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FIG, 48

EVEN-NUMBERED FRAME

Line 100000000000@® -———---
Line 2@000000000@0 -———---
Line 300000000000@ -—-----
Line 1 0000000000@0 ——-———-
Line 500000000000@ ————-—-
Line 6 @000 O0OO@0O ————-—-



US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 4 of 49

(@) SINIT TYNDIS NIVHQ

\\\|1|||||\\\//1||||||1//4 B1st
LR

any 9861
AMAMAS _ ANAAAA M \Nk
=
LG T LN0Y¥ID 1AdLNO Q167
T TFTTET |/
96T dALAIHS TIATT
PSS
(=== ] o
66T~ gUILSIDIAY IOVYOLS | |[2% 22
_ D == |52
1— o =) =
==4 [~ =1
po1—~J_ g HALSIDHIY LNdNI L |z = = &
a_ B a = a2
g 1
[[ i@isipdy La1HS |
\LINDHID TOULNOD,

™

.Ihwxw 9 w@ As @ MWH | é Nmﬂxe ;@ 4
0T

m a aND TA-0A 6A_G4p
NdNI
N _LNdIN0  HNIAIHQ OV & SIDVITOA  ggnvITOA
sng AHHVD 04 TVNDIS AY¥YVD gONTUTIIY goyNyuEdTy
VIVQ TOYINOD

G 9Id



Patent Application Publication Jan. 31,2008 Sheet 5 of 49 US 2008/0024419 A1

130
153 /
SFTR SFTR

] /262
DATA BUS
1] ] i
& ¥ ¥ $

Y1/v4|Y2/Y5||Y3/Y6 |Y4/Y1 [{Y5/Y2]|Y6/Y3

LATCH |LATCH||LATCH [LATCH ||LATCH |LATCH

LEVEL | LEVEL LEVEL | LEVEL LEVEL | LEVEL
SHIPTER | SHIFTER || SHIFTER | SHIPTER || SHIRTER | SHIFTER

HIGH- | LOW-||HIGH-{ LOW- |} HIGH- | LOW-

voLTAcE | vouTAGE || voLTAGE | vOLTAGE || VOLTAGE | VOLTAGE
3| DECODER | DECODER || DECODER | DECODER || DECODER DECODER |, .o
2797 —+~ " 1~278
l I l l I I (57
. 263
HiGH- | LOowW-||HIiGH- | Low-|{HIGH-|LOW-| =
voutact | vourace || vortace | vourace || voutace | voutace | SWITCHING
AMP | amMP |l aMP | AMP |{ AMP | AMP |CONTROL
X ) 272
271 ,
271
279




US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 6 of 49

b

AOT-0
ttiie A0T-0 Y >TQA
TAN

AOT-0
INd
ADT-0 AG—0

AOT=0 ¢ AN
lA= AOT=0 TT=% ADT=%
TNd !

AOT—§

S

5

2\

&

[
(=]

10

¢aANVN

1

w2

]

NI

A

AN

TANVN

N
G
~
I,



Patent Application Publication Jan. 31,2008 Sheet 7 of 49 US 2008/0024419 A1

Fia, 8

OP

——oO Vout

FiaG, 9

POWER SUPPLY?2 BIOASZ
BIAS1
(-) (+) .
inpyr HE~Pus 1, ko INEU
PM52 —=oO
L OUTPUT
|-‘ I
NM6 3
/ . /u:
7
':"_-__lEl_/NMﬁ 4 NM6 5

POWER SUPPLY1



Patent Application Publication Jan. 31,2008 Sheet 8 of 49 US 2008/0024419 A1

FIG, 10

POWER SUPPLY2

I:II——IEL\/ PM54
? NM5 5
. |
PM53 '
o
OUTPUT
(=) NM6 1 (+%NPUT —°
T _
INPUTOH heNMGZ
BIAS3
o {I;
POWER SUPPLY1 O

Vout




Jan. 31,2008 Sheet 9 of 49 US 2008/0024419 A1l

Patent Application Publication

SSINIHDIYE QI14108dS THL NVHL HIMOT

SSENIHDINE AT1d104dS IHL NYHI HIHDIH %
SSENLHD 1YL QA IA10EdS &w@

-=
|
|
|

e

I

(>
|
i

NOOA

—

IDVITOA LN4LAO
NI1VHQ Tvid]



US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 10 of 49

IDVITOA

gET 914

L0dLNo 1A
H¥ HE HZ HT
== ="
' VA
LA
———+= ll+l
“ \ “ ﬂ EVAA-E
I ! aNODHES
b e b — b e e
=" F—- it
l _l
| i | [/
1 li | [
'} . _II+|
FTTTTT anvad
“ | “ LSHIA
S -l
— —

ddp

IDVLTOA

VET DId

ILNdLno 1A

H¥ HE€ (H? HT

— p——

== R

! 1

\ ! |

Lt

hy |.|ll~|||ﬂ||l T

GE/ i i | \

2, ooy
CE S L

—BEDS

- o ——
\ |
i ! I 1

I

I

I | i | I

] ] !

! ] I

e oed ] R

p— p—

INVHd
aNO0J¥s

b

T INVYd
Lsd1d




US 2008/0024419 A1l

Patent Application Publication Jan. 31, 2008 Sheet 11 of 49

_ N T AT1ddNS
wozz)(‘ﬂ‘. _()mwzz HAMOd
EVN .»|L.,Lq

O
1ndlno

— = v TYNDIS
Ulel ™ PVN

_ .
7aIN TOHINOD
__I_||+|_ 1 o
g o—I
i 4 TYNDIS - o
= 1NANIO
TOHINOD _Muﬁ _./,I
v 1rgsnd BN TN
_m_\ TGHd _
TaN ! 10dNTD
2YN o
" u_“ o1 SVIg
P z ATddNs
Py YIMOd
7 9v1d



US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 12 of 49

oV Svid ,
ﬁ\._ f_ T A1ddNS Hamod
| —O
[ b1 € SvIid
_ ILNdN1O
|
4 T 9NN _
AL __.IL(Nmzz A
| mmm T
O
1Nd1no g[TVNDIS = AN N1
TOHLINOD Nmz 1vd So ®
| —_° - ¥o)
__ _ L ¥ TYNDIS
.w.: . PES TOYINOD
£V d
/@:,a vad |7vd
Ezm)_w___ . “@m::
. Z A7ddNS
4aAMOd



US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 13 of 49

JIOAHUTA

=inoA JI0A

g91 974

vor HI1d

I A7ddNS
J m 4aMod
\wwzz @@zzz\.TlﬁL £ 9NN
- |
I._ T -0
1SN LNdNIO®
L7
2 SNd LNdNI®
o]
mv m“ ol SVi1d
) 2 A1ddNS
z SvVId YEIMOd



US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 14 of 49

JIOA-UTA
=1N0A

o wTA
+) o

JI0A
(-) @

41 914

T A7dd0S
m‘ HAMOJ
S 9NN ﬁozz:\\flﬂl*;/mozz
o ._
T O
LNdNI®
|
1
Nm:mn\\\ _ ININI®
TGNd
.m“ ‘1“ ol SV1d
3 gz A7ddns
ZSvidg HIMOd

Vil D14



US 2008/0024419 A1

Jan. 31, 2008 Sheet 15 of 49

Patent Application Publication

YIXITd 11T1AR: @

SEIDYLITOA

\\\0 lllllllllllllllllllllllllll -
7 \

SADYLITOA

]
‘
! Z1VOS-AVYD TTYDS-AVHD
mm0<,w,._o>-m~on TDVLITOA-MO'T

7 7
8.7 6L7

110D¥1D
}ommees TOHINOD

d

v

TOULINOD LAdINO

L |©9

~

SEDVLITOA SEIDYLTOA
FTVOS-AVHD TTVOS-AVHD
THOVITOA-HHIH IDVITOA-MO'T
..... TN )

I
[93d00aa]| [#3aooda]
7 7

- - -

1L7% L7

i
]
i
1]
]
1
'
m
8.7 6.7% :
]
m
:
1
]
]
]
]
]
t

-

P Y T TR T

e
.
’
¢

(@) SANIT
TYNDIS NIVHCQ Ol

g§r 914

(qQ) SENIT TYNDIS NIVHQ 0L




US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 16 of 49

[30A-TA
[I0ATA —
fe e e TA

(NOTSHEANI
e ——-wooa -100)
TYNDIS 1NdIN0

-E——-HA

VIOATHA  (oNTHOLIMS dWY)

~.._|._|I_|‘_||_.|_|._.,v DNIAIYA OV Y04

N O B _.~ ~|_I|_|\_||_||21_<ZUS T0HINOD
|— —

L g TYNDIS TOHINOD

[V TVNDIS TOYINOD

-1

|
====M,~,====__==M,~,=======&,M,====_._==m===== TYNDIS L¥VLS
Bl {4 J « L « L " LI qvnpis anvug

__A 7 wT € vT 2 vT 1 v_
61 DIld




Patent Application Publication Jan. 31,2008 Sheet 17 of 49 US 2008/0024419 A1

1
|
|

4
f
I

FIRST
FRAME _

i =y
|
|

——

SECOND
FRAME |

Pt & bl

THIRD |i
FRAME _i
(FIRST |
FRAME) |

FOURTH )
FRAME |i
(SECONDH
FRAME)

PEAK—-TO-PEAK
VOLTAGE



Patent Application Publication Jan. 31, 2008

- | bt ,l"'"
FIRST |1 r—-‘ !
FRAME i i I

T r—ar=-

! [N [

V i ] ] 1
PI l

- - |

i - -—-
SECOND | [
FRAME & U b I |

g N L
N
\ h \
- L -
———

- ——— e == 'r—-— ',__
THIRD |} Pl
FRAME -i--&---L--‘--'--
rirsT | VO N F
FRAME) ! b

. - -

T ~—- —-
FOURTH )=
FRAME W 1 b I @
(SECONBR——1-=+—4--—-
FRAME) |V I |V I |

e L \
=1 L ——

Sheet 18 of 49

US 2008/0024419 A1l

Vpp

PEAK-TO-PEAK
VOLTAGE



Patent Application Publication Jan. 31,2008 Sheet 19 of 49 US 2008/0024419 A1

FIRST
FRAME _
Vpp
SECOND |
FRAME
=t = 'r—- ,,..._
THIRD |} | i
FRAME -{'—--‘{-—-'----‘ N
(:A0:35 I L A
FRAME) | [l |}
== o [ p——
FOURTH | f':.'..‘ ,,""‘
FRAME b |1 b | |
(SECONBf-—f-—f-—4F-t+--
FRAME) “_' A
] 1
iy l\--- [
1H| 2H| 3H| 4H

Y1 OUTPUT

PEAK-TO-PEAK
VOLTAGE



US 2008/0024419 A1

Jan. 31, 2008 Sheet 20 of 49

Patent Application Publication

LAD DNILVHINED

027~ TYNDIS DNITAVNI
M00T0 L41HS
0cy~] LY0 DNILVHINED
A00710 LATHS  |{3050T0 L00)
2710
o1 v v ¥ v ooV v v v v
ﬁ d/4 [ 4/4 [ 4/d [ d/d [T <1 4/4 Aim\m < 474 [ 44 5104
m+::mme 2+ULAS T+ULdS 6 LHYVIS
Y Y Y
0% 7— LAD 1L48 1148 T14¢
ONILYHEINID IST0d 41de
(TYNDIS 1037%S) 0
067~ YOLOETAS 4570d dANGL5d ONILVHEINTD TYND IS/ Niasan
- T ONIZINDOOTY TNV H d femmmmeee
- HIATHA NNTL 210
ONIQEIOONS THL oww
¥0d ISTNd JYVLS <Hgdono| L0 DNILVHINED
<«—o ] TYNDIS TOHINOD g
VdOHD 170

/

00¥

£ D14




US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 21 of 49

LD ODNIIVYINID TYNDIS NHOd

|

10% w
€07

|

NY0d 07 qan
1700
NNTA

44 0HD 2 1 i SCTVS
YdOHD 4 _ HAINT g— < — <110

/ 74 td |za Td

140X E 1< g <] ]
\zfna
007



US 2008/0024419 A1

Patent Application Publication Jan. 31,2008 Sheet 22 of 49

LY U S ruy royy L] adoHo
I LIy L e LI VdOHD
AWTI L AWTI A AWTI A NI HWTI A AWd A
aIsn] 1044sn| TaLISN| TRIISA] TAIISA] TNLESA
I ]
L | — [ WTdD
NT4AH

1700
TTOH

I dINTI

I NATd

| L

—~—
dWNEd TNAISN

8 914

] 110



Patent Application Publication Jan. 31,2008 Sheet 23 of 49 US 2008/0024419 A1

] F Fi4
START PULS_E_____D2 _L_s?m’ n‘) tbl( {{ﬁqﬁxl
4l U >F/F__;|JZ_>F/F_ FSTENBE
sl i I il

RESETN




US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 24 of 49

— =

| W

~

M\ T\
g48 HDId

—  \

IN

—\ ¥

— i
—_— Cr —————————
L \ 7 V\l.l
\ — —

WTd
dANILSA

Ay

1Y)

0IdLS
I8TNd LYVLS
NLISHY

210

NANT4
dANILSA

AV

0

0T&ls
48TNd LYVILS
NIISHEYH

210



US 2008/0024419 A1

Jan. 31, 2008 Sheet 25 of 49

Patent Application Publication

£1ds

314§

T1dS

VIVQ A¥1d51d

1S¥1d

I VI A T

HIATHA
aNodis

N00TO LAIHS

TYNDIS

DNITIVNE 14d1HS

(ZSTAd LUVLS IWVYHL ‘ISTNd IUVLS
YIAIYA ANODTS) INdLNQ YZAIYQA LSYHI4

1148

(FTAd LYYLS INVYUL-NI ‘dSTNd LYVLS
YTATYHA ANDOES) 1NdLINO YIAIHQ LS¥1d

-

e N

~

(s

/I Y Y

|
L

-

1nd

LHYVLS HIAI

Q¥IHL JANODES |

1584

Id

L

€+014d8

Z+ULAS
T+UL4S

4d GNODIS) v1dS§
€LdS
2LdS
TLdS

VIVQ AVTdSId

AD0TD LATHS
NI TYNDIS

HIATHC
1sd14d

ONITIYNT LJTHS

~<-4IATYQ

HIAIL

ONODES ¥0d VIV

@ LSYId 404 VIV
1y

QYIHL XONQDISX LSHIY

15¥] XI-1SYTX

1)

D AV A W

S

83

s

DId

e

I81Nd

LYY LS IAVHA
ESTNd LUVLS

AAVHd-NI vivd

Y1va A¥1dg1q|TOYINGD
M0010 l0d



Patent Application Publication Jan. 31,2008 Sheet 26 of 49

SFTn

FiG. 29

F21
|:D Q

cK /9

ENB

SFTn+3 D: CK /Q

1
[:DQ

US 2008/0024419 A1l

EXOR?2

o



US 2008/0024419 A1

Patent Application Publication Jan. 31,2008 Sheet 27 of 49

dIHD D1 NV 40 Q1S DNOT
-

ULdS gLdS TL4AS

692

<—

961

viva
AVTdSId

192 ™

SA~SA
¢>Zc> HV

cor)

(@) SINIT TVNDIS NIVHQ

0 914

dIHD O1 NV 40 IQIS LHOHS



Patent Application Publication Jan. 31,2008 Sheet 28 of 49 US 2008/0024419 A1
FIG, 31
VDD
PSB1 PSB2
T 1
NSB1 ><
| OUTPUT
INPUT = =
NSB2
FIG, 32
Vbis
VDD
PSAlI! ] PSA2
VDD D(L-J VDD
LJPBPI J
’ ]
ETTrA Ry S o= T VI
K— _‘E_C HSCr —|F~PBB2
OUTPUT | | QUTPUT
] Twsas L—pnppg VO
(Q) 77 -
Kgpy  NSA3 ’ 5
| a a |-NBB1
I "NBP1 NSAL N§AZ ;T
INVP | = \INVO

INPUT



Patent Application Publication Jan. 31,2008 Sheet 29 of 49

INPUT
VOLTAGE

FiG, 33

US 2008/0024419 A1

VOLTAGE
AT A POINT
a

VOLTAGE
AT APOINT
a

VOLTAGE
AT A POINT
"y

VOLTAGE
AT A POINT
Sy

VOLTAGE
AT A POINT
c

VOLTAGE
AT A POINT
C




Patent Application Publication Jan. 31,2008 Sheet 30 of 49 US 2008/0024419 A1

FIG, 344 FIG 348
(PRIOR ART)

263
261
' 263
]f]; Ls(1) | LS(3) | Ls(s) | 4s¢ 61
LS{0) LS{2) LS (4] LS|ILS|LSJLS|LS|LS
@ (o) | (1) | (2 [ (31 ] (4) | (5) 136
LA
265 N
p(o}|p(1){p(2){p(3)|p(4}|D15) p(o){o(1)lp(2)[p(3)|p(4)|D(5)] 202




US 2008/0024419 A1

Patent Application Publication Jan. 31,2008 Sheet 31 of 49

®GY

[

o\mN NN
— 17
7 v Ev ﬂ N\ . MN
[d] [IN] NJ [ N | d d [N]
\ A b4 | A777%. \
PS3 ( / N
®97 q92 9.2 vzl P¥C
AO A8
(A¥ ¥0 0) 8 i
A9YLTOA A8 UO

LATHS TIAET

LINDYHID HdddNnd
ONIQEIDINS V Ol

AY LINDYID 4dddng

ONIQEIIOONS ¥V Ol

G& DId



Patent Application Publication Jan. 31,2008 Sheet 32 of 49 US 2008/0024419 A1

FIG, 36

LATCH FOR LATCH FOR | -265
Y1 AND Y4 Y2 AND Y5
LEVEL SHIFTER LEVEL SHIFTER 156
DO D1 D2 D3 D4 D5 D5 D4 D3 D2 D1 DO b
265 TBTBTBTBTBTB BTBTBTBTBTBT 279
oo | bhidbd lqu WL \ég
3 UL LR U LU U LA L— LA LFAL U TURRU LR T —
64 —FE¢—o0 V'
LV =E
=tV
==t
=H=tovV’'s
UL AL U AL TU L —4—
nETERT TR §§%Q
.._-__--___-___L-L.- - V9
J
TRP3 151b

HIGH-VOLTAGE LOW-VOLTAGE
AMPLIFIER AMPLIFIER

INPUT INPUT
— o)
. n—CHANNEL MOS - p—CHANNEL MOS
7 DEPLETION-TYPE _181_ DEPLETION-TYPE

n-CHANNEL MOS p—CHANNEL MOS



Patent Application Publication Jan. 31,2008 Sheet 33 of 49 US 2008/0024419 A1

o
~i_l [N ™
— (@] T (]
(7]
O
s e =©
[aN o)
21512 14’ =
Q 010 'O
S—
W w2
- o @
[s W} el o
P > |/

VOUTA

FIlaG, 37
QUTB >\2 :

D5 D4 D3 D2

i = e

=4 ~— o™ ™
~
-

151a

V4



Patent Application Publication Jan. 31,2008 Sheet 34 of 49 US 2008/0024419 A1

FIG 384

D1 | DO [CLOSED SW{ OUTPUT FIGS,

0 0 S1 Va 38B

0 1 52,53 Va+1/74AV 38C

1 0 53, 85 Va+2/4AV 38D

1 1 S2, 54 Va+3/4AV 38E

FIG, 388 FIG 38C

N
Va Vg Va
1 ook o

C3

— — T

FIG, 38D FIG, 38F
Va-—ﬁ_ Va—_—_L

:Ecz D 01:E E
c1 C3 C2 C3
— | Vo L1




US 2008/0024419 A1

Jan. 31, 2008 Sheet 35 of 49

Patent Application Publication

lllllllllllllllllllllllllllllllll

STIDVLTOA TTVDS AVHD

o = e e e e e 8

~

SEDVLITOA ITVOS AVHED ,“
]

/

". " ",

] ) '

T T T H . N Ty | |y B T [T NI

m Tmnooma_ Tﬁsomm_ [s3q003q] [uacooad; HOLIMS DOTVNY: & 1 _mmmoomq_?maoomm_ fugaooad] [sgaooad);

: 7 T4 MEXETd ILTANF Q) - 7 <A

' g1¢ T1€) m TTel ¢I¢ TTEd
o | “08 70¢ |

| & Niselatlioeatll

i (n H 1 i

i =HH | %TT @% |

] | I 1 1

! £0¢ ! _ - OF @)EO¢ .

] )

] )

| e e e

" “ " n

. ; ” %T %TT “

w IMMWHTT AN m H m

] 1 ' )

" / ~ 1INDYID " :

t 1 ' +\ \ [}

...... : mm i======| TOYINOD [--=--=1 O\ @ hommeee

] 1 ) ]

; 1.3 SN\ : ; :N\ SN\ i

1 1 1 1

1 1 m ] i

" o “ TOYLNOD “ :
| : 10dino i _ !
R Vi ( HRA

|y ! ! g 1T

(aQ) SEINIT TYNDIS NIVHQ 0L

6 DId

() SINIT TYNDIS NIVHQ 0L




Patent Application Publication Jan. 31,2008 Sheet 36 of 49 US 2008/0024419 A1

3]
-3
@

é\_1
o
|
[an)
ot
V\L\gu
«
DN
— <
-y
<
o

§ ] P1 |P2
PMOS § H— ER
v )
¥ ] | R/8
NMOS | ¥ ]
¥ ] ] R/4
& | R/2 VOUTB R/4
: wl
302
PMOS ﬂf
VOUTA
—t
V/ ]
R/16
NMOS R/4

\311

D3
/D3 =
D4
/D4
D5
/D5
D6
/D6

D7
/D7



Patent Application Publication Jan. 31,2008 Sheet 37 of 49 US 2008/0024419 A1

P1 P2

NMOS

PMOS

]

|

o e
R/4

R/Z VOUTB

<<l

<
w
w
|

302

NMOS| vao7

VOUTA

R/16

PMOS . R/4

==
=[]
u

V3 R/4

D3
/D3
D4
/D4
D5
/D5
D6
/D6
D7
/DT



Patent Application Publication Jan. 31,2008 Sheet 38 of 49 US 2008/0024419 A1

> AMP

Co1

g2 C04

B

CO/Z

FIG, 42
i

Sélﬁ;l.I£
CR i—__l

e =
NGO = &}
S “
™ (I)l P o<}
o~ =< =
7 oS am e
4
o Z\’m: v
“ = T o
— S e
Y 22! &= ~
vy
r w
o< O
~

P2

P1
/Dn0
/Dn1l
/Dn?



US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 39 of 49

HOLIMS DOTVYNY: @
YAXATd 11700 Q

N

20¢€

P O S S T R s rl s T

MHMWMLTI MUMWMLTI 251~
1100YID
TOMINOD |-=----
g
y
TOMINOD
_ _H.Dn:,Do____,
1T [1TT
792 97
(@) SENIT TYNDIS NIVHA 01 (@) SENIT TYNDIS NIVHQ 01




Patent Application Publication Jan. 31,2008 Sheet 40 of 49 US 2008/0024419 A1

OP2

W CAl
§
CP
SWAO1

=
S =
< _|
H S
H ca ~
— <q
: < =
e o = w2
o
S ST
i\. +—i
R‘ : ' o
3 3 E
o N -
__..‘
C\] ]
=
=
)

Vb
Va



US 2008/0024419 A1l

Jan. 31, 2008 Sheet 41 of 49

Patent Application Publication

HOLIMS DOTVNV: @3
4IXATd ILTON: @

~

i 1 i

] ] 1

" “ “

[} 1 1

" " ”

" “ "

1 i i i
JOLA " 2 M “
i i i

] i i

m rgof ¢80T m

H H ! ]

" LIN0UIO | TAMS H o/ VAR

...... : TOULNOD [-===- ! @ mrw fmmmmn-

: ) \ \ ]

" 1.2-T | [edo 247 ”

m o m

: TO¥LNOD ; 1

NI — 1111/
Tt T 1 GO _
e | e AR

() SINIT TVNDIS NIVYQ 0L (@) SANIT TVNDHIS NIVHA 0L

g7 14



US 2008/0024419 A1l

6L2 ‘8L7

HOLIMS DOTVNY : &3

— -

Jan. 31, 2008 Sheet 42 of 49

LINDYHID
TOYLNOD

-

SEDVLITOA ™
ITVYOS AVUD

6L2 ‘8.0

d

v
TO0HINOD

LAd1lno

B S S O s tttashatl

Patent Application Publication

(@) SANIT TYNDIS NIVHQ 0L

D14

(@) SINIT TYNDIS NIVHQ OL




Patent Application Publication Jan. 31,2008 Sheet 43 of 49 US 2008/0024419 A1

FiG, 47

153 130
SFTR SFTR
DATA —X ~ ~
BUS 5 Il -

Y1/Y4Y2/YS {Y3/Y6|Y4/Y1|Y5/Y2/Y6/Y3

265

LATCHLATCH |LATCHLATCH [LATCHLATCH]
LS| LS LS| LS LS LS 156
z 261

HGi-  fLO¥- RIGH- | LO¥- HIGH- | LO¥-
| VOLTAGE | YOLTAGE | | VOLTAGE | YOLTAGE | | VOLTAGE | VOLTAGE SWITCHING
978 — | DECODER | DECODER || DECODER { DECODER || DECODER | DECODER CONTROL

AMP|AMP|{AMP{AMP||AMP|AMP

T T T

Y1 Y2 Y3 Y 4 Y5 Y6

273

273/




Patent Application Publication Jan. 31,2008 Sheet 44 of 49 US 2008/0024419 A1

o 5
(@)
L-' [om]
T e
o
[ 1§ %};
o —+ o
=
.y A
L =
e
I =
% @
“ | <@ @ X
G
N
R, Sar1
<~ |

GND

vCC

A
.'B
A-
“B
VGPL VGNL
BIAS CIRCUIT




US 2008/0024419 A1

Jan. 31, 2008 Sheet 45 of 49

Patent Application Publication

091

¢1 viLvda L VIYQ

87 viva €1 yrya AVIdSIQ-=-AVIdSIT g yyyq 1 ¥IVd
AVTdS1d---AVTdSIQ _ AVTdSIQ === AYTdSIa
qzIlezT|__|aL =L
HOLVTIHILVT HOLVTIHOLYT
e I - — —
nwﬂawﬁ:-n:cmﬁwmm qg |eo | _[at]et 997
HOLVYHILYT HOLVTIHILVT HOIYTIHOLYT, HYLYTIHI LV \\m 61
wNM_ _wNm::oizoo
SNTHDLIMS [431s1D3Y Ld1HS|  rag
q79 T~ 249
- — : - ot
ﬁ 7 ZAA
101/ S vivd ITW%Q @/I,E

KOV | FHOLVT | HOLVT || HOLVT || HOIVT || HOIVT
G9¢—"1ax {lca Hesallzal|PA |l TA

1 4 1 i 1
__{sonnj[sond|is omd)fs onnfIs omN|fs 0N d
198~ |aaosa | |vac0oza | | vacoqaa | | vaaonaa || xxaosaa || waceaae
1 i | 1 1 | 1

ANV ||dNV ||dAV }[dAV [IdWV [|[dAV
AT HAH ||AH AT [|AT || AH

€92

(2) TOYILNOD

S A TA

67 DId Y

S,
=S



Patent Application Publication Jan. 31,2008 Sheet 46 of 49 US 2008/0024419 A1

FIG, 50

iy DATA BUS
® &=z
B 5
® &=z
B 5«
(30MHz)
d SWITCHING
\CONTROLU)
(30MHz) - 1S
= [t
AN
iy ~r9 ~ 0
r:..NFL [
o
o
o
— =9
| 0 &—L
P F =
ABOMHZ)
(6 0MHz)
DISPLAY CL2
DATA
FIG 51
16.7ns
DISPLAY
DATA 33.3nsl
CL?2 |
DISPLAY X x X X X

DATA ON v\
DATA BUSES| X L X X X XX

33.3ns




US 2008/0024419 A1

Jan. 31, 2008 Sheet 47 of 49

Patent Application Publication

0971

31 VLVa 4L vlvd
AVTdSIa --=AVT1dS1d

9 Viva 1 vlvd

81 VIvd ET VIV AVTdS1d == AVTIdSId

AVTdSIQ---AVTdSIQ

e moav]---{ 1roav1 |

EGT
ﬁ

f4als198Y 1 IHS[4TLIS1DTY LA IHS|

[sHorye]---{c1moLy1] [oraav1 || 1mouv1 |
(T) TOHINOD
ONTHOLIMS —89% )
7 7 . " NH /.m
H@H\ snd vivda | Q T + [ mb ? /1w
—F ¥ —F—%

S92—"19a |lea|lsa||zaflva ||TA

T 9 2~ aupoau | |wacoyaa | |waoonao || waaoaaa | {aooosa | [saoase

€92

(2) TOYINOD

HOAVT{{ HOLVT [ HOUYT || HOJYT | HOLYT | FHOIYT

T | | I I T 1

SONN|ISONWd||SONd[{SONN|{SONN||SONd

T I I 1 1 1

dNV[dAV ||dAV [[dAV [|dAV {|dNV
AT||AH [|AH ]|AT ||AT || AH

9A SA VA g¢x 2A TA
LAdlno



Patent Application Publication Jan. 31,2008 Sheet 48 of 49 US 2008/0024419 A1

FiG, 53

16.7ns
DISPLAY
DATA 33,3ns
CLz — |
DISPLAY
DATA ON

DATA BUSES . J16.7ns

FIG, 54

OUTPUT
Y257
Y258 Y256 Y3 Y2 Y1
N AA A
11 T 1
17mm (17000 um)
=] 130
= ATA BUS L~
F 161
o= D -
DISPLAY CL2 DISPLAY

DATA DATA



US 2008/0024419 A1l

Patent Application Publication Jan. 31,2008 Sheet 49 of 49

FIG, 55

S [T

S0 — 2

S = i I H
L= ML= Hy = h
AL hpn “fJ_m )
ARl B B
T2 | lﬂT
B S
| ol o :
| | 1!!
L He H
== H
T | T IHT
HL MO H




US 2008/0024419 Al

LIQUID CRYSTAL DISPLAY DEVICE WITH
INFLUENCES OF OFFSET VOLTAGES REDUCED

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a division of U.S. application Ser. No.
10/143,796, filed May 14, 2002, which is a continuation of
U.S. application Ser. No. 09/260,076, filed Mar. 2, 1999,
now U.S. Pat. No. 6,388,653, the subject matter of which is
incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device, and more particularly to a technique effec-
tively applied to a video signal line driver circuit (drain
driver) of a liquid crystal display device capable of carrying
out multi-gray scale display.

[0003] A liquid crystal device of an active matrix type
having an active element (for example, a thin film transistor)
for each pixel and switching the active element is widely
used as a display device of a notebook personal computer or
the like.

[0004] In the active matrix type liquid crystal display
device, a video signal voltage (a gray scale voltage in
correspondence with display data; hereinafter referred to as
a gray scale voltage) is applied to a pixel electrode via an
active element and accordingly, there is produced no
crosstalk among respective pixels, a special driving method
need not be used for preventing crosstalk as in a simple
matrix type liquid crystal display device and multi-gray
scale display is feasible.

[0005] There has been known as one of the active matrix
type liquid crystal display device, a liquid crystal display
module of a TFT (Thin Film Transistor) type having a liquid
crystal display panel of a TFT type (TFT-LCD), drain
drivers arranged at the top side of the liquid crystal display
panel and gate drivers and an interface circuit arranged at the
side of the liquid crystal display panel.

[0006] In the liquid crystal display module of the TFT
type, there are provided in the drain driver, a multi-gray
scale voltage generating circuit, a gray scale voltage selector
for selecting one gray scale voltage in correspondence with
display data from among a plurality of gray scale voltages
generated by the multi-gray scale voltage generating circuit
and an amplifier circuit receiving the one gray scale voltage
selected by the gray scale voltage selector.

[0007] In this case, the gray scale voltage selector is
supplied with respective bit values of the display data via a
level shift circuit.

[0008] Further, such a technique is described in, for
example, Japanese Patent Laid-Open No. Hei 9-281930
(corresponding to U.S. application Ser. No. 08/826,973 filed
on Apr. 9, 1997, now U.S. Pat. No. 5,995,073).

[0009] The concept of eliminating offset voltages in
amplifiers is disclosed in the following patent applications or
patents: Japanese Patent Laid-Open Nos. Sho 55-1702
(Application No. Sho 53-72691, laid open on Jan. 8, 1980);
Sho 59-149408 (Application No. Sho 59-17278, laid open
on Aug. 27, 1984); Hei 1-202909 (Application No. Sho
63-26572, 1aid open on Aug. 15, 1989); Hei 4-38004 (Appli-
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cation No. Hei 2-145827, laid open on Feb. 7, 1992); U.S.
Pat. No. 4,902,981 (application Ser. No. 07/283,149, issued
on Feb. 20, 1990); U.S. Pat. No. Re. 34,428 (application Ser.
No. 07/846,442, reissued on Nov. 2, 1993); and U.S. Pat.
No. 5,334,944 (application Ser. No. 08/168,399, issued on
Aug. 2, 1994).

[0010] In recent years, in liquid crystal display devices of
a liquid, crystal display module of a TFT type or the like, the
number of steps of gray scales is increasing from 64 to 256
and a voltage step per gray scale (a voltage difference
between two successive gray scale voltages) in the plurality
of gray scale voltages generated by the multi-gray scale
voltage generating circuit becomes small.

[0011] An offset voltage is produced in the amplifier
circuit by variations in properties of active elements consti-
tuting the amplifier circuit and when the offset voltage is
produced in the amplifier circuit, an error is caused in an
output voltage from the amplifier circuit and the output
voltage from the amplifier circuit becomes a voltage differ-
ent from a specified gray scale.

[0012] Thereby, there poses a problem in that black or
white vertical lines are generated in a display screen dis-
played in the liquid crystal display panel (TFT-LCD) and
display quality is significantly deteriorated. A liquid crystal
display device of a liquid crystal display module of a TFT
type or the like has a tendency toward a larger screen size
and a higher display resolution (a larger number of pixels)
of a liquid crystal display panel (TFT-LCD), and also there
is requested a reduction of the border areas such that areas
other than a display area of the liquid crystal display panel
are made as small as possible in order to eliminate non-
useful area and achieve aesthetic qualities as a display
device.

[0013] Further, the level shift circuit installed at the first
stage of the gray scale voltage selector is constituted by
transistors having a high voltage breakdown capacity
between the source and the drain.

[0014] However, when transistors having a high-voltage
rating are used as the transistors for the level shift circuit,
there poses a problem in that an area of the level shift circuit
becomes large in a semiconductor integrated circuit (IC
chip) constituting the drain driver, the chip size of the
semiconductor integrated circuit constituting the drain
driver becomes large, the unit cost of the chip cannot be
lowered and the reduction of the border areas cannot be
achieved.

[0015] Further, conventionally, in a liquid crystal display
device, a higher resolution liquid crystal display panel has
been requested, the resolution of a liquid crystal display
panel has been enlarged from 640x480 pixels of a VGA
(Video Graphics Array) display mode to 800x600 pixels of
an SVGA (Super VGA) display mode. In recent years, in a
liquid crystal display device, in accordance with a request
for a larger, screen size of a liquid crystal display panel, as
a resolution of a liquid crystal display panel, there has been
requested a further higher resolution of 1024x768 pixels of
an XGA (Extended Video Graphics Array) display mode,
1280x1024 pixels of an SXGA (Super Extended Video
Graphics Array) display mode or 1600x1200 pixels of a
UXGA (Ultra Extended Video Graphics Array) display
mode.
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[0016] In accordance with such a higher resolution of a
liquid crystal panel, a display control circuit, drain drivers
and gate drivers are obliged to carry out high-speed opera-
tion, and more particularly, there has been requested high-
speed operation for a clock for latching display data (CL2)
outputted from the display control circuit to the drain driver
and an operating frequency of display data.

[0017] Thereby, there poses a problem in that a timing
margin is reduced when display data is latched inside of a
semiconductor integrated circuit constituting the drain
driver.

SUMMARY OF THE INVENTION

[0018] The present invention has been carried out in order
to solve the problems of the conventional technologies
mentioned above and it is an object of the present invention
to provide a technique capable of improving display quality
of a display screen displayed on a liquid crystal display
element by preventing black or white vertical lines caused
by an offset voltage from being produced in the display
screen, of the liquid crystal display element in an amplifier
of'a video signal line driver circuit in a liquid crystal display
device.

[0019] Tt is another object of the present invention to
provide a technique capable of reducing the chip size of a
semiconductor integrated circuit constituting a video signal
line driver circuit by using lower source-drain voltage rating
transistors in a level shift circuit of the video signal line
driver circuit in a liquid crystal display device.

[0020] It is another object of the present invention to
provide a technique capable of ensuring a timing margin
when display data is latched inside of a semiconductor
integrated circuit constituting a video signal line driver
circuit even if high-speed clock operation is performed in
latching display data as well as an operating frequency of
display data in a liquid crystal display device.

[0021] The above-described objects and novel features of
the present invention will become apparent by description
and attached drawings in the specification.

[0022] In accordance with one embodiment of the present
invention, there is provided a liquid crystal display device
including a plurality of pixels adapted to be supplied with
respective video signal voltages, and a plurality of video
signal driver circuits which output respective output volt-
ages and supply the output voltages to the plurality of pixels
as the video signal voltages. Each of the plurality of video
signal driver circuits includes a pair of amplifier circuits
which supply a respective one of the video signal voltages
to one of the plurality of pixels. The pair of amplifier circuits
includes a first amplifier circuit including a first output
terminal, a first input terminal, and a second input terminal,
and a second amplifier circuit including a second output
terminal, a third input terminal, and a fourth input terminal.
Each of the plurality of video signal driver circuits further
includes a first connecting circuit switchable between a first
connection in which an output voltage output from the first
output terminal is input to the first input terminal as a
reference voltage, and a second connection in which the
output voltage output from the first output terminal is input
to the second input terminal as a reference voltage, and a
second connecting circuit switchable between a third con-
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nection in which an output voltage output from the second
output terminal is input to the third input terminal as a
reference voltage, and a fourth connection in which the
output voltage output from the second output terminal is
input to the fourth input terminal as a reference voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the accompanying drawings, in which like ref-
erence numerals designate similar components throughout
the figures, and in which:

[0024] FIG. 1 is a block diagram showing a schematic
constitution of a liquid crystal display module of a TFT type
according to Embodiment 1 of the present invention;

[0025] FIG. 2 is a diagram showing an equivalent circuit
of an example of a liquid crystal panel shown in FIG. 1;

[0026] FIG. 3 is a diagram showing an equivalent circuit
of other example of the liquid crystal display panel shown in
FIG. 1,

[0027] FIGS. 4A, 4B show diagrams for explaining a
polarity of a liquid crystal drive voltage outputted from a
drain driver to a drain signal line (D) when a dot-inversion
drive method is used as a method of driving the liquid crystal
display module in which FIG. 4A shows an example of an
odd-numbered frame and FIG. 4B shows an example of an
even-numbered frame;

[0028] FIG. 5 is a block diagram showing a schematic
constitution of an example of a drain driver shown in FIG.
1;

[0029] FIG. 6 is a block diagram for explaining a consti-
tution of the drain driver shown in FIG. 5 centering on a
constitution of an output circuit;

[0030] FIG. 7 is a circuit diagram showing a circuit
constitution of a switching circuit (2) shown in FIG. 6;

[0031] FIG. 8 is a circuit diagram showing a voltage
follower circuit used in a high-voltage amplifier circuit and
a low-voltage amplifier circuit shown in FIG. 6;

[0032] FIG. 9 is a circuit diagram showing an example of
a differential amplifier constituting an op-amp used in the
low-voltage amplifier circuit shown in FIG. 6;

[0033] FIG. 10 is a circuit diagram showing an example of
a differential amplifier constituting an op-amp used in the
high-voltage amplifier circuit shown in FIG. 6;

[0034] FIG. 11 is a diagram showing an equivalent circuit
of an op-amp in consideration of an offset voltage (Voff);

[0035] FIG. 12 is a diagram for explaining a liquid crystal
drive voltage applied to a drain signal line (D) when there is
the offset voltage (Voff) or when there is no offset voltage

(Votl);

[0036] FIGS. 13A, 13B are diagrams for explaining rea-
sons for which vertical lines are caused in a liquid crystal
display panel due to the offset voltage (Voff) in which FIG.
13A shows a case in which vertical lines are caused and FIG.
13B shows a case in which they are not caused,

[0037] FIG. 14 is a circuit diagram showing a circuit
constitution of the low-voltage amplifier circuit according to
Embodiment 1;
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[0038] FIG. 15 is a circuit diagram showing a circuit
constitution of the high-voltage amplifier circuit according
to Embodiment 1;

[0039] FIG. 16A is a circuit diagram showing the circuit
constitution when a control signal (A) is at H level in the
low-voltage amplifier circuit according to Embodiment 1
and FIG. 16B is a diagram showing the circuit indicated by
a symbol of op-amp;

[0040] FIG. 17A is a circuit diagram showing a circuit
constitution when a control signal (B) is at H level in the
low-voltage amplifier circuit according to Embodiment 1
and FIG. 17B shows the circuit by a symbol of op-amp;

[0041] FIG. 18 is a diagram showing a constitution of an
output stage of a drain driver according to Embodiment 1;

[0042] FIG. 19 illustrates timing charts for explaining
operation of the drain driver according to Embodiment 1;

[0043] FIG. 20 is a diagram for explaining reasons for
which horizontal lines caused in a liquid crystal display
panel due to the offset voltage (Voff) are made inconspicu-
ous according to Embodiment 1;

[0044] FIG. 21 is a diagram for explaining reasons for
which horizontal lines caused in a liquid crystal display
panel by the offset voltage (Voff) are made inconspicuous
according to Embodiment 1;

[0045] FIG. 22 is a diagram for explaining reasons for
which horizontal lines caused in a liquid crystal display
panel by the offset voltage (Voff) are made inconspicuous
according to Embodiment 1;

[0046] FIG. 23 is a block diagram showing a constitution
of essential circuits of a control circuit in the drain driver
according to Embodiment 1;

[0047] FIG. 24 is a circuit diagram showing a circuit
constitution of a control signal generating circuit shown in
FIG. 23;

[0048] FIG. 25 illustrates timing charts for explaining
operation of the control signal generating circuit shown in
FIG. 24,

[0049] FIG. 26 is a circuit diagram showing a circuit
constitution of a frame recognizing signal generating circuit
shown in FIG. 23;

[0050] FIGS. 27A, 27B illustrate timing charts for
explaining operation of the frame recognizing signal gener-
ating circuit shown in FIG. 26 in which FIG. 27A explains
generation of an FLMN output by a frame start pulse and
FIG. 27B explains generation of the FLMN output by an
in-frame start pulse;

[0051] FIG. 28 illustrates timing charts for explaining
operation of a control circuit according to Embodiment 1;

[0052] FIG. 29 is a circuit diagram showing an example of
a clock generating circuit shown in FIG. 28;

[0053] FIG. 30 is a layout view of essential portions
showing arrangement of respective portions in a semicon-
ductor integrated circuit for constituting the drain driver
according to Embodiment 1;

[0054] FIG. 31 is a circuit diagram showing a circuit
constitution of a conventional level shift circuit;
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[0055] FIG. 32 is a circuit diagram showing a circuit
constitution of a level shift circuit according to Embodiment
1

[0056] FIG. 33 is a diagram showing voltage waveforms
of respective portions shown in FIG. 32;

[0057] FIGS. 34A, 34B are diagrams for explaining an
area occupied by the level shift circuit in a semiconductor
integrated circuit constituting the drain driver according to
Embodiment 1 in which FIG. 34A explains the conventional
level, shift circuit and FIG. 34B explains the level shift
circuit according to Embodiment 1;

[0058] FIG. 35 is a sectional view of essential portions
showing sectional structures of PMOS (P-channel Metal
Oxide Semiconductor) transistors (PSA1, PSA3) and
NMOS (N-channel Metal Oxide Semiconductor) transistors
(NSA1, NSA3) shown in FIG. 32;

[0059] FIG. 36 is a circuit diagram showing circuit con-
stitutions of a high-voltage decoder circuit and a low-voltage
decoder circuit in the drain driver according to Embodiment
1

[0060] FIG. 37 is a circuit diagram showing a circuit
constitution of an example of a high-voltage decoder circuit
in a drain driver according to Embodiment 2;

[0061] FIGS. 38A, 38B, 38C, 38D and 38E are diagrams
for explaining operation of a secondary gray scale voltage
generating circuit shown in FIG. 37 in which FIGS. 38B,
38C, 38D and 38E show a constitution of the secondary gray
scale voltage generating circuit corresponding to lower-
order two bits of display data;

[0062] FIG. 39 is a diagram showing a constitution of an
output stage of the drain driver according to Embodiment 2;

[0063] FIG. 40 is a circuit diagram showing a circuit
constitution of other example of a high-voltage decoder
circuit in the drain driver according to Embodiment 2;

[0064] FIG. 41 is a circuit diagram showing a circuit
constitution of other example of a low-voltage decoder
circuit in the drain driver according to Embodiment 2;

[0065] FIG. 42 is a diagram showing an example of a
secondary gray scale voltage generating circuit used in the
high-voltage decoder circuit shown in FIG. 40 or the low-
voltage decoder circuit shown in FIG. 41;

[0066] FIG. 43 is a diagram showing a constitution of an
output stage of a drain driver according to Embodiment 3;

[0067] FIG. 44 is a diagram showing one of amplifier
circuits for high voltage or for low voltage and a switched
capacitor connected to an input stage of the one, shown in
FIG. 43;

[0068] FIG. 45 is a diagram showing a constitution of an
output stage of a drain driver according to Embodiment 4;

[0069] FIG. 46 is a diagram showing a constitution of an
output stage of a drain driver according to Embodiment 5;

[0070] FIG. 47 is a block diagram for explaining a con-
stitution of the drain driver according to Embodiment 5
centering on a constitution of an output circuit;

[0071] FIG. 48 is a circuit diagram showing a circuit
constitution of an example of a differential amplifier used in
an amplifier circuit shown in FIG. 47;
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[0072] FIG. 49 is a block diagram for explaining a con-
stitution of a drain driver 130 according to Embodiment 6
centering on a constitution of an output circuit;

[0073] FIG. 50 is a diagram showing a circuit constitution
of a pre-latch circuit 160 shown in FIG. 49;

[0074] FIG. 51 is a diagram for explaining display data on
bus lines (161a, 1615) and an operating frequency of a clock
(CL2);

[0075] FIG. 52 is a block diagram for explaining a con-
stitution of a drain driver centering on a constitution of an
output circuit when display data is latched on the positive-
going transition and the negative-going transition of the
clock CL2 in the case where only one route of a bus line is
provided in the drain driver;

[0076] FIG. 53 is a diagram for explaining display data on
the bus line shown in FIG. 52 and an operating frequency of
the clock CL2;

[0077] FIG. 54 is a diagram showing layout of the bus line
in a semiconductor integrated circuit constituting the drain
driver shown by FIG. 52; and

[0078] FIG. 55 is a diagram showing an equivalent circuit
of an in-plane switching type liquid crystal panel.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0079] An explanation of embodiments of the present
invention will be given with reference to the drawings.

[0080] To be more specific, all of the drawings for explain-
ing embodiments of the present invention, portions having
the same functions are attached with the same notations and
repeated explanation thereof will be omitted. Embodiment 1
FIG. 1 is a block diagram showing a schematic constitution
of a liquid crystal display module of a TFT type according
to Embodiment 1 of the present invention. In a liquid crystal
display module (LCM), drain drivers 130 are arranged on
the upper side of a liquid crystal display panel (TFT-LCD)
10, further, gate drivers 140 and an interface circuit 100 are
arranged at the sides of the liquid crystal display panel 10.

[0081] The interface circuit 100 is mounted to an interface
board, further, also the drain drivers 130 and the gate drivers
140 are mounted to special TCPs (Tape Carrier Packages),
respectively, or directly on the liquid crystal display panel.

[0082] FIG. 2 is a diagram showing an equivalent circuit
of an example of the liquid crystal display panel 10. As
shown in FIG. 2, the liquid crystal display panel 10 is
provided with a plurality of pixels arranged in a matrix.

[0083] Each pixel is arranged in an area surrounded by
two adjacent drain signal lines (D) and two adjacent gate
signal lines (G) intersecting with the two drain signal lines.
Each pixel is provided with two thin film transistors (TFT1,
TFT2) and source electrodes of the thin film transistors
(TFT1, TFT2) of each pixel are connected to a pixel elec-
trode (ITO1). A liquid crystal layer is provided between the
pixel electrode (ITO1) and a common electrode (ITO2) and
accordingly, electrostatic capacitance of the liquid crystal
layer (CLC) is equivalently connected between the pixel
electrode (ITO1) and the common electrode (ITO2).
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[0084] Further, additional capacitance (CADD) is con-
nected between the source electrodes of the thin film tran-
sistors (TFT1, TFT2) and a preceding one of the gate signal
line (G).

[0085] FIG. 3 is a diagram showing an equivalent circuit
of another example of the liquid crystal display panel 10
shown in FIG. 1.

[0086] Although, in the example shown in FIG. 2, the
additional capacitance (CADD) is formed between the pre-
ceding one of the gate signal line (G) and the source
electrodes, in the equivalent circuit of the example shown in
FIG. 3, a holding capacitance (CSTQG) is formed between a
common signal line (COM) and the source electrodes which
is a difference therebetween.

[0087] Though the present invention is applicable to both
the types of FIG. 2 and FIG. 3, in the former type, a pulse
of the preceding stage of the gate signal line (G) is intro-
duced to the pixel electrode (ITO1) via the additional
capacitance (CADD), in the latter system, the pulse is not
introduced to the pixel electrode, and accordingly, further
excellent display is feasible.

[0088] FIG. 2 and FIG. 3 show equivalent circuits of a
vertical field type liquid crystal display panel in which an
electric field is applied in the direction of the thickness of its
liquid crystal layer as in, for example, Twisted Nematic Type
liquid crystal display panel and in FIG. 2 and FIG. 3,
notation AR designates a display area. Further, they are
drawn in correspondence with actual geometrical arrange-
ments.

[0089] In the liquid crystal display panels 10 shown in
FIG. 2 and FIG. 3, drain electrodes of the thin film transis-
tors (TFT) of each of pixels arranged in a column direction
are respectively connected to the drain signal lines (D) and
the respective drain signal lines (D) are connected to the
drain drivers 130 for applying gray scale voltages to the
liquid crystals of the respective pixels in the column direc-
tion.

[0090] Besides, gate electrodes of the thin film transistors
(TFT) at each of pixels arranged in a row direction are
respectively connected to the gate signal lines (G) and the
respective gate signal lines (G) are connected to the gate
drivers 140 for supplying scanning drive voltages (positive
bias voltages or negative bias voltages) to the gate electrodes
of the thin film transistors (TFT) of each of pixels in the row
direction for one horizontal scan time.

[0091] The interface circuit 100 shown in FIG. 1 is con-
stituted with a display control circuit 110 and a power supply
circuit 120.

[0092] The display control circuit 110 is constituted with
one piece of a semiconductor integrated circuit (LSI) for
controlling and driving the drain drivers 130 and the gate
drivers 140 based on respective display control signals of a
clock signal, a display timing signal, a horizontal/vertical
scanning sync signal, and so on as well as data (R, G, B) for
display transmitted from a host computer side.

[0093] When a display timing signal is inputted, the dis-
play control circuit 110 determines it as start of display and
outputs a start pulse (a start signal of a display data input) to
the first drain driver 130 via a signal line 135. The display
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control circuit 110 outputs one row of display data to a
plurality of the drain drivers 130 via a bus line 133 for
display data.

[0094] At this occasion, the display control circuit 110
outputs a display data latch clock (CL2) (hereinafter referred
to merely as a clock CL2) which is a display control signal
for latching display data to a data latch circuit of each of the
drain drivers 130 via a signal line 131.

[0095] Display data of 6-bit supplied by a host computer
are transmitted in one pixel unit including a trio of display
data for three sub-pixels for red (R), green (G) and blue (B),
respectively at each unit period of time.

[0096] Latch operation of the data latch circuit at the first
drain driver 130 is controlled by the start pulse inputted
thereto.

[0097] When the latch operation of the data latch circuit at
the first drain driver 130 has been completed, a start pulse is
inputted from the first drain driver 130 to the second, drain
driver 130, and latch operation of the data latch circuit of the
second drain driver is controlled.

[0098] Hereinafter, similarly, latch operation of the data
latch circuits in each drain driver 130 is controlled and
display data is successively written to the data latch circuits.

[0099] When input of the display timing signals has been
finished or a predetermined constant period of time has
elapsed after input of the display timing signals was
executed, the display control circuit 110 determines that
input of data corresponding to one horizontal scanning line
has been completed. And then, the display control circuit
110 outputs to the respective drain drivers 130 via a signal
line 132 a clock (CL1) for controlling an output timing
(hereinafter referred to merely as clock CL1) which is a
display control signal for outputting display data stored in
the data latch circuits of the respective drain drivers 130 to
the drain signal lines (D) of the liquid crystal display panel
10.

[0100] When the first display timing signal is inputted
after receiving input of the vertical scanning sync signal, the
display control circuit 110 determines that the signal is for
displaying the first line and outputs a frame start signal to the
gate driver 140 via a signal line 142.

[0101] Then, the display control circuit 110 outputs a
clock (CL3) which is a shift clock having a period of one
horizontal scan time to the gate drivers 140 via a signal line
141 for successively applying a positive bias voltage on
respective gate signal lines (G) of the liquid crystal display
panel 10 with a period of the horizontal scan time.

[0102] Accordingly, the plurality of thin film transistors
(TFT) connected to the respective gate signal lines (G) of the
liquid crystal display panel 10 become conducting for a
period of time to execute one horizontal scan.

[0103] By the above-described operation, a picture image
is displayed on the liquid crystal display panel 10.

[0104] The power supply circuit 120 shown in FIG. 1 is
constituted with a positive-polarity voltage generating cir-
cuit 121, a negative-polarity voltage generating circuit 122,
a common-electrode (counter electrode) voltage generating
circuit 123 and a gate electrode voltage generating circuit
124.
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[0105] Both the positive-polarity voltage generating cir-
cuit 121 and the negative-polarity voltage generating circuit
122 are constituted with a series-resistor voltage divider. The
positive-polarity voltage generating circuit 121 outputs five
positive-polarity gray scale reference voltages (V"0 through
V"4) and the negative-polarity voltage generating circuit
122 outputs five negative-polarity gray scale reference volt-
ages (V"5 through V"9). The positive-polarity gray scale
reference voltages (V"0 through V"4) and the negative-
polarity gray scale reference voltages (V"5 through V"9) are
supplied to each drain driver 130.

[0106] Further, the respective drain drivers 130 are sup-
plied with control signals for AC driving (AC driving timing
signal M) from the display control circuit 110 via a signal
line 134.

[0107] The common-electrode voltage generating circuit
123 generates a drive voltage applied to the common elec-
trode (ITO2) and the gate-electrode voltage generating cir-
cuit 124 generates a drive voltage (positive bias voltage and
negative bias voltage) applied to gate electrodes of the thin
film transistors (TFT).

[0108] Generally, when a liquid crystal layer is supplied
with the same voltage (direct current voltage) for a long
period of time, tilting of liquid crystal molecules is gradually
fixed, as a result, image retention is caused and life of the
liquid crystal layer is shortened.

[0109] In order to prevent this, in the TFT type liquid
crystal display module, the polarity of voltages applied
across the liquid crystal layer is reversed periodically, that is,
voltages applied to the pixel electrodes is alternated from
positive to negative with respect to the voltage applied to the
common electrode voltage periodically.

[0110] As driving methods for applying alternating current
voltages to the liquid crystal layer, there are known two
ways of methods of a fixed common-electrode voltage
method and a common-electrode voltage inversion method.
The common-electrode voltage inversion method is a
method which reverses polarities of both voltages applied to
a common electrode and a pixel electrode periodically. On
the other hand, the fixed common-electrode voltage method
is a method which makes voltages applied to pixel elec-
trodes alternately positive and negative with respect to a
fixed common electrode voltage periodically.

[0111] Although the fixed common-electrode voltage
method has a drawback in which the amplitude of voltage
applied to the pixel electrode (ITO1) becomes twice as much
as that of the common-electrode voltage inversion method,
and thus low-voltage rating drivers cannot be used unless a
low-threshold voltage liquid crystal material is developed.
There can be used a dot-inversion drive method or an
every-Nth-line inversion drive method which is excellent in
view of low power consumption and display quality.

[0112] In the liquid crystal display module of the present
embodiment, the dot-inversion drive method is used as a
driving method thereof.

[0113] FIGS. 4A and 4B are diagrams for explaining
polarities of liquid crystal drive voltages outputted from the
drain drivers 130 to the drain signal lines (D) (that is, liquid
crystal drive voltages applied to pixel electrodes (ITO1)
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(refer to FIGS. 2 and 3)) when the dot-inversion drive
method is used as a method of driving the liquid crystal
display module.

[0114] An explanation will be given of a case using the
dot-inversion drive method as a method of driving the liquid
crystal display module. First, FIG. 4A shows an example of
odd-numbered frames. In odd-numbered horizontal lines,
from the drain drivers 130, odd-numbered drain signal lines
(D) are supplied with liquid crystal drive voltages negative
with respect to the liquid crystal drive voltage VCOM
applied to the common-electrode ITO2 (designates by * in
FIG. 4A), and for even-numbered drain signal lines (D) are
supplied with liquid crystal drive voltages positive with
respect to the liquid crystal drive voltage VCOM applied to
the common-electrode ITO2 (designated by o in FIG. 4A).
In even-numbered horizontal lines, from the drain drivers
130, odd-numbered drain signal lines (D) are supplied with
positive-polarity liquid crystal drive voltages and even-
numbered drain signal lines (D) are supplied with negative-
polarity liquid crystal drive voltages.

[0115] Next, FIG. 4B shows an example of even-num-
bered frames. Voltage polarity on each horizontal line is
reversed from frame to frame and accordingly, from the
drain drivers 130, odd-numbered drain signal lines (D) are
supplied with positive-polarity liquid crystal drive voltages
and even-numbered drain signal lines (D) are supplied with
negative-polarity liquid crystal drive voltages. In even-
numbered horizontal lines, from the drain drivers 130,
odd-numbered signal lines (D) are supplied with negative-
polarity liquid crystal drive voltages and even-numbered
drain signal lines (D) are supplied with positive-polarity
liquid crystal drive voltages.

[0116] By using the dot-inversion drive method, the
polarities of the voltages applied to the two adjacent drain
signal lines (D), respectively, are opposite from each other,
and accordingly, currents flowing into the common electrode
(ITO2) and gate electrodes of the thin film transistors (TFT)
are canceled by the adjacent drain signal lines and power
consumption can be reduced.

[0117] Further, current flowing in the common electrode
(ITO2) is insignificant and voltage drop does not become
large, and accordingly, the voltage level of the common
electrode (ITO2) is stabilized and deterioration of display
quality can be restrained to a minimum.

[0118] FIG. 5 is a block diagram showing an overall
constitution of an example of the drain driver 130 shown in
FIG. 1. In the figure, drain driver 130 is constituted with one
piece of a semiconductor integrated circuit (LSI). In FIG. 5,
a positive-polarity gray scale voltage generating circuit 151a
generates 64 levels of positive-polarity gray scale voltages
based on five positive-polarity gray scale reference voltages
(V"0 through V"4) inputted from the positive voltage gen-
erating circuit 121 (refer to FIG. 1) and outputs them to an
output circuit 157 via a voltage bus line 158a.

[0119] A negative-polarity gray scale voltage generating
circuit 1515 generates 64 levels of negative-polarity gray
scale voltages based on five negative-polarity gray scale
reference voltages (V"5 through V"9) inputted from the
negative voltage generating circuit 122 and outputs them to
the output circuit 157 via a voltage bus line 15854.

[0120] Further, a shift register circuit 153 in a control
circuit 152 of the drain driver 130, generates a data input
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control signal based on the clock (CL2) inputted from the
display control circuit 110 and outputs it to an input register
circuit 154.

[0121] The input register circuit 154 latches display data
of 6-bit per color based on the data input control signal
outputted from the shift register circuit 153 in synchronism
with the clock (CL2) inputted from the display control
circuit 110.

[0122] A storage register circuit 155 latches display data in
the input register circuit 154 in accordance with the clock
(CL1) inputted from the display control circuit 110. Display
data inputted to the storage register circuit 155 is then
inputted to the output circuit 157 via a level shift circuit 156.

[0123] The output circuit 157 selects one gray scale volt-
age (one gray scale voltage out of 64 gray scale levels) in
correspondence with display data from among 64 levels of
positive-polarity gray scale voltages or 64 levels of nega-
tive-polarity gray scale voltages and outputs it to each of the
drain signal lines (D). FIG. 6 is a block diagram for
explaining the constitution of the drain driver 130 shown in
FIG. 5 focusing on the constitution of the output circuit 157.

[0124] InFIG. 6, reference numeral 53 designates the shift
register circuit in the control circuit 152 shown in FIG. 5,
reference numeral 156 designates the level shift circuit
shown in FIG. 5, a data latch circuit 265 represents the input
register circuit 154 and the storage register circuit 155
shown in FIG. 5. And the output circuit 157 shown in FIG.
5 is constituted with a decoder portion (gray scale voltage
selecting circuit) 261, amplifier pairs 263 and a switch
circuit (2) 264 for switching outputs from the amplifier pairs
263. In this case, a switch circuit (1) 262 and the switch
circuit (2) 264 are controlled based on a control signal for
AC driving (M).

[0125] Notations Y1,Y2,Y3, Y4, Y5 and Y6 respectively
designate first, second, third, fourth, fifth and sixth drain
signal lines (D), respectively.

[0126] In the drain driver 130 shown in FIG. 6, the switch
circuit (1) 262 switches the data input control signals such
that, first, one of two signals for two respective adjacent
drain lines for displaying the same color is inputted into one
of a predetermined pair of latch circuits 265 (more specifi-
cally, in the input register 154 shown in FIG. 5) and the other
of the two signals is inputted into the other of the latch
circuits 265, and then the one of the two signals is inputted
into the other of the latch circuits 265 and the other of the
two signals is inputted into the one of the latch circuits 265.
The decoder portion 261 is constituted with a high-voltage
decoder circuit 278 for selecting a positive-polarity gray
scale voltage in correspondence with display data outputted
from each of the data latch circuit 265 (more specifically, the
storage register 155 shown in FIG. 5) from among 64 levels
of positive-polarity gray scale voltages outputted from the
gray scale voltage generating circuit 151a via the voltage
bus line 158 and a low-voltage decoder circuit 279 for
selecting a negative-polarity gray scale voltage in correspon-
dence with display data outputted from each data latch
circuit 265 from among 64 levels of negative-polarity gray
scale voltages outputted from the gray scale voltage gener-
ating circuit 1515 via the voltage bus line 1585.

[0127] The high-voltage decoder circuit 278 or the low-
voltage decoder circuit 279 is installed into one piece of the
data latch circuit 265.
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[0128] The amplifier circuit pair 263 is constituted with a
high-voltage amplifier circuit 271 and a low-voltage ampli-
fier circuit 272.

[0129] The high-voltage amplifier circuit 271 is supplied
with a positive-polarity gray scale voltage generated by the
high-voltage decoder circuit 278 and the high-voltage ampli-
fier circuit 271 outputs a positive-polarity gray scale voltage.
[0130] The low-voltage amplifier circuit 272 is supplied
with a negative-polarity gray scale voltage generated by the
low-voltage decoder circuit 279 and the low-voltage ampli-
fier circuit 272 outputs a negative-polarity gray scale volt-
age.

[0131] In the dot-inversion drive method, the polarities of
the gray scale voltages applied to the two adjacent drain
signal lines (D) (Y1, Y4, for example) for displaying the
same color, respectively, are opposite from each other.
[0132] Besides, arrangement of the high-voltage amplifier
circuits 271 and the low-voltage amplifier circuits 272 of the
amplifier pairs 263, is in the order of the high-voltage
amplifier circuit 271—the low-voltage amplifier circuit
272—the high-voltage amplifier circuit 271—the low-volt-
age amplifier circuit 272. Accordingly, by switching data
input control signals inputted to the data latch circuit 265 by
the switch circuit (1) 262, one of two display data inputted
to the adjacent drain lines (Y1, Y4, for example) respec-
tively for displaying the same color, for example, the data of
the drain line Y1 is inputted to the data latch circuit 265
connected to the high-voltage amplifier circuit 271. Mean-
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and an NMOS transistor (NM2) connected between the
low-voltage amplifier circuit 272 and the N-th drain signal
(Yn).

[0135] The gate electrode of the PMOS transistor (PM1) is
supplied with an output from an NOR circuit (NOR1)
inverted by an inverter (INV) and the gate electrode of the
PMOS transistor (PM2) is supplied with an output from an
NOR circuit (NOR2) inverted by an inverter (INV) after
having been level shifted respectively by level shift circuits
(LS).

[0136] Similarly, the gate electrode of the NMOS transis-
tor (NM1) is supplied with an output from an NAND circuit
(NAND?2) inverted by an inverter (INV) and the gate elec-
trode of the NMOS transistor (NM2) is supplied with an
output from an NAND circuit (NAND1) inverted by an
inverter (INV) after having been level shifted respectively
by level shift circuits (LS).

[0137] In this case, the NAND circuit (NAND1) and the
NOR circuit (NOR1) are supplied with the control signal for
AC driving (M) and the NAND circuit (NAND2) and the
NOR circuit (NOR2) are supplied with the control signal for
AC driving (M) inverted by inverters (INV). Further, NAND
circuits (NAND1, NAND2) are supplied with an output
enabling signal (ENB) and the NOR circuits (NOR1, NOR2)
are supplied with the output enabling signal (ENB) inverted
by the inverter (INV).

[0138] Table 1 shows a truth table of the NAND circuits
(NAND1, NAND2) and the NOR circuits (NOR1, NOR2)
and ON/OFF states of the respective MOS transistors (PM1,
PM2, NM1, NM2) at the occasion.

TABLE 1
ENB M  NORI PM1 NAND2 NM1 NANDI PM2 NOR2 NM2
L * L OFF H OFF H OFF L OFF
H H L OFF H OFF L ON H ON
L ‘H ON L ON H OFF L® OFF

note:

* indicates that the control signal (M) for AC driving is irrelevant.

while, for example, the data of the other drain line Y4 is
inputted to the data latch circuit 265 connected to the
low-voltage amplifier circuit 272 allowing output voltages
outputted from the data latch circuits 265 to be switched by
the switch circuit (2) 264 and outputted to the drain signal
lines (D) in correspondence with the two display data or the
first drain signal line (Y1) and the fourth drain signal line
(Y4) by which a positive-polarity or a negative-polarity gray
scale voltage can be outputted to the respective drain signal
lines (D).

[0133] FIG. 7 is a circuit diagram showing a circuit
constitution of one switch circuit of the switch circuit (2)
264 shown in FIG. 6.

[0134] As shown in FIG. 7, one switch circuit of the
switch circuit (2) 264 shown in FIG. 6 includes a PMOS
transistor (PM1) connected between the high-voltage ampli-
fier circuit 271 and an N-th drain signal (Yn), a PMOS
transistor (PM2) connected between the high-voltage ampli-
fier circuit 271 and a (n+3)-th drain signal (Yn+3), an
NMOS transistor (NM1) connected between the low-voltage
amplifier circuit 272 and the (n+3)-th drain signal (Yn+3)

[0139] As is known from Table 1, when the output
enabling signal (ENB) is at a Low level (hereinafter, L
level), the NAND circuits (NAND1, NAND2) become a
High level (hereinafter, H level), the NOR circuits (NOR1,
NOR2) are brought into the L level and the respective MOS
transistors (PM1, PM2, NM1, NM2) are put into an OFF
state.

[0140] At the time of switching from one scanning line to
its succeeding scanning line, both of the high-voltage ampli-
fier circuit 271 and the low-voltage amplifier circuit 272 are
brought into an unstable state.

[0141] The output enabling signal (ENB) is provided to
prevent outputs from the respective amplifier circuits (271,
272) from being outputted to the respective drain signal lines
(D) during transition from one horizontal scanning line to its
succeeding line.

[0142] Tt should be noted that, although in to this embodi-
ment, an inverted signal of the clock (CL1) is used as the
output enabling signal (ENB), END can also be generated at
inside by counting the clock (CL2) or the like.
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[0143] As is known from Table 1, when the output
enabling signal (ENB) is at the H level, in accordance with
the H level or the L level of the control signal for AC driving
(M), the respective NAND circuits (NAND1, NAND2) are
brought into the H level or the L level and the respective
NOR circuits (NOR1) are brought into the H level or the L
level.

[0144] Therefore, the PMOS transistor (PM1) and the
NMOS transistor (NM1) are made OFF or ON, and the
PMOS transistor (PM2) and the NMOS transistor (NM?2) are
made ON or OFF, the output from the high-voltage amplifier
circuit 271 is outputted to the drain signal line (Yn+3), the
output from the low-voltage amplifier circuit 272 is output-
ted to the drain signal line (Yn), or the output from the
high-voltage amplifier circuit 271 is outputted to the drain
signal line (Yn) and the output from the low-voltage ampli-
fier circuit 272 is outputted to the drain signal line (Yn+3).

[0145] In the liquid crystal display module (LCM) of the
present embodiment, gray scale voltages applied to liquid
crystal layers of the respective pixels are in a range of 0 to
5 volts of negative polarity and 5 to 10 volts of positive
polarity and accordingly, a negative-polarity gray scale
voltage of O through 5 volts is outputted from the low-
voltage amplifier circuit 272 and a positive-polarity gray
scale voltage of 5 through 10 volts is outputted from the
high-voltage amplifier circuit 271.

[0146] In this case, for example, when the PMOS transis-
tor (PM1) is turned OFF and the NMOS transistor (NM2) is
turned ON, the voltage of 10V at maximum is applied
between the source and the drain of the PMOS transistor
(PM1).

[0147] Therefore, high breakdown voltage MOS transis-
tors having a breakdown voltage of 10 volts between the
source and the drain are used for the respective MOS
transistors (PM1, PM2, NM1, NM2).

[0148] Inrecent years, in a liquid crystal display device of
a liquid crystal display module of a TFT type or the like, a
larger screen size and a higher display resolution of the
liquid crystal display panel 10 is in progress, the display
screen size of the liquid crystal display panel 10 tends to
become large, and also an increase in the number of steps of
gray scales is in progress from 64 gray scale display to 256
gray scale display.

[0149] In accordance therewith, a high-speed charging
property in respect of a thin film transistor (TFT) is
requested in the drain driver 130 and it becomes difficult to
satisfy the request in the drain driver 130 by a method of
simply selecting gray scale voltage and outputting it directly
to the drain signal (D).

[0150] Therefore, a method of installing an amplifier cir-
cuit at a final stage of the drain driver 130 and outputting
gray scale voltage to the drain signal line (D) via the
amplifier circuit has become the mainstream. The high-
voltage amplifier circuit 271 and the low-voltage amplifier
circuit 272 shown in FIG. 6 are installed for the above-
described reason and in the related art constitutions, each of
the high-voltage amplifier circuit 271 and the low-voltage
amplifier circuit 272 are constituted with a voltage follower
circuit in which an inverting input terminal (-) and an output
terminal of an op-amp (OP) are directly connected and an
input terminal thereof is constituted with a noninverting
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input terminal thereof as shown in, for example, FIG. 8.
Further, an op-amp (OP) used in the low-voltage amplifier
circuit 272 is constituted with a differential amplifier shown
in, for example, FIG. 9 and an op-amp (OP) used in the
high-voltage amplifier circuit 271 is constituted with a
differential amplifier shown in, for example, FIG. 10.

[0151] However, generally, the above-described op-amps
(OP) include offset voltages (VofY).

[0152] When a basic amplifier circuit of the above-de-
scribed op-amp (OP) is constituted with the differential
amplifier shown in, for example, FIG. 9 or FIG. 10, the offset
voltage (Voff) is generated due to slight deviations from
perfect symmetry in a pair of PMOS transistors (PMS51,
PM52) or a pair of NMOS transistors (NM61, NM62) in the
input stage, or in a pair of NMOS transistors (NM63, NM64)
or a pair of PMOS transistors (PM53, PM54) constituting
the active load circuit in the differential amplifier shown in
FIG. 9 or FIG. 10.

[0153] The slight deviations from perfect symmetry are
caused by variations in a threshold value voltage (Vth) of the
MOS transistor, or a ratio (W/L) of (gate width W)/(gate
length L) of the MOS transistor or the like owing to
variations in an ion implantation step or a photolithography
step in fabrication steps. However, even if the process
control is made much more severely, it is impossible to
nullify the offset voltage (Vofl).

[0154] In case that the op-amp (OP) is an ideal op-amp
having no offset voltage (Voff), the input voltage (Vin)
becomes equal to the output voltage (Vout) (Vin=Vout). On
the other hand, when the op-amp (OP) is not free from the
offset voltage (Voff), the input voltage (Vin) is not equal to
the output voltage (Vout) and the output voltage (Vout)
becomes equal to the input voltage (Vin) with the offset
voltage (Voff) added (Vout=Vin+Vof).

[0155] FIG. 11 is a diagram showing an equivalent circuit
of an op-amp in consideration of the offset voltage (Voff)
and in FIG. 11, reference character ROP designates an ideal
op-amp causing no offset voltage (Voff) and reference char-
acter VOS designates voltage supply for generating a volt-
age value, equal to the offset voltage (Vofl).

[0156] Therefore, in the related art liquid display module
using the voltage follower circuit shown in FIG. 8 as the
high-voltage amplifier circuit (271 shown in FIG. 6) or the
low-voltage amplifier circuit (272 shown in FIG. 6) of the
output circuit of the drain driver (157 shown in FIG. 5), the
input voltage and the output voltage of the voltage follower
circuit do not coincide with each other and the liquid crystal
drive voltage outputted from the voltage follower circuit to
the drain signal line (D) becomes gray scale voltage inputted
to the voltage follower circuit with the offset voltage of the
op-amp added.

[0157] Thereby, there is posed a problem in that, in the
prior art liquid crystal display module, black or white
spurious-signal vertical lines appeared on a display screen,
thus significantly deteriorating display quality in a display
screen displayed in the liquid crystal display panel.

[0158] Hereinafter, detailed explanation will be given rea-
sons of generating black or white vertical lines.

[0159] FIG. 12 is a view for explaining liquid crystal drive
voltages applied to the drain signal line (D) (or pixel
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electrode (ITO1)) when the offset voltage (Voff) is present
and when the offset voltage (Voff) is absent. In a state A
shown in FIG. 12, a positive-polarity and a negative-polarity
liquid crystal drive voltage applied to the drain signal line
(D) are shown when the offset voltage (Voff) is absent and
in this case, the brightness of the pixel becomes a specified
brightness in correspondence with gray scale voltage.

[0160] Further, in a state B shown in FIG. 12, there is
shown a case in which an output from the high-voltage
amplifier circuit is on a minus side of an ideal output and an
output from the low-voltage amplifier circuit is, on a plus
side of an ideal output. In this case, a drive voltage applied
to the pixel is lowered by an amount of the offset voltage
(Voft) and accordingly, when the liquid crystal display panel
is a normally white type liquid crystal display panel, the
brightness of the pixel becomes brighter than the specified
brightness in correspondence with a gray scale voltage.
Further, in a state C shown in FIG. 12, there is shown a case
in which the output from the high-voltage amplifier circuit
is on the plus side of the ideal output and the output from the
low-voltage amplifier circuit is on the minus side of the ideal
output. In this case, the drive voltage applied to the pixel
becomes higher by an amount of the offset voltage (Vof),
and accordingly, when the liquid crystal display panel is the
normally white type liquid crystal display panel, the bright-
ness of the pixel becomes darker than the specified bright-
ness in correspondence with the gray scale voltage.

[0161] At this occasion, assume a case in which in the
drain driver 130 shown in FIG. 6, the high-voltage amplifier
circuit 271 connected to the drain signal lines (D) Y1 and Y4
has a positive offset voltage (Voth), the low-voltage ampli-
fier circuit 272 connected to the drain signal lines (D) Y1 and
Y4 has a negative offset voltage (Vofl) and both of the
high-voltage amplifier circuit 271 and the low-voltage
amplifier circuit 272 connected to the drain signal lines (D)
Y2 and Y5 as well as the high-voltage amplifier circuit 271
and the low-voltage amplifier circuit 272 connected to the
drain signal lines (D) Y3 and Y6 are free from offset voltages
Voff. Further, assume that the same gray scale voltage is
applied to the drain signal lines (D) of Y1 through Y4, the
brightnesses of pixels connected to the drain signal lines (D)
of Y1 through Y4 become as shown in FIG. 13A and in the
case of the normally white type liquid crystal display panel,
black vertical lines appear in the display image of the liquid
crystal display panel.

[0162] Further, as can easily be understood, under the
above-described conditions, when the high-voltage ampli-
fier circuit 271 connected to the drain signal lines (D) Y1 and
Y4 has the negative (-) offset voltage (Vofh) and the
low-voltage amplifier circuit 272 connected to the drain
signal lines (D) Y1 and Y4 has the positive (+) offset voltage
(Vofl), white vertical lines appear in the display image of the
liquid crystal display panel.

[0163] At this occasion, when both of the high-voltage
amplifier circuit 271 and the low-voltage amplifier circuit
272 connected to the drain signal lines (D) Y1 and Y4 have
the offset voltage (Voth, Vofl) having the same polarity and
the same value, as shown in FIG. 13B, in the first frame,
pixels connected to the drain signal lines (D) YI and Y4
become darker than the specified brightness in correspon-
dence with the gray scale voltage and in the second frame,
they become whiter than the specified brightness in corre-
spondence with the gray scale voltage.
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[0164] Thereby, deviations from the specified brightness
of the pixels connected to the drain signal lines (D) YI and
Y4 are compensated at intervals of two frame periods and
accordingly, white or black vertical lines become incon-
spicuous in the display image of the liquid crystal display
panel.

[0165] However, since the offset voltage (Voff) of an
op-amp is generated at random for each op-amp, it is
extremely rare that the offset voltage (Voth, Vofl) of two
op-amps becomes the same and the offset voltage (Voth,
Vofl) of two op-amps cannot normally be the same. In this
way, in the prior art liquid crystal display module, there has
been posed a problem in that white or black vertical lines are
generated in the display screen of the liquid crystal display
panel by the offset voltage (Voff) of an amplifier circuit
connected to each of the drain signal lines (D).

[0166] Further, although there has been known an offset
canceler circuit, the offset canceler circuit uses a switched-
capacitor circuit, and accordingly, there is posed a problem
of feedthrough errors in gray scale voltages, an increase in
chip size due to formation of capacitors and a restriction on
high-speed operation due to an increase in capacitance
charging time period.

[0167] FIG. 14 is a circuit diagram showing a basic circuit
constitution of the low-voltage amplifier circuit 272 in the
drain driver 130 according to the present embodiment and
FIG. 15 is a circuit diagram showing a basic circuit consti-
tution of the high-voltage amplifier circuit 271 in the drain
driver 130 according to the present embodiment.

[0168] In the low-voltage amplifier circuit 272 of the
embodiment shown in FIG. 14, to the differential amplifier
shown in FIG. 9 there is added switching transistors (NA1,
NB1) for connecting the gate electrode (control electrode) of
the PMOS transistor (PM51) at the input stage to a positive
input terminal (+) or a negative input terminal (-) switching
transistors (NA2, NB2) for connecting the gate electrode of
the PMOS transistor (PM52) at the input stage to the positive
input terminal (+) or the negative input terminal (-) switch-
ing transistors (NA3, NB3) for connecting the gate electrode
of the NMOS transistor (NM65) at the output stage to the
drain electrode of the PMOS transistor (PM51) at the input
stage or the drain electrode of the PMOS transistor (PM52)
at the input stage, and switching transistors (NA4, NB4) for
connecting the gate electrodes of the NMOS transistors
(NM63, NM64) constituting the active load circuit to the
drain electrode of the PMOS transistor (PM51) at the input
stage or the drain electrode of the PMOS transistor (PM52)
at the input stage.

[0169] In the high-voltage amplifier circuit 271 of the
present embodiment shown in FIG. 15, similar to the low-
voltage amplifier circuit 272 shown in FIG. 14, to the
differential amplifier shown in FIG. 10, added is switching
transistors (PAI through PA4, PB1 through PB4). In this
case, the gate electrodes of the switching transistors (NA1
through NA4, PAI through PA4) are supplied with a control
signal A and the gate electrodes of the switching transistors
(NB1 through NB4, PB1 through PB4) are supplied with a

control signal B.

[0170] In the low-voltage amplifier circuit 272 according
to the present embodiment shown in FIG. 14, a circuit
constitution in the case in which the control signal (A) is at
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the H level and the control signal (B) is at the L level is
shown in FIGS. 16 A and 16B and a circuit constitution in the
case in which the control signal (A) is at the L level and the
control signal (B) is at the H level is shown in FIGS. 17A
and 17B.

[0171] Further, FIG. 16B and FIG. 17B illustrate circuit
constitutions when the amplifier circuits shown in FIG. 16A
and FIG. 17A are expressed by using general operational
amplifier symbols.

[0172] As canbe understood from FIGS. 16 A and 16B and
FIGS. 17A and 17B, in the low-voltage amplifier circuit 272
of the embodiment, an input voltage vin and an output
voltage fed back are supplied to alternate ones of the two
input stages MOS transistors, respectively.

[0173] Thereby, in the circuit constitution of FIGS. 16A
and 16B, as shown in the following Equation (1), the output

voltage (Vout) is equal to the input voltage (Vin) with the
offset voltage (Voff) added.

(Equation 1)
Vout=Vin—Voff @

[0174] Further, in the circuit constitution of FIGS. 17A
and 17B, as shown in the following equation (2), the output
voltage (Vout) is equal to the input voltage (yin) with the
offset voltage (Voff) subtracted therefrom.

(Equation 2)
Vout=Vin—Voff @

[0175] FIG. 18 is a diagram showing a constitution of the
output stage of the drain driver 130 according to the present
embodiment and FIG. 19 illustrates timing charts for
explaining operation of the drain driver 130 according to the
present embodiment.

[0176] Output voltages shown in FIG. 19 indicate output
voltages outputted from the high-voltage amplifier circuit
271 and the low-voltage amplifier circuit 272 to the drain
signal lines (D) connected to the high voltage amplifier
circuit 271 having the offset voltage of Voth and the low-
voltage amplifier circuit 272 having the offset voltage of Vofl
and in the output voltages, notation VH designates a speci-
fied gray scale voltage outputted from the high-voltage
amplifier circuit 271 when the high-voltage amplifier circuit
271 is free from with the offset voltage and notation VL
designates a specified gray scale voltage outputted from the
low-voltage amplifier circuit 272 when the low-voltage
amplifier circuit 272 is free from the offset voltage.

[0177] Further, as shown in time charts of FIG. 19, 15
according to the control signal (A) and the control signal (B)
outputted from the control circuit 152 shown in FIG. 18,
their phases are reversed at intervals of two frame periods.

[0178] Accordingly, as shown in FIG. 19, although at the
first line of the first frame, a voltage of (VH+Voth) is
outputted from the high-voltage amplifier circuit 271 to the
drain signal lines (D) connected to the high-voltage ampli-
fier circuit 271 having the offset voltage of Vofh, also
connected to the low-voltage amplifier circuit 272 having
the offset voltage of Vofl, at the first line of the third frame,
a voltage of (VH-Voth) is outputted from the high-voltage
amplifier circuit 271, and accordingly, in a corresponding
pixel, an increase and a decrease of brightness caused by the
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offset voltage (Vofh) of the high-voltage amplifier circuit
271 are compensated by each other.

[0179] Further, although at the first line of the second
frame, a voltage of (VL+Vofl) is outputted from the low-
voltage amplifier circuit 272, at the first line of the fourth
frame, a voltage of (VL-Vofl) is outputted from the low-
voltage amplifier circuit 272. Accordingly, in a correspond-
ing pixel, an increase and a decrease of brightness caused by
the offset voltage (Vofl) of the low-voltage amplifier circuit
272 are canceled by each other.

[0180] Thereby, as shown in FIG. 20, increases and
decreases of brightness caused by the offset voltages (Voth,
Vofl) of the high-voltage amplifier circuit 271 and the
low-voltage amplifier circuit 272 respectively are compen-
sated by each other at intervals of four frame periods and
accordingly, the brightness of the pixel supplied with the
output voltage as shown in FIG. 19 becomes the specified
brightness in correspondence with the gray scale voltage.

[0181] Although in the time charts shown in FIG. 19,
phases of the control signal (A) and (B) are reversed at
intervals of two frame periods, their phases of the control
signal (A) and (B) can be reversed at intervals of two
horizontal scanning lines within each frame period and at
intervals of two frame periods at the same time. The bright-
ness of a pixel in this case is shown in FIG. 21 and FIG. 22.

[0182] FIG. 21 shows a case in which when the control
signal (A) is at the H level, the high-voltage amplifier circuit
271 has the positive (+) offset voltage (Voth) and the
low-voltage amplifier circuit 272 has the positive (+) offset
voltage (Vofl) and FIG. 22 shows a case in which when the
control signal (A) is at the H level, the high-voltage ampli-
fier circuit 271 has the positive (+) offset voltage (Voth) and
the low-voltage amplifier circuit 272 has the negative (-)
offset voltage (Vofl).

[0183] Inboth cases, increases and decreases in the bright-
ness caused by the offset voltages (Voth, Vofl) of the
high-voltage amplifier circuit 271 and the low-voltage
amplifier circuit 272 are compensated by each other at
intervals of four frame periods and accordingly, the bright-
ness of a pixel becomes a specified brightness in correspon-
dence with the gray scale voltage.

[0184] By reversing the phases of the control signal (A)
and (B) at intervals of two lines in each frame, as shown in
FIG. 21 and FIG. 22, the brightness in a pixel in the column
direction is changed as black—white (or white—black) at
intervals of two lines. Accordingly, vertical lines are made
inconspicuous in the display screen displayed by the liquid
crystal display panel 10.

[0185] FIG. 24 is a circuit diagram showing a circuit
constitution of the control signal generating circuit 400
shown in FIG. 23 and FIG. 25 illustrates time charts for
explaining the operation of the control signal generating
circuit 400 shown in FIG. 24.

[0186] The control signal generating circuit 400 is sup-
plied with the clock (CL1). As shown in FIG. 24, the clock
(CL1) is divided in two by a D flip-flop circuit (FI) to
constitute a clock (HCL1), further, the clock (HCL1) is
divided in two by a D flip-flop circuit (F2) to constitute a
clock (QCL1) produced by dividing the clock (CL1) in four.
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[0187] Further, the control signal generating circuit 400 is
supplied with a frame recognizing signal (FLMN) for rec-
ognizing each frame. Incidentally, a description will be
given later, of a method of generating the frame recognizing
signal (FLMN).

[0188] The frame recognizing signal (FLMN) is reversed
by an inverter (INV) to constitute a signal (FLMIP). As
shown in FIG. 24, the signal (FLMIP) is divided in two by
a D flip-flop circuit (F3) to constitute a signal (HCL1),
further, the signal (HCL1) is divided in two by a D flip-flop
circuit (F4) to constitute a signal (QFLM) produced by
dividing the frame recognizing signal (FLMN) in four.

[0189] Further, the clock (QCL1) and the signal (QFLM)
are inputted to an exclusive-OR circuit (EXOR1), a signal
(CHOPA) is outputted from the exclusive-OR circuit
(EXOR1) and a signal (CHOPB) is generated by reversing
the signal (CHOPA) by an inverter (INV).

[0190] Levels of the signals (CHOPA, CHOPB) are
shifted by a level shift circuit to thereby constitute the
control signal (A) and the control signal (B).

[0191] Thereby, the phases of the control signal (A) and
the control signal (B) can be reversed at intervals of two
lines in each frame and at intervals of two frame periods.

[0192] In addition, when the phases of the control signal
(A) and the control signal (B) are reversed at intervals of two
frame periods, the signal (CHOPA) is constituted by the
signal (QFLM) produced by dividing the frame recognizing
signal (FLMN) in four and the signal (CHOPB) may be
constituted by reversing the signal (CHOPA) by the inverter
(INV).

[0193] In this case, in the control signal generating circuit
400 shown in FIG. 24, the D flip-flop circuits (F1, F2) and
the exclusive-OR circuit (EXOR1) are not needed.

[0194] Further, in the control signal generating circuit 400,
the D flip-flop circuits (F1, F2) are initialized by the frame
recognizing signal (FLMN). Meanwhile, the D flip-flop
circuits (F3, F4) are initialized by a signal (PORN) from a
PORN signal generating circuit 401.

[0195] The PORN signal generating circuit 401 is consti-
tuted by a voltage dividing circuit 402 for dividing a high
supply voltage (VDD) and a group of inverter circuits 403
supplied with the output from the voltage dividing circuit
402.

[0196] The power supply voltage (VDD) is a voltage
generated by a DC/DC converter (not illustrated) in the
power supply circuit 120 shown in FIG. 1 and the power
source voltage (VDD) rises after a while from a time point
at which the liquid crystal display module is switched on.
Accordingly, since, after turning on the power of the liquid
crystal display module, the signal (PORN) of the PORN
signal generating circuit 401 remains at L level for a while,
the D flip-flop circuits (F3, F4) are firmly initialized when
power is inputted to the liquid crystal display module.

[0197] Next, an explanation will be given of a method of
generating the frame recognizing signal (FLMN) according
to the embodiment. A signal for recognizing switching
between frames is needed to generate the frame recognizing
signal (FLMN).
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[0198] Further, since a frame start instruction signal is
outputted from the display control circuit 110 to the gate
driver 140 when the frame start instruction signal is inputted
also to the drain driver 130, the frame recognizing signal
(FLMN) can be generated easily.

[0199] However, for this method, the number of input pins
of a semiconductor integrated circuit (semiconductor chip)
for constituting the drain driver 130 needs to be increased by
which a wiring pattern of a printed wiring board needs to be
changed.

[0200] Further, in accordance with the change of the
wiring pattern of the printed wiring board, characteristic of
high-frequency noise emitted by the liquid crystal display
module may be changed and immunity against electromag-
netic interference may be deteriorated.

[0201] Further, an increase of the number of input pins of
a semiconductor integrated circuit nullifies compatibility of
the input pins.

[0202] Therefore, according to the embodiment, a pulse
width of a start pulse outputted from the display control
circuit 110 to the drain driver 130 is made to differ at each
frame such that the first start pulse within a frame (herein-
after referred to as a frame start pulse) differs from start
pulses (hereinafter referred to as an in-frame start pulse)
other than the first start pulse so that switching between
frames is recognized and the frame recognizing signal
(FLMN) is generated.

[0203] FIG. 26 is a circuit diagram showing a circuit
constitution of the frame recognizing signal generating
circuit 410 shown in FIG. 23, FIGS. 27A and 27B illustrate
time charts for explaining the operation of the frame recog-
nizing signal generating circuit 410 shown in FIG. 26, FIG.
27A explains generation of the FLMN output by the frame
start pulse and FIG. 27B explains generation of the FLMN
output by the in-frame start pulse.

[0204] According to the embodiment, the frame start pulse
has a pulse width of 4 periods of the clock signal (CL2) and
the in-frame start pulse has a pulse width of 1 period of the
clock signal (CL2).

[0205] In FIG. 26, D flip-flop circuits (F11 through F13)
are supplied with the clock (CL2) at clock signal input
terminals.

[0206] Accordingly, the start pulse is latched by the D
flip-flop circuit (F11) in synchronism with the clock (CL2)
to constitute a signal (STEIO).

[0207] The signal (STEIO) is latched by the D flip-flop
circuit (F12) in synchronism with the clock (CL2) to con-
stitute a signal (Q1), further, the signal (Q1) is latched by the
D flip-flop circuit (F13) in synchronism with the clock
(CL2) to constitute a signal (Q2).

[0208] The signal (Q2) is inputted to the clock signal input
terminals of the D flip-flop circuit (F14), further, a data input
terminal (D) of the D flip-flop circuit (F14) is supplied with
the signal (STEIO).

[0209] Accordingly, when, the start pulse is the frame start
pulse having the pulse width of four time periods of the
clock signal (CL2), Q output of the D flip-flop circuit (F14)
becomes the H level.
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[0210] In this case, since the Q output from the D flip-flop
circuit (F14) becomes a start pulse selecting signal
(FSTENBP) for a succeeding drain driver, the start pulse
selecting signal (FSTENBP) becomes the H level.

[0211] Further, the Q output from the D flip-flop circuit
(F14) and the signal (STEIO) are inputted to an NAND
circuit (NAND 11) and output from the NAND circuit
(NAND 11) becomes the frame recognizing signal (FLMN),
therefore, the frame recognizing signal (FLMN) becomes
the L level for two periods of the clock (CL2).

[0212] Meanwhile, when the start pulse is the in-frame
start pulse having the pulse width of 1 period of the clock
signal (CL2), the Q output from the D flip-flop circuit (F14)
becomes the L level.

[0213] Thereby, the start pulse selecting signal
(FSTENBP) becomes the L level and the frame recognizing
signal (FLMN) keeps the H level.

[0214] In addition, each D flip-flop circuit (F11 through
F14) is initialized by a signal (RESETN).

[0215] According to the embodiment, as the signal
(RESETN), a signal produced by reversing the clock (CL1)
is used.

[0216] Further, although in this embodiment, an explana-
tion has been given to a case in which the frame start pulse
has the pulse width of 4 periods of the clock signal (CL2),
the invention is not limited thereto but the pulse width of the
frame start pulse can arbitrarily be set so far as the frame
recognizing signal (FLMN) constituting the L level for a
predetermined period of time can be generated only when
the frame start pulse is inputted.

[0217] According to the embodiment, a first one of the
drain drivers 130 is supplied with the frame start pulse and
the in-frame start pulse from the display control circuit 110
and the above-described operation is carried out.

[0218] However, in a second one and succeeding ones of
the drain drivers 130, since the frame start pulse and the
in-frame start pulse are not inputted from the display control
circuit 110, in order to carry out the above-described opera-
tion even in the second one and the succeeding ones of the
drain drivers 130, a pulse having the same pulse width as
that of the inputted start pulse needs to be output to the
succeeding drain driver 130 as a start pulse.

[0219] Therefore, according to the embodiment, in the
pulse generating circuit 440 shown in FIG. 23, the frame
start pulse having the pulse width of 4 periods of the clock
signal (CL2) is generated and when the inputted start pulse
is the frame start pulse, the frame start pulse generated by the
pulse generating circuit 440 is transmitted to the succeeding
drain driver 130. An explanation will be given of a method
of generating the frame start pulse and the in-frame start
pulse in the drain driver 130.

[0220] FIG. 28 illustrates time charts for explaining the
operation of the control circuit 152 in the drain driver 130
according to the embodiment shown in FIG. 23.

[0221] As shown in FIG. 28, when the start pulse is
inputted, the shift clock enabling signal generating circuit
420 outputs the enabling signal (EENB) at the H level to the
shift clock generating circuit 430. Thereby, the shift clock
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generating circuit 430 generates the shift clock in synchro-
nism with the clock (CL2) and outputs it to the shift register
circuit 153.

[0222] Each flip-flop circuit in the shift register circuit 153
successively outputs data input control signals (SFT1
through SFTn+3) by which display data is latched to the
input register 154.

[0223] Further, the data input control signal SFTn consti-
tutes the in-frame start pulse of a succeeding stage of the
drain drivers 130 having the pulse width of 1 period of the
clock (CL2).

[0224] In this case, although the data input control signals
of SFT1 through SFTn are used for latching a first one
through an N-th one of display data to the input register 154,
the data input control signals of SFTn+1 through SFTn+3
are not used for latching the display data to the input register
154.

[0225] The data input control signals of SFTn+1 through
SFTn+3 are used for generating the frame start pulse of the
succeeding stage of the drain driver 130. That is, as shown
in FIG. 28, the clock generating circuit 450 generates the
frame start pulse having the pulse width of 4 periods of the
clock (CL2) based on the data input signals of SFTn through
SFTn+3.

[0226] As mentioned above, when the start pulse is the
in-frame start pulse, the start pulse generating signal
(FSTENBP) becomes the L level and accordingly, the pulse
selecting circuit 450 selects the in-frame start pulse (that is,
the data input control signal SFTn) and outputs it to the
succeeding drain drivers 130.

[0227] Meanwhile, when the start pulse is the frame start
pulse, the start pulse selecting signal (FSTENBP) becomes
the H level and accordingly, the pulse selecting circuit 450
selects the frame start pulse and outputs it to the succeeding
drain driver 130.

[0228] In this case, as the clock generating circuit 450, a
circuit shown by, for example, FIG. 29 can be used.

[0229] The clock generating circuit 450 shown in FIG. 29
reverses Q output from a D flip-flop circuit (F21) based on
the data input control signal SFTn and reverses Q output
from a D flip-flop circuit (F22) based on the data input signal
SFTn+3 reversed by an inverter (INV).

[0230] Further, Q outputs from the flip-flop circuits F21
and F22 are inputted to an exclusive-OR circuit (EXOR2)
and the frame start pulse having the pulse width of 4 periods
of the clock (CL2) is generated from the exclusive-OR
circuit (EXOR2).

[0231] In this way, according to the embodiment, in each
of the drain drivers 130, the frame start pulse and the
in-frame start pulse are generated, whereby, the number of
input pins of the semiconductor integrated circuit constitut-
ing the drain driver 130 is not increased and while main-
taining the compatibility of the input pins, in the respective
drain drivers 130, switching between frames can be recog-
nized.

[0232] FIG. 30 is a layout view of essential portions
showing arrangement of respective portions in the semicon-
ductor integrated circuit constituting the drain driver 130
according to the embodiment.
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[0233] As shown in FIG. 30, the semiconductor integrated
circuit constituting the drain driver 130 according to the
embodiment, is provided with a terminal portion connected
to the drain signal lines (D) on a long side of a semicon-
ductor IC chip, and is provided with the data latch portion
265, the level shift circuit 156, the decoder circuit 261 and
the amplifier pair 263 on its short side.

[0234] In the level shift circuit 156, conventionally, a
circuit constitution as shown in FIG. 31 has been used.

[0235] In this case, in the level shift circuit 156, input
voltages of OV through 5V need to be converted to voltages
of OV through 10V and be output, therefore, in the level shift
circuit shown in FIG. 31, high-voltage-rating MOS transis-
tors having, a source-drain breakdown voltage of 10 volts
(PSB1, PSB2, NSB1, NSB2) need to be used.

[0236] In the high-voltage-rating MOS transistors com-
pared with low-voltage-rating MOS transistors having a
source-drain breakdown voltage of 5 volts, the gate length is
longer and the gate width is also enlarged since the current
value needs to be increased.

[0237] Therefore, when the level shift circuit using the
high-voltage-rating MOS transistors (PSB1, PSB2, NSB1,
NSB2) having a source-drain breakdown voltage of 10 volts
is used as the level shift circuit 156, there poses a problem
in that an area of a portion of the level shift circuit 156 in the
semiconductor integrated circuit constituting the drain
driver 130 is enlarged, at the same time, the chip size of the
short sides of semiconductor IC chips constituting the drain
driver 130 is enlarged, the chip unit cost cannot be lowered
and a reduction of the border areas of the liquid crystal
display panel cannot be achieved.

[0238] FIG. 32 is a circuit diagram showing a constitution
of a level shift circuit used in the level shifter 156 according
to the embodiment.

[0239] The level shift circuit shown in FIG. 32 differs
from the level shift circuit shown in FIG. 31 in that a series
circuit of a PMOS transistor (PSA3) and an NMOS transis-
tor (NSA3) for producing a voltage drop is inserted between
a PMOS transistor (PSA1) and an NMOS transistor (NSA1)
and a series circuit of a PMOS transistor (PSA4) and an
NMOS transistor (NSA4) for producing a voltage drop is
inserted between a PMOS transistor (PSA4) and an NMOS
transistor (NSA4).

[0240] In this case, the gate electrodes of the PMOS
transistors (PSA3, PSA4) and the NMOS transistors (NSA3,
NSA4) are supplied with a bias potential (Vbis) which is an
intermediate voltage between the power supply voltage
VDD and a reference voltage (GND).

[0241] FIG. 33 is a drawing showing voltage waveforms
of respective portions of the level shift circuit shown in FIG.
32 and FIG. 33 is a diagram showing waveforms of respec-
tive portions in the case in which the power supply potential
(VDD) is 8V, the bias potential (Vbis) is 4V and an input
voltage is OV through 4V.

[0242] An explanation will be given of the operation of the
level shift circuit shown in FIG. 32 in reference to FIG. 33.

[0243] Now, in the case in which the input voltage is at H
level of 4V, 4V is applied to the gate electrode of the NMOS
transistor (NSA1) and OV (input voltage reversed by an
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inverter) is applied to the gate electrode of the NMOS
transistor (NSA2) and accordingly, the NMOS transistor
(NSA1) is made ON and the NMOS transistor (NSA2) is
made OFF.

[0244] Accordingly, a potential of point (a) shown in FIG.
32 becomes 0V and since the gate electrode of the NMOS
transistor (NSA3) is supplied with bias a potential (Vbis) of
4V, the NMOS transistor (NSA3) is made ON and a potential
at point (¢) shown in FIG. 32 also becomes OV.

[0245] Further, when the potential of point (¢) shown in
62FIG. 32 becomes OV, since the gate electrode of the
PMOS transistor (PSA3) is supplied with the bias potential
(Vbis), the source potential of a source electrode of the
PMOS transistor (PSA3) is dropped.

[0246] The source potential of the PMOS transistor
(PSA3) is applied to the gate electrode of a PMOS transistor
(PSA2), the PMOS transistor (PSA2) is made ON and the
potential of point (b') shown in FIG. 32 becomes 8V.

[0247] When the potential of point (b") shown in FIG. 32
becomes 8V, the PMOS transistor (PSA1) having its gate
electrode supplied with the potential of point (b') is made
OFF.

[0248] Further, when the PMOS transistor (PSA1) is made
OFF, since no current flows in the series circuits of transis-
tors comprising the PMOS transistors (PSA1, PSA3) and the
NMOS transistors (NSA1, NSA3), the source potential
(VPS) of the source electrode of the PMOS transistor
(PSA3) is expressed by the following equation (3).

(Equation 3)
VPGS+VPth=0
VPG-VPS+VPth=0
VPS=VPG+VPth 3)

where VPGS designates a voltage between the gate and the
source of the PMOS transistor (PSA3), VPG designates the
gate potential of the PMOS transistor (PSA3) and VPth
designates a threshold voltage. Therefore, the potential at
point (b) shown in FIG. 32, that is, the source potential
(VPS) of the PMOS transistor (PSA3) becomes a voltage of
the gate potential (VPG) with the threshold voltage (VPth)
added and the source potential (VPS) of the PMOS transistor
(PSA3) becomes substantially equal to the gate potential
(VPG) (=4V).

[0249] The source voltage (VPS) of the PMOS transistor
(PSA3) is equal to a drain voltage (VPD) of the drain
electrode of the PMOS transistor (PSA1) and accordingly, as
the PMOS transistor (PSA1) and the PMOS transistor
(PSA3), low-voltage-rating PMOS transistors having a
source-drain breakdown voltage of 5 volts can be used.

[0250] Further, by making ON the PMOS transistor
(PSA2), the PMOS transistor (PSA4) is made ON and the
potential of point (¢') shown in FIG. 32 becomes 8V.

[0251] Further, the NMOS transistor (NSA2) is made
OFF, no current flows in the series circuits of transistors
comprising the PMOS transistors (PSA2, PSA4) and the
NMOS transistors (NSA2, NSA4) and accordingly, the
source potential (VNS) of the source electrode of the NMOS
transistor (NSA4) is expressed by the following equation

(4).
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VNES—VNth=0
VNG-VMS-VNth=0
VNS=VNG-VNih (4)

where VNGS designates a voltage between the gate and the
source of the NMOS transistor (NSA4), VNG designates the
gate voltage of the NMOS transistor (NSA4) and VNth
designates a threshold voltage.

[0252] Accordingly, the potential of point (a') shown in
FIG. 32, that is, the source potential (VNS) of the NMOS
transistor (NSA4) becomes a voltage of the gate potential
(VNG) with the threshold value potential (VNth) subtracted
therefrom, and the source potential (VNS) of the NMOS
transistor (NSA4) becomes substantially equal to the gate
potential (VNG) (4V).

[0253] The source voltage (VNS) of the NMOS transistor
(NSA4) is equal to the drain potential (VND) of the drain
electrode of the NMOS transistor (NSA2) and accordingly,
as the NMOS transistor (NSA2) and the NMOS transistor
(NSA4), low-voltage-rating NMOS transistors having a
source-drain breakdown voltage of 5 volts can be used.
Further, when a point (a) shown in FIG. 32 is at 0V and a
point (b) is at 4V, a PMOS transistor (PBP1) of an inverter
circuit (INVP) is made ON and an NMOS transistor (NBP1)
is made OFF.

[0254] Further, a series circuit of a PMOS transistor
(PBP2) and an NMOS transistor (NBP2) is inserted between
the PMOS transistor (PBP1) of an inverter circuit (INVP)
and the NMOS transistor (NBP1) and the gate electrodes of
the PMOS resistors (PBP2, NBP2) are supplied with the bias
potential (Vbis) of 4V and accordingly, an output (Q)
becomes 8V.

[0255] In this case, as mentioned above, the source poten-
tial of the NMOS transistor (NBP2) becomes substantially
equal to the gate potential and accordingly, as the NMOS
transistor (NBP1) and the NMOS transistor (NBP2), low-
voltage-rating NMOS transistors having a source-drain
breakdown voltage of 5V can be used.

[0256] Similarly, when the PMOS transistor (PBP1) of the
inverter circuit (INVP) is made OFF and the NMOS tran-
sistor (NBP1) is made ON, the source potential of the PMOS
transistor (PBP2) becomes substantially equal to its gate
potential and therefore, as the PMOS transistor (PBP1) and
the NMOS transistor (PBP2), low-voltage-rating PMOS
transistors having a source-drain breakage voltage of 5V can
be used.

[0257] Thereby, according to the embodiment, an area
occupied by the level shift circuit 156 can be reduced in the
semiconductor integrated circuit comprising the drain driver
130 and the length of the short sides of the semiconductor IC
chips can be made small.

[0258] FIG. 34A explains the conventional level shift
circuit and FIG. 34B explains the level shift circuit accord-
ing to the embodiment.

[0259] FIG. 34B is a schematic diagram for explaining the
area occupied by the level shift circuit 156 in the semicon-
ductor integrated circuit comprising the drain driver 130
according to the embodiment.

[0260] InFIG. 34B, notations D(0) through D(5) designate
latch circuits in the data latch portion 265 for latching
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respective bit values of display data and notations LS(0)
through LS(5) designate level shift circuits in the level shift
circuit 156 installed for the respective latch circuits (D(0)
through D(5)).

[0261] As shown in FIG. 34A, when the conventional
level shift circuit is adopted, high-voltage-rating MOS tran-
sistors having a source-drain breakdown voltage of 8V need
to be used, the area of the level shift circuit is enlarged and
two of the level shift circuits need to be arranged to be
overlapped for every two of the latch circuits in the data
latch portion 265. However, in the level shift circuit of the
embodiment, low-voltage-rating MOS transistors having a
source-drain breakdown voltage of 5 volts can be used and
accordingly, the area of the level shift circuit can be reduced
such that two level shift circuits can be arranged in an area
occupied by one conventional level shift circuit in the
semiconductor integrated circuit. Therefore, as shown in
FIG. 34B, one level shift circuit can be arranged for each of
the latch circuits in the data latch portion 265 according to
the embodiment.

[0262] Therefore, according to the embodiment, compared
with the conventional example, the length of the short sides
of semiconductor IC chips comprising the drain driver 130
can be shortened by a length (LI) shown in FIG. 34 A and the
reduction of the border areas can be dealt with.

[0263] FIG. 35 is a sectional view of essential portions
showing sectional structures of the PMOS transistors
(PSA1, PSA3) and the NMOS transistors (NSA1, NSA3)
shown in FIG. 32.

[0264] As shown in FIG. 35, an n-well region 21 is formed
in a p-type semiconductor substrate 20 and the PMOS
transistors (PSA1, PSA3) are constituted by respective
p-type semiconductor regions (25a, 2556, 25¢) formed in the
n-well region 21 and gate electrodes (274, 275).

[0265] In this case, the p-type semiconductor region (255)
serves as the drain region of the PMOS transistor (PSA1)
and the source region of the PMOS transistor (PSA3).

[0266] Further, a p-well region 22 is formed in the p-type
semiconductor substrate 20 and the NMOS transistors
(NSA1, NSA3) are constituted by respective n-type semi-
conductor regions (24a, 24b, 24c¢) formed in the p-well
region 22 and gate electrodes (26a, 265).

[0267] Inthis case, the n-type semiconductor region (245)
serves as the drain region of the NMOS transistor (NSA1)
and the source region of the NMOS transistor (NSA3). In
this case, a voltage of OV is applied to the p-type semicon-
ductor substrate 20, a voltage of OV is applied to the p-well
region 22 and a voltage of 8V is applied to the n-well region
21.

[0268] Therefore, a maximum of 8V of reverse voltage is
applied between the n-type semiconductor region (24¢) and
the p-well region 22 and between the p-type semiconductor
region (25¢) and the n-well region 21 and accordingly, when
a breakdown voltage is not sufficiently high at the portion,
the breakdown voltage of the portion needs to be promoted
by a double-drain structure (DDD) or the like.

Embodiment 2

[0269] A liquid crystal display module according to
Embodiment 2 of the invention differs from the liquid crystal
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display module according to Embodiment 1 in that a number
of transistors for constituting the high-voltage decoder cir-
cuit 278 or the low-voltage decoder circuit 279 in the drain
driver 130 is reduced.

[0270] An explanation will be given of the drain driver
130 according to the embodiment centering on a point of
difference from that in Embodiment 1.

[0271] FIG. 36 is a circuit diagram showing a circuit
constitution of the high-voltage decoder circuit 278 and the
low-voltage decoder circuit 279 in the drain driver 130
according to Embodiment 1.

[0272] It should be noted that FIG. 36 also illustrates an
outline circuit constitution of the positive-polarity gray-
scale voltage generating circuit 151a and the negative-
polarity gray-scale voltage generating circuit 1515.

[0273] The high-voltage decoder circuit 278 is provided
with 64 rows of transistors (TRP2) each constituted by
connecting in series 6 high-voltage-rating PMOS transistors
and 6 high-voltage-rating depletion-type PMOS transistors
and connected to output terminals and terminals opposite
from the output terminals of the respective rows of transis-
tors (TRP2) are supplied with 64 levels of gray scale
voltages of positive-polarity outputted from the positive-
polarity gray-scale voltage generating circuit 151a via the
voltage bus line 1584 (refer to FIG. 5).

[0274] Further, respective gate electrodes of the 6 high-
voltage-rating PMOS transistors and the 6 high-voltage-
rating depletion-type PMOS transistors constituting each of
the rows of transistors (TRP2), are selectively supplied with
respective bit values (T) or inverted bit values (B) thereof of
6 bits display data outputted from the level shift circuit 156
based on predetermined combinations.

[0275] The low-voltage decoder circuit 279 is provided
with 64 rows of transistors (TRP3) each constituted by
connecting in series 6 high-voltage-rating NMOS transistors
and 6 high-voltage-rating depletion-type NMOS transistors
and connected to output terminals and terminals opposite
from the output terminals of the respective rows of transis-
tors (TRP3) are supplied with 64 levels of gray scale
voltages of negative-polarity outputted from the gray scale
voltage generating circuit 1515 via the voltage bus line 1585
(refer to FIG. 5). Further, respective gate electrodes of the 6
high-voltage-rating NMOS transistors and the 6 high-volt-
age-rating depletion-type NMOS transistors constituting
each of the rows of transistors (TRP3), are selectively
supplied with respective bit values (T) or inverted bit values
(B) thereof of 6 bits display data outputted from the level
shift circuit 156 based on predetermined combinations.

[0276] In this way, the high-voltage decoder circuit 278
and the low-voltage decoder circuit 279 according to
Embodiment 1, are provided with constitutions in which 12
MOS transistors are continuously connected for each gray
scale. Therefore, a total number of MOS transistors per each
drain signal line (D) is 768 (64x12).

[0277] In recent years, in a liquid, crystal display device,
an increase in the number of steps of gray scales is in
progress from 64 gray scale display to 256 gray scale
display. However, when 256 gray scale display is carried out
by using conventional ones of the high-voltage decoder
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circuit 278 and the low-voltage decoder circuit 279, a total
number of MOS transistors per each drain signal line (D) is
4096 (256x16).

[0278] Therefore, there poses a problem in that an area
occupied by the decoder portion 261 is increased and the
chip size of the semiconductor integrated circuit (IC chip)
constituting the drain driver 130 is enlarged.

[0279] FIG. 37 is a circuit diagram showing circuit con-
stitutions of the high-voltage decoder circuit 278 and the
positive-polarity gray scale voltage generating circuit 151a
in the drain driver 130 according to Embodiment 2.

[0280] As shown in FIG. 37, the positive-polarity gray
scale voltage generating circuit 51a does not generate 64
levels of gray scale voltages as in Embodiment 1 (refer to
FIG. 36) but generates primary 17 levels of positive-polarity
gray scale voltages based on 5 levels of positive polarity,
reference gray scale voltages (V"0-V"4) inputted from the
positive voltage generating circuit 121.

[0281] In this case, each resistance in the voltage-dividing
resistor circuit is weighted to reflect the relationship between
light transmission through the liquid crystal layer and a
voltage applied across it.

[0282] The high-voltage decoder circuit 278 includes a
decoder circuit 301 for selecting two successive levels
among the 17 levels of the primary gray scale voltages and
outputting them as primary gray scale voltages VOUTA and
VOUTAB, respectively, a multiplexer 302 for outputting the
primary gray scale voltage VOUTA to the terminal P1 and
the primary gray scale voltage VOUTB to the terminal P2,
or outputting the primary gray scale voltage VOUTA to the
terminal P2 and the primary gray scale voltage VOUTB to
the terminal P1, and a secondary gray scale voltage gener-
ating circuit 303 for dividing a voltage difference A between
the primary gray scale voltages VOUTA and VOUTB and
generating Va, V+(I/4)A, Va+(2/4)A, Va+(3/4)A and Va+(1/
DA,

[0283] The decoder circuit 301 is constituted by a first
decoder 311 for selecting primary gray scale voltages in
correspondence with higher-order four bits (D2-D5) of 6 bits
display data among the odd-numbered primary gray scale
voltages and a second decoder 312 for selecting primary
gray scale voltages in correspondence with higher-order
three bits (D3-D5) of 6 bits display data among the even-
numbered primary gray scale voltages.

[0284] The first decoder 311 is configured such that the
higher-order four bits (D2-D5) of a six-bit display data select
the first and seventeenth primary gray scale voltages V1 and
V17 once, and select the third to fifteenth primary gray scale
voltages V3 to V15 two times. The second decoder 312 is
configured such that the higher-order three bits (D3-D5) of
a six-bit display data select the second primary gray scale
voltage (V2) to the sixteenth primary gray scale voltage
(V16) once.

[0285] It should be noted that in FIG. 37, notation o
designates a switch element (for example, PMOS transistor)
which is made ON with data bit at L level and notation
designates a switch element (for example, NMOS transistor)
which is made ON with data bit at H level.

[0286] In this case, V"0<V"1<V"2<V"3<V"4 and there-
fore, when the bit value of the third bit (D2) of display data
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is at L level, as the gray scale voltage VOUTA, a gray scale
voltage at a potential lower than that of the gray scale
voltage of VOUTB is outputted, further, when the bit value
of the third bit (D2) of display data is at H level, as the gray
scale voltage VOUTA, a gray scale voltage at a potential
higher than that of the gray scale voltage of VOUTB is
outputted.

[0287] Accordingly, the multiplexer 302 is switched in
accordance with H level and L level of the bit value of the
third bit (D2) of display data, when the bit value of the third
bit (D2) of display data is at L level, the gray scale voltage
of VOUTA is outputted to the terminal (P1), the gray scale
voltage of VOUTB is outputted to the terminal (P2), further,
when the bit value of the third bit (D2) of display data is at
H level, the gray scale voltage of VOUTB is outputted to the
terminal (P1) and the gray scale voltage of VOUTA is
outputted to the terminal (P2).

[0288] Thereby, when the gray scale voltage of the termi-
nal (P1) is designated by (Va) and the gray scale voltage of
the terminal (P2) is designated by (Vb), Va<Vb can always
be established and the design of the second gray scale
voltage generating circuit 303 is simplified.

[0289] The secondary gray scale voltage generating circuit
303 is constituted by a switch element (S1) connected
between the terminal (P1) and an input terminal of the
high-voltage amplifier circuit 271, a condenser (CI) one end
of which is connected to the input terminal of the high-
voltage amplifier circuit 271 and other end of which is
connected to the terminal (P1) via a switch element (S2) and
connected to the terminal (P2) via a switch element (S5), a
condenser (C2) one end of which is connected to the input
terminal of the high-voltage amplifier circuit 271 and other
end of which is connected to the terminal (P1) via a switch
element (S3) and connected to the terminal (P2) via a switch
element (S4) and a condenser (C3) connected between the
terminal (P2) and the input terminal of the high-voltage
amplifier circuit 271.

[0290] In this case, capacitance values of the condenser
(CI) and the condenser (C3) are set to the same value and a
capacitance value of the condenser (C2) is set to a capaci-
tance value twice as much as the capacitance values of the
condenser (C1) and the condenser (C3).

[0291] In addition, the respective switch elements (S1-S5)
are made ON and, OFF in accordance with the bit values of
lower-order two bits (D0, D1) of display data as shown in
FIG. 38A.

[0292] FIG. 38A illustrates values of gray scale voltages
outputted from the secondary gray scale voltage generating
circuit 303 in accordance with bit values of the lower-order
two bits (D0, D1) of display data and FIGS. 38B-38E
illustrate circuit constitutions of the secondary gray scale
voltage generating circuit 303 in accordance with the bit
values of the lower-order two bits (D0, DI) of display data.

[0293] It should be noted that also the low-voltage decoder
circuit 279 can be constituted similar to the high-voltage
decoder circuit 278 and in this case, the low-voltage decoder
circuit 279 selects primary 17 levels of negative-polarity
gray scale voltages generated by the negative-polarity gray
scale voltage generating circuit 1515.

[0294] Further, the negative-polarity gray scale voltage
generating circuit 1515 generates the primary 17 levels of
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negative-polarity gray scale voltages based on 5 levels of
negative-polarity reference gray scale voltages (V"5-V"9)
inputted from the negative voltage generating circuit 122,
further, each resistance in the voltage dividing resistor in the
voltage-dividing resistor circuit constituting the negative-
polarity gray scale voltage generating circuit 15156 is
weighted to reflect the relationship between light transmis-
sion through the liquid crystal layer and a voltage applied
across it.

[0295] In the Ilow-voltage decoder circuit 279,
V"5>V"6>V"7>V"8>V"9 and therefore, when the gray
scale voltage of the terminal (P1) is designated by (Va) and
the gray scale voltage of the terminal (P2) is designated by
(Vb), Va>Vb is always established.

[0296] FIG. 39 is a diagram showing an outline constitu-
tion of an output stage of the drain driver 130 in the liquid
crystal display module according to Embodiment 2 in the
case of using the high-voltage decoder circuit 278 shown in
FIG. 37 and the low-voltage decoder circuit 279 having a
circuit constitution similar to that of the high-voltage
decoder circuit 278 shown in FIG. 37.

[0297] In FIG. 39, an amplifier circuit having the circuit
constitution shown in FIG. 15 is used in the high-voltage
amplifier circuit 271 and an amplifier circuit having the
circuit constitution shown in FIG. 14 is used in the low-
voltage amplifier circuit 272.

[0298] In this way, according to the embodiment, in
respect of a number of switching elements constituting the
decoder circuit, the number is 64 ((9+7)x4) in the first
decoder circuit 311, the number is 24 (=3x8) in the second
decoder circuit 312 and accordingly, a total number of the
switching elements (MOS transistor) constituting the
decoder circuit per each drain signal line (D) is 88 and the
number can considerably be reduced in comparison with the
total number of 768 of the MOS transistors per each drain
signal line (D) in Embodiment 1.

[0299] Moreover, by reducing the number of switching
elements, inner current of the drain driver 130 can be
reduced and accordingly, power consumption of a total of
the liquid crystal display module (LCM) can be reduced by
which reliability of the liquid crystal display module (LCM)
can be promoted.

[0300] FIG. 40 is a circuit diagram showing a circuit
constitution of other example of the high-voltage decoder
circuit 278 in the drain driver 130 according to the embodi-
ment and in FIG. 40, notation o designates a PMOS tran-
sistor and designates an NMOS transistor.

[0301] It should be noted that FIG. 40 shows an example
of a circuit constitution in the case of generating 256 gray
scale voltages and therefore, respective bit values and
inverted values thereof of 8 bits display data of (D0-D7) are
applied to the gate electrodes of the respective PMOS
transistors based on predetermined combinations.

[0302] In the high-voltage decoder circuit 278 shown in
FIG. 37, in respect of the MOS transistors the gate electrodes
of which are supplied with the same voltage for each
decoder row, the higher the order of the display data, the
more continuously the transistors are arranged.

[0303] Therefore, even when the MOS transistors the gate
electrodes of which are supplied with the same voltage for
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each digit and which are continuous at each decoder row, are
replaced by one MOS transistor, no problem is posed in view
of function.

[0304] In the high-voltage decoder circuit 278 shown in
FIG. 40, MOS transistors electrodes of which are supplied
with the same voltage at each digit and which are continuous
at each decode row, are replaced by one MOS transistor.

[0305] In addition, in the high-voltage decoder circuit 278
shown in FIG. 40, when the gate width of the gate electrode
of a smallest-sized MOS transistor is designated by notation
W, a second MOS transistor of the next higher-order to the
smallest-sized MOS transistor is set to 2 W, further, the gate
width of the gate electrode of a third MOS transistor of the
next higher-order to the second MOS transistor is 4 W and
in this way, the gate width of the gate electrode of the MOS
transistor in correspondence with a higher-order bit of
display data is the gate width of the gate electrode of the
smallest-sized MOS transistor multiplied by the (m-j)th
power of 2 where notation m designates bit number of
display data and notation j designates bit number of a
highest-order bit among bits constituted by the smallest-
sized MOS transistor.

[0306] In the high-voltage decoder circuit 278 shown in
FIG. 40, when resistance of the smallest-sized MOS tran-
sistor is designated by notation R, synthesized resistance of
MOS transistors at each decode row is about 2 R (=R+R/
2+R/4+R/8+R/16) in the decoder circuit 311 and about 2 R
(=R+R/2+R/4+R/8) in the decoder circuit 312.

[0307] Tt should be noted that FIG. 40 also illustrates
resistances of MOS transistors at respective digits when the
resistance of the smallest-sized MOS transistor is designated
by notation R.

[0308] Therefore, the synthesized resistance of MOS tran-
sistors at the respective decode rows can be reduced in the
high-voltage decoder circuit 278 shown in FIG. 40, in
redistributing electric charge to the respective condensers
constituting the secondary gray scale voltage generating
circuit 303, large current can be charged and discharged and
accordingly, not only high-speed operation of the decoder
circuit can be achieved but also the synthesized resistance
values of the decoder circuit 311 and the decoder circuit 312
can be made equivalent to each other and therefore, there
can be reduced a difference between speeds of two gray
scales generated.

[0309] Further, generally, in a MOS transistor, by a sub-
strate-source voltage (Vgg), the threshold voltage (Vth) is
changed in the positive direction by which drain current
(Ipg) is reduced. That is, resistance of the MOS transistor is
increased.

[0310] Therefore, in the high-voltage decoder circuit 278
shown in FIG. 40, the circuit is separated into a PMOS
transistor region and an NMOS transistor region with a
boundary of gray scale voltage at which the substrate-source
voltages (Vgg) become equivalent (in FIG. 40, gray scale
voltages of V16 (or V18), V15 (or V17)).

[0311] Thereby, in the high-voltage decoder circuit 278
shown in FIG. 40, an increase in resistance caused by the
substrate bias effect in MOS transistors constituting the
decoder circuit can be restrained.
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[0312] FIG. 41 is a circuit diagram showing a circuit
constitution of other example of the low-voltage decoder
circuit 279 in the drain driver 130 according to the embodi-
ment.

[0313] The low-voltage decoder circuit 279 shown in FIG.
41 is provided with a circuit constitution similar to that of
the high-voltage decoder circuit 278 shown in FIG. 40.

[0314] However, in the low-voltage decoder circuit 279, in
separating a PMOS transistor region and an NMOS transis-
tor region with the boundary of the gray scale voltage where
substrate-source voltages (Vyg) are equivalent (in FIG. 40,
gray scale voltages of V16 (or V18), V15 (or V17)), posi-
tions of the PMOS transistor region and the NMOS transis-
tor region are reversed to those in the high-voltage decoder
circuit 278.

[0315] It should be noted that the respective voltages are
set to V1>V2>V3 ... >V32>V33.
[0316] In the above-described embodiments, each MOS

transistor constituting the decode circuit 301 is constituted
by a high-voltage-rating MOS transistor or a MOS transistor
in which only the gate electrode portion is constructed by a
high-voltage-rating structure.

[0317] Further, as MOS transistors of the lower-order bits
of the decode circuit 301, there can be used lower source-
drain voltage rating MOS transistors and in this case, the
size of the decoder circuit 301 portion can further be
reduced.

[0318] FIG. 42 is a circuit diagram showing an example of
a circuit constitution of the secondary gray scale voltage
generating circuit 303 used in the high-voltage decoder
circuit 278 shown in FIG. 40.

[0319] In the secondary gray scale voltage generating
circuit 303 shown in FIG. 42, capacitance values of a
condenser (Col) and a condenser (Co2) are the same, a
capacitance value of a condenser (Co3) is a capacitance
value twice as much as the capacitance value of the con-
denser (Col) and a capacitance value of a condenser (Co4)
is a capacitance value four times as much as the capacitance
value of the condenser (Col).

[0320] Additionally, respective switch control circuits
(SG1-SG3) each provided with an NAND circuit (NAND),
an AND circuit (AND) and a NOR circuit (NOR). Table 2
shows a truth table of the NAND circuit (NAND), the AND
circuit (AND) and the NOR circuit (NOR).

TABLE 2

/CR /TCK ID NAND AND NOR Snl Sn2

L H * H L L OFF ON
H H * H L H OFF OFF
L H L L H ON OFF

L H H L OFF ON

* indicates that display data are irrelevant.

[0321] When a reset pulse (/CR) is at L level, a switch
element (SS1) is made ON, and an output from the NOR
circuit (NOR) becomes L level and respective switch ele-
ments (S02, S12, S22) are made ON.

[0322] In this case, a timing pulse (/TCK) is at H level, an
output from the NAND circuit (NAND) becomes H level



US 2008/0024419 Al

and the respective switch elements (S01, S11, S21) are made
OFF. Thereby, both terminals of the respective condensers
(Col-Co4) are connected to the terminal (P2) and accord-
ingly, the respective condensers (Col-Co4) are charged or
discharged and the potential difference is brought into a state
of 0 volt.

[0323] Next, when the reset pulse (/CR) becomes H level
and the timing pulse (/TCK) becomes L level, the respective
switch elements (S01, S02, S11, S12, S21, S22) are made
ON or OFF in accordance with respective bit values of the
lower-order 3 bits (D0-D2) of display data.

[0324] Thereby, when the gray scale voltage of the termi-
nal (P1) is designated by (Va) and the gray scale voltage of
the terminal (P2) is designated by (Vb), gray scale voltages
of Va+(I18)A, Va+(2/8)A, . . . Vb{Va+(8/8)A} are outputted
from the secondary gray scale generating circuit 302.

[0325] Further, although resistors can be used in place of
the condensers in the secondary gray scale voltage gener-
ating circuit 303, in this case, resistors having high resis-
tance values need to be used and the ratios between resis-
tance values are reciprocal to the ratios between the
capacitances.

[0326] Forexample, when resistors are used in place of the
condensers in the secondary voltage generating circuit 303
shown in FIG. 37, resistance values of the resistors for
replacing the condenser (CI) and the condenser (C3) need to
be a resistance value twice as much as a resistance value of
a resistor for replacing the condenser (C2).

Embodiment 3

[0327] A liquid crystal display module according to
Embodiment 3 of the invention differs from the liquid crystal
display module according to Embodiment 2 in that inverting
amplifiers are used as the high-voltage amplifier circuit 271
and the low-voltage amplifier circuit 272 in the drain driver
130.

[0328] An explanation will be given of the drain driver
130 according to the embodiment centering on difference
from Embodiment 2.

[0329] FIG. 43 is a diagram showing an outline constitu-
tion of the output stage of the drain driver 130 of the liquid
crystal display module according to Embodiment 3 when the
high-voltage decoder circuit 278 shown in FIG. 37 and the
low-voltage decoder circuit 279 having a circuit constitution
similar to that of the high-voltage decoder circuit 278 shown
in FIG. 37 are used.

[0330] InFIG. 43, the differential amplifier shown in FIG.
15 is used in the high-voltage amplifier circuit 271 and the
differential amplifier shown in FIG. 14 is used in the
low-voltage amplifier circuit 272.

[0331] FIG. 44 is a diagram showing one of the high-
voltage amplifier circuit 271 and the low-voltage amplifier
circuit 272, and a switched capacitor 313 connected to an
input stage of the one, shown in FIG. 43. As shown in FIG.
44, a parallel circuit of a switch circuit (SWAO01) and a
condenser (CAl) is connected between an inverting input
terminal (-) and an output terminal of an op-amp (OP2) and
the inverting input terminal (-) of the op-amp (OP2) is
connected with one terminal of each of respective condens-
ers (CA2, CA3, CA4).
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[0332] The other terminals of the respective condensers
(CA2, CA3, CAd) are supplied with one of two successive
levels of the primary gray scale voltages, that is, the primary
gray scale voltage (Va) outputted to the terminal (P1) shown
in FIG. 37 via respective switch circuits (SWA11, SWA21,
SWA31). The other of two successive levels of the primary
gray scale voltages, that is, the primary gray scale voltage
(Vb) outputted to the terminal (P2) shown in FIG. 37 is
applied to a noninverting terminal (+) of the op-amp (OP2)
and the other terminals of the respective condensers (CA2,
CA3, CA4) via respective switch circuits (SWA12, SWA22,
SWA32).

[0333] In this case, capacitance values of the condenser
(CA2) and the condenser (CA4) are the same, a capacitance
value of the condenser (CA3) is twice as much as the
capacitance value of the condenser (CA2) and a capacitance
value of the condenser (CAl) is four times as much as the
capacitance value of the condenser (CA2).

[0334] In the inverting amplifier, in a resetting operation,
the switch circuit (SWAO1) and the switch circuits (SwWAIIL,
SWA21, SWA31) are made ON and the switch circuits
(SWA12, SWA22, SWA32) are made OFF.

[0335] In this state, the condenser (CAI) is reset, the
op-amp (OP2) constitutes a voltage follower circuit, the
output terminal and the inverting input terminal (=) of the
op-amp (OP2) become at a potential of the primary gray
scale voltage (Vb) and accordingly, the respective condens-
ers (CA2-CA4) are charged to a voltage of (Vb-5 Va=AV).

[0336] Furthermore, in a normal state, the switch circuit
(SWAO01) is made OFF, and the switch circuits (SWAI11,
SWA21, SWA31) and the switch circuits (SWA12, SWA22,
SWA32) are made ON or OFF as predetermined.

[0337] Thereby, the primary gray scale voltage of Va is
inverted and amplified with the primary gray scale voltage
(Vb) as, a reference and voltages of Vb+Va, Vb+Va+(1/
4HAV, Vb+Va+(1/2)AV, Vb+Va+(3/4)AV are outputted from
the output terminal of the op-amp (0P2).

Embodiment 4

[0338] A liquid crystal display module according to
Embodiment 4 of the invention differs from the liquid crystal
display module according to Embodiment 1 in that negative-
polarity gray scale reference voltages (V"5-V"9) are output-
ted from the power supply circuit 120 to the drain driver 130,
and in the drain driver 130, 32 levels of negative-polarity
gray scale voltages are generated from the negative-polarity
gray scale reference voltages (V"5-V"9), further, an invert-
ing amplifier is used as the high-voltage amplifier circuit 271
and the negative-polarity gray scale voltages are inverted
and amplified by the inverting amplifier and positive-polar-
ity gray scale voltages are applied to the drain signal lines
D).

[0339] An explanation will be given of the drain driver
130 according to the embodiment centering on difference
from Embodiment 1.

[0340] FIG. 45 is a diagram showing an outline constitu-
tion of the output stage of the drain driver 130 of the liquid
crystal display module according to Embodiment 4.

[0341] InFIG. 45, the differential amplifier shown in FIG.
15 is used as the high-voltage amplifier circuit 271 and the
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differential amplifier shown in FIG. 14 is used as the
low-voltage amplifier circuit 272.

[0342] In the high-voltage amplifier circuit 271 according
to this embodiment, an op-amp (OP3) constitutes an invert-
ing amplifier.

[0343] Therefore, the input stage of the op-amp (OP3) is
connected with the low-voltage decoder circuit 279 shown
in FIG. 6 in place of the high-voltage decoder circuit 278
shown in FIG. 6.

[0344] That is, according to this embodiment, the low-
voltage decoder circuits 279 are used for all of the decoder
portion 261 shown in FIG. 6.

[0345] Consequently, according to this embodiment, the
positive voltage generating circuit 121 and the positive-
polarity gray scale voltage generating circuit 151a are not
necessary in the power supply circuit 120 (not shown) and
in the drain driver 130 (not shown), respectively. As shown
in FIG. 45, a parallel circuit of a switch circuit (SWB1) and
a condenser (CB1) is connected between an inverting input
terminal (=) and an output terminal of the op-amp (OP3),
and the inverting input terminal (-) of the op-amp (OP3) is
connected with one terminal of a condenser (CB2).

[0346] The other terminal of the condenser (CB2) is
supplied with a gray scale voltage from the low-voltage
decoder circuit 272 via a switch (SWB3) and is supplied
with a reference voltage (Vref) via a switch (SWB2). Fur-
ther, the reference potential (Vref) is applied to a noninvert-
ing input terminal (+) of the op-amp (OP3). In this case, the
reference voltage (Vref) is also a potential of the liquid
crystal drive voltage (Vcom) applied to the common elec-
trode (ITO2).

[0347] In this inverting amplifier, in a resetting operation,
the switch circuit (SWB1) and the switch circuit (SWB2) are
made ON and the switch circuit (SWB3) is made OFF.

[0348] In this state, the op-amp (OP3) constitutes a volt-
age follower circuit, the output terminal and the inverting
terminal of the op-amp (OP3) become at a potential of the
reference voltage (Vref), the reference voltage (Vref) is also
applied to the other terminal of the condenser (CB2) and
accordingly, the condenser (CB1) and the condenser (CB2)
are reset.

[0349] Moreover, in a normal state, the switch circuit
(SWB1) and the switch circuit (SWB2) are made OFF, the
switch circuit (SWB3) is made ON, a negative-polarity gray
scale voltage inputted via the condenser (CA2) is inverted
and amplified with the reference potential (Vref) as a refer-
ence and a positive-polarity gray scale voltage is outputted
from the output terminal of the op-amp (OP3).

[0350] According to this embodiment, in place of the
high-voltage decoder circuit 271 shown in FIG. 6, the
low-voltage decoder circuit 272 shown in FIG. 6 is used,
further, the positive voltage generating circuit 121 in the
power supply circuit 120 and the positive-polarity gray scale
voltage generating circuit 151qa in the drain driver 130 are
not needed and accordingly, the constitution can be simpli-
fied.

Embodiment 5

[0351] A liquid crystal display module according to
Embodiment 5 of the invention differs from Embodiment 1
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in that a single amplifier circuit 273 acts as the high-voltage
amplifier circuit 271 and the low-voltage amplifier circuit
272.

[0352] An explanation will be given of the drain driver
130 according to this embodiment centering on difference
from Embodiment 1.

[0353] FIG. 46 is a diagram showing an outline constitu-
tion of the output stage of the drain driver 130 of the liquid
crystal display module according to Embodiment 5.

[0354] In FIG. 46, reference numeral 273 designates a
single amplifier circuit for outputting negative-polarity and
positive-polarity gray scale voltages and according to this
embodiment, negative-polarity and positive-polarity gray
scale voltages are outputted from the amplifier circuit 273.

[0355] Therefore, the amplifier circuit 273 needs to be
supplied with a positive-polarity gray scale voltage selected
by the high-voltage decoder circuit 278 or a negative-
polarity gray scale voltage selected by the negative-voltage
decoder circuit 279.

[0356] As shown in FIG. 47, the switch portion (2) 264
needs to be installed between the decoder portion 261 and
the amplifier circuit 273.

[0357] FIG. 48 is a diagram showing a circuit constitution
of'an example of a differential amplifier used in the amplifier
circuit 273 shown in FIG. 46.

[0358] In the amplifier circuit 273 shown in FIG. 48,
notation * designate switching transistors, ¢ labeled “A” in
the drawing designate switching transistors which are made
ON by a control signal (A) and ¢ labeled “B” designate
switching transistors which are made ON by a control signal
®).

[0359] In this amplifier circuit 273, the output stage is
configured by a push-pull constitution to output negative-
polarity and positive-polarity gray scale voltages with the
single amplifier circuit.

[0360] Additionally, the amplifier circuit 273 provides a
wide dynamic range since currents (11', 12') can be flowed
even when the currents (11, 12) are made OFF.

[0361] According to this embodiment, a single amplifier
circuit is configured to output negative-polarity and positive-
polarity gray scale voltages to a corresponding drain signal
line (D), the brightness of each pixel is determined by its
potential with respect to the common potential (Vcom)
applied to the common electrode (ITO2). No problem of
vertical spurious lines occurs on a displayed image if a
voltage difference ([VH-Vcom|) between a positive-polarity
gray scale voltage (VH) and the potential (Vcom) of the
common electrode (ITO2) is equal to a voltage difference
((VL-Vcom)|) between a negative-polarity gray scale voltage
(VL) and the potential (Vcom) of the common electrode
(ITO2), but in many cases, there occurs a difference between
the positive-polarity gray scale voltages (VII) and the nega-
tive-polarity gray scale voltages (VL), due to asymmetrical
characteristics of the liquid crystal layer with respect to the
polarity of a voltage applied across it, or unintentional
coupling in the gate drivers 140 and accordingly, this
embodiment is advantageous.

Embodiment 6

[0362] As mentioned above, a higher resolution liquid
crystal panel is requested in a liquid crystal display device.
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[0363] For such a higher resolution liquid crystal panel,
the display control circuit 110, the drain driver 130 and the
gate driver 140 have to perform high-speed operation,
particularly, the clock (CL2) outputted from the display
control circuit 110 to the drain driver 130 and the operating
frequency of display data undergo the considerable influence
of high-speed operation. For example, in a liquid crystal
display panel having 1024x768 pixels of an XGA display
mode, the clock (CL2) frequency is 65 MHz and display
data frequency is 32.5 MHz (half of 65 MHz).

[0364] Accordingly, for example, in the case of XGA
display mode, in a liquid crystal display module of the
embodiment, the frequency of the clock (CL2) between the
display control circuit 110 and the drain driver 130 is 32.5
MHz (half of 65 MHz) and display data are latched on both
the positive-going transition and the negative-going transi-
tion of the clock CL2 in the drain driver 130.

[0365] FIG. 49 is a block diagram for explaining the
constitution of the drain driver 130 according to Embodi-
ment 6 centering on a constitution of an output circuit.

[0366] The structure of FIG. 49 corresponds to that of
FIG. 6, but is slightly different from that of FIG. 6 and the
shift register circuit (designated by numeral 156 in FIG. 6)
is omitted.

[0367] An explanation will be given of the driver 130
according to this embodiment centering on a difference from
Embodiment 1.

[0368] As shown in FIG. 49, a pre-latch circuit 160 is
installed in the driver 130 according to the embodiment.

[0369] FIG. 50 is a diagram showing a section of the
pre-latch circuit 160 shown in FIG. 49.

[0370] As shown in FIG. 50, one display data transmitted
from the display control circuit 110 is latched by a flip/flop
circuit (F31) on the positive-going transition of the clock
CL2, then is latched by a flip/flop circuit (F32) on the
negative-going transition of the clock CL2, and is outputted
to a switch portion (3) 266. Further, another succeeding
display data is latched by a flip/flop circuit (F33) on the
negative-going transition of the clock CL2, then is latched
by a flip/flop circuit (F34) on the positive-going transition of
the clock CL2, and is outputted to the switch portion (3) 266.

[0371] Display data latched by the pre-latch circuit 160 is
selected by the switch portion (3) and is outputted alter-
nately to the bus line 161a and the bus line 1615 of display
data.

[0372] Display data on two routes of the bus lines (161a,
1615) are inputted to the data latch portion 265 based on a
control signal for data input from the shift register 153.

[0373] In this case, data of 2 pixels (data for six drain
signal lines (D)) are inputted to the data latch portion 265 at
one time.

[0374] A gray scale voltage in correspondence with dis-
play data is outputted from the amplifier pair 263 of the drain
driver 130 to each drain signal line (D) based on display data
latched at the data latch portion 265.

[0375] The operation is the same as in Embodiment 1 and
therefore an explanation thereof will be omitted.
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[0376] FIG. 51 is a diagram for explaining display data on
the bus lines (161ae, 1615) shown in FIG. 49 and the
operating frequency of the clock (CL2). An explanation will
be given of a case in which the frequency of display data is
60 MHz for one piece of data (30 MHz for two pieces of
data) and the frequency of the clock (CL2) is 30 MHz in
FIG. 51.

[0377] As shown in FIGS. 50 and 51, display data trans-
mitted from the display control circuit 110 at a frequency of
60 MHz, are latched by a pair of the flip/flop circuits (F31)
and (F32) and a pair of the flip/flop circuits (F33) and (F34)
and are transmitted to the bus lines (161a, 1615), and
accordingly, the frequency of display data on the bus lines
(1614, 1615) is 30 MHz for one piece of data (15 MHz for
two pieces of data). FIG. 52 is a block diagram for explain-
ing a constitution of the drain driver centering on an output
circuit when display data is latched on the positive-going
transition and the negative-going transition of the clock CL2
and when only one route of the bus line 161 is installed in
the drain driver.

[0378] FIG. 53 is a diagram for explaining display data on
the bus line 161 shown in FIG. 52 and the operating
frequency of the clock (CL2).

[0379] As is known from FIG. 53, when there is only one
route of the bus line 161 in the drain driver, the frequency
of display data on the one route of the bus line 161 becomes
60 MHz which is the same as that of display data transmitted
from the display control circuit 110.

[0380] FIG. 54 shows a layout of the bus line 161 in a
semiconductor integrated circuit of the drain driver shown in
FIG. 52.

[0381] As shown in FIG. 54, the bus line 161 is formed
lengthwise up to both ends of the semiconductor integrated
circuit constituting the drain driver and accordingly, the
more remote from the pre-latch circuit 160, the more
increased is a delay time.

[0382] Accordingly, when the frequency of display data
on one route of the bus line 161 is the same frequency as that
of display data transmitted from the display control circuit
110 (for example, 60 MHz), a timing margin for latching
display data is reduced at the end remote from the pre-latch
circuit 160.

[0383] However, according to this embodiment, two
routes of the bus lines (16la, 1615) are installed, the
frequency of display data on two routes of the bus lines
(161a, 1615) can be made a half (for example, 30 MHz) of
the frequency (for example, 60 MHz) transmitted from the
display control circuit 110 and accordingly, compared with
the case of the drain driver shown in FIG. 52, the timing
margin in the case of latching display data at the end remote
from the pre-latch circuit 160 can be doubled. Thereby,
according to this embodiment, high-speed operation of the
drain driver 130 can be achieved. Further, the drain driver
shown in FIG. 52 needs one flip/flop circuit of the shift
register 153 for every three drain signal lines (D) (for
example, 86 when the total number of drain signal lines (D)
is 258).

[0384] However, in the drain driver 130 of this embodi-
ment, data for two pixels (data for six drain signal lines (D))
is inputted to the data latch portion 265 at one time and
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accordingly, one flip/flop circuit of the shift register 153 may
be installed for every six drain signal lines (D) (for example,
43 when the total number of drain signal lines (D) is 258)
and the number of flip/flop circuits of the shift register 153
can be made a half of those of the drain driver 130 shown
in FIG. 52.

[0385] Moreover, in the drain driver 130 of this embodi-
ment, display data from the pre-latch circuit 160 is outputted
alternately to each of the two routes of the bus lines (161a,
1615) by using the switch portion (3) 266 and accordingly,
the switch portion (1) 262 shown in FIG. 52 is not needed.

[0386] One switch portion (1) 262 is needed for every six
drain signal lines (D) (for example, 43 when the total
number of drain signal lines (D) is 258). However, the
number of the switch portion (3) 266 of the drain driver 130
is no more than the number of bits for display data (in FIG.
49, 18 since display data is of six bits).

[0387] In this way, in the drain driver 130 of the embodi-
ment, compared with the drain driver shown in FIG. 52, the
number of flip/flop circuits of the shift register 153 and the
switch portions can considerably be reduced and the con-
stitution of the internal structure of the drain driver 130 can
be simplified.

[0388] Although, in the above-described respective
embodiments, an explanation has been given of embodi-
ments in which the present invention is applied to a vertical
field type liquid crystal display panel, the present invention
is not limited thereto, but the present invention is also
applicable to a horizontal field type liquid crystal display
panel in which an electric field is applied in the direction
parallel to its liquid crystal layer and which is commonly
called an in-plane switching type liquid crystal display panel
shown in FIG. 49.

[0389] FIG. 55 is a diagram showing an equivalent circuit
of a liquid crystal display panel of the in-plane switching

type.

[0390] Inthe liquid crystal display panel of a vertical field
type shown in FIG. 2 or FIG. 3, the common electrode
(ITO2) is disposed on a color filter substrate, but in the liquid
crystal display panel of the in-plane switching type, a TFT
substrate is provided with a counter electrode (CT) and
signal lines for the counter electrode (CL) for applying a
drive voltage (VCOM) to the counter electrode (CT).

[0391] Accordingly, the capacitance of the liquid crystal
layer (Cpix) is equivalently connected between a pixel
electrode (PX) and the counter electrode (CT). Further, the
holding capacitance (Cstg) is also formed between the pixel
electrode (PX) and the counter electrode (CT).

[0392] Moreover, although, in the above-described
embodiments, an explanation has been given of the embodi-
ments in which the dot-inversion drive method is used, the
invention is not limited thereto, but the invention is appli-
cable to a common-electrode voltage inversion drive method
of inverting polarities of both drive voltages applied to a
common electrode (ITO2) and a pixel electrode (ITO1) on
successive lines or on successive frames.

[0393] Although a specific explanation has been given of
the present invention carried out by the inventors based on
the embodiments of the invention, the invention is not
limited to the above-explained embodiments of the inven-
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tion, and various changes and modifications can be made to
those embodiments without departing from the true spirit
and scope of the invention.

[0394] Advantages provided by the representative
embodiments of the present invention can be summarized as
follows:

[0395] (1) Improvement of display quality by preventing
black or white spurious-signal vertical lines from appearing
in a displayed image due to offset voltages in amplifier
circuits of video signal line driver circuits;

[0396] (2) Reduction of an area occupied by level shift
circuits in a chip of video signal line driver circuits by using
low source-drain voltage rating transistors in the level shift
circuit compared with the case of using higher source-drain
voltage rating transistors;

[0397] (3) Reduction of border areas of the liquid crystal
display panel, reduction of cost and improvement of reli-
ability by the above-mentioned reduction of the chip size of
the video signal line driver circuits; and

[0398] (4) Sufficient timing margin in latching display
data in a semiconductor IC of video signal line driver
circuits even when the display data latch clock frequency
and the operating frequency of display data are increased.

What is claimed is:

1. A liquid crystal display device including a plurality of
drain signal lines, a plurality of gate signal lines arranged to
intersect said plurality of drain signal lines, and a plurality
of thin film transistors disposed in vicinities of intersections
of said plurality of drain signal lines and said plurality of
gate signal lines and coupled to corresponding ones of said
plurality of drain signal lines and said plurality of gate signal
lines, and a drain driver which supplies signal voltages to
said plurality of drain signal lines, said drain driver com-
prising:

an amplifier circuit which outputs a signal voltage to a
corresponding one of said plurality of drain signal
lines;

wherein said amplifier circuit includes a switching circuit
which switches between a first state and a second state,
said first state being a state where a first input terminal
of said amplifier circuit is coupled to an inverting input
terminal and a second input terminal is coupled to a
noninverting input terminal, and said second state
being a state where said first input terminal is coupled
to said noninverting input terminal and said second
input terminal is coupled to said inverting input termi-
nal; and

wherein said signal voltages supplied to said plurality of
thin film transistors coupled to a given one of said
plurality of gate signal lines, via said plurality of drain
signal lines are gray scale voltages one of plus and
minus offset voltages in a first frame, and are gray scale
voltages one of plus and minus said offset voltage in a
second frame.

2. A liquid crystal display device according to claim 1,
wherein said signal voltages supplied to said plurality of thin
film transistors coupled to a first one of said plurality of gate
signal lines, adjacent to said given one of said plurality of
gate signal lines, via said plurality of drain signal lines are
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gray scale voltages plus said offset voltages in said first
frame, and are gray scale voltages minus said offset voltage
in said second frame.

3. A liquid crystal display device according to claim 1,
wherein said signal voltages supplied to said plurality of thin
film transistors coupled to a first one of said plurality of gate
signal lines, adjacent to said given one of said plurality of
gate signal lines, via said plurality of drain signal lines are
gray scale voltages minus said offset voltages in said first
frame, and are gray scale voltages plus said offset voltage in
said second frame.

4. A video signal line driving circuit including an ampli-
fier circuit which outputs a drive voltage to a video signal
line,

wherein said amplifier circuit includes a switching circuit
which switches between a first state and a second state,
said first state being a state where a first input terminal
of said amplifier circuit is coupled to an inverting input
terminal and a second input terminal is coupled to a
noninverting input terminal, and said second state
being a state where said first input terminal is coupled
to said noninverting input terminal and said second
input terminal is coupled to said inverting input termi-
nal, and
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wherein said drive voltage supplied to said video signal
line and corresponding to a first line in a first frame is
a gray scale voltage one of plus and minus an offset
voltage, and said drive voltage supplied to said video
signal line and corresponding to said first line in a
second frame is a gray scale voltage one of plus and
minus said offset voltage.

5. A video signal line driving circuit according to claim 4,
wherein said drive voltage supplied to said video signal line
and corresponding to a second line in said first frame is a
gray scale voltage plus said offset voltage, and said drive
voltage supplied to said video signal line and corresponding
to said second line in said second frame is a gray scale
voltage minus said offset voltage.

6. A video signal line driving circuit according to claim 4,
wherein said drive voltage supplied to said video signal line
and corresponding to a second line in said first frame is a
gray scale voltage minus said offset voltage, and said drive
voltage supplied to said video signal line and corresponding
to said second line in said second frame is a gray scale
voltage plus said offset voltage.
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