame is divided into V-Total (SF1) of 768 H+22 H,
Vp-Total (SF2) of 768 H+22 H and V p-Total (SF3) of 768
H+70 H, then 2,418 H=806 H' (i.e., V-Total=V ,-Total (SF1)+
V-Total (SF2)+V ,-Total (SF3)) is satisfied. In this example,
one vertical blanking interval of 38 H' of the video signal is
divided into three vertical blanking intervals of 22 H, 22 H
and 70 H for the subframes SF1, SF2 and SF3, respectively.
[0738] The subframes SF1, SF2 and SF3 are combined
together with their polarities inverted and the CS voltage has
10 phases and is Type II. That is why if part of the blanking
interval is allocated such that V -Total (SF1) and +V -Total
(SF2) are both equal to 790 H (P ,-(n+Y%)) and if the rest of the
blanking interval is allocated to the subframe SF3, then the
CS voltage has an oscillating waveform in which the first and
second levels just switch every 10 H through the first period of
the subframe SF3 (i.e., which has a cycle time of 20 H). Thus,
there is no need to consider equalizing processing in the
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boundary between the subframes SF1 and SF2 or SF2 and
SF3 and no second period has to be provided for SF1 and SF2,
either. For that reason, in FIGS. 61A and 61B, the second
period of the subframe SF1 or SF2 is shown but the sum of the
first and second periods of SF1, the first and second periods of
SF2 and the first period of SF3 is shown as the “first period
A1”.

[0739] If V-Total (SF1)=768 H+22 H, V-Total (SF2)
=768 H+22 H and V z-Total (SF3)=768 H+70 H, then the first
period Al of 2,410 H, which just oscillates every 10 H, may
be followed by a second period B3 with a length of 8 H in
which the first and second voltage levels switch every 4 H, as
in Example #1.

[0740] By adopting the CS voltages such as those shown in
Example #1 of FIG. 61A, even in the higher-speed drive that
has a sequence in which three consecutive subframes have
their polarities inverted alternately and then the next sub-
frame also has its polarity inverted, the CS voltage supplied to
every pixel line can have the same effective value in each
subframe. As a result, a good image with almost no uneven-
ness can be displayed.

[0741] 1t should be noted that the second waveform of the
CS voltage in the second period B3 is not limited to the
example described above.

[0742] For example, as in Example #2 shown in FIG. 61B,
the second waveform of the CS voltage may be an oscillating
waveform in which the first and second voltage levels switch
at intervals of 0.5 H (i.e., which have an oscillation period of
1 H). Alternatively, the second waveform may even have a
period that is shorter than 1 H. For instance, as in Example #5,
the second waveform of the CS voltage in the second period
may also be an oscillating waveform in which the first and
second voltage levels switch at intervals 0f 0.25 H (i.e., which
have an oscillation period of 0.5 H). If one oscillation period
of the second waveform of the CS voltage is less than 1 H in
this manner, the same CS voltage can always be used, no
matter whether the second period is an even number of times,
or an odd number of times, as long as one horizontal scanning
period H.

[0743] Alternatively, the second waveform of the CS volt-
age in the second period B3 may be fixed at the average of the
first and second voltage levels, not an oscillating waveform,
as in Example #3 shown in FIG. 61B. If the CS voltage value
during the second period B3 is fixed in this manner, the same
CS voltage can always be used as in Example #2 described
above, no matter whether the second period B3 is an even
number of times, or an odd number of times, as long as one
horizontal scanning period H. According to Example #3,
however, a third voltage level needs to be newly set besides
the first and second voltage levels, and therefore, the circuit
should be more expensive than the situation where the
scheme of Example #2 is adopted.

[0744] Still alternatively, the CS voltage shown as Example
#4 may also be used. In Examples #1 through #3 described
above, the first period A1 ofthe CS voltage begins 10 H before
the TFTs on the first row of pixels are turned ON. In this
Example #4, however, the first period A1 of the CS voltage
with a length of 2,390 H begins when the TFT's on the second
row of pixels are turned OFF. In the first period Al, the first
waveform of the CS voltage CS1 is an oscillating waveform
with a cycle time of 20 H and a duty ratio of 1:1. After that,
there is a second period B2 with a length of 28 H and the
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second waveform of the CS voltage is an oscillating wave-
form with a cycle time of 28 H and a duty ratio of 1:1 (i.e.,
oscillates every 14 H).

[0745] If the same polarity is written on both of the sub-
frames SF1 and SF2 (or SF2 and SF3) as described above,
then the blanking interval between the respective effective
display periods of the subframes SF1 and SF2 (or SF2 and
SF3) (i.e., the blanking interval of SF1 or SF2) may be split
for the blanking interval of the video signal such that the sum
of the effective display period and the blanking interval (i.e.,
the first and second periods Al and B1) of the subframe SF1
or SF2 is equal to P 'n. On the other hand, if opposite polari-
ties are written on the subframes SF1 and SF2 (or SF2 and
SF3), then the blanking interval between the respective effec-
tive display periods of the subframes SF1 and SF2 (or SF2 and
SF3) (i.e., the blanking interval of SF1 or SF2) may be split
such that the sum of the effective display period and the
blanking interval (i.e., the first and second periods A1 and B1)
of the subframe SF1 or SF2 is equal to P -(n+5).

[0746] Panel Division Drive Method

[0747] Hereinafter, a method for driving an LCD with its
display area divided into a plurality of areas (which will be
sometimes referred to herein as a “panel division drive
method”) will be described. Typically, the LCD is driven with
its display area divided into upper and lower areas. According
to the panel division drive method, the time for writing a
display signal voltage on each pixel can be increased by the
same number of times as that of division. For example, if the
display area is divided into two, the time can be doubled.

[0748] The advantages of the panel division drive method
over a normal driving method will be described.

[0749] FIG. 62 schematically shows respective signal tim-
ings in a situation where the multi-pixel drive is adopted in a
normal driving method with no panel division. In the upper
two portions of FIG. 62, the abscissa represents the time and
the ordinate represents the location in the row direction on the
display panel. In the middle portion of FIG. 62, the arrow
indicates how the display signal voltage is written on pixels
sequentially from the upper left corner of the display panel
toward the lower right corner thereof (i.e., writing is done
line-sequentially), and the gradient of the arrow indicates the
write rate. Also, this is an example of frame inversion in
which the polarity inverts every vertical scanning period (i.e.,
every frame) of the input video signal (input data). As can be
seen from FIG. 62, according to the normal driving method,
the transmission rate of input data is as high as the write rate
on pixels, which is why one vertical scanning period of the
input video signal is as long as that of the LCD.

[0750] Ifthe multi-pixel drive is adopted, the polarity of the
CS voltage needs to be inverted while nothing is being written
on pixels (i.e., while the scanning signal (gate signal) is OFF).
With no panel division, this condition can be satisfied by
inverting the polarity of the CS voltage at the time indicated
by the solid line within each hatched vertical scanning period
in FIG. 62.

[0751] As LCDs increase their sizes and definition, how-
ever, it has become more and more difficult to drive such
LCDs by the conventional method shown in FIG. 62. That is
why such a method for driving a display device with its
display area divided into upper and lower areas was proposed.
[0752] The method of driving with the display area divided
into upper and lower areas and its problems will be described
with reference to FIG. 63.
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[0753] According to the driving method shown in FIG. 63,
just ahalf of one frame of the received data needs to be written
within the time for receiving that frame, and therefore, the
time for writing is doubled, which is why the gradient of the
arrows in the middle portion of FIG. 63 is a half as steep as
that of the oblique lines in the upper portion of FIG. 63.
[0754] To carry out the multi-pixel drive, the CS voltage
needs to have its polarity inverted while nothing is being
written on pixels. This requirement is also satisfied by invert-
ing the polarity at the times indicated by the vertical bold lines
in the middle portion of FIG. 63.

[0755] The driving method shown in FIG. 63, however,
newly causes a different kind of problem. Specifically, if a
moving picture is presented by the driving method shown in
FIG. 63, the presented picture will look as if the picture were
split at the panel division junction (i.e., on the boundary
between the upper and lower divisions). This problem arises
because one frame data once stops being written at the panel
division junction (i.e., at the intermediate portion on the
screen).

[0756] To overcome this problem, a driving method in
which writing is not stopped at the intermediate portion on the
screen is disclosed in U.S. Pat. No. 6,229,516. However, the
present inventors discovered and confirmed via experiments
that if that driving method and the multi-pixel drive shown in
FIG. 62 or 63 were combined, a further problem would arise.
[0757] The problem is that one of the requirements of the
multi-pixel drive that the CS voltage needs to have its polarity
inverted while nothing is being written on pixels cannot be
satisfied when that combination is adopted.

[0758] This problem will be described with reference to
FIG. 64. If the polarity of the CS voltage is inverted at the
times specified by the vertical bold lines in the middle portion
of FIG. 64, then the arrows indicating writing on pixels cross
the bold lines specifying the times to invert the polarity of the
CS voltage at the encircled spots in FIG. 64. Furthermore, no
matter how much the bold lines specifying the times to invert
the polarity of the CS voltage are shifted, the bold lines cannot
be shifted without crossing the arrows indicating writing on
pixels. Consequently, that requirement of the multi-pixel
drive cannot be satisfied.

[0759] Hereinafter, a preferred embodiment of a liquid
crystal display device that can overcome such a problem and
its driving method will be described.

[0760] Just like the liquid crystal display devices of the
preferred embodiments described above, the liquid crystal
display device to be described below also includes a plurality
of electrically independent storage capacitor trunks to carry
out the multi-pixel drive. The pixels include pixels belonging
to afirstdisplay area (e.g., upper area) and pixels belonging to
a second display area (e.g., lower area). The first and second
display areas can be scanned independently of each other. The
storage capacitor trunks include a first group of storage
capacitor trunks belonging to the first display area and a
second group of storage capacitor trunks belonging to the
second display area.

[0761] In this case, the display area of a storage capacitor
trunk can be determined depending on what display area a
pixel with a subpixel, of which the storage capacitor counter
electrode is electrically connected to the storage capacitor
trunk, belongs to. It should be noted that a storage capacitor
trunk that is electrically connected to the storage capacitor
counter electrodes of multiple pixels belonging to mutually
different display areas is supposed to belong to none of the
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display areas. Optionally, a storage capacitor trunk that is
electrically connected to both pixels belonging to the first
display area and pixels belonging to the second display area
may be further included as will be described later. In that case,
among the pixels connected to the storage capacitor trunk,
only pixels on one pixel row (i.e., a pixel row located closest
to the other display area) belong to a different display area
(e.g., the first display area) and all the other pixels belong to
the same display area (e.g., the second display area). Then, the
storage capacitor trunk that is electrically connected to the
pixels belonging to the two different display areas can be
regarded as belonging to the display area to which all pixels
but those on an exceptional pixel row belong to (i.e., the
second display area).

[0762] In one preferred embodiment, a voltage applied to
an arbitrary one of the storage capacitor trunks of the first
group and a voltage applied to an arbitrary one of the storage
capacitor trunks of the second group are voltages with the
same waveform but different phases.

[0763] In another preferred embodiment, a phase differ-
ence between the waveform of the voltage applied to the
arbitrary one of the storage capacitor trunks of the first group
and that of the voltage applied to the arbitrary one of the
storage capacitor trunks of the second group is greater than
one horizontal scanning period but smaller than one vertical
scanning period (V-Total) of a video signal.

[0764] For example, as shown in FIG. 72, the storage
capacitor counter voltage supplied through each of the stor-
age capacitor trunks is generated by repeatedly combining
first and second groups of rectangular waves a number of
times. Each of those two groups of rectangular waves consists
of multiple rectangular waves that are represented by first and
second voltage levels and that have multiple cycle times. Each
of the first group of rectangular waves (WI) and the second
group of rectangular waves (WII) has a first period (WIA or
WIIA) and a second period (WIB or WIIB). In the first period
(WIA or WIIA), write scanning is performed on each pixel.
The first period (WIA or WIIA) of the storage capacitor
counter voltage supplied to the first storage capacitor trunk is
a period in which the first display area is scanned. The first
period (WIA or WIIA) of the storage capacitor counter volt-
age supplied to the second storage capacitor trunk is a period
in which the second display area is scanned. The polarity of a
display signal voltage written on the respective pixels being
scanned during the first period of the first group of rectangular
waves is different from that of a display signal voltage written
on the respective pixels being scanned during the first period
of the second group of rectangular waves. The waveform of
the second group of rectangular waves during the first period
is produced by changing the first voltage level of the wave-
form of the first group of rectangular waves during the first
period into the second voltage level thereof and the second
voltage level into the first voltage level. And a time at which
the first and second groups of rectangular waves of a first
storage capacitor counter voltage supplied through a first
storage capacitor trunk are combined together is different
from a time at which the first and second groups of rectangu-
lar waves of a second storage capacitor counter voltage sup-
plied through a second storage capacitor trunk are combined
together.

[0765] Also, as shown in FIG. 72, in an LCD, one vertical
scanning period (V-Total) of an input video signal is divided
into at least two subframes, in each of which a display signal
voltage is written on each pixel. Two consecutive vertical
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scanning periods of the input video signal include a sequence
in which the display signal voltage is written at the same
polarity in two consecutive subframes and then has its polar-
ity inverted in the next subframe. A storage capacitor counter
voltage supplied through each storage capacitor trunk has, in
each subframe, a first waveform, oscillating in a first cycle
time P, which is an integral number of times as long as, and
at least twice as long as, one horizontal scanning period (H),
and a second waveform, defined such that the effective value
of'the storage capacitor counter voltage has a predetermined
constant value every predetermined number of consecutive
vertical scanning periods of the input video signal. And
between two subframes in which the polarity is inverted, the
first waveforms of the storage capacitor counter voltages have
aphase difference of 180 degrees. If the panel division struc-
ture is adopted in such an LCD, the storage capacitor trunks
include a first storage capacitor trunk belonging to the first
display area and a second storage capacitor trunk belonging
to the second display area. And the phases of the respective
first waveforms of the first and second storage capacitor
counter voltages supplied through the first and second storage
capacitor trunks shift by 180 degrees at mutually different
times.

[0766] As described above, a time at which the first and
second groups of rectangular waves of a first storage capaci-
tor counter voltage supplied through a first storage capacitor
trunk are combined together may be different from a time at
which the first and second groups of rectangular waves of a
second storage capacitor counter voltage supplied through a
second storage capacitor trunk are combined together. Or the
phases of the respective first waveforms of the first and sec-
ond storage capacitor counter voltages supplied through the
first and second storage capacitor trunks may shift by 180
degrees at mutually different times. In that case, it will some-
times be just stated that the CS voltage has its polarity
inverted at mutually different times.

[0767] By inverting the polarity of the CS voltage at mutu-
ally different times in the respective divided display areas as
described above, the picture on the boundary between the two
split portions will never have discontinuity while a moving
picture is being presented, and one of the requirements of the
multi-pixel drive that the polarity of the CS voltage needs to
be inverted while nothing is being written on pixels can also
be satisfied.

[0768] Typically, in each display area, the first and second
groups of rectangular waves are combined together all at the
same time and the phases of the respective first waveforms of
the storage capacitor counter voltages shift by 180 degrees all
at the same time.

[0769] In one preferred embodiment, if a vertical scanning
period on the first display area is V-Total (SFU) and if a
vertical scanning period on the second display area is Vp-
Total (SFL), one vertical scanning period (V-Total) of an
input video signal satisfies V-Total=V ,-Total (SFU)=V ,-To-
tal (SFL).

[0770] In another preferred embodiment, each of the first
and second groups of rectangular waves is as long as one
vertical scanning period (V-Total) of the input video signal.
[0771] In still another preferred embodiment, one vertical
scanning period (V-Total) of the input video signal is repre-
sented as the sum of a first subframe (V p-Total (SF1)) and a
second subframe (V p-Total (SF2)). Supposing one vertical
scanning period on the first display area in the first subframe
is identified by V z-Total (SFU1), one vertical scanning period
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onthe second display area in the first subframe is identified by
Vp-Total (SFL1), one vertical scanning period on the first
display area in the second subframe is identified by V ,-Total
(SFU2), and one vertical scanning period on the second dis-
play area in the first subframe is identified by V-Total
(SFL2), V -Total (SF1)=V ,-Total (SFU1)=V .-Total (SFL1)
and V-Total (SF2)=V p-Total (SFU2)=V ,-Total (SFL2) are
satisfied, the first group of rectangular waves is as long as
V -Total (SF1) and the second group of rectangular waves is
as long as V,-Total (SF2).

[0772] Naturally, the higher-speed drive method such as
that shown in FIG. 72 does not have to be adopted.

[0773] In an alternative LCD, every vertical scanning
period (V-Total) of an input video signal has a sequence in
which the display signal voltage has its polarity inverted. A
storage capacitor counter voltage supplied through each stor-
age capacitor trunk has, in each vertical scanning period
(V-Total), a first waveform, oscillating in a first cycle time P,
which is an integral number of times as long as, and at least
twice as long as, one horizontal scanning period (H), and a
second waveform, defined such that the effective value of the
storage capacitor counter voltage has a predetermined con-
stant value every predetermined number of consecutive ver-
tical scanning periods of the input video signal. As the polar-
ity inverts, the first waveform of the storage capacitor counter
voltage has a phase difference of 180 degrees. If the panel
division structure is adopted in such an LCD, the phases of the
respective first waveforms of the first and second storage
capacitor counter voltages supplied through the first and sec-
ond storage capacitor trunks may shift by 180 degrees at
mutually different times. Even so, in a first group of storage
capacitor counter voltages supplied through the first group of
storage capacitor trunks, the phases of the respective first
waveforms preferably shift by 180 degrees all at the same
time. In a second group of storage capacitor counter voltages
supplied through the second group of storage capacitor
trunks, the phases of the respective first waveforms preferably
also shift by 180 degrees all at the same time.

[0774] Hereinafter, preferred embodiments of the panel
division drive method will be described with reference to the
accompanying drawings.

EMBODIMENT 15

[0775] The driving method shown in FIG. 65 is character-
ized by inverting the polarity of the CS voltage at mutually
different times in the upper and lower halves of the screen.
[0776] By adopting such a technique, the picture displayed
on the boundary between the upper and lower areas of an
LCD will never have discontinuity while a moving picture is
being presented, and one of the requirements of the multi-
pixel drive that the polarity of the CS voltage needs to be
inverted while nothing is being written on pixels can also be
satisfied. To split the display panel for the multi-pixel drive
into two (i.e., the upper and lower halves) in this manner, CS
bus lines also need to be classified into upper and lower
groups. In that case, the CS bus line on the centerline on the
screen needs to be included in either the upper or lower half of
the screen. That is to say, the number of CS bus lines included
in the upper half of the screen is different by one from that of
CS bus lines included in the lower half thereof.

[0777] The degree of discontinuity of a moving picture on
the junction portion on the screen, which has been pointed out
as a problem with reference to FIG. 64, depends on how long
writing is suspended on that portion. It would be ideal if
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writing were not suspended at all at the junction portion on the
screen as shown in FIG. 65. However, if the suspension lasts
for just a short time, then it may cause no visual problem in
some cases. The present inventors discovered via experi-
ments that if the suspension lasted for no longer than approxi-
mately 20% of the overall write time, no visual problem was
sensed.

[0778] Even if writing is suspended on the centerline of the
screen within an interval of such a permissible length, it is
also effective to control the CS voltage polarity inversion
timings such that the polarity of the CS voltage inverts at
mutually different times on the upper and lower halves of the
screen as shown in FIG. 66. This is because the polarity of the
CS voltage that should be inverted while writing is suspended
on the upper and lower halves of the screen can be inverted at
approximately the same time, and the drive states can be
substantially equalized with each other, on the upper and
lower halves of the screen.

EMBODIMENT 16

[0779] The driving method of the fifteenth preferred
embodiment described above is an example of a panel divi-
sion drive at an equal display rate (i.e., one period in which
data is input to the display device is as long as one period in
which the liquid crystal display device is driven). And the
effect to be achieved in that case by the panel division drive
(i.e., the time for writing on the liquid crystal display device
can be doubled compared to a normal driving method) is
taken advantage of in driving a high-definition panel with a
huge screen.

[0780] The panel division drive can also be used to drive a
liquid crystal display device at higher rates (with the drive
frequency increased). An example of applying the driving
method in which the screen is split into upper and lower
halves to a 2x drive will be described.

[0781] FIG. 67 shows an exemplary driving method in
which both the pixel write rate and the pixel polarity inversion
rate are doubled. On the other hand, FIG. 68 shows an
example in which the polarity of each pixel is inverted at an
equal rate as in the conventional method (i.e., the polarity is
inverted every frame of the input video signal) but only the
pixel write rate is doubled.

[0782] According to either of the two driving methods
shown in FIGS. 67 and 68, the CS voltage inverts its polarity
every time a pixel inverts its polarity and both the 2x drive and
the multi-pixel drive are realized at the same time.

EMBODIMENT 17

[0783] Next, an example of applying the driving method in
which the screen is split into upper and lower halves to a 3x
drive will be described.

[0784] FIG. 69 shows an exemplary driving method in
which both the pixel write rate and the pixel polarity inversion
rate are tripled. On the other hand, FIG. 70 shows an example
in which the polarity of each pixel is inverted at an equal rate
as in the conventional method (i.e., the polarity is inverted
every frame of the input video signal) but only the pixel write
rate is tripled.

[0785] According to either of the two driving methods
shown in FIGS. 69 and 70, the CS voltage inverts its polarity
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every time a pixel inverts its polarity and both the 3x drive and
the multi-pixel drive are realized at the same time.

EMBODIMENT 18

[0786] Hereinafter, a preferred embodiment for a multi-
pixel drive in which the method of driving an LCD with its
display area split into upper and lower halves and the 2x drive
are combined will be described.

[0787] A method for driving a Type II LCD with 1,080 rows
ofpixels (with a Full HD arrangement) will be described with
reference to FIGS. 71A through 71C and FIG. 72. FIGS. 71A
through 71C schematically show the matrix arrangement (or
the connection pattern of CS bus lines) of the Type 11 LCD
with a full HD. In this example, 10 types (10 phases) of CS
voltages CS1 through CS10 are used (where K=1 and L=10).
[0788] FIG. 72 schematically shows drive waveforms for
the LCD shown in FIGS. 71A through 71C.

[0789] Inthe driving method to be described below, when a
video signal, of which one vertical scanning period (or frame)
V-Total is 1,120 H', one effective display period V-Disp is
1,080 H' and one vertical blanking interval V-Blank is 40 H',
is input, one frame of the video signal is supposed to be split
into two subframes and the screen is also supposed to be split
into upper and lower halves. In this example, V-Total=16.7
ms. Also, in the example to be described below, the polarities
of'the voltages applied to the liquid crystal layer are supposed
to follow the sequence shown in the upper row of FIG. 55(5)
(in which the polarity remains the same within a single frame,
e.g., (+, +)—(-, -)) and frame inversion is supposed to be
carried out as 1 H dot inversion.

[0790] In the following description, “U” will be used as a
reference sign indicating that the member belongs to the
upper half (i.e., the upper display area) of the screen that has
been split into two, while “L” will be used as a reference sign
indicating that the member belongs to the lower half (i.e., the
lower display area) of the screen. The upper display area
includes 540 pixel rows that are connected to the 1% gate bus
line GBL_1 shown in FIG. 71A through the 5407 gate bus
line GBL_540 shown in FIG. 71B. On the other hand, the
lower display area includes 540 pixel rows that are connected
to the 541°° gate bus line GBL_541 shown in FIG. 71B
through the 1,080 gate bus line GBL_1080 shown in FIG.
71C. In FIG. 72, the upper display area is identified by G001
through G540 and the lower display area is identified by
G'001 through G'540. The pixel row connected to the 540”
gate bus line GBL,_540 shown in FIG. 71B belongs to the
upper display area and one of the two subpixels of each pixel
on that row has its storage capacitor counter electrode elec-
trically connected to the storage capacitor trunk CS9, belong-
ing to the upper display area, by way of a storage capacitor
line. However, the other subpixel of that pixel has its storage
capacitor counter electrode electrically connected to the stor-
age capacitor trunk CS1' that is electrically connected to the
storage capacitor counter electrode of another pixel belong-
ing to the lower display area.

[0791] As can be seen, in this Type II LCD, if its screen is
divided into multiple display areas, each pixel on one of the
pixel rows that belongs to one of the display areas but that is
located closest to another display area will include a subpixel
that has a storage capacitor counter electrode electrically
connected to a storage capacitor trunk belonging to its own
display area and a subpixel that has a storage capacitor
counter electrode electrically connected to a storage capacitor
trunk that is electrically connected to the storage capacitor
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counter electrode of another pixel belonging to the adjacent
display area. Such a storage capacitor trunk that is electrically
connected to the storage capacitor counter electrodes of two
pixels belonging to mutually different display areas does not
belong to any of those two display areas. However, the storage
capacitor trunk that is electrically connected to both of the
two pixels belonging to the two different display areas can be
regarded as belonging to the display area (e.g., the second
display area in this example) to which all pixels but the
exceptional pixel row G540 belong. That is to say, CS1'can be
treated as a storage capacitor trunk substantially belonging to
the lower display area.

[0792] On the other hand, in the Type I LCD, the storage
capacitor counter electrodes of two subpixels in one pixel
belonging to one display area are connected to storage capaci-
tor trunks belonging to the same display area.

[0793] As a video signal, one frame of which is 1,120 H'
(i.e., 1 H'=16.7 ms/1,120) is written at 2x rate and the LCD is
driven with its display area split into upper and lower halves,
one horizontal scanning period 1 H of the LCD becomes
equal to (1 H'/2)-2,i.e., 1 H=1 H'.

[0794] As shown in FIG. 72, one vertical scanning period
Vp-Total (SF1U), V-Total (SF2U), V p-Total (SF1L) or V-
Total (SF2L) of each of the subframes SF1U, SF2U, SF1L
and SF2L is supposed to be 540 H+20 H. That is to say, one
vertical blanking interval V-Blank of the input video signal is
split into two 20 H periods to be allocated to the two sub-
frames.

[0795] After the TFTs associated with the second row of
pixels have been turned OFF, the CS voltage of the subframe
SF1U oscillates every 10 H (i.e., in a cycle time of 20 H) over
the first period of 540 H, has the first and second voltage levels
for 6 H apiece in 12 H out of the last 20 H period (i.e., the
second period) and then oscillates every less than 1 H (e.g.,
0.5 H) for the remaining 8 H period (in a cycle time of 1 H).
By providing the period in which the CS voltage oscillates
every less than 1 H, even if the second period of the subframe
SF1U is an odd number of times as long as one horizontal
scanning period H, there is no need to perform any special
type of processing anymore.

[0796] After the TFTs associated with the second row of
pixels have been turned OFF, the CS voltage of the subframe
SF2U oscillates every 10 H (i.e., in a cycle time 0of 20 H) over
the first period of 550 H, and then oscillates every less than 1
H (e.g., 0.5 H) for the remaining 10 H second period (in a
cycle time of 1 H). By providing the period in which the CS
voltage oscillates every less than 1 H, even if the second
period of the subframe SF2U is an odd number of times as
long as one horizontal scanning period H, there is no need to
perform any special type of processing anymore. In this case,
CS1 through CS6 are irregular 10 H oscillations. Specifically,
CS1 and CS2 oscillate every 10 H over the first period of 540
H, oscillate every 0.5 H for 6 H out of the last 10 H period, and
then maintain a constant level for the remaining 4 H period.
CS3 and CS4 may also oscillate every 10 H over the first
period of 540 H, oscillate every 0.5 H for 4 H out of the last 10
H period, and then maintain a constant level for the remaining
6 H period. Instead, a 4 H period just before the voltages start
to oscillate every 0.5 H is combined with the previous 10 H
period to make it a 14 H period. CS5 and CS6 may also
oscillate every 10 H over the first period of 540 H, oscillate
every 0.5 H for 2 H out of the last 10 H period, and then
maintain a constant level for the remaining 8 H period.
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Instead, a 2 H period just before the voltages start to oscillate
every 0.5 H is combined with the previous 10 H period to
make it a 12 H period.

[0797] After the TFTs associated with the second row of
pixels have been turned OFF and 10 H before the CS voltages
are changed, the CS voltage of the subframe SF1L oscillates
every 10 H over a period of 540 H, has the first and second
voltage levels for 8 H apiecein 16 Hout of the last 20 H period
(6 H apiece for CS5' through CS8') and then oscillates every
less than 1 H (e.g., 0.5 H) for the remaining 4 H period. By
providing the period in which the CS voltage oscillates every
less than 1 H, even if the second period of the subframe SF1L
is an odd number of times as long as one horizontal scanning
period H, there is no need to perform any special type of
processing anymore.

[0798] After the TFTs associated with the second row of
pixels have been turned OFF and 10 H before the CS voltages
are changed, the CS voltage of the subframe SF2L oscillates
every 10 H over a period of 550 H, and then oscillates every
less than 1 H (e.g., 0.5 H) for the remaining 10 H period. By
providing the period in which the CS voltage oscillates every
less than 1 H, even if the second period of the subframe SF1L
is an odd number of times as long as one horizontal scanning
period H, there is no need to perform any special type of
processing anymore. In this case, CS1' and CS2' have the first
and second voltage levels for 4 H apiece in 8 H out of the last
10 H period and then oscillate every less than 1 H (e.g.,0.5 H)
for the remaining 2 H period.

[0799] By using the CS voltages shown in FIG. 72, even in
a multi-pixel drive in which the method of driving with the
display area split into the upper and lower halves and the 2x
drive are combined, the CS voltages supplied to all pixel lines
can have the same effective value in every subframe. As a
result, a quality image with no unevenness can be displayed.
Naturally, the effect of the driving method with the display
area split into the upper and lower halves and that of the 2x
drive can be achieved as well.

INDUSTRIAL APPLICABILITY

[0800] The present invention provides a large-screen or
high-definition liquid crystal display device with its display
quality improved significantly by reducing the viewing angle
dependence of the y characteristic. The liquid crystal display
device of the present invention can be used effectively for a
TV receiver with a large screen of 30 inches or more.

1. A liquid crystal display device comprising a plurality of
pixels that are arranged in columns and rows so as to form a
matrix pattern, each said pixel including a liquid crystal layer
and a plurality of electrodes for applying a voltage to the
liquid crystal layer,

wherein each said pixel includes a first subpixel and a

second subpixel, having liquid crystal layers to which
mutually different voltages are applicable, and
wherein each of the first and second subpixels includes
aliquid crystal capacitor formed by a counter electrode and
a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and
a storage capacitor formed by a storage capacitor elec-
trode that is electrically connected to the subpixel
electrode, an insulating layer, and a storage capacitor
counter electrode that is opposed to the storage
capacitor electrode with the insulating layer inter-
posed between them; and
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wherein the counter electrode is a single electrode pro-
vided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the
first and second subpixels are electrically independent
of each other, and
wherein the device further includes a plurality of electri-
cally independent storage capacitor trunks, and

wherein each said storage capacitor trunk is electrically
connected to the respective storage capacitor counter
electrodes of either the first subpixels or the second
subpixels of the pixels through storage capacitor lines,
and

wherein the pixels include pixels belonging to a first dis-

play area and pixels belonging to a second display area,

the first and second display areas being able to be

scanned independently of each other, and

wherein the storage capacitor trunks include a first stor-
age capacitor trunk belonging to the first display area
and a second storage capacitor trunk belonging to the
second display area.

2. The device of claim 1, wherein the storage capacitor
trunks further include a storage capacitor trunk that is elec-
trically connected to both the pixels belonging to the first
display area and the pixels belonging to the second display
area.

3. The device of claim 1, wherein a voltage applied to an
arbitrary one of the storage capacitor trunks of a first group
and a voltage applied to an arbitrary one of the storage capaci-
tor trunks of a second group are voltages with the same
waveform but different phases.

4. The device of claim 3, wherein a phase difference
between the waveform of the voltage applied to the arbitrary
one of the storage capacitor trunks of the first group and that
of the voltage applied to the arbitrary one of the storage
capacitor trunks of the second group is greater than one hori-
zontal scanning period but smaller than one vertical scanning
period (V-Total) of a video signal.

5. A liquid crystal display device comprising a plurality of
pixels that are arranged in columns and rows so as to form a
matrix pattern, each said pixel including a liquid crystal layer
and a plurality of electrodes for applying a voltage to the
liquid crystal layer,

wherein each said pixel includes a first subpixel and a

second subpixel, having liquid crystal layers to which
mutually different voltages are applicable, and
wherein each of the first and second subpixels includes
aliquid crystal capacitor formed by a counter electrode and
a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and
a storage capacitor formed by a storage capacitor elec-
trode that is electrically connected to the subpixel
electrode, an insulating layer, and a storage capacitor
counter electrode that is opposed to the storage
capacitor electrode with the insulating layer inter-
posed between them; and
wherein the counter electrode is a single electrode pro-
vided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the
first and second subpixels are electrically independent
of each other, and
wherein the device further includes a plurality of electri-
cally independent storage capacitor trunks, and
wherein each said storage capacitor trunk is electrically
connected to the respective storage capacitor counter



US 2009/0002585 Al

electrodes of either the first subpixels or the second
subpixels of the pixels through storage capacitor
lines, the storage capacitor counter voltage supplied
through each of the storage capacitor trunks being
generated by repeatedly combining first and second
groups of rectangular waves a number of times, each
of those two groups of rectangular waves consisting
of multiple rectangular waves that are represented by
first and second voltage levels and that have multiple
cycle times, and

wherein each of the first group of rectangular waves (W1)

and the second group of rectangular waves (WII) has a
first period (WIA or WIIA) and a second period (WIB or
WIIB), write scanning being performed on each pixel in
the first period (WIA or WIIA), and

wherein the pixels include pixels belonging to a first dis-

play area and pixels belonging to a second display area,
the first and second display areas being able to be
scanned independently of each other, and

wherein the storage capacitor trunks include a first storage

capacitor trunk belonging to the first display area and a
second storage capacitor trunk belonging to the second
display area, and

wherein the first period (WIA or WIIA) of the storage

capacitor counter voltage supplied to the first storage
capacitor trunk is a period in which the first display area
is scanned, the first period (WIA or WIIA) of the storage
capacitor counter voltage supplied to the second storage
capacitor trunk is a period in which the second display
area is scanned, and the polarity of a display signal
voltage written on the respective pixels being scanned
during the first period of the first group of rectangular
waves is different from that of a display signal voltage
written on the respective pixels being scanned during the
first period of the second group of rectangular waves,
and

wherein the waveform of the second group of rectangular

waves during the first period is produced by changing
the first voltage level of the waveform of the first group
of rectangular waves during the first period into the
second voltage level thereof and the second voltage level
into the first voltage level, and

wherein a time at which the first and second groups of

rectangular waves of a first storage capacitor counter
voltage supplied through a first storage capacitor trunk
are combined together is different from a time at which
the first and second groups of rectangular waves of a
second storage capacitor counter voltage supplied
through a second storage capacitor trunk are combined
together.

6. The device of claim 5, wherein in a first group of storage
capacitor counter voltages supplied through the first group of
storage capacitor trunks, the first and second groups of rect-
angular waves are combined together all at the same time, and
in a second group of storage capacitor counter voltages sup-
plied through the second group of storage capacitor trunks,
the first and second groups of rectangular waves are also
combined together all at the same time.

7. The device of claim 5, wherein if a vertical scanning
period on the first display area is V-Total (SFU) and if a
vertical scanning period on the second display area is V-
Total (SFL), one vertical scanning period (V-Total) of an
input video signal satisfies V-Total=V z-Total (SFU)=V - To-
tal (SFL).
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8. The device of claim 7, wherein each of the first and
second groups of rectangular waves is as long as one vertical
scanning period (V-Total) of the input video signal.

9. The device of claim 5, wherein the liquid crystal display
device presents a first subframe (V-Total (SF1)) and a sec-
ond subframe (V ,-Total (SF2)) during one vertical scanning
period (V-Total) of the input video signal, and

wherein supposing one vertical scanning period on the first
display area in the first subframe is identified by V-
Total (SFU1), one vertical scanning period on the sec-
ond display area in the first subframe is identified by
Vp-Total (SFL1), one vertical scanning period on the
first display area in the second subframe is identified by
Vp-Total (SFU2), and one vertical scanning period on
the second display area in the second subframe is iden-
tified by V-Total (SFL2),

Vp-Total (SF1)=V p-Total (SFU1)=V -Total (SFL1) and
V-Total (SF2)=V .-Total (SFU2)=V ,-Total (SFL2) are
satisfied, and

wherein the first group of rectangular waves is as long as
V-Total (SF1) and the second group of rectangular
waves is as long as V -Total (SF2).

10. The device of claim 5, wherein the liquid crystal dis-
play device presents a first subframe (V -Total (SF1)) and a
second subframe (V p-Total (SF2)) during one vertical scan-
ning period (V-Total) of the input video signal, and

wherein supposing one vertical scanning period on the first
display area in the first subframe is identified by V-
Total (SFU1), one vertical scanning period on the sec-
ond display area in the first subframe is identified by
Vp-Total (SFL1), one vertical scanning period on the
first display area in the second subframe is identified by
V -Total (SFU2), and one vertical scanning period on
the second display area in the second subframe is iden-
tified by V-Total (SFL2),

Vp-Total (SF1)=V p-Total (SFU1)=V .-Total (SFL1) and
V p-Total (SF2)=V p-Total (SFU2)=V ,-Total (SFL2) are
satisfied, and

wherein each of the first and second groups of rectangular
waves is as long as V-Total and includes two first peri-
ods.

11. A liquid crystal display device comprising a plurality of
pixels that are arranged in columns and rows so as to form a
matrix pattern, each said pixel including a liquid crystal layer
and a plurality of electrodes for applying a voltage to the
liquid crystal layer,

wherein each said pixel includes a first subpixel and a
second subpixel, having liquid crystal layers to which
mutually different voltages are applicable, and

wherein each of the first and second subpixels includes

aliquid crystal capacitor formed by a counter electrode and

a subpixel electrode that faces the counter electrode

through the liquid crystal layer, and

a storage capacitor formed by a storage capacitor elec-
trode that is electrically connected to the subpixel
electrode, an insulating layer, and a storage capacitor
counter electrode that is opposed to the storage
capacitor electrode with the insulating layer inter-
posed between them; and

wherein the counter electrode is a single electrode pro-
vided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the
first and second subpixels are electrically independent
of each other, and
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wherein the device further includes a plurality of electri-
cally independent storage capacitor trunks, and

wherein each said storage capacitor trunk is electrically
connected to the respective storage capacitor counter
electrodes of either the first subpixels or the second
subpixels of the pixels through storage capacitor lines,
and
wherein the pixels include pixels belonging to a first dis-
play area and pixels belonging to a second display area,
the first and second display areas being able to be
scanned independently of each other, and
wherein the storage capacitor trunks include a first stor-
age capacitor trunk belonging to the first display area
and a second storage capacitor trunk belonging to the
second display area, and
wherein a first storage capacitor voltage is supplied to
the first storage capacitor trunk and a second storage
capacitor voltage is supplied to the second storage
capacitor trunk, and
wherein the liquid crystal display device presents a first
subframe (V -Total (SF1)) and a second subframe (V-
Total (SF2)) during one vertical scanning period (V-To-
tal) of an input video signal, each of the first and second
storage capacitor voltages having a first period (A) with
a first waveform and a second period (B) with a second
waveform in each of the first and second subframes
(Vp-Total (SF1)) and (V p-Total (SF2)), the sum of the
first and second periods being as long as either the first
subframe (V z-Total (SF1)) or the second subframe (V -
Total (SF2)), and

wherein the first waveform oscillates between first and
second voltage levels in a first cycle time P, which is an
integral number of times as long as, and at least twice as
long as, one horizontal scanning period (H), and

wherein the second waveform is defined so as to have a

predetermined effective value every vertical scanning
period (V-Total).

12. The device of claim 11, wherein the second waveform
includes a waveform that oscillates between the first and
second levels in a cycle time that is equal to or shorter than one
horizontal scanning period (1 H).

13. The device of claim 12, wherein the second waveform
includes a waveform that oscillates between the first and
second levels in a cycle time that is an integral number of
times as short as one horizontal scanning period.

14. The device of claim 5, wherein if the luminance of the
input video signal represents a half scale tone, then the dis-
play signal voltages applied to the pixel in the first and second
subframes, respectively, are defined such that the average of
the display luminances of the first and second subframes is
equal to the luminance of the input video signal and that the
respective display luminances of the first and second sub-
frames are different from the luminance of the input video
signal to mutually different degrees.

15. The device of claim 14, wherein in each vertical scan-
ning period of the input video signal, the first subframe is
anterior to the second subframe, and the display luminance of
the first subframe is smaller than that of the second subframe.

16. A liquid crystal display device comprising a plurality of
pixels that are arranged in columns and rows so as to form a
matrix pattern, each said pixel including a liquid crystal layer
and a plurality of electrodes for applying a voltage to the
liquid crystal layer,
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wherein each said pixel includes a first subpixel and a
second subpixel, having liquid crystal layers to which
mutually different voltages are applicable, and

wherein each of the first and second subpixels includes

aliquid crystal capacitor formed by a counter electrode and

a subpixel electrode that faces the counter electrode

through the liquid crystal layer, and

a storage capacitor formed by a storage capacitor elec-
trode that is electrically connected to the subpixel
electrode, an insulating layer, and a storage capacitor
counter electrode that is opposed to the storage
capacitor electrode with the insulating layer inter-
posed between them; and

wherein the counter electrode is a single electrode pro-
vided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the
first and second subpixels are electrically independent
of each other, and

wherein the device further includes a plurality of electri-
cally independent storage capacitor trunks, and

wherein each said storage capacitor trunk is electrically
connected to the respective storage capacitor counter
electrodes of either the first subpixels or the second
subpixels of the pixels through storage capacitor lines,
and
wherein one vertical scanning period (V-Total) of an

input video signal is divided into at least two sub-
frames, in each of which a display signal voltage is
written on each pixel, two consecutive vertical scan-
ning periods of the input video signal including a
sequence in which the display signal voltage is writ-
ten at the same polarity in two consecutive subframes
and then has its polarity inverted in the next subframe,
and

wherein a storage capacitor counter voltage supplied
through each storage capacitor trunk has, in each sub-
frame, a first waveform, oscillating in a first cycle time
P, which is an integral number of times as long as, and
at least twice as long as, one horizontal scanning period
(H), and a second waveform, defined such that the effec-
tive value of the storage capacitor counter voltage has a
predetermined constant value every predetermined
number of consecutive vertical scanning periods of the
input video signal, and between two subframes in which
the polarity is inverted, the first waveforms of the storage
capacitor counter voltages have a phase difference of
180 degrees,

wherein the pixels include pixels belonging to a first dis-
play area and pixels belonging to a second display area,
the first and second display areas being able to be
scanned independently of each other, the storage capaci-
tor trunks including a first storage capacitor trunk
belonging to the first display area and a second storage
capacitor trunk belonging to the second display area, and

wherein the phases of the respective first waveforms of the
first and second storage capacitor counter voltages sup-
plied through the first and second storage capacitor
trunks shift by 180 degrees at mutually different times.

17. The device of claim 16, wherein the phases of the first

waveforms of the first group of storage capacitor counter
voltages supplied through the first group of storage capacitor
trunks change 180 degrees all at the same time, and the phases
of'the first waveforms of the second group of storage capaci-
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tor counter voltages supplied through the second group of
storage capacitor trunks also change 180 degrees all at the
same time.

18. The device of claim 16, wherein if a vertical scanning
period on the first display area is V-Total (SFU) and if a
vertical scanning period on the second display area is V-
Total (SFL), one vertical scanning period (V-Total) of an
input video signal satisfies V-Total=V z-Total (SFU)=V - To-
tal (SFL).

19. A liquid crystal display device comprising a plurality of
pixels that are arranged in columns and rows so as to form a
matrix pattern, each said pixel including a liquid crystal layer
and a plurality of electrodes for applying a voltage to the
liquid crystal layer,

wherein each said pixel includes a first subpixel and a

second subpixel, having liquid crystal layers to which
mutually different voltages are applicable, and
wherein each of the first and second subpixels includes
aliquid crystal capacitor formed by a counter electrode and
a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and
a storage capacitor formed by a storage capacitor elec-
trode that is electrically connected to the subpixel
electrode, an insulating layer, and a storage capacitor
counter electrode that is opposed to the storage
capacitor electrode with the insulating layer inter-
posed between them; and
wherein the counter electrode is a single electrode pro-
vided in common for the first and second subpixels,
while the storage capacitor counter electrodes of the
first and second subpixels are electrically independent
of each other, and
wherein the device further includes a plurality of electri-
cally independent storage capacitor trunks, and

wherein each said storage capacitor trunk is electrically
connected to the respective storage capacitor counter
electrodes of either the first subpixels or the second
subpixels of the pixels through storage capacitor lines,
and
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wherein every vertical scanning period (V-Total) of an
input video signal has a sequence in which the display
signal voltage has its polarity inverted, and

wherein a storage capacitor counter voltage supplied
through each storage capacitor trunk has, in each vertical
scanning period (V-Total), a first waveform, oscillating
in a first cycle time P, which is an integral number of
times as long as, and at least twice as long as, one
horizontal scanning period (H), and a second waveform,
defined such that the effective value of the storage
capacitor counter voltage has a predetermined constant
value every predetermined number of consecutive ver-
tical scanning periods of the input video signal, and as
the polarity inverts, the first waveform of the storage
capacitor counter voltage has a phase difference of 180
degrees, and

wherein the pixels include pixels belonging to a first dis-
play area and pixels belonging to a second display area,
the first and second display areas being able to be
scanned independently of each other, and

wherein the storage capacitor trunks include a first storage
capacitor trunk belonging to the first display area and a
second storage capacitor trunk belonging to the second
display area, and

wherein the phases of the respective first waveforms of the
first and second storage capacitor counter voltages sup-
plied through the first and second storage capacitor
trunks shift by 180 degrees at mutually different times.

20. The device of claim 19, wherein the phases of the first
waveforms of the first group of storage capacitor counter
voltages supplied through the first group of storage capacitor
trunks change 180 degrees all at the same time, and the phases
of'the first waveforms of the second group of storage capaci-
tor counter voltages supplied through the second group of
storage capacitor trunks also change 180 degrees all at the
same time.
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