US 20040017342A1

a» Patent Application Publication o) Pub. No.: US 2004/0017342 Al

a9 United States

Sekine 43) Pub. Date: Jan. 29, 2004
(54) FIELD SEQUENTIAL DRIVING TYPE (52) US. Clu e sss s sssssnnens 345/87
LIQUID CRYSTAL DISPLAY APPARATUS
CAPABLE OF INCREASING BRIGHTNESS
WHILE SUPRESSING IRREGULARITY, AND &) ABSTRACT

ITS DRIVING METHOD

(76) Inventor: Hiroyuki Sekine, Tokyo (JP)
Correspondence Address:

YOUNG & THOMPSON

745 SOUTH 23RD STREET 2ND FLOOR
ARLINGTON, VA 22202

(21) Appl. No.: 10/457,374

In a sequential driving method for time-divisionally display-
ing a plurality of color signals in respective ones of sub-
frames forming one frame in a liquid crystal display appa-
ratus including a plurality of data lines, a plurality of gate
lines, and a plurality of liquid crystal pixels each including
a liquid crystal cell and a switching element, black signals
are written into all of the liquid crystal pixels at a beginning
period of each of the sub-frame. Then, one of the color
signals is sequentially written into rows of the liquid crystal
pixels while the gate lines are sequentially selected. Finally,

(22)  Filed: Jun. 10, 2003 arespective one of a plurality of backlights each correspond-
(30) Foreign Application Priority Data ing to one of the color signals is turned ON at an end period
of each of the sub-frame. In this case, a level of pixel
Jul. 25,2002 (JP) ccoevcerevenrecervercencinns 2002-217251 components of the one of the color signals to be written into
one of the rows of the liquid crystal pixels is compensated
Publication Classification for, so that a change of an average transmittivity of each of
the rows of the liquid crystal pixels is sufficiently small
(51) Int. CL7 i G09G 3/36  before the end period.
| A g
RO—— SIGNAL L
G o——=! PROCESSING |—{ D/A
Bo— = CIRCUIT J
N S— 2
-6
CLOCK SIGNAL [ |
- GENERATING | _|DCK > i
R 2l DATA DRIVER CIRCUIT
IcK 9 o ‘
HORIZONTAL st | = Ty
HSYC'}\'C TIMING i 2 6L N
GENERATING VCK =] -G, 9N Gl ~— 1
CIRCUIT - = VCOM
— 10| 3-| 5 EDL] DL —
VERTICAL ! n
VSYNC TIMING vsT |2 bL,
! GENERATING o GL,
CROUT | < )
—— T
BLACK WRITE BWC -
CONTROL CIRCUIT|_BS .| BLACK WRITE CIRCUIT }—4
Y RLED
BACKLIGHT GLED - RED BACKLIGHT —1—5R
CONTROL f
10— CRCUT | BLED —~{ _ GREEN BACKLIGHT 1356
- — }— 58

L BLUE BACKLIGHT



US 2004/0017342 A1

Jan. 29, 2004 Sheet 1 of 28

Patent Application Publication

g —1L_ LHOTMOYE 3019 i ‘
0¢ — LHOTTMOVE N334D I SR &mwm%v ot
yG —T IHOTMOVE (30 - mwu__m LHOIMOvE |°
.
v— LINOHID JLIHM MOv1g [ SE_HOOSIO TOHINOD L,
‘ MG m::m\s. HdvId
v = L
c = LINOYID
® B R
g 10~ S WOLLHIA INASA
o~y [EF o
zz~_ WOODA lf LINDYHID
_ 219 T_oo/ = MOA oszm%&mo | N
N ( ““0 —1 i=| LSH v LNOZIHOH ONASH
5 6—" ¥l
- LINDYID
LINOHID Y3IAIHMA V1iVa [5 Soq | ONILYHINIO |-
— oA TNOIS %3070
N [
1 LINDYID [~ ¢
v/ ozﬁﬂuouoma ~———0 9
149V YOI y —~ Lo
dd [ OIS 8 7 ’



Jan. 29, 2004 Sheet 2 of 28 US 2004/0017342 A1

Patent Application Publication

"1a (] g
w-z2 M+ mnmm/mwo Tmm%ﬁ
O I - 4] . o ]
’ 7 wh
W-1¢ 2-12 1-12

— 1SH

~<  X0d

l\._
N ;
19V ¥od - =7 “67—/

— V./Q WNOYH



Patent Application Publication Jan. 29,2004 Sheet 3 of 28 US 2004/0017342 A1

F1G. 3 PRIOR ART

3
VCK >
VST N
D
'_—.'C _
0 32-1 133-n
; GL,
D | 4-31-2
CQ 32-2 33-2
V ! GL2
1 31—
=55,




Patent Application Publication Jan. 29,2004 Sheet 4 of 28 US 2004/0017342 A1

Fig, 4 PrIOR ART




US 2004/0017342 A1

Jan. 29, 2004 Sheet 5 of 28

Patent Application Publication

[ ]

14.

5 PRIOR ART

T

tg3 th1 tb2

i |
] H
ﬁl:...lm».l |..m|..|n-ni| L _”|
R e e e s SROEEE
) | mom=— |
2 | |
= “ ;
i L |
.lllllll.ull-'lll lllllllllllll 4 lllll
|
I S = _I_-- — |
7 3 O I |
“ — “
[} ]
2 ! |
— m “
lllll.“.- IL"“.IM llllll llum.r
! F
I S -MLH o
el LT |
T R s Sttty SR SSSICELE W S JpR
| |
u..u ] |
- “ _
' |
||..ll.".- ———t _ 1l ..“ ||||||||
| !
_.L_--Lll.-_m-_l B m
] |
| [}
o O i o T SWw
e . —J
S s © o obgo®
n =
> I

tb3 trt’

tr3 tg1 tg2

tr2

tri



US 2004/0017342 A1

Jan. 29, 2004 Sheet 6 of 28

Patent Application Publication

F1G. 6 PRIOR ART

t2(1) t2(n)

t

t2(2)



= , . - -
3 a5—I THOT ove I ig = TE] Linouo 21
= og—1I" THOT Move N340 < G55 1OHINOD [
S — IHoTove a3y - LHOT HOVE
F ds—L Ll ! GERR —
> "
z v~ LINDOHIO JLIYM MOvig | ST U T
* ILiem
% - ) _‘l\ .
& / = | 1INDYID
= "9 =18 ONILVYANTD | | | o
= | - = 1SA ONIWILL ANASA
3 uq 10~ O IWOLLH3A
- B O~ | [E]F o= b
S — __ 1INDYID
S 19 1o Ty 25 MOA ONILYHINIO | o
X | 9 /IWE. | ONINLL [T 1 g/ o
g \ ( o~ —| LSH V.INOZIHOH
= ) - S 67 oI i
[=] . .
£ - . LINDYID
E 1INJOHIO H3IAIYA Viva f Soal | _ONLLYHINIO =
= — . g TvNoIS 51900
£ z = I
k= | ! 1INQYI0 =~ ¢
5 v/0 1= @z%%_m@wmma ~—009
= . je—————O H
< N U,NU\ 8~ v, - |
g
=



Patent Application Publication Jan. 29,2004 Sheet 8 of 28 US 2004/0017342 A1

Fi1g. 8A

j J - — m | C
1 PH P21 “““““ F)m1 C’l
2 P12 P22 '''''' Pm2 C2
n Pln P2n """"" F)mn Cn

Y M.
>



Patent Application Publication Jan. 29,2004 Sheet 9 of 28 US 2004/0017342 A1

Fig. 9

OPERATION OF SIGNAL
PROCESSING CIRCUIT 7A

902 |YES 77 1-~909

[ < 1
T 1 908 i< g1 210
911
No 912
tl
YES [ 1
Y

Py < Py+Cy ~ 904

OUTPUT P, |90




US 2004/0017342 A1

Jan. 29, 2004 Sheet 10 of 28

Patent Application Publication

19. 10

sro TSg’ st) ——'I

T(T

Vmax T

t2(2)



US 2004/0017342 A1

Jan. 29, 2004 Sheet 11 of 28

Patent Application Publication

/7

13.

Tt

| ]

st

TW

]

I

Tonb :'
:
T
|

|
I
|
I
|

g S

T. !
—

|
I
1
)
1

T

[}

i g !

-
J'l"

L

HsYNC ===k~

I———-
|
T

I -
I

!

L

GL,
VCOM -——-

R

N

RLED

--lﬂ.-_mg%%“ A

—

GLED
BLED
0%

th3 tri’

tg3 th1 th2

tr3 tgl tg2

tr2

—

r

)



US 2004/0017342 A1

Jan. 29,2004 Sheet 12 of 28

Patent Application Publication

86— LHOLDIOVE S8 = a3 | Lnodid  |—2l
oG — LHOTIMOVE NIFH9 » EiD) JOHINOD o
yG — o1 bove a3 }« 1HOT IOVS
" , GERL) i
u@m/ LINOYIO LM Movig [ S Ll
- 7 — r—.\ 1
1SA —1 3 o = ONTLYUAN3
, = 19 g Tg~ = 1SA ONIALL [T oNASA
< u gy T < | - | vOLLE3A ,
W — 1 o NODA c[™~Vve o—/ L}
ge —1= 0 ¢ wv@/n%nul_. > |
= — 1 1INOYID
MOA — & B2 9 = MOA ONILYHINIO |, o
A N M A ONIWIL
= — 2= | LSH W.LNOZIYOH ONASH
& ! =1 J ]
,\\ 6~ AOI
LINOYID
| [ LnouIo y3ANa viva E o0 -CullvNze |-
—~ g—
¢ ¥
1 1INOHID [ 8
| v/a ,ozwww_mommmn_ ~——09
7] . 7 f«—oH
N \ Q.N.U\ 8 g ) -



Patent Application Publication  Jan. 29,2004 Sheet 13 of 28  US 2004/0017342 Al

Fig. 13

31A-1
VST > /

D
¢ 32A-1 33A-1

Q
55l

D | 1-31A-2

3A

VCK >

|- 31A-3
+——C 3oA-3 33A-3

GL;

o]

\ Ilj 33A-(n—1)
Q

32A-(n-1)
1 GLn-'l

N\
BWC




Patent Application Publication Jan. 29,2004 Sheet 14 of 28  US 2004/0017342 Al

Fig. 14

31B-1
a1
332 g2g-2 | T
GLz’?]—d“ ! 31B-2
31—
C
D
[
31B-3
Q
33B-4 39B-4 DC*
Gl 31B-4
Q
Cle
?
31B-(n-1)
338-n CL/
32B—n C '
D | 31B—n
GL, ' ] /—J
Q
T ¢ < VCK
D
A . < VST
BWC



US 2004/0017342 A1

Jan. 29, 2004 Sheet 15 of 28

Patent Application Publication

19. 15

T

i i
] ]
e |_|1ﬂllﬂl SR el i | _L .......
i} mp B H
o IIII._r.. llllllllllllllllllllllll e L
1 et e — "
: m _
= | i
|||l|.m1 et Tk llllnmlnlnlulnmunlﬂl....l.mi_il.
B B -%-ln-nm.m,-- — L
o 1 1
1 B o _1
“ ||...llmv.||.““-", "
4
o |
= ! !
| nI_ 1
—)t e =T g |
|
R = B el el el il e Y
[ i
Ton»i!.!“. |||||||||||||||||||||||| “|..“|Wm|ur
“ = N s — “ _
W 1 “ “
- “ N
_ | '
s —d-—-5=F==3=-=== 1]
T _|_ |||||||||||||||||||||| HE
| B S = el e L — _n..n ........
i
“ .
1 i
QO O A - f SV O 0O
£ 3334 ;338 ERH
O m
WD o = (n e
> I

__ A

ta3 th1 tb2

tb3 tr1’

tr3 tgil tg2

tr2

tri



Patent Application Publication  Jan. 29,2004 Sheet 16 of 28  US 2004/0017342 Al
Fig. 16
OPERATION OF SIGNAL
PROCESSING CIRCUIT 7B
1 1601
74 NO
@?‘ ‘ 1606
YES NO
i—it] |~ 1007
1608
i % m NO
: Y
T 7 1~ 1602 |YES T 1609
| — 1 1603 i j+1 1610
1611
<
YES T
- Y
i« f() 1004
OUTPUT Py |~ 1609




Patent Application Publication  Jan. 29,2004 Sheet 17 of 28  US 2004/0017342 Al




Patent Application Publication  Jan. 29,2004 Sheet 18 of 28  US 2004/0017342 Al

Fig. 178 Fig. 17C Fig. 17D Fig. 17F

f, f f, f,
A A N N
1 1 n 1 2 1 n-1{ 1
n 2 1 2 n-1} 2 2 2
3 3 n—-2{( 3 4 3 n-3{ 3
n-2| 4 3 4 n-3| 4 4 4
n-1(n-1 2 |n-1 n (n-1 i n—1
2 | n n=1[ n T {n n(n
n:even. n:even n:even n:even
number number number number
Fig. 1/7F
fy
i ]
1 1
n-1| 2
3 3
n-3| 4
2 |n—1
n n
n: odd

number



US 2004/0017342 A1

Jan. 29,2004 Sheet 19 of 28

Patent Application Publication

Fig. 18




US 2004/0017342 A1

Jan. 29, 2004 Sheet 20 of 28

Patent Application Publication

a6 — THOI 1Y0vE Jnd |« ERE b:o.Eo 1zl
06 —1L_ LHOTIMOVE NIIHO = 0o mmw}ﬂwwm -
gs—1_ LHOTTMOVE 03K = RERlY 2
ov>>m LINDYHID 3LTHM Mov1a |, ow%m Laosld JONINOO
= ] = Ll
) ” 7 = | 1INDHID _
ISA — 8 "9 Q ONILYHINIO | o
© ug oz 0 —— ol TYOLLE3A _
, =| "9 €19 27 | /NL. = 1IN0dID
MOA — S (g |_\ = ) HOA OZHW_U.MW_\M_H_/.__.MO - o
b | L——+& | LsH V.LNOZIHOH ONASH
= S 67 MOL
\\ g - 1INJYID
] 1INJYHID H3AIYA vivd = SO0 ONILYH3INID |
VNOIS M2012
\ o1+
¢ ! } ¢ |
1INOYHID <8
| v/0 = @zwwm_/_mommmn_ -0 0
. I\ je———0 Y
m \ @;.N..U\ 8 3 Nl\




Patent Application Publication Jan. 29,2004 Sheet 21 of 28  US 2004/0017342 Al

Fig. 20

| A
C36AN AN e T
VCK > DL
vek | YR ——a7a
1
VST > HEHDL}~ 38
AL- 34A-0 3TA-1
/ 5 —
Fj““ | CP+t 32A-133A-1
.hksx—'azm—l > MGL‘
RN 181A—2
o o2 L H-31A-3
_04[35/3\—3 o C[1[32A-3 33A-3
4—%’\_ - 'MGLB
r34A-3  y
A=Al kET 31A-4
o T<o— Q
31A—(!n—1)
m \"’34A_(”_2)E /31—(n—1)
i iy 33A-(n-1)
l_c\"*c q O ig:%
/—\_b? 31A-n ‘ La-1
34A-(n-1) —=|D
| Cr
ro—— Q
35A-n A
BWC




Patent Application Publication Jan. 29,2004 Sheet 22 of 28  US 2004/0017342 Al

ng. 2] "y oé_g

GL 5% ( 3181
2 Q -J-o\ ::g
33B-2 32B-2 r§°_2"
S

GL, ~
33854 32B-4 ||,

31B—(N-1)

) -(h=D]{n- !
338-n 328-n [Lo ° l*7\°""
D

e 358{—n \?‘v
318-N SEL < VST

VCK
VCK' ——136B>
A DL . —< VVCK
BWC ™~-30B




Patent Application Publication  Jan. 29,2004 Sheet 23 of 28  US 2004/0017342 Al

22

13.

BEAREEREEEEREBEBEEEREENRENRENR

VCK
VCK
VCK’



US 2004/0017342 A1

Jan. 29, 2004 Sheet 24 of 28

Patent Application Publication

] i
} M ~
- n.|+T|1 _|L _lL e 1L — J_ ﬂ_l_ 1..W...
= | I '
Olwlll_ll.r.. ——— ] e e e e e = Illlrl_ll—ll.l (4]
= __ e ] = — “ " ...n|u..
! ﬁ | B
1 U
1 o
" !
! R L Dt o t 8
_——l A wovgulpady dpolyal pndpslyn ulpudpnipel pll ey, I AR S o
g R a
&= P e = P! | =
NI ] e =
B S By sty EES SRS EESEs et BLT | B
===k =-z%f=-===1

_—————_—.’_—--—

e —————

}
1
1
I
I
|
|
]
1
|
)
|
i

o ——— —— —— —— ——

Torl
nl
i
i
TL_ !
L (1 N
el
Iw
H[l‘
lei
‘ll
H' i
tr3 tgl tg?

Ao ———

e e bt

n
L
I
I

............ - L I o
m \-_’ =TT 4 —
i L lo f e



Patent Application Publication  Jan. 29,2004 Sheet 25 of 28  US 2004/0017342 Al

Fig. 24

OPERATION OF SIGNAL
PROCESSING CIRCUIT 7C

-y

:‘ ‘
@: " 1 "
9

1601
NO

i<it1 |~ 10V
1608
i=m NO
?
)
— 1602 YES T __ 1609
i1 1603 < i+1 1010

REVERSE Fx |}~ 2401

il




Patent Application Publication  Jan. 29,2004 Sheet 26 of 28  US 2004/0017342 Al

Fig. 25A

1
.] 1 2 """ m
1 P1 1 P21 """ Pm1
2 P12 |:)22 “““““ |:)m2
n Pm P2n """" Pmn

Fig. 258  Fig. 25C

f, fs

[ I N

1 1 2 1
n 2 n-1| 2
3 3 4 3
n—-2| 4 n—-3| 4
n—1{n-1 n |n—1
2 n 1 n

n:even number n:even number



Patent Application Publication  Jan. 29,2004 Sheet 27 of 28  US 2004/0017342 Al
Fig. 26

OPERATION OF SIGNAL
PROCESSING CIRCUIT 7B

1601
NO

i1 |~ 10607
1608
I=m NO
?
T 10602 [VES 7 11609

. < PG, |~ 2601

OUTPUT Py 1603
|




Patent Application Publication  Jan. 29,2004 Sheet 28 of 28  US 2004/0017342 Al
Fig. 27
OPERATION OF SIGNAL
PROCESSING CIRCUIT 7C
1 1601
{1 O
?
YES
<11 | 1007
1608
@EO_
—— 7 1602 [YES 11609
< 1 1603 i« j+1 1610
REVERSE Fx|}~2401
- \
2402
Fx:;)/l»lll NO
'YES /1904 2403
<o | [T <m0 I~
- |
Py <= Py Gy 2101
|
OUTPUT Py f~ 1605
|




US 2004/0017342 Al

FIELD SEQUENTIAL DRIVING TYPE LIQUID
CRYSTAL DISPLAY APPARATUS CAPABLE OF
INCREASING BRIGHTNESS WHILE SUPRESSING
IRREGULARITY, AND ITS DRIVING METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display (LCD) apparatus and its driving method, and more
particularly, to a field sequential driving type full-color LCD
apparatus and its driving method.

[0003] 2. Description of the Related Art

[0004] Field sequential driving type LCD apparatuses
have been developed where three color signals, ie., a red
signal, a green signal and a blue signal are time-divisionally
displayed. In such field sequential driving type LCD appa-
ratuses, since three color filters are unnecessary and pixels
are in common for the red signal, the green signal and the
blue signal, a higher numerical aperture can be realized, so
that the utilization of optical sources is higher which would
further decrease the power consumption. Therefore, field
sequential driving type LCD apparatuses have been used in
mobile apparatuses such as mobile telephones or personal
digital assistants (PDAs).

[0005] 1In a prior art field sequential driving type LCD
apparatus, a black signal is written into all the pixels before
a color signal for one sub-frame is written into the pixels.
Then, rows of the pixels are sequentially selected so that
video signal levels are written thereinto. Finally, when the
change of the transmittivities of the rows of the pixels is very
small, a respective backlight is turned ON for a predeter-
mined time period. This will be explained later in detail.

[0006] In the above-described prior art field sequential
driving type LCD apparatus, however, in order to increase
the brightness, if the predetermined time period where the
back light is being turned ON is increased, large differences
are generated among the transmittivities of the rows, so that
the brightness is irregular.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0007] Tt is an object of the present invention to provide a
field sequential driving type LCD apparatus capable of
increasing the brightness while suppressing the irregularity
thereof and its driving method.

[0008] Another object is to provide a field sequential
driving type LCD apparatus capable of suppressing the
flicker thereof and its driving method.

[0009] According to the present invention, in a sequential
driving method for time-divisionally displaying a plurality
of color signals in respective ones of sub-frames forming
one frame in an LCD apparatus including a plurality of data
lines, a plurality of gate lines, and a plurality of liquid crystal
pixels each including a liquid crystal cell and a switching
element, black signals are written into all of the liquid
crystal pixels at a beginning period of each of the sub-
frames. Then, one of the color signals is sequentially written
into rows of the liquid crystal pixels while the gate lines are
sequentially selected. Finally, a respective one of a plurality
of backlights each corresponding to one of the color signals
is turned ON at an end period of each of the sub-frames. In
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this case, a level of pixel components of the one of the color
signals to be written into one of the rows of the liquid crystal
pixels is compensated for, so that a change of an average
transmittivity of each of the rows of the liquid crystal pixels
is sufficiently small before the end period.

[0010] In another aspect of the present invention, in the
above-mentioned LCD apparatus, if n is a number of the
gate lines and is an even number, the 1st, the n-th, the 3rd,
the (n=2)-th, . . ., the (n=1)-th and the 2nd gate lines are
sequentially selected. Or, the n-th, the 1st, the (n-2)-th, the
3rd, . . ., the 2nd and the (n-1)-th gate lines are sequentially
selected. Or, the 2nd, the (n-1)-th, the 4-th, the (n-3)-th, . .
., the n-th and the 1st gate lines are sequentially selected. Or,
the (n-1)th, the 2nd, the (n-3)-th, the 4-th, . . ., the 1st, and
the n-th gate lines are sequentially selected. On the other
hand, if n is 2 number of the gate lines and is an odd number,
the 1st, the (n=1)-th, the 3rd, the (n=3)-th, . . ., the 2nd and
the n-th gate lines are sequentially selected.

[0011] Further, in a still other aspect of the present inven-
tion, if n is an even number, the 1st, the n-th, the 3rd, the
(n-2)-th, . . ., the (n-1)-th and the 2nd gate lines are
sequentially selected for a first one of the sub-frames, and
the n-th, the 1st, the (n-2)-th, the 3rd, . . . , the 2nd, the
(n-1)-th are sequentially selected for a second one of the
sub-frames next to the first sub-frame. Otherwise, the 2nd,
the (n-1)-th, the 4-th, the (n=3)-th, .. ., the n-th and the 1st
gate lines are sequentially selected for a first one of the
sub-frames, and the (n-1)-th, the 2nd, the (n-3)-th, the 4-th,
..., the 1st, the n-th are sequentially selected for a second
one of the sub-frames next to the first sub-frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will be more clearly under-
stood from the description set forth below, as compared with
the prior art, with reference to the accompanying drawings,
wherein:

[0013] FIG.1is a block circuit diagram illustrating a prior
art field sequential driving type LCD apparatus;

[0014] FIG. 2 is a detailed circuit diagram of the data
driver circuit of FIG. 1;

[0015] FIG. 3 is a detailed circuit diagram of the gate
driver circuit of FIG. 1;

[0016] FIG. 4 is a detailed circuit diagram of the black
write circuit of FIG. 1;

[0017] FIG. 5 is a timing diagram for explaining the
operation of the LCD apparatus of FIG. 1;

[0018] FIG. 6 is a timing diagram for showing the trans-
mittivities of the LCD apparatus of FIG. 1;

[0019] FIG. 7 is a block circuit diagram illustrating a first
embodiment of the field sequential driving type LCD appa-
ratus according to the present invention;

[0020] FIG. 8A is a table showing pixel data and com-
pensating coefficients of one sub-frame of the LCD appa-
ratus of FIG. 7,

[0021] FIG. 8B is a graph showing an example of the
compensating coefficients of FIG. 8A;

[0022] FIG. 9 is a flowchart for explaining the operation
of the signal processing circuit of FIG. 7,
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[0023] FIG. 10 is a timing diagram for explaining the
operation of the LCD apparatus of FIG. 7,

[0024] FIG. 11 is a timing diagram for showing the
transmittivities of the LCD apparatus of FIG. 7,

[0025] FIG. 12 is a block circuit diagram illustrating a
second embodiment of the field sequential driving type LCD
apparatus according to the present invention;

[0026] FIG. 13 is a detailed circuit diagram of the data
driver circuit of FIG. 12;

[0027] FIG. 14 is a detailed circuit diagram of the gate
driver circuit of FIG. 12;

[0028] FIG. 15 is a timing diagram for explaining the
operation of the LCD apparatus of FIG. 12;

[0029] FIG. 16 is a flowchart for explaining the operation
of the signal processing circuit of FIG. 12;

[0030] FIG. 17A is a table showing pixel data of one
sub-frame of the LCD apparatus of FIG. 12;

[0031] FIG. 17B is a table showing a transformation
function of j in the flowchart of FIG. 16;

[0032] FIGS. 17C, 17D, 17E and 17F are tables showing
modifications of FIG. 17B;

[0033] FIG. 18 is a timing diagram for showing the
transmittivities of the LCD apparatus of FIG. 12;

[0034] FIG. 19 is a block circuit diagram illustrating a
third embodiment of the field sequential driving type LCD
apparatus according to the present invention,

[0035] FIG. 20 is a detailed circuit diagram of the data
driver circuit of FIG. 19;

[0036] FIG. 21 is a detailed circuit diagram of the gate
driver circuit of FIG. 19;

[0037] FIG. 22 is a timing diagram showing the clock
signals of FIGS. 20 and 21,

[0038] FIG. 23 is a timing diagram for explaining the
operation of the LCD apparatus of FIG. 19;

[0039] FIG. 24 is a flowchart for explaining the operation
of the signal processing circuit of FIG. 19;

[0040] FIG. 25A is a table showing pixel data of one
sub-frame of the LCD apparatus of FIG. 19;

[0041] FIGS. 25B and 25C are tables showing transfor-
mation functions of j in the flowchart of FIG. 24; and

[0042] FIGS. 26 and 27 are flowcharts illustrating modi-
fications of the flowcharts of FIGS. 16 and 24, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] Before the description of the preferred embodi-
ments, a prior art LCD apparatus will be explained with
reference to FIGS. 1, 2,3, 4, 5 and 6.

[0044] 1In FIG. 1, which illustrates a prior art LCD appa-
ratus, reference numeral 1 designates an LCD panel having
mxn dots. That is, the LCD panel 1 includes data lines DL,
DL,,...,DL,_ driven by a data driven circuit 2, gate lines
GL,, GL,, . . ., GL, driven by a gate driven circuit 3, and
pixels each connected to one of the data lines DL, DL,, . .
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., DL_, and one of the gate lines GL,, GL,, . . ., GL,. Each
of the pixels is formed by a thin film transistor (TFT)Q;; and
a liquid crystal cell C; where i=1, 2, ..., mand j=1, 2, ..
., 0. Also, the data lines DL, DL,, . .., DL are connected
to a black write circuit 4 for writing a black signal into all
the pixels. Further, a red backlight SR formed by red light
emitting diodes, a green backlight 5G formed by green light
emitting diodes and a blue backlight 5B formed by blue light
emitting diodes are provided on the back of the LCD panel
1.

[0045] A horizontal synchronization signal HSYNC is
supplied to a clock signal generating circuit 6 for generating
a data clock signal DCK and an internal clock signal ICK.
The clock signal generating circuit 6 is constructed by a
phase-lock loop including a voltage oscillating controller
(VCO), frequency dividers and the like.

[0046] A signal processing circuit 7 including video
memories receives color signals R, G and B of a digital
video signal and sequentially transmits the color signals R,
G and B to a digital/analog (D/A) converter 8 in synchro-
nization with the dot clock signal DCK. As a result, analog
color signals R, G and B are supplied to the data driver
circuit 3.

[0047] Also, the horizontal synchronization signal
HSYNC is fetched by a horizontal timing generating circuit
9 in synchronization with the clock signal ICK, so that a
horizontal start signal HST and a vertical clock signal VCK
are generated in accordance with the horizontal synchroni-
zation signal HSYNC. The horizontal start signal HST is
supplied to the data driver circuit 2, while the vertical clock
signal VCK is supplied to the gate driver circuit 3.

[0048] Further, a vertical synchronization signal VSYNC
is fetched by a vertical timing generating circuit 10 in
synchronization with the clock signal ICK, so that a vertical
start signal VST is generated in accordance with the vertical
synchronization signal VSYNC. In this case, three vertical
start signals VST are generated for each vertical synchro-
nization signal VSYNC. The vertical start signal VST is
supplied to the gate driver circuit 3.

[0049] The vertical synchronization signal VSYNC as
well as the clock signal ICK is also supplied to a black write
control circuit 11 which generates a black write control
signal BWC and a black level power supply voltage BS in
accordance with the color signals R, G and B. The black
write control signal BWC is supplied to the gate driver
circuit 3 and the black write circuit 4, while the black level
power supply voltage BS is supplied to the black write
circuit 4.

[0050] The vertical synchronization signal VSYNC as
well as the clock signal ICK is further supplied to a backlight
control circuit 12 which generates a red backlight signal
RLED, a green backlight signal GLED and a blue backlight
signal BLED in accordance with the color signals R, G and
B. The backlight signal RLED, GLED and BLED are
supplied to the red backlight SR, the green backlight 5G and
the blue backlight 5B, respectively.

[0051] InFIG.2,whichis adetailed circuit diagram of the
data driver circuit 2 of FIG. 2, shift registers formed by
D-type flip-flops 21-1, 21-2, . . ., 21-m are serially-
connected, so that the horizontal start signal HS is shifted
through the shift registers 21-1,21-2, . . ., 21-m by the data
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clock signal DCK. The output signals of the shift registers
21-1,21-2, .. ., 21-m control switching circuits 22-1, 22-2,
..., 22-m, respectively, which receive the data signal of the
D/A converter 8. Thus, the switching circuits 22-1, 22-2, . .
., 22-m sequentially drive the data lines DL, DL,, . . .,
DL _, in accordance with the dots of the color signals R, G
and B.

[0052] InFIG.3,which is a detailed circuit diagram of the
gate driver circuit 3 of FIG. 1, shift registers (D-type
flip-flops) 31-1, 31-2, . . ., 31-n are serially-connected, so
that the vertical start signal VST is shifted through the shift
registers 31-1, 31-2, . . ., 31-n by the vertical clock signal
VCK. The output signals of the shift registers 31-1, 31-2, .
.., 31-n are supplied via OR circuits 32-1,32-2, .. .,32-n
and buffers 33-1, 33-2, . . ., 33-n to the gate lines GL,, GL,,
..., GL,. In this case, the OR circuits 32-1,32-2, ...,32-n
receive the black write control signal BWC.

[0053] When the black write control signal BWC is “0”
(low), the buffers 33-1, 33-2, . . ., 33-n sequentially drive the
gate lines GL,, GL,, . . ., GL, in accordance with the
vertical clock signal VCK, i.e., the horizontal synchroniza-
tion signal HSYNC. On the other hand, when the black write
control signal BWC is “1” (high), the buffers 33-1, 33-2, . .
.» 33-n drive all the gate lines GL,, GL,, ..., GL,_.

[0054] 1InFIG.4,which is a detailed circuit diagram of the
black write circuit 4 of FIG. 1, switching circuits 81, 82, .
.., 8m for receiving the black level power supply voltage BS
are connected to the data lines DL,, DL,, . . ., DL_,
respectively, and are controlled by the black write control
signal BWC. Therefore, when the black write control signal
BWC is “1” (high), all the data lines DL, DL,, ..., DL
are caused to be BS.

[0055] The operation of the LCD apparatus of FIG. 1 will
be explained next with reference to FIG. 5. That is, a field
sequential operation is carried out, so that one frame T, for
displaying one full-color picture is divided into three fields,
Le., three sub-frames T, T, and T, for displaying the red
signal R, the green signal G and the blue signal B, respec-
tively.

[0056] First, at time trl, tgl or tb1, the black write control
signal BWC is made “1” (high) for a time period Ty, so that
a black signal is written into all the pixels. Then, at time tr2,
tg2 or tb2, video signals of every row are sequentially
written into the pixels in accordance with the voltages of the
gate lines GL,, GL,, . . . , GL,. Finally, at time tr3, tg3 or
tb3, a respective one of the backlights SR, 5G and 3B is
turned ON.

[0057] In FIG. 5, since a time required for changing the
orientation of liquid crystal molecules is relatively long with
respect to the sub-frames T, T, and T, if a green signal
G is displayed immediately after a red signal R is displayed,
the hysteresis of the red signal remains in the displayed
green signal G, which is called a color mixture phenomenon.
In order to avoid this color mixture phenomenon, before
displaying each color signal, the above-mentioned black
write control operation is carried out to completely erase the
previously-displayed color signal as shown in FIG. 5 where
the trapsmittivity T of the LCD panel 1 is completely
decreased to 0% at time tr2, tg2 or tb2.

[0058] In FIG. 6, which is a timing diagram for showing
the transmittivities T of the LCD apparatus of FIG. 1, T,
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designates one of the sub-frames T, T,, and T, V,, V, .
.., V_ designate average video signal levels of a first row,
a second row, . . ., an n-th row, respectively, of the pixels,
and T,, T,, ..., T, designate transmittivities of the first row,
the second row, . . . , the n-th row, respectively, of the pixels.

[0059] First, at time tl, the black level power supply
voltage BS is supplied to all the data lines DL, DL, . . .,
DL, so that the average video signal levels V,, V,, ...,V
are caused to be a maximum value V,
transmittivities T, T,, . .

[0060] Next, at time t2(1), t2(2), . . . or t2 (n), the i-th (i=1,
2, ..., n) row of the pixels is selected so that the average
video signal level V; is caused to be V, . As a result, as the
orientations of the liquid crystal molecules are changed, the
transmittivities T,, T,, . . ., T, are sequentially changed.

[0061] At time t3, when the change of the transmittivities
T,, Ty, . .., T, 1s very small, the backlight such as 5R is
turned ON for a time period T,

[0062] Finally, at time t4, the backlight 5R is turned OFF.

[0063] In order to increase the brightness, if the backlight
5R is turned ON at time t3' before time t3, large differences
are generated among the average transmittivities T,, T, . .
., T, so that the brightness is irregular. Particularly, the
brightness on the lower side of the LCD panel 1 is much
more irregular.

[0064] In FIG. 7, which illustrates a first embodiment of
the field sequential driving type LCD apparatus according to
the present invention, a signal processing circuit 7A is
provided instead of the signal processing circuit 7 of FIG.
1. The signal processing circuit 7A receives the vertical start
signal VST.

[0065] The signal processing circuit 7A performs a com-
pensating operation upon pixel data in accordance with the
row location thereof. For example, pixel data P;; (i=1, 2, . .
., m;j=1,2, ..., n) for one sub-frame is represented as
shown in FIG. 8A. In this case, a compensating coefficient
G (=1, 2, .. ., n) is predetermined as shown in FIG. 8B.
That is, the compensating coefficient C, at the second row is
larger than the compensating coeflicient C, at the first row,
the compensating coefficient C; at the third row is larger
than the compensating coefficient C, at the second row, and
so on. That is,

n

nax- AS a result, the
., T, are rapidly decreased.

C<Cye. .. <C

[0066] In FIG. 8B, note that the compensating coefficient
C; is linearly-changed with respect to the row location j;
however, the relationship between the compensating coef-
ficient C; and the row location j can be determined by the
simulating of transmittivity characteristics. In this case,

C,=C,= ... =C

[0067] The operation of the signal processing circuit 7A
will be explained next with reference to FIG. 9.

[0068] First, at step 901, it is determined whether or not a
vertical start signal VST is received. Only when the vertical
start signal VST is received (VST=*17), does the control
proceed to steps 902 and 903 where values 1 and j are
initialized at 1. Then, at step 904, pixel data P;; is compen-
sated for by

n

PP

ij ij'C

i
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[0069] Then, the pixel data P;; is output to the D/A con-
verter 8, and the control returns to step 901.

[0070] When it is determined that the vertical start signal
VSYNC is not received (VST=*0") at step 901, the control
proceeds to step 906 which determines whether or not a data
clock signal DCK is received. Only when the data clock
signal DCK is received (DCK=“1"), does the control pro-
ceed to step 907. Otherwise, the control returns to step 901.

[0071] At step 907, the value 1 is incremented by 1, and
then, at step 908, it is determined whether or not iZm is
satisfied. Only when i=m, does the control proceed directly
to steps 904 and 905 which compensate for P;; and transmit
the compensated pixel data Py to the D/A converter 8.
Otherwise, the control proceeds to step 909.

[0072] At step 909, the value i is initialized at 1. Then, at
step 910, the value j is incremented by 1, and at step 911, it
is determined whether or not j=n is satisfied. Only when
j=n is satisfled, does control proceed directly to steps 904
and 905 which compensate for P;; and transmit the compen-
sated P;; to the D/A converter 8. Otherwise, the control
proceeds to step 912 which initializes the value j at 1.

[0073] In FIG. 10, which is a timing diagram for showing
the transmittivities T of the LCD apparatus of FIG. 7, T,
designates one of the sub-frames T, T, and T, V', V|,
...,V 'designate average video signal levels of a first row,
a second row, . . . , an n-th row, respectively, of the pixels,
and T;', T,', . . ., T, designate transmittivities of the first
row, the second row, . . ., the n-th row, respectively, of the
pixels.

[0074] First, at time tl, the black level power supply
voltage BS is supplied to all the data lines DL, DL, . . .,
DL, so that the average video signal levels V', V., .. .,
V., 'are caused to be a maximum value V. As a result, the
transmittivities T,', T,', . . ., T,' are rapidly decreased.

[0075] Next, at time t2(1), t2(2), . . . or {2 (n), the i-th (i=1,
2, ..., n) row of the pixels is selected so that the average
video signal level V,' is caused to be V,_'. In this case, V,,,

.., V', are relatively larger than V,y, . . ., V,
respectively, of FIG. 6, since the average video signal V'
was compensated for. As a result, as the orientations of the
liquid crystal molecules are changed, the transmittivities T,
T,, ..., T, are sequentially changed. In this case, the
transmitivities Ty, . . ., T, are relatively-rapidly increased
as compared with the transmittivities T,, . . ., T, respec-
tively of FIG. 6.

[0076] At time t3', when the change of the transmittivities
T,, T, ..., T, is very small, the backlight such as 5R is
turned ON for a time period T,,,' (>T,,).

[0077] Finally, at time t4, the backlight SR is turned OFF.

[0078] Thus, in the LCD apparatus of FIG. 7, the time
period T__' where the backlight is turned ON is made longer,
which would increase the brightness.

[0079] In the LCD apparatus of FIG. 7, the operation as
illustrated in FIG. 5 is adopted; however, an operation as
illustrated in FIG. 11 can be adopted. That is, in FIG. 5, a
so-called common symmetrical-driving method is used, i.e.,
the black level power supply voltage BS is alternately
changed symmetrically with the voltage VCOM at the
common electrode (counter electrode) for every sub-frame.
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On the other hand, in FIG. 11, a so-called common inver-
sion driving method is used, i.e., the black level power
supply voltage BS and the voltage VCOM at the common
electrode (counter electrode) are both changed in opposite
directions for every sub-frame. The amplitude of the black
level power supply voltage BS in the common inversion
driving method is half the amplitude of the black level power
voltage in the common symmetrical-driving method.

[0080] InFIG. 12, which illustrates a second embodiment
of the field sequential driving type L.CD apparatus according
to the present invention, the gate driver circuit 3 of FIG. 1
is replaced by two gate driver circuits 3A and 3B, and the
signal processing circuit 7 of FIG. 1 is replaced by a signal
processing circuit 7B. The gate driver circuit 3A is used for
driving the gate lines GL,, GL,, . .., GL__;, and the gate
driver circuit 3B is used for driving the gate lines GL.,, GL,,
..., GL,

[0081] In FIG. 13, which is a detailed circuit diagram of
the gate driver circuit 3A of FIG. 12, shift registers (D-type
flip-flops) 31A-1, 31A-2, 31A-3, 31A4, . . ., 31A-(n-1),
31A-n are serially-connected, so that the vertical start signal
VST is shifted through the shift registers 31A-1, 31A-2,
31A-3,31A4, . .. ,31A-(n-1), 31A-n by the vertical clock
signal VCK. The output signals of the shift registers 31A-1,
31A-3, . .., 31A-(n-1) are supplied via OR circuits 32A-1,
32A-3, . .., 32A-(n-1) and buffers 33A-1, 33A-3, . . .,
33A-(n-1) to the gate lines GL,, GL,, . . ., GL__,. In this
case, the OR circuits 32A-1, 32A-3, . . ., 32A~(n-1) receive
the black write control signal BWC.

[0082] When the black write control signal BWC is “0”
(low), the buffers 33A-1, 33A-3, . . ., 33A~(n-1) sequen-
tially drive the gate lines GL,, GL;, . . . , GL_, in
accordance with the vertical clock signal VCK, i.e., the
horizontal synchronization signal HSYNC. On the other
hand, when the black write control signal BWC is “17”
(high), the buffers 33A-1, 33A-3, . . . , 33A-(n-1) drive all
the gate lines GL,, GL,, . . ., GL,_;.

[0083] In FIG. 14, which is a detailed circuit diagram of
the gate driver circuit 3B of FIG. 12, shift registers (D-type
flip-flops) 31B-n, 31B-(n-1), . . . , 31B-4, 31B-3, 31B-2,
31B-1 are serially-connected, so that the vertical start signal
VST is shifted through the shift registers 31B-n, 31B-(n-1),
...,31B-4,31B-3,31B-2, 31A-1 by the vertical clock signal
VCK. The output signals of the shift registers 31B-n, . . .,
31B-4, 31B-2 are supplied via OR circuits 32-n, . . ., 32B-4,
32B-2 and buffers 33B-n, . . ., 33B-4, 33B-2 to the gate lines
GL,, ...,GL,, GL,. In this case, the OR circuits 32B-n, .
.., 32B-4, 32B-2 receive the black write control signal
BWC.

[0084] When the black write control signal BWC is “0”
(low), the buffers 33B-1, . . . , 33B-4, 33B-2 scquentially
drive the gate lines GL, . . ., GL,, GL, in accordance with
the vertical clock signal VCK, i.e., the horizontal synchro-
nization signal HSYNC. On the other hand, when the black
write control signal BWC is “1” (high), the buffers 33B-n,
..., 33B-4, 33B-2 drive all the gate lines GL, . . ., GL,,
GL,.

[0085] The operation of the LCD apparatus of FIG. 12
will be explained next with reference to FIG. 15. That is, a
field sequential operation is carried out, one frame Ty for
displaying one full-color picture is divided into three fields,
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ie., three sub-frames T, T, and T, for displaying the red
signal R, the green signal G and the blue signal B, respec-
tively.

[0086] First, at time trl, tgl or tb1, the black write control
signal BWC is made “1” (high) for a time period Ty, so that
a black signal is written into all the pixels. Then, at time tr2,
tg2 or tb2, video signals of every row are sequentially
written into the pixels in accordance with the voltages of the
gate lines GL,, GL,, GL;, GL__., . . ., GL,, GL__;, GL,.
Finally at time tr3, tg3 or tb3, a respective one of the
backlights 5R, 5G and 5B is turned ON.

[0087] The operation of the signal processing circuit 7B
will be explained next with reference to FIG. 16 as well as
FIGS. 17A and 17B. Note that FIG. 17A is a table showing
pixel data for one sub-frame, and FIG. 17B is a table
showing a transforming function of j to j'. Also, n is an even
number.

[0088] First, at step 1601, it is determined whether or not
a vertical start signal VST is received. Only when the
vertical start signal VST is received (VST="1"), does the
control proceed to steps 1602 and 1603 where values i and
j are initialized at 1. Then, at step 1604, the value j is
converted by a function f; as shown in FIG. 17B.

i<t )
[0089] Then, the pixel data P; is read from the video

memories as shown in FIG. 17A and outputted to the D/A
converter 8. Then, the control returns to step 1601.

[0090] When it is determined what the vertical start signal
VSYNC is not received (VST=%0") at step 1601, the control
proceeds to step 1606 which determines whether or not a
data clock signal DCK is received. Only when the data clock
signal DCK is received (DCK=“1"), does the control pro-
ceed to step 1607. Otherwise, the control returns to step
1601.

[0091] At step 1607, the value i is incremented by 1, and
then, at step 1608, it is determined whether or not iSm is
satisfied. Only when i£m, does the control proceed directly
to steps 1604 and 1605 which transform the value j to j' and
transmit the read pixel data Py’ to the D/A converter 8.
Otherwise, the control proceeds to step 1609.

[0092] At step 1609, the value i is initialized at 1. Then, at
step 1610, the value j is incremented by 1, and at step 1611,
it is determined whether or not j=n is satisfied. Only when
j=n is satisfied, does the control proceed directly to steps
1604 and 1605 which transform the value j to ' and transmit
the read pixel data P;;' to the D/A converter 8. Otherwise, the
control proceeds to step 1612 which initializes the value j at
1. Then, the control proceeds to steps 1604 and 1605.

[0093] Note that the tables of FIG. 17C, 17D or 17E can
be used instead of the table of FIG. 17B. Also, if n is an odd
number, the table of FIG. 17F is used instead of the table of
FIG. 17B.

[0094] In FIG. 18, which is a timing diagram for showing
the transmittivities T of the LCD apparatus of FIG. 12, T,
designates one of the sub-frames T, T, and T, V,, V,, Vs,
V. ..., V.., V, designate average video signal levels of
a first row, a second row, a third row, a fourth row, . . .,
an(n-1)-th row, an n-th row, respectively, of the pixels, and
T,T,,T5 7T, ..., T, 5, T, designate transmittivities of the
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first row, the second row, the third row, the fourth row, . . .
, the (n-1)-th row, the n-th row, respectively, of the pixels.

[0095] First, at time t1, the black level power supply
voltage BS is supplied to all the data lines DL, DL,, . . .,
DL, so that the average video signal levels V,, V,, V5, V,,
...,V _;, V_ are caused to be a maximum value V___. As
a result, the transmittivities Ty, T,, T, T, ..., T,_;, T, are
rapidly decreased.

[0096] Next, at time t2(1), t2(n), t2(3), . . ., 2(4), t2(n-1),
or t2(2), the i-th (i=1, n, 3, . . . , 4, n-1, 2) row of the pixels
is selected so that the average video signal level V, is caused
to be V,,. As a result, as the orientations of the liquid crystal
molecules are changed, the transmittivities T,, T, T, .. .,
T,, T, ;, T, are sequentially changed.

[0097] At time t3', the backlight such as SR is being turned
ON for a time period T_,' (>T_,).

[0098] Finally, at time t4, the backlight 5R is turned OFF.

[0099] 1In the LCD apparatus of FIG. 12, at time t3' of
FIG. 18, although the change of the transmittivities T,, T,
T, ..., T, T, _;, T, is not small, the transmittivities of the
two adjacent rows such as T; and T,, T, and T, T; and T,
...,or T _; and T  are mixtured due to the proximity of the
two adjacent rows. As a result, the change of the transmit-

n-12

tivities Ty, T,, T, . . ., T,, T,_1, T, is substantially small at
time 13' of FIG. 18.
[0100] Thus, even in the LCD apparatus of FIG. 12, the

time period T_ ' where the backlight is turned ON is to made
longer, which would increase the brightness.

[0101] InFIG.19, which illustrates a third embodiment of
the field sequential driving type LCD apparatus according to
the present invention, the gate driver circuits 3A and 3B of
FIG. 12 are replaced by two gate driver circuits 3A" and 3B/,
respectively, and the signal processing circuit 7B of FIG. 12
is replaced by a signal processing circuit 7C. The gate driver
circuit 3A" is used for driving the gate lines GL,, GL,, . . .
, GL,_, in an ascending order and 1n a descending order, and
the gate driver circuit 3B is used for driving the gate lines
GL,, GL,, . . ., GL, in a descending order and in an
ascending order.

[0102] In FIG. 20, which is a detailed circuit diagram of
the gate driver circuit 3A' of FIG. 19, switches 34A-0,
34A-1, 34A-2, 34A-3, . . ., 34A-(n-2), 34A-n, switches
35A-1, 35A-2, 35A-3, 35A4, . . ., 35A-(n-1), 35A-n, an
inverter 36A, a frequency divider 37A, a selector 38A and a
delay circuit 39A are added to the elements of FIG. 13.
Thus, the shift registers 31A-1, 31A-2, 31A-3, 31A+4, . . .,
31A-(n-1), 31A-n serve as a bidirectional shift circuit.

[0103] In more detail, the switches 34A-0, 34A-2, . . .,
34A-(n-2), 34A-n are controlled by the vertical clock signal
VCK as shown in FIG. 22, while the switches 34A-1,
34A-3, . .., 34A-(n-1) are controlled by an inverted signal
of the vertical clock signal VCK as shown in FIG. 22.

[0104] Also, the switches 35A-1, 35A-2, 35A-3, 35A4, .
.., 35A-(n~-1), 35A-n arc controlled by the frequency
divider 37A and the selector 38A.

[0105] Further, the delay circuit 39A delays the vertical
clock signal VCK to generate a vertical clock signal VCK'
as shown in FIG. 22.
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[0106] For example, when a first vertical start signal VST
is generated, the selector 38A selects the inverted signal of
the vertical clock signal VCK, so that the switches 35A-1,
35A-2,35A-3,35A4, . . ., 35A-(n-1), 35A-n synchronize
with the switches 34A-1,34A-3, . .. ,34A-(n-1). As a result,
the vertical start signal VST is shifted through the shift
registers 31A-1, 31A-2, 31A-3, 31A4, . . ., 31A-(n-1),
31A-n by the rising and falling edges of the delayed vertical
clock signal CK; that is, the shift registers 31A-1, 31A-2,
31A-3,31A4, . .. ,31A-(n-1), 31A-n carry out a descend-
ing shift operation. Next, when a second vertical start signal
VST is generated, the selector 38 A selects the vertical clock
signal VCK, so that the switches 35A-1, 35A-2, 35A-3,
35A4, . . ., 35A-(n-1), 35A-n synchronize with the
switches 34A-0, 34A-2, . . ., 34A-n. As aresult, the vertical
start signal VST is shifted through the shift registers 31A-n,
31A-(n-1), ..., 31A-4,31A-3, 31A-2, 31A-1 by the rising
and falling edges of the delayed vertical clock signal CK;
that is, the shift registers 31A-1, 31A-2, 31A-3, 31A4, . ..
, 31A-(n-1), 31A-n carry out an ascending shift operation.

[0107] In FIG. 21, which is a detailed circuit diagram of
the gate driver circuit 3B' of FIG. 19, switches 34B-0,
34B-1, 34B-2, 34B-3, . . ., 34B-(n-2), 34B-n, switches
35B-1, 35B-2, 35B-3, 35B4, . . ., 35B-(n-1), 35B-n, an
inverter 36B, a frequency divider 37B, a selector 38B and a
delay circuit 39B are added to the elements of FIG. 14.
Thus, the shift registers 31B-1, 31B-2, 31B-3, 31B-4, . . .,
31B-(n-1), 31B-n serve as a bidirectional shift circuit.

[0108] In more detail, the switches 34B-0, 34B-2, . . .,
34B-(n-2), 34B-n are controlled by the vertical clock signal
VCK as shown in FIG. 22, while the switches 34B-1, 34B-3,
.+« » 34B~(n-1) are controlled by an inverted signal of the
vertical clock signal VCK as shown in FIG. 22.

[0109] Also, the switches 35B-1, 35B-2, 35B-3, 35B-4, .
.., 35B-(n-1), 35B-n are controlled by the frequency
divider 37B and the selector 38B.

[0110] Further, the delay circuit 39B delays the vertical
clock signal VCK to generate a vertical clock signal VCK'
as shown in FIG. 22.

[0111] For example, when a first vertical start signal VST
is generated, the selector 38B selects the inverted signal of
the vertical clock signal VCK, so that the switches 35B-1,
35B-2, 35B-3, 35B4, . . ., 35B-(n-1), 35B-n synchronize
with the switches 34B-1,34B-3, . . ., 34B-(n-1). As a result,
the vertical start signal VST is shifted through the shift
registers 31A-n, 31A-(n-1), . . . , 31A4, 31A-3, 31A-2,
31A-1 by the rising and falling edges of the delayed vertical
clock signal CK; that is, the shift registers 31A-n, 31A-(n-
1,...,31A-4,31A-3,31A-2, 31A-1 carry out an ascending
shift operation. Next, when a second vertical start signal
VST is generated, the selector 38B selects the vertical clock
signal VCK, so that the switches 35B-1, 35B-2, 35B-3,
35B-4, ..., 35B-(n-1), 35B-n synchronize with the switches
34B-0, 34B-2, . . ., 34B-n. As a result, the vertical start
signal VST is shifted through the shift registers 31B-1,
31B-2, 31B-3,31B4, . . ., 31B-(n-1), 31B-n by the rising
and falling edges of the delayed vertical clock signal CK;
that is, the shift registers 31B-1, 31B-2, 31B-3, 31B4, . ..
, 31B-(n-1), 31B-n carry out an descending shift operation.

[0112] The operation of the LCD apparatus of FIG. 19
will be explained next with reference to FIG. 23. That is, a

Jan. 29, 2004

field sequential operation is carried out, so that one frame T
for displaying one full-color picture is divided into three
fields, i.e., three sub-frames T, T,, and T,,, for displaying
the red signal R, the green signal G and the blue signal B,
respectively.

[0113] Next, at time tgl, the black write control signal
BWC is made “1” (high) for a time period Ty, so that a black
signal is written into all the pixels. Then, at time tg2, video
signals of every row are sequentially written into the pixels
in accordance with the voltages of the gate lines GL,, GL,_;,
GL,,...,GL;, GL,, GL,. Finally at time tg3, the backlight
3G is turned ON.

[0114] Next, at time tb1, the black write control signal
BWC is made “1” (high) for a time period Ty, so that a black
signal is written into all the pixels. Then, at time tb2, video
signals of every row are sequentially written into the pixels
in accordance with the voltages of the gate lines GL,, GL,,
GL;, . . ., GL,, GL__,, GL,. Finally, at time tb3, the
backlight 5B is turned ON.

[0115] The operation of the signal processing circuit 7C
will be explained next with reference to FIG. 24 as well as
FIGS. 25A, 25B and 25C. Note that FIG. 25A is a table
showing pixel data for one sub-frame, FIG. 25B is a table
showing a first transforming function of j to j', and FIG. 25C
is a table showing a second transforming function of j to j'.

[0116] In FIG. 24, steps 2401, 2402 and 2403 are added
to the flowchart of FIG. 16.

[0117] First, at step 1601, it is determined whether or not
a vertical start signal VST is received. Only when the
vertical start signal VST is received (VST=“1"), does the
control proceed to steps 1602 and 1603 where values i and
j are initialized at 1. Also, at step 2401, a flag FX for
indicating the transforming table of FIG. 25B or 25C is
reversed. Note that the flag FX is initialized at “0” in
advance. Then, the control proceeds to step 2402.

[0118] When it is determined what the vertical start signal
VST is not received (VST=%0") at step 1601, the control
proceeds to step 1606 which determines whether or not a
data clock signal DCK is received. Only when the data clock
signal DCK is received (DCK=“1"), does the control pro-
ceed to step 1607. Otherwise, the control returns to step
1601.

[0119] At step 1607, the value i is incremented by 1, and
then, at step 1608, it is determined whether or not i=m is
satisfied. Only when 1=m, does the control proceed directly
to step 2402. Otherwise, the control proceeds to step 1609.

[0120] At step 1609, the value i is initialized at 1. Then, at
step 1610, the value j is incremented by 1, and at step 1611,
it is determined whether or not j=n is satisfied. Only when
j=n is satisfied, does the control proceed directly to step
2402. Otherwise, the control proceeds to step 1612 which
initializes the value j at 1. Then, the control proceeds to steps
2402.

[0121] At step 2402, it is determined whether or not the
flag FX is “1”. When the flag FX is “1”, the control proceeds
to step 1604 which transforms the value j to j' using the table
f; as shown in FIG. 25B. On the other hand, when the flag
FX is “0”, the control proceeds to step 2403 which trans-
forms the value j to j' using the table f, as shown in FIG.
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25C. Then, at step 1603 pixel data P;;' is read and trans-
mitted to the D/A converter §.

[0122] Note that the table of FIG. 25B is the same as that
of FIG. 17B, and the table of FIG. 25C is the same as that
of FIG. 17D. However, the table of FIG. 25B is can be
replaced by that of FIG. 17C, and the table of FIG. 25C can
be replaced by that of FIG. 17E.

[0123] 1In the LCD apparatus of FIG. 19, since the scan-
ning operation of the gate lines GL,, GL,, . . ., GL, is
switched for every sub-frame, i.e., every color signal, the
flicker effect, i.e., the periodic fluctuations of images of the
LCD panel due to specific patterns can be suppressed.

[0124] The above-described second and third embodi-
ments can be combined with the first embodiment. In this
case, the flowcharts of FIGS. 16 and 24 are modified to
FIGS. 26 and 27, respectively, where steps 2601 and 2701
are added to FIGS. 16 and 24, respectively.

[0125] As explained hereinabove, according to the present
invention, the brightness can be increased. Also, the flicker
can be suppressed.

1. A sequential driving method for time-divisionally dis-
playing a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frame;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and

turning ON a respective one of a plurality of backlights
cach corresponding to one of said color signals at an
end period of each of said sub-frames after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

a level of pixel components of the one of said color
signals to be written into one of the rows of said liquid
crystal pixels being compensated for, so that a change
of an average transmittivity of each of the rows of said
liquid crystal pixels is sufficiently small before said end
period.

2. The sequential driving method as set forth in claim 1,

wherein the level of pixel components of the one of said
color signals is compensated for by

PPy

where P;; is a pixel component of one liquid crystal pixel
connected to an i-th one of said data lines and a j-th one
of said gate lines selected at a j-th time within the one
of said sub-frames, and

C; is a compensating coeflicient satisfying C;=C,, ;.
3. The sequential driving method as set forth in claim 1,

wherein said sequential writing step sequentially selects the
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1st, the n-th, the 3rd, the (n-2)-th, . . ., the (n-1)-th and the
2nd gate lines where n is a number of said gate lines and is
an even number.

4. The sequential driving method as set forth in claim 1,
wherein said sequential writing step sequentially selects the
n-th, the 1st, the (n-2)-th, the 3rd, . . ., the 2nd and the
(n-1)-th gate lines where n is a number of said gate lines and
is an even number.

5. The sequential driving method as set forth in claim 1,
wherein said sequential writing step sequentially selects the
2nd, the (n—1)-th, the 4-th, the (n-3)-th, . . . , the n-th and
the 1st gate lines where n is a number of said gate lines and
is an even number.

6. The sequential driving method as set forth in claim 1,
wherein said sequential writing step sequentially selects the
(n-1)-th, the 2nd, the (n-3)-th, the 4-th, .. ., the 1st and the
n-th gate lines where n is a number of said gate lines and is
an even number.

7. The sequential driving method as set forth in claim 1,
wherein said sequential writing step sequentially selects the
first, the (n—1)-th, the 3rd, the (n-3)-th, . .., the 2nd and the
n-th gate lines where n is a number of said gate lines and is
an odd number.

8. The sequential driving method as set forth in claim 1,
wherein said sequential writing step sequentially selects the
1st, the n-th, the 3rd, the (n-2)-th, . . ., the (n-1)-th and the
2nd gate lines where n is a number of said gate lines for a
first one of said sub-frames and is an even number, and
sequentially selects the n-th, the 1st, the (n-2)-th, the 3rd, .
.., the 2nd and (n-1)-th gate lines for a second( one of said
sub-frames next to said first sub-frame.

9. The sequential driving method as set forth in claim 1,
wherein said sequential writing step sequentially selects the
2nd, the (n-1)-th, the 4-th, the (n=3)-th, . . ., the n-th and
the 1st gate lines where n is a number of said gate lines for
a first one of said sub-frames and is an even number, and
sequentially selects the (n-1)-th, the 2nd, the (n-3)-th, the
4-th, . . ., the 1st and the n-th gate lines where n is a number
of said gate lines for a second one of said sub-frames next
to said first sub-frame.

10. A sequential driving method for time-divisionally
displaying a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frame;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and

turning ON a respective one of a plurality of backlights
each corresponding to one of said color signals at an
end period of each of said sub-frames after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

wherein said sequential writing step sequentially selects
the 1st, the n-th, the 3rd, the (n-2)-th, . . ., the (n-1)-th
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and the 2nd gate lines where n is a number of said gate
lines and is an even number.

11. A sequential driving method for time-divisionally
displaying a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid, crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frames;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and

turning ON a respective one of a plurality of backlights
each corresponding to one of said color signals at an
end period of each of said sub-frame after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

wherein said sequential writing step sequentially selects
the n-th, the 1st, the (n-2)-th, the 3rd, . . ., the 2nd and
the (n-1)-th gate lines where n is a number of said gate
lines and is an even number.

12. A sequential driving method for time-divisionally
displaying a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frames;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and

turning ON a respective one of a plurality of backlights
each corresponding to one of said color signals at an
end period of each of said sub-frames after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

wherein said sequential writing step sequentially selects
the 2nd, the (n-1)-th, the 4-th, the (n-3)-th, . . ., the
n-th and the 1st gate lines where n is a number of said
gate lines and is an even number.

13. A sequential driving method for time-divisionally
displaying a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
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data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frames;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and

turning ON a respective one of a plurality of backlights
each corresponding to one of said color signals at an
end period of each of said sub-frame after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

wherein said sequential writing step sequentially selects
the (n—1)-th, the 2nd, the (n-3)-th, the 4-th, . . ., the 1st
and the n-th gate lines where n is a number of said gate
lines and is an even number.

14. A sequential driving method for time-divisionally
displaying a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frames;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and

turning ON a respective one of a plurality of backlights
each corresponding to one of said color signals at an
end period of each of said sub-frame after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

wherein said sequential writing step sequentially selects
the 1st, the (n—1)-th, the 3rd, the (n-3)-th, . . ., the 2nd
and the n-th gate lines where n is a number of said gate
lines and is an odd number.

15. A sequential driving method for time-divisionally
displaying a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frames;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and
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turning ON a respective one of a plurality of backlights
each corresponding to one of said color signals at an
end period of each of said sub-frames after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

wherein said sequential writing step sequentially selects
the 1st, the n-th, the 3rd, the (n=2)-th, . . ., the (n-1)-th
and the 2nd gate lines where n is a number of said gate
lines for a first one of said sub-frames and is an even
number, and sequentially selects the n-th, the 1st, the
(n=2)-th, the 3rd, . . ., the 2nd and (n-1)-th gate lines
for a second one of said sub-frames next to said first
sub-frame.

16. A sequential driving method for time-divisionally
displaying a plurality of color signals in respective ones of
sub-frames forming one frame in a liquid crystal display
apparatus including a plurality of data lines, a plurality of
gate lines, and a plurality of liquid crystal pixels, each
including a liquid crystal cell and a switching element
connected between said liquid crystal cell and one of said
data lines and having a gate connected to one of said gate
lines, comprising the steps of:

writing black signals into all of said liquid crystal pixels
at a beginning period of each of said sub-frames;

sequentially writing one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines while said gate lines are sequentially
selected after said black signals are written into all of
said liquid crystal pixels; and

turning ON a respective one of a plurality of backlights
cach corresponding to one of said color signals at an
end period of each of said sub-frame after the one of
said color signals is written into all of the rows of said
liquid crystal pixels,

wherein said sequential writing step sequentially selects
the 2nd, the (n-1)-th, the 4-th, the (n-3)-th, . . ., the
n-th and the 1st gate lines where n is a number of said
gate lines for a first one of said sub-frames and is an
even number, and sequentially selects the (n-1)-th, the
2nd, the (n-3)-th, the 4-th, . . ., the 1st and the n-th gate
lines for a second one of said sub-frames next to said
first sub-frame.

17. A field sequential driving type liquid crystal display
apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said liquid crystal cell and one of said data lines and
having a gate connected to one of said gate lines;

a black write circuit, connected to said data lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;

a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;

a gate driver circuit, connected to said gate lines, for
sequentially selecting said gate lines to sequentially
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write the one of said color signals into rows of said
liquid crystal pixels each row connected to one of said
gate lines after said black signals are written into all of
said liquid crystal pixels;

a backlight control circuit for turning ON a respective one
of a plurality of backlights each corresponding to one
of said color signals at an end period of each of said
sub-frame after the one of said color signals is written
into all of the rows of said liquid crystal pixels; and

a signal processing circuit, operatively connected to said
data driver circuit, for compensating for a level of pixel
components of the one of said color signals to be
written into one of the rows of said liquid crystal pixels,
so that a change of an average transmittivity of each of
the rows of said liquid crystal pixels is sufficiently
small before said end period.

18. The field sequential driving type liquid crystal display
apparatus as set forth in claim 17, wherein said signal
processing circuit compensates for the level of pixel com-
ponents of the one of said color signals by

Py—PyG

where P;; is a pixel component of one liquid crystal pixel
connected to an i-th one of said data lines selected by
said data driver circuit and a j-th one of said gate lines
selected by said gate driver circuit at a j-th time within
the one of said sub-frames, and

C; is a compensating coefficient satisfying C,=C;, ;.

19. The field sequential driving type liquid crystal display
apparatus as set forth in claim 17, wherein said gate driver
circuit comprises first and second gate driver circuits to
sequentially select the 1st, the n-th, the 3rd, the (n-2)-th, .
.., the (n=1)-th and the 2nd gate lines where n is 2 number
of said gate lines and is an even number.

20. The field sequential driving type liquid crystal display
apparatus as set forth in claim 17, wherein said gate driver
circuit comprises first and second gate driver circuits to
sequentially select the n-th, the 1st, the (n-2)-th, the 3rd, .
.., the 2nd and the (n-1)-th gate lines where n is a number
of said gate lines and is an even number.

21. The field sequential driving type liquid crystal display
apparatus as set forth in claim 17, wherein said gate driver
circuit comprises first and second gate driver circuits to
sequentially select the 2nd, the (n-1)-th, the 4-th, the (n-3)-
th, . . ., the n-th and the 1st gate lines where n is a2 number
of said gate lines and is an even number.

22.The field sequential driving type liquid crystal display
apparatus as set forth in claim 17, wherein said gate driver
circuit comprises first and second gate driver circuits (34,
3B) to sequentially select the (n-1)-th, the 2nd, the (n-3)-th,
the 4-th, . . ., the 1st and the n-th gate lines where n is a
number of said gate lines and is an even number.

23. The field sequential driving type liquid crystal display
apparatus as set forth in claim 17, wherein said gate driver
circuit comprises first and second gate driver circuits to
sequentially select the first, the (n-1)-th, the 3rd, the (n-3)-
th, . .., the 2nd and the n-th gate lines where n is a number
of said gate lines and is an odd number.

24. The field sequential driving type liquid crystal display
apparatus method as set forth in claim 17, wherein said gate
driver circuit comprises first and second gate driver circuits
to sequentially select the 1st, the n-th, the 3rd, the (n-2)-th,
..., the (n-1)-th and the 2nd gate lines for a first one of said
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sub-frames where n is a number of said gate lines and is an
even number, and to sequentially select the n-th, the 1st, the
(0-2)-th, the 3rd, . . ., the 2nd and (n—1)-th gate lines for a
second one of said sub-frames next to said first sub-frame.

25. The field sequential driving type liquid crystal display
apparatus as set forth in claim 17, wherein said gate driver
circuit comprises first and second gate driver circuits to
sequentially select the 2nd, the (n-1)-th, the 4-th, the (n-3)-
th, . .., the n-th and the 1st gate lines where n is a number
of said gate lines for a first one of said sub-frames and is an
even number, and to sequentially select the (n-1)-th, the
2nd, the (n-3)-th, the 4-th, . . ., the 1st and the n-th gate lines
for a second one of said sub-frames next to said first
sub-frame.

26. A field sequential driving type liquid crystal display
apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said crystal cell and one of said data lines and having
a gate connected to one of said gate lines;

a black write circuit, connected to said data lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;

a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;

first and second gate driver circuits, connected to said gate
lines, for sequentially selecting said gate lines to
sequentially write one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines after said black signals are written into
all of said liquid crystal pixels; and

a black light control circuit for turning ON a respective
one of a plurality of backlights each corresponding to
one of said color signals at an end period of each of said
sub-frames after the one of said color signals is written
into all of the rows of said liquid crystal pixels,

wherein said first and second gate driver circuits sequen-
tially select the 1st, the n-th, the 3rd, the (n-2)-th, . . .
, the (o-1)-th and the 2nd gate lines where n is a
number of said gate lines and is an even number.

27. A field sequential driving type liquid crystal display
apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said liquid crystal cell one of said data lines and having
a gate connected to one of said gate lines;

a black write circuit, connected to said data lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;

a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;
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first and second gate driver circuits, connected to said gate
lines, for sequentially selecting said gate lines to
sequentially write one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines after said black signals are written into
all of said liquid crystal pixels; and

a backlight control circuit for turning ON a respective one
of a plurality of backlights each corresponding to one
of said color signals at an end period of each of said
sub-frames after the one of said color signals is written
into all of the rows of said liquid crystal pixels,

wherein said first and second gate driver circuits sequen-
tially select the n-th, the 1st, the (n-2)-th, the 3rd, . . .
, the 2nd and the (n-1)-th gate lines where n is a
number of said gate lines and is an even number.

28. A field sequential driving type liquid crystal display
apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said liquid crystal cell and one of said data lines and
having a gate connected to one of said gate lines;

a black write circuit, connected to said data lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;

a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;

first and second gate driver circuits, connected to said gate
lines, for sequentially selecting said gate lines to
sequentially write one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines after said black signals are written into
all of said liquid crystal pixels; and

a backlight control circuit for turning ON a respective one
of a plurality of backlights each corresponding to one
of said color signals at an end period of each of said
sub-frames after the one of said color signals is written
into all of the rows of said liquid crystal pixels,

wherein said first and second gate driver circuits sequen-
tially select the 2nd, the (n-1)-th, the 4-th, the (n-3)-th,
..., the n-th and the 1st gate lines where n is a number
of said gate lines and is an even number.

29. A field sequential driving type liquid crystal display
apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said liquid crystal cell and one of said data lines and
having a gate connected to one of said gate lines;

a black write circuit, connected to said date lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;
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a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;

first and second gate driver circuits, connected to said gate
lines, for sequentially selecting said gate lines to
sequentially write one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines after said black signals are written into
all of said liquid crystal pixels; and

a backlight control circuit for turning ON a respective one
of a plurality of backlights each corresponding to one
of said color signals at an end period of each of said
sub-frames after the one of said color signals is written
into all of the rows of said liquid crystal pixels,

wherein said first and second gate driver circuits sequen-
tially select the (n—1)-th, the 2nd, the (n-3)-th, the 4-th,
..., the 1st and the n-th gate lines where n is a number
of said gate lines and is an even number.

30. A field sequential driving type liquid crystal display

11
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a black write circuit, connected to said data lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;

a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;

first and second gate driver circuits, connected to said gate
lines, for sequentially selecting said gate lines to
sequentially write one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines after said black signals are written into
all of said liquid crystal pixels; and

a backlight control circuit for turning ON a respective one
of a plurality of backlights each corresponding to one
of said color signals at an end period of each of said
sub-frames after the one of said color signals is written
into all of the rows of said liquid crystal pixels,

wherein said first and second gate driver circuits sequen-
tially select the 1st, the n-th, the 3rd, the (n=2)-th, . . .

apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

, the (n-1)-th and the 2nd gate lines where n is a
number of said gate lines for a first one of said
sub-frames and is an even number, and sequentially
select the n-th, the 1st, the (n-2)-th, the 3rd, . . ., the
2nd and the (n-1)-th gate lines for a second one of said
sub-frames next to said first sub-frame.

32. A field sequential driving type liquid crystal display
apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said liquid crystal cell and one of said data lines and

having a gate connected to one of said gate lines;

a black write circuit, connected to said date lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;

a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;

first and second gate driver circuits, connected to said gate
lines, for sequentially selecting said gate lines to
sequentially write one of said color signals into rows of
said liquid crystal pixels each row connected to one of
said gate lines after said black signals are written into
all of said liquid crystal pixels; and

a backlight control circuit for turning ON a respective one
of a plurality of backlights each corresponding to one
of said color signals at an end period of each of said
sub-frames after the one of said color signals is written
into all of the rows of said liquid crystal pixels,

wherein said first and second gate driver circuits sequen-
tially select the 1st, the (n—-1)-th, the 3rd, the (n-3)-th,
..., the 2nd and the n-th gate lines where n is a number
of said gate lines and is an odd number.

31. A field sequential driving type liquid crystal display

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said liquid crystal cell and one of said data lines and
having a gate connected to one of said gate lines;

a black write circuit, connected to said data lines, for
writing black signals into all of said liquid crystal
pixels at a beginning period of each of said sub-frames;

a data driver circuit, connected to said data lines, for
supplying one of said color signals to said data lines;

first and second gate driver circuits, connected to said gate
lines, for sequentially selecting gate lines to sequen-
tially write one of said color signals into rows of said
liquid crystal pixels each row connected to one of said
gate lines after said black signals are written into all of
said liquid crystal pixels; and

a backlight control circuit for turning ON a respective one
of a plurality of backlights each corresponding to one
of said color signals at an end period of each of said
sub-frames after the one of said color signals is written
into all of the rows of said liquid crystal pixels,

apparatus for time-divisionally displaying a plurality of
color signals in respective ones of sub-frames forming one
frame, comprising:

wherein said first and second gate driver circuits sequen-
tially select the 2nd, the (n-1)-th, the 4-th, the (n-3)-th,

a plurality of data lines;
a plurality of gate lines;

a plurality of liquid crystal pixels, each including a liquid
crystal cell and a switching element connected between
said liquid crystal cell and one of said data lines and
having a gate connected to one of said gate lines;

..., the n-th and the 1st gate lines where n is a number
of said gate lines for a first one of said sub-frames and
is an even number, and sequentially select the (n-1)-th,
the 2nd, the (n-3)-th, the 4-th, . . ., the 1st and the n-th
gate lines for a second one of said sub-frames next to
said first sub-frame.
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