US 20050162371A1

a» Patent Application Publication o) Pub. No.: US 2005/0162371 A1l

a9 United States

Morita

(43) Pub. Date: Jul. 28, 2005

(54) LIQUID CRYSTAL DISPLAY AND DATA
LATCH CIRCUIT

Publication Classification

(51) TNt CL7 oo esesessssssssesssinsssnenn G09G 3/36
(75) Tnventor: Tetsuo Morita, Konosu-Shi (JP) (52) US. Cl s 345/98
Correspondence Address: (57) ABSTRACT
OBLON, SPIVAK, MCCLELLAND, MAIER & A liquid crystal display in which a structure of a signal line
NEUSTADT, P.C. drive circuit can be simplified is provided.
1940 DUKE STREET The liquid crystal display according to the present invention
ALEXANDRIA, VA 22314 (US) includes sampling latch circuits, load latch circuits and D/A
. ) converters which are ¥ of an aggregate number of signal
(73)  Assignee: %BUSJI;IKI KAISHA  TOSHIBA, lines, and drives every six signal lines for six times. As a
okyo (JP) result, a mounting area of a signal line drive circuit can be
” ) reduced. Further, after driving odd-numbered signal lines in
(21)  Appl. No. 11/077,206 a first half of a one-horizontal-line period, even-numbered
(22) Filed: Mar. 11. 2005 signal lines are driven in a last half of the same. Therefore,
- ' Y V-inversion driving can be easily realized by only switching
Related U.S. Application Data the polarity of an analog gradation voltage in the first half
and the last half of the one-horizontal-line period. That is,
(63) Continuation of application No. 09/865,498, filed on ~ since the number of times of switching the voltage polarity
May 29, 2001. can be reduced, voltage control is facilitated, thereby hardly
being influenced by noises. Furthermore, gradation power
(30) Foreign Application Priority Data supply wirings for the positive polarity and gradation power
supply wirings for the negative polarity are required in the
May 29, 2000 (JP) ccovomrvvevrrrrereerecerecrirnnnes 2000-158365 prior art, but the number of these wirings can be reduced by
Dec. 20, 2000  (JP) ocervereccenrvecerriecreeens 2000-387063 half, thereby decreasing a wiring area.
-2
' o
! | HORIZONTAL SHIFT REGISTER ] :
| !
| DomaL [ ) [
; GRADATION g (/(/ |
DATA
| AN . l i
! S-Latch S-Latch S-Latchi~5 |
| LOAD i |
Y
B L-Lateh 6 |
P |
|
:82 16 POSITIVE :OIZB o123 x;0123 ‘
123 : AN ~7
2] necarve | | DA DAL ¢ g PR |
<< = POLARITY | — T N = ‘
| =2 W) D
i &%  SIGNAL 2| we |
_ LINE W3l Z£5
| SELECTION gwg ~2 |
; SIGNAL WE| . 20 |
| 8 Zi- |
" AN NN RN oF |
w2
! o
| HEGY o | F
oMW1 lasio(asia|asia [asis [aswe) 0
e | S1|, 52| S3| 54| S5 56|~ T
Azs] G | A L
¥1=8 poor(}mﬂ? kAR
20 ey
o |
Zw
RN
o |
(G Na G.3 L J




Patent Application Publication Jul. 28, 2005 Sheet 1 of 20 US 2005/0162371 Al

T N
; HORIZONTAL SHIFT REGISTER :
| DIGITAL B\E |
. BUS LINE ¥/l :
| 7 1 1 s 1 |
l 5-71 S-Latch S-Latch S-Latch :
| LOAB ) —iF !
| 6T L-Latch -Latch Clatch] |
! , :91234 Vi ” I! A
|16 POSITIVE il ve Il -
| POLARITY | _“| : V15 |
i ] D/A D/A NI6\LVI7] D/A |
|16 NEGATIVE] ! = J vig ]
| POLARTY | | Lva) to
I ~7 T v T |

o 61 [ s 52 ( Jsm ]

Z5 | —"‘g\l 00 ""%‘\1 01 J‘g |

T G2 J ‘ ( '

Z O - > n —7 -

Z

Z= | ﬂ% n?? n? |

oo Gn_ | (. (

w0 [ . )}

( AL R B J
3 |



Patent Application Publication Jul. 28, 2005 Sheet 2 of 20 US 2005/0162371 Al

TIMING SIGNAL piiraL ~~ /DIGITAL
SQISTER | GRADATION DATA  GRADATION DATA

(-5v,10v)  (OV,3V) (0V,3V)
@ @ VDD (10V) @

g5
b es

NODE A 81 NODE B

—D% —{|_-83
87 \{488

LOAD Latch

FIG 2



US 2005/0162371 Al

Patent Application Publication Jul. 28, 2005 Sheet 3 of 20

vi

AO|

€0

€1

/[

| -

c}

L}

AG—

—

1VNOIS avOo

V1vQa NOILvavdd
V419147

V.1vad NOILV@vydd
V.L191d

d31S1934 L4IHS
WOYA4
TVNIIS ONIWIL



Patent Application Publication Jul. 28, 2005 Sheet 4 of 20

TIMING SIGNAL
FROM SHIFT _ DIGITAL

REGISTER  GRADATION DATA

(-5V,10v)  (OV,3V)

@ @ VDD (10V)

US 2005/0162371 Al

/DIGITAL
GRADATION DATA

(0V, 3V)

|
'L

l

NODE A l

j~

}f&gxﬁ

VSS

LOAD Latch

FI1G. 4

(=5

R

W

[—108

NODE B



Patent Application Publication Jul. 28, 2005 Sheet 5 of 20 US 2005/0162371 Al
2

0 4 ]
| HORIZONTAL SHIFT REGISTER :
|
| piGITAL |2 N |
~ GRADATION | 22 ) |

DATA
| 1 I [
! S-Latch S-Latch S-Latchr5 |
. LOAD T 1 |
! g L-Latch L-Latch L-Latch~6 I
3 |
igg 16 POSITIVE L1213 ol123 V1 o2 |
i :Ott - POLARITY (= T )] VI6— T g |
S SW1)
5 e | ug |
| SELECTION v 22 |
| SIGNAL 4

W O
| Wele F
| 2 |
v
| WY WHHWY |
/

| S T AT AT AT AT 7 J
R ASW2 [ASW3 |ASWA |ASWS |ASWE | ©

o ]‘ s1| s2| s3] s4| s5| sBl.- —lr

e

ok 100 rc?o,n* 1

= w b

Z= | ni‘ n? n¥ n¥ n? |

Qo

w0 G_3 ‘— _J




US 2005/0162371 Al

Patent Application Publication Jul. 28, 2005 Sheet 6 of 20

V—INVERSION DRIVING

n+1 FRAME

n FRAME

—_1_
1

1 | == [ ==

J S

J®J®J®J®

J@JC_IBJC;)J@_
EliiEiE

EilciiEle

—1_

-

1 | = | =

U A

U S

siiciizciie

J_C_I_DJéJ@Jé

EilsiElls

ElEEIE

FI1G B6A

HV—INVERSION DRIVING

nt+1 FRAME

n FRAME

e

e

|

S W B O

D SRR R SR RN S - S

D 9] @

JéJ@JQJ@

ElEEe

|

EilEilicisieE

éféJl@Jé

B=
S,
R

1

EiciEiie

-I-J—éJéJ@J@

FIG 6B



US 2005/0162371 Al

Patent Application Publication Jul. 28, 2005 Sheet 7 of 20

Y3LYIANOD V./d Z ODl14d LINDYID NOILDTT3S

L

/

3aNIT TVYNOIS Ol

|

wW_BmW_.BwW:st_;w:BwW >>w m>>w m>>w \.>>m ®>>w mgm §>m m>>w N>>w _>>m

B
m\/mw\/ v% mm\/ﬁ_ LIA|OLA

> m> N.> ©> m> v> EA| 2CA
9101S10\¥vI1OJ€ID[Z1D[11D]101D] 6D 80| £D] 90| SO]| ¥O] €9 No 19

EN

Yyoye-7
o
ol 40 LNdLno
L Al




US 2005/0162371 Al

Patent Application Publication Jul. 28, 2005 Sheet 8 of 20

ﬁ_y el 1+ 113013 6} 81 L3} 9t G 1} €1 2} it
| | " “ ! 1 _ “ [ " | " " “
— " o P . | . N
! m “ o +Q0Id3d 3NN | - o — "
] _ - - — _ ) — = !
N ALIMYT0d 3AILISOd 27 ALY 10d m_>:<o_mz NN

e | L L ! L e
iz E.E:E m\,._zouz / NI £ 1dv30d m>_:m8 222

m 13AILYDIN,/3AILISOd Iﬁ_sm ozm%oum uz:\ " : _ m . "

1 n 1 |

E e I R T e

. L I

! m L o m ] T T UMS |

| 1 ] 1 | \ 1 ) | i 1 | i _

m | IR 1 | EMS]

! ! M ) N m ! L 1 eMS|
| | m A A ! | T [ImsT
! v/0 0L V1vd 'y v/Q 0L <._,<o v/Q 0l vlva ¥/0 01 viva v/Q 0L <P<o_ v/a0lL <._,<o_ !

i ®{0.indin0 _1®40 1NdLNO! B 40 1NdLNO ®,40 LNdIN0 1@ 40 LNdLNOID 40 LNdLNO !

1 [} ] ] [} ] | | ] [}
IRl .
= LevS- 2E7S- 0EYS 827S LS 62YS-- 1295 |
SISO 215'95@ 01S'7S@) 88'2S® 11$'8S® 6S'ES® IS'IS®
# L “ “ # “ i ;
| L] ] 1 i ] [}
L S R
[TvS-IS1S | ¢EVS—¢1S9S | OErS-0ISPS|  8275-852S |  IEPS-1ISSS | BCvS~BSES | Levs-IS1S

8 Old

INIT ONINNVOS

_ﬁ\m_s_d.mm I +U 3JOVLI0A

NOILVAVHO SO1VNV

JAVYd U 3OVLI0A
NOILVAVHO DOTTYNY

~

3NIT NOILO313S
ANIT TYNDIS

yoie-
40 1Nd1no

Yyoye-s
40 Lnd1no

3SINd L4IHS
431819349 L4IHS

V1iva NOILYQavdd

v 9id



US 2005/0162371 Al

Patent Application Publication Jul. 28, 2005 Sheet 9 of 20

aANIT TVYNOIS oiv

gl

NOILHOd NOIL33T3S 3INIT TYNDIS

>

[ N

AOL -G—<A01 -0 21904 9NIGNTIONI S/1

NOILHOd NOILI313S NOILYQAVHD

i

11NJ™ID HIOLV1 Avo

)

AOL—-0<AS'2—-0 Vvlvd
LINDHID HOLV ONINdWYS + S/

7S

|2

431S193Y L4IHS TTV.LNOZIHOH

30010 u>_5u5m,%

8 O 4 ANV NI
82 .2 oz
| , ! \
_— —t
S S e I B P - 1 LINDHID
S i | Alddns
: S =3 1 IVNDIS
oo — [ = __
F;w e, [ = “ NOILD313S
AOL~G~—AG'Z- "
g TR
mnlu_ _o“ox“ NOISIAID e
Sm ETrax% IOVLTI0A |
= I JONV LSOy
K v 190X! T—= | 43HA
= |
0E—. —~AS—)SSA9
= (AO)SSA
m (AO 1)QAA
m LINJ41D 1~g|
' 1A7ddNS v 1va
{] NOILvdyYO
" v 1191d
vly €l |
~H 3Fa0i@ —nyox/
X7 TS L anio3i0ms | oy
TR _
S/ 30010 F—L1SX/
5% . > 3N103108d e 01 SX
NOL-0-AS2-0-"y 7~ g m
> S1X



Patent Application Publication Jul. 28,2005 Sheet 10 of 20 US 2005/0162371 Al

—Q1
Q2

IN ouT
—Q3
—Q4

Vior-5[V

| 3 PROTECTIVE DIODE
Q8
G’5 Q{G YIO[V] }' = /0UT

—

‘ \[I [-1-'07 I] Q9
B,

I ANEIN
) /F“"*' ]Q]g—)[

_|SW Q11

[~q14

/IN

/

14: LEVEL CONVERSION CIRCUIT

FIG 11



US 2005/0162371 Al

Patent Application Publication Jul. 28,2005 Sheet 11 of 20

Ld m/f ‘ \\@
Yo187-7 [ yo1e- 4o187-7 [ yo1e- | )_
ﬁ ﬁ ﬁ ﬁ 3a0Iq
AL dAI1L03104d
| S/ HLIM S/1 HLIM| S IS/ HLIM
®S—yore-s |28 —| yores €S —{ yore-s[] VS = TR S
T T I T v LiNDYID |
- — Alddns !
T i vivd |

v _ Tt 5,1 34Q01d
Tm>_._5m_._.om_n_

!
vl 'l



Patent Application Publication Jul 28, 2005 Sheet 12 of 20 US 2005/0162371 Al

i

L-Latch

§ slukels

1 hd 1 1

e . 2 ; e e S - S ; - ;- i
- el elellc e fe [ fa]c] [«
21 0 ) 65 f) £ Jf 5 §f s ff i {| o e ff o {f o | e o |f S f o [ B5 | | o
IR EETE == IE I E IR EEETE] (-

E e e e e || e | |

DECODER CIRCUIT TIZIZIZIZIZZEIZIZEIZIZZiZiZIZ] |
2 173 k723 K721 (K721 K20 | 20 | K21 | K2R K22 (X232 (K722 | 23 21 | 22 B2l KL

A a2 2222 =22 =22 | =
ololo|ololo|o|elo|w|oiD|ole|z] |2
SiIStsISISIEIEISi=ISIEIEI=1Z1E] 1=
olololo|olo|D|o|o|ofofelofo|o| (o

Ol Sl =2l ===l == === |~

L

[ P[ROTECTIVE DODE\\I qﬁgp

30

FROM REGISTANCE

VOLTAGE DIVISION
CIRCUIT TO SIGNAL LINE

SELECTION PORTION

FIG 13



Patent Application Publication Jul. 28,2005 Sheet 13 of 20 US 2005/0162371 Al
%10 [V]
2T g10[V]
\—T
N [ Q23—
a2 1 324
v -5
ASW ASW

TO p-ch TO n-ch

/

22 LEVEL CONVERSION CIRCUIT

F

1 G. 14



Patent Application Publication Jul. 28,2005 Sheet 14 of 20 US 2005/0162371 Al
SELECTION SIGNAL |
{__SUPPLY CIRCUIT
PRSI-E)ESQNE 107
| -28
LEVEL
CONVERSION | [~ _\

- CIRCUIT | VREF 1 | -
( | E _ |V] fé
e ® S —r— | e p
._ | 3 o
Gn—1-3 i o i :V4 S
Bn—1-{3 < | -VS >
n— —ﬁa} = | .VB S
Rn -{'}F——. | z; <
o<t | | >
. _{}*— | V9 S
T —o— | V10
o _i}_ i IVH ~
T o | V12 N
= ”‘/—%;L | V13
i [ AT
> >

Rl
FIG 15 24

REGISTANCE VOLTAGE
DIVISION CIRCUIT



Patent Application Publication Jul. 28,2005 Sheet 15 of 20 US 2005/0162371 Al

| JOUT
. U s y 100
LSO ! \ 628
/N, UL, ¢ (W/Lle/A.Sl]IrH
L————{;—---J - f— OuT
31 026~ \G29
Q277 Q30

28:LEVEL CONVERSION CIRCUIT

FIG 16



Patent Application Publication Jul. 28,2005 Sheet 16 of 20 US 2005/0162371 Al

TIMING SIGNAL -
FROM SHIET ~ DIGITAL /DIGITAL

REGISTER  GRADATION DATA ~ GRADATION DATA
(-5v,10v)  (OV,3V) (0V, 3V)

@ @ VDD (10V) @

125 J 124
s 7
S — —{|—128

NODE A 121 NODE B 120

VSS (~5V)
| wop | i] vop |
| 131 |
i "_4 - E i o—ci i
127775 | 132 L 128
S i 1
4 =0 F o
i N |
133 134 | ;
| VSS|VSS | | VsS VSS

6 LOAD Latch

FIG 17



US 2005/0162371 Al

Patent Application Publication Jul. 28,2005 Sheet 17 of 20

) €1 21 11
- TVYNDIS a0
AOL AS \ \ N 0
_ v.ivd NOILYQVHD TvLI91d/
| [ Ao AL VLV NOILYAVH9 VLI9Ia
T =] AO
; >MI ||||||||| -
.......... 5 431S1934 L4IHS WOY
e T TVNDIS ONIWIL
AL /< 300N EEE



Patent Application Publication Jul. 28,2005 Sheet 18 of 20 US 2005/0162371 Al

TIMRG JIGRAL pigiTaL /DIGITAL
SEGISTER | GRADATION DATA GRADATION DATA
(=5V.10V)  (OV.3V) (OV, 3V)

@ @ VDD (10V) @

=
..
]
]
=
(0))

v

NODE A 41 NODE B [ 20

VSS (-5V)

47~ =48

[ e e e e e e e -

|
(
|
|
|
|
|
1
|
|
[}
|
1
1
|
1
[
|
1
!
!
¢
!
I
I
|
{
|
|
|
|
|
|
|
[

LOAD Latch




Patent Application Publication Jul. 28,2005 Sheet 19 of 20 US 2005/0162371 Al

TIING SIGNAL pigiTAL /DIGITAL
REGISTER = GRADATION DATA GRADATION DATA
(=5Y,10V)  (0V,3V) (0V,3V)

@ @ VDD (10V) @
I[‘/55 49\;54 [s6

SZCX |
NODE A 51 NODE B

e
s

VSS (=5V)

‘| voo vop | | || vop vop | |
el |0 T T
57 '”4[\91 o ”“I i ix--~58
T
: 94| | :
LR
i vss || VSs |

LOAD Latch




Patent Application Publication Jul. 28,2005 Sheet 20 of 20 US 2005/0162371 Al

TIMING SIGNAL

DIGITAL /DIGITAL
F HIFT
RE?;ETSERF GRADATION DATA GRADATION DATA
(-5v,10v)  (OV,3V) (OV, 3V)

i () voociow (@)

= ;[;64 |66

NODE A 61 NODE B

> i%ss

VSS(=5V)
w0 | {0 vp ||
3 |

67| L 68
AR Tl iann BE P— |
| 3qh | |
PHI~ N F o
AEIEE | |
i |vss | Vvss | || Vss vss |
14
LOAD —— ?
/LOAD— LOAD Latch \




US 2005/0162371 Al

LIQUID CRYSTAL DISPLAY AND DATA LATCH
CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of priority under
35USC §119 to Japanese Patent Application No. 2000-
158365, filed on May 29, 2000, the entire contents of which
are incorporated by reference herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display for converting digital gradation data supplied from
outside into an analog gradation voltage in an array substrate
to drive signal lines, and more particularly to a technique for
forming a signal line drive circuit on an array substrate.

[0004]

[0005] In general, an active matrix type liquid crystal
display has a liquid crystal layer sandwiched and sealed
between an array substrate and an opposed substrate. The
array substrate includes a plurality of pixel electrodes
arranged in the matrix form, a plurality of scanning lines
arranged in a line direction along these pixel electrodes, a
plurality of signal lines arranged in a row direction along
these pixel electrodes, and pixel TFTs arranged in the
vicinity of an intersection of the signal lines and the scan-
ning lines.

[0006] The pixel TFTs are turned on/off in accordance
with a voltage of the scanning lines and, when the pixel TFT
is turned on, the pixel TFT supplies a voltage of a corre-
sponding signal line to a corresponding pixel electrode.

[0007] With advancement of the recent micro-fabrication
technique, it is technically possible to form a scanning line
drive circuit for driving the scanning lines and a signal line
drive circuit for driving the signal lines on an array substrate.

[0008] FIG. 1 is a block diagram showing a schematic
structure of a conventional digital liquid crystal display for
driving the signal lines based on digital gradation data
supplied from outside.

[0009] The liquid crystal display shown in FIG. 1 has an
array substrate on which signal lines and scanning lines are
aligned, a scanning line drive circuit for driving the scanning
lines, and a signal line drive circuit for driving the signal
lines.

[0010] The scanning line drive circuit has a vertical shift
register for shifting a vertical scanning pulse based on a
vertical synchronous signal supplied from outside of the
array substrate.

[0011] As shown in FIG. 1, the signal line drive circuit is
provided with a horizontal shift register 4, digital video bus
lines L, sampling latch circuits 3, load latch circuits 6, and
D/A converters 7.

[0012] Digital gradation data is supplied to the digital
video bus lines L. This digital gradation data is latched to the
sampling latch circuit 5 by a timing signal from the hori-
zontal shift register 4.

(i) Field of the Invention

(if) Description of the Related Art

Jul. 28, 2005

[0013] A time required to latch the digital gradation data
for one horizontal line by the sampling latch circuit § is
referred to as a one-line period.

[0014] The load latch circuit 6 simultaneously latches data
latched at timings different from each other by the respective
sampling latch circuits 5. After the latch operation by the
load latch circuit 6 is completed, the respective sampling
latch circuits 5 sequentially perform the latch operation of
subsequent horizontal lines.

[0015] When the sampling latch circuit 5 is carrying out
the latch operations the D/A converter 7 converts a digital
gradation voltage into an analog gradation voltage with
respect to the immediately preceding horizontal line. This
analog gradation voltage is supplied to a corresponding
signal line. By repeating the above-described operation, an
image is displayed in all pixel display areas in the array
substrate.

[0016] In case of the liquid crystal display adopting the
digital gradation system shown in FIG. 1, since an area
occupied by the sampling latch circuits 5, the load latch
circuits 6 and the D/A converters 7 is very large, it is difficult
to reduce size of the overall liquid crystal display.

[0017] In particular, the display resolution of the liquid
crystal display tends to be gradually increased in recent
years. However, in case of the structure shown in FIG. 1,
since the number of the sampling latch circuits 5, the load
latch circuits 6 and the D/A converters 7 must be also
increased as the display resolution becomes higher, there is
a problem that the display resolution can not be set too high.

[0018] FIG. 2 is a view showing a specific circuit structure
of the sampling latch circuit 5. In this drawing, an input
terminal (which will be referred to as a node A hereinafter)
of a CMOS inverter 81 is connected to an output terminal of
a CMOS inverter 82, and an output terminal (which will be
referred to as a node B hereinafter) of the CMOS inverter 81
is connected to an input terminal of the CMOS inverter 82.
These two inverters are connected to a negative power
supply Vss via an NMOS transistor 83 and a positive power
supply VDD via a PMOS transistor 84. These two inverters
are connected in the loop shape and form a memory circuit
80 for storing a digital signal.

[0019] The digital gradation data is connected to the node
A via an NMOS transistor 85, and /digital gradation data
which is a reversed phase signal of the digital gradation data
is connected to the node B via an NMOS transistor §6.

[0020] A timing signal from the shift register 11 is inputted
to gates of the PMOS transistor 84 and the NMOS transistors
85 and 86, and a reversed phase signal of the timing signal
is inputted to a gate of the NMOS transistor 83.

[0021] Further, a CMOS inverter 87 is connected to the
node A and a CMOS inverter 88 is connected to the node B,
respectively. An output from the CMOS inverter 87 is
inputted to the load latch circuit 6.

[0022] The circuit operation of the sampling latch circuit
5 illustrated in FIG. 2 will now be described with reference
to a timing chart of FIG. 3.

[0023] At a time t1, when the timing signal from the shift
register 11 rises to a high level, the NMOS transistor 83 and
the PMOS transistor 84 are turned off, and the NMOS
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transistor 85 and the NMOS transistor 86 are turned on so
that the digital gradation data and the reversed phase data
thereof are fetched to the node A and the node B, respec-
tively.

[0024] Subsequently, at a time t2, when the timing signal
from the shift register 11 falls to a low level, the NMOS
transistor 85 and the NMOS transistor 86 are turned off, and
the NMOS transistor 83 and the PMOS transistor 84 are
turned on. As a result, input of the digital gradation data is
interrupted, and the power supply voltage is supplied to the
memory circuit 80. In the memory circuit 80, a voltage of the
digital gradation data is compared with that of the reversed
phase data in the node A and the node B, the level of the high
potential (VHigh) is converted to VDD and the level of the
low potential (VLow) is converted to VSS, respectively.

[0025] The inverters 87 and 88 are inserted in order to
equalize a parasitic capacitance of the node A and a parasitic
capacitance of the node B. That is, as shown in FIG. 4, when
only a signal on the node A side is supplied to the load latch
circuit 6, there occurs a difference between the parasitic
capacitance of the node A and the parasitic capacitance of
the node B. Further, when level-converting the digital data
at the time t2, a malfunction of the memory circuit 80 may
possibly occur. Thus, an inverter which is a simplest CMOS
circuit component is connected to each of the node A and the
node B to equalize the parasitic capacitance of the node A
and that of the node B.

[0026] An output of the inverter 87 connected to the node
A s latched to the load latch circuit in a period from a time
t3 to a time 4.

[0027] By adopting such a circuit structure as shown in
FIG. 2, the voltage level of the digital gradation data
supplied to the sampling latch circuit 5 can be set to a low
voltage of 0 to 3 V. That is, the digital video bus line 12 can
be driven with the low voltage, and the low power con-
sumption can be realized. Furthermore, since the digital data
can be directly inputted from the external timing 1C without
using the level shift circuit, the structure of the system can
be simplified.

[0028] However, in case of the liquid crystal display
adopting the digital gradation system shown in FIGS. 2 and
3, when the timing signal from the shift register 11 rises to
the high level (time t1 to time t2) and the digital gradation
data is fetched into the memory, 0 Vand 3 V (or 3 Vand 0
V) are fetched into the inverter 87 and the inverter 88, and
all the NMOS and PMOS transistors constituting the invert-
ers 87 and 88 are turned on. Consequently, a passing electric
current flows from the power supply voltage terminal VDD
toward a ground terminal VSS, and the electric current
consumption of the sampling latch circuit § disadvanta-
geously becomes large.

SUMMARY OF THE INVENTION

[0029] In view of the above-described problems, it is an
object of the present invention to provide a liquid crystal
display in which the structure of a signal line drive circuit
can be simplified.

[0030] Further, it is another object of the present invention
to provide a data latch circuit and a liquid crystal display
which intend to reduce the power consumption by prevent-
ing a passing electric current from flowing.
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[0031] To achieve this aim, there is provided a liquid
crystal display comprising:

[0032] a pixel array portion having signal lines and scan-
ning lines horizontally and vertically aligned, and pixel
transistors formed in the vicinity of each intersection of said
signal line and said scanning line;

[0033] a plurality of first latch circuits configured to latch
digital gradation data consisting of a plurality of bits in
different timings;

[0034] a plurality of second latch circuits which are pro-
vided in accordance with each of a plurality of said first latch
circuits and latch data latched by each of a plurality of said
first latch circuits at the same time;

[0035] a plurality of D/A converters which are provided in
accordance with each of a plurality of second latch circuits
and convert latch data latched by each of a plurality of said
second latch circuits into analog gradation voltage; and

[0036] a signal line selection circuit configured to switch
whether said analog gradation voltage is supplied to each
signal line so that said signal lines in said pixel array portion
are driven every multiple signal lines in multiple times.

[0037] According to the present invention, since the signal
lines are driven by every multiple signal lines in multiple
times, the number of the first latch circuits, the second latch
circuits and the D/A converters can be reduced, and the
structure of the signal line drive circuit can be simplified.
Therefore, the signal line drive circuit can be easily formed
on the same insulating substrate as the signal lines, the
scanning lines, the pixel transistors and others.

[0038] Further, since level conversion of the externally
inputted signal is carried out on the insulating substrate, it is
unnecessary to conduct level conversion outside the insu-
lating substrate. Furthermore, since the voltage level of each
signal can be set to a level optimum for the transistors on the
insulating substrate, the operation of the signal line drive
circuit 2 can be stabilized.

[0039] Moreover, since the analog gradation voltage is
generated by only two types of voltages supplied from
outside, it is unnecessary to supply various types of voltages
from outside, thereby simplifying the structure of the overall
liquid crystal display.

[0040] In addition, there is provided a data latch circuit
comprising:
[0041] amemory circuit which has first and second invert-

ers having one output terminal connected to the other input
terminal and the other output terminal connected to one
input terminal and stores therein digital data which is a latch
target,

[0042] first and second switch devices configured to
switch and controlling whether a power supply voltage is
supplied to said first and second inverters;

[0043] a third switch device configured to switch and
controlling whether said digital data is inputted to said
memory circuit; and

[0044] an output circuit configured to read digital data
stored in said memory circuit,
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[0045] said first and second switch devices being turned
on in a period other than a cyclic sampling period to supply
a power supply voltage to said first and second inverters,

[0046] said third switch device being turned on in said
sampling period to input digital data to said memory circuit,

[0047] said output circuit having a passing electric current
prevention function so as not to cause a passing electric
current to flow from a power supply terminal of said output
terminal to a ground terminal in said sampling period.

[0048] Additionally, according to the present invention,
since the output circuit of the data latch circuit has the
passing electric current prevention function, the power con-
sumption can be reduced in the sampling period. Therefore,
when the present invention is applied to the liquid crystal
display, the low power consumption type liquid crystal
display can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1 is a block diagram showing a schematic
structure of a conventional liquid crystal display;

[0050] FIG. 2 is a view showing a specific circuit structure
of a sampling latch circuit;

[0051] FIG. 3 is an operation timing chart of the circuit
illustrated in FIG. 2;

[0052] FIG. 4 is a circuit diagram of the sampling latch
circuit in which only a signal on a node A side is supplied
to a load latch circuit;

[0053] FIG. 5 is a block diagram showing a first embodi-
ment of a liquid crystal display according to the present
invention;

[0054] FIG. 6A is a view illustrating V-inversion driving,
and FIG. 6B is a view illustrating HV-inversion driving;

[0055] FIG. 7 is a circuit diagram showing a detailed
structure of a D/A conversion circuit 7 illustrated in FIG. 5;

[0056] FIG. 8 is a timing chart of the liquid crystal display
depicted in FIG. 5;

[0057] FIG. 9 is a block diagram showing a second
embodiment of a liquid crystal display according to the
present invention;

[0058] FIG. 10 is a circuit diagram showing a detailed
structure of a protective diode;

[0059] FIG. 11 is a circuit diagram showing a detailed
structure of a level conversion circuit;

[0060] FIG. 12 is a circuit diagram showing the connec-
tion relationship between horizontal shift registers, sampling
latch circuits and load latch circuits;

[0061] FIG. 13 is a circuit diagram showing a detailed
structure of a gradation selection portion;

[0062] FIG. 14 is a circuit diagram showing a detailed
structure of the level conversion circuit;

[0063] FIG. 15 is a circuit diagram showing a detailed
structure of a resistance voltage division circuit and a signal
line section portion;

[0064] FIG. 16 is a circuit diagram showing a detailed
structure of a level conversion circuit;
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[0065] FIG. 17 is a circuit diagram showing a specific
circuit structure of the sampling latch circuit 5,

[0066] FIG. 18 is an operation timing chart of the circuit
illustrated in FIG. 17,

[0067] FIG. 19 is a circuit diagram showing the sampling
latch circuit in which a clocked inverter is provided instead
of an NOR circuit;

[0068] FIG. 20 is a circuit diagram of the sampling latch
circuit in which an NAND circuit is provided instead of the
NOR circuit; and

[0069] FIG. 21 is a circuit diagram showing an example
where transistors in the NOR circuit are turned on/off by a
load signal.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0070] A liquid crystal display according to the present
invention will now be specifically described hereinafter with
reference to the drawings. An example in which a drive
circuit is integrally formed on an array substrate on which
pixel TFTs are formed will be explained hereunder.

First Embodiment

[0071] FIG. 5 is a block diagram showing a first embodi-
ment of a liquid crystal display according to the present
invention. The liquid crystal display in FIG. § is character-
ized in that a latch circuit and a D/A converter are provided
for every six signal lines and they are commonly used,
thereby reducing the number of the latch circuits and the
D/A converters in the signal line drive circuit.

[0072] In general, it is known that the orientation of the
liquid crystal is fixed to dull up operation of the liquid
crystal and the darkish display is obtained when a voltage is
applied to a liquid crystal layer constantly in the same
direction. Thus, there is proposed a liquid crystal display
adopting an alternating drive system such as V-line inversion
driving by which the polarity of a voltage applied to the
liquid crystal layer is switched in accordance with each
vertical line as shown in FIG. 6A or HV-inversion driving
by which the polarity of the voltage is switched in units of
one pixel as shown in FIG. 6B. Description will be given as
to an example in which V-line inversion driving is carried
out hereinafter.

[0073] The liquid crystal display shown in FIG. § includes
a pixel array portion 1 having signal lines and scanning lines
aligned therein, a signal line drive circuit 2 for driving each
signal line, and a scanning line drive circuit 3 for driving
each scanning line.

[0074] In this embodiment, an example where the pixel
array portion 1 has the display resolution of 143x176 pixels
will be explained. Since three signal lines of RGB are
provided in accordance with each pixel, an aggregate num-
ber of signal lines is 144x3=432.

[0075] The signal lines and the scanning lines are aligned
in the pixel array portion 1, and a TFT (Thin Film Transistor)
100 is formed in the vicinity of each intersection between the
signal line and the scanning line. A gate terminal of the TFT
100 is connected to the scanning lines G1 to Gn, and a drain
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terminal of the TFT 100 is connected to the signal lines S1
to Sm. Further, a pixel electrode 101 is connected to a source
terminal of the TFT 100.

[0076] The signal line drive circuit 2 includes: a horizontal
shift register 4; a plurality of sampling latch circuits
(S-Latch, first latch circuit) 5 for latching digital gradation
data from digital video bus lines L at timings different from
each other; a plurality of load latch circuits (L-Latch, second
latch circuit) 6 for latching data latched by each sampling
latch circuit 5 at the same time; a plurality of D/A converters
7 for converting data latched by each load latch circuit 6 into
an analog gradation voltage; and a signal line selection
circuit 8 for supplying the analog gradation voltage to a
corresponding signal line.

[0077] In this embodiment, although an example of digital
gradation data consisting of four bits will be described, the
number of bits of the digital gradation data is not restricted.

[0078] The signal line selection circuit 8 has six pieces of
analog switches ASW1 to ASW6 with respect to each D/A
converter 7. These analog switches ASW1 to ASW6 are
connected to signal lines different from each other, respec-
tively. Only one of the respective analog switches ASW1 to
ASW6 is turned on based on signal line selection signals
SW1 to SW6. When the analog switches ASW1 to ASW6
are turned on, analog gradation voltages from the D/A
converters 7 are supplied to corresponding signal lines.

[0079] FIG. 7 is a circuit diagram showing a detailed
structure of the D/A converter 7 illustrated in FIG. 5. As
shown in the drawing, the D/A converter 7 includes a
plurality of four-input NAND gates G1 to G16, switches
SW1 to SW16 controlled to be turned on/off by outputs of
the respective NAND gates, and inverters IV1 to IV4 for
buffering outputs of the load latch circuits 6. The switches
SW1 to SW16 are turned on/off in accordance with the
output logic of corresponding NAND gates. Voltages dif-
ferent from each other are applied to ends of the respective
switches SW1 to SW16. When the switches are turned on,
the analog gradation voltage at one end side is supplied to
the signal line selection circuit 8 on the other end side.

[0080] The NAND gates Gl to G16 perform the logical
operation based on the digital gradation data consisting of
four bits and data obtained by inverting the digital gradation
data by the inverters IV1 to IV4. As a result, only one of the
NAND gates outputs the low level in accordance with the
digital gradation data, and a corresponding switch is turned
on.

[0081] FIG. 8 is a timing chart of the liquid crystal display
depicted in FIG. 5, showing the digital gradation data on the
digital video bus line L, a shift pulse outputted from the
horizontal shift register 4, data latched by the sampling latch
circuit §, a latch pulse signal inputted to the load latch circuit
6, the signal line selection signals SW1 to SW6, the analog
gradation voltage outputted from the D/A converter 7, and
timing in the one-horizontal-line period.

[0082] The operation of the liquid crystal display illus-
trated in FIG. 5 will now be described with reference to the
timing chart of FIG. 8 hereinafter. The horizontal shift
register 4 starts the shift operation when a start pulse is
inputted, and each output terminal of the horizontal shift
register 4 sequentially outputs a shift pulse obtained by
shifting the start pulse in order.
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[0083] The sampling latch circuit 5 latches the digital
gradation data on the digital video bus line L when the shift
pulse is outputted from a corresponding output terminal of
the horizontal shift register 4.

[0084] To the digital video bus line L is sequentially
supplied the digital gradation data corresponding to every
six signal lines. Specifically, the digital gradation data is
supplied to the digital video bus line L in the order of (1) to
(6) mentioned below.

[0085] (1) The digital gradation data corresponding to the
signal lines S1, 87, S13, . . ., and S427 is first supplied to
the video bus line L in order (time t1 in FIG. 8).

[0086] (2) The digital gradation data corresponding to the
signal lines 83, S9, S15, . . ., and S429 is then supplied to
the video bus line in order (time t3).

[0087] (3) The digital gradation data corresponding to the
signal lines S5, S11, S17, . . ., and S431 is then supplied to
the video bus line in order (time t5).

[0088] (4) The digital gradation data corresponding to the
signal lines starting from S2, S8, S14, . . ., and S428 is then
supplied to the video bus line in order (time t7).

[0089] (5) The digital gradation data corresponding to the
signal lines starting from S4, S10, S16, . . ., and S430 is then
supplied to the video bus line in order (time t9).

[0090] (6) The digital gradation data corresponding to the
signal lines starting from S6, S12,S18, . . ., and S432 is then
supplied to the video bus line in order (time t11).

[0091] When the processing from (1) to (6) are carried out,
display for one horizontal line is completed, and a next line
is displayed from and after the time t13. As described above,
in the first embodiment, the signal lines are driven every six
lines for six times.

[0092] The sampling latch circuit 5 effects the latch opera-
tion in accordance with a cycle of the digital gradation data
on the digital video bus line L. As a result, the sampling latch
circuit 5 first latches the digital gradation data corresponding
to the signal lines S1, S7, S13, . . . , and S427 (times t1 to
t2), then latches the digital gradation data corresponding to
the signal lines 83, §9, 815, . . ., S429 (times t3 to t4), and
subsequently latches the digital gradation data correspond-
ing to the signal lines S5, S11, S17, . . ., S431 (times t5 to
t6). Further, the sampling latch circuit 5 latches the digital
gradation data corresponding to the signal lines S2, S§, S14,
.+ > 5428 (times t7 to t8), then latches the digital gradation
data corresponding to the signal lines S4, S10, S16, . . .,
S430 (times 19 to t10), and subsequently latches the digital
gradation data corresponding to the signal lines S6, S12,
S18, S432 (times t11 to t12).

[0093] When all the sampling latch circuits 5 have carried
out latching for one time, the load latch circuits 6 simulta-
neously latch outputs from all the sampling latch circuit 5
(times t2, t4, t6, t8, 110 and t12). Therefore, each load latch
circuit 6 performs the latch operation for six times while one
horizontal line is displayed.

[0094] Furthermore, when the load latch circuit 6 is latch-
ing the data, the sampling latch circuit § latches the next
digital gradation data (digital gradation data corresponding
to an adjacent signal line).
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[0095] The digital gradation data latched by the load latch
circuit 6 is converted into an analog gradation voltage by the
D/A converter 7. To the D/A converter 7 are supplied
voltages having polarities reversed from each other in the
first half and the last half of the one-horizontal-line period.
For example, FIG. 8 shows an example where the voltage
with a positive polarity is supplied in the first half of the
one-horizontal-line period in an n-th frame and a voltage
with a negative polarity is supplied in the last half. In this
case, a voltage with the negative polarity is supplied in the
first half of the one-horizontal-line period and a voltage with
the positive polarity is supplied in the last half in the next
frame.

[0096] The analog gradation voltage outputted from the
D/A converter 7 is supplied to a signal line selected by the
signal line selection circuit 8. The signal line selection
circuit 8 selects a signal in accordance with the logic of the
signal line selection signals SW1 to SW6.

[0097] The signal line selection signals SW1 to SW6 rise
to the high level in the order of SW1, SW3, SW5, SW2,
SW4 and SW6. Therefore, the signal lines are selected in the
order of S1, S7, . . ., S427,S83, 89, . . ., S429, S5, S11, .
.., S431,82, S8, . . ., S428, S4, S10, S430, S6, S12, . . .
, and S432.

[0098] In this manner, the signal line drive circuit 2 of this
embodiment drives the odd-numbered signal lines in the first
half of a one-horizontal-line period and drives the even-
numbered signal lines in the last half of the same. As
described above, since the polarities of the analog gradation
voltage outputted from the D/A converter 7 are reversed
from each other in the first half and the last half of a
one-horizontal-line period, voltages having opposite polari-
ties are supplied to the adjacent signal lines, and such
V-inversion driving as shown in FIG. 6A is carried out.

[0099] In case of the V-inversion driving, as shown in
FIG. 6A, since it is general to switch the voltage polarity of
each signal line in accordance with each frame, the voltage
polarity of each signal line can be switched by reversing the
polarity of voltage supplied to the D/A converter 7 in
accordance with each frame. A number of frames per one
second 1s set to, for example, 60 in accordance with a usual
CRT.

[0100] Since the signal lines are driven every six lines in
this embodiment as described above, setting a numbers of
the sampling latch circuits 5, the load latch circuits 6 and the
D/A converters 7 to ¥s of an aggregate number of the signal
lines can suffice, and a mounting area of the signal line drive
circuit 2 can be further reduced as compared with the prior
art. Thus, the pixel array portion 1 and the signal line drive
circuit 2 can be easily formed on the same substrate.

[0101] Further, after driving the odd-numbered signal
lines in the first half of a one-horizontal-line period, the
even-numbered signal lines are driven in the last half of the
same. Therefore, V-inversion driving can be readily realized
by only switching the polarity of the analog gradation
voltage in the first half and the last half of a one-horizontal-
line period. That is, since the number of times for switching
the voltage polarity can be reduced, the voltage control can
be facilitated, thereby being hardly influenced by noises.

[0102] Furthermore, as shown in FIG. 1, although the
prior art needs the gradation power supply wirings for the
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positive polarity and the gradation power supply wirings for
the negative polarity (32 in all), the number of these wirings
can be reduced to half in this embodiment, thereby decreas-
ing the wiring area.

[0103] Moreover, assuming that the number of bits of the
digital gradation data is n, the prior art requires (n+1) digital
video bus lines L including the polarity discrimination
signal, but the present embodiment can reduce this number
to n.

[0104] In addition, although all of the sampling latch
circuit 5, the load latch circuit 6, and the D/A converter 7
must process the digital data consisting of (n+1) bits includ-
ing the polarity discriminate signal, each circuit can process
the digital data consisting of only n bits in this embodiment.
Therefore, the mounting area of each of the sampling latch
circuit 5, the load latch circuit 6 and the D/A converter 7 can
be reduced one bit.

Second Embodiment

[0105] Asecond embodiment is a concrete example of the
first embodiment, and shows an example in which a liquid
crystal display having the display resolution of the 16-gra-
dation QCIF standard (144x176 pixels) is constituted.

[0106] FIG. 9 is a block diagram of the second embodi-
ment of the liquid crystal display according to the present
invention and shows a structure of a signal line drive circuit
2. The signal line drive circuit 2 in the second embodiment
includes a horizontal shift register 4, a sampling latch circuit
5a having a level conversion circuit, a load latch circuit 6,
a gradation selection portion 11, and a signal line selection
portion 12.

[0107] Aprotective diode 13 and a level conversion circuit
(L/S, first level conversion circuit) 14 are connected between
the horizontal shift register 4 and external input terminals
XSTU, /XSTU, XCKU, and /XCKU. This level conversion
circuit 14 converts the level of each signal inputted to the
external input terminals XSTU, XCKU to generate a start
pulse signal xst and a dot clock signal xclk and supplies
these signals to the horizontal shift register 4.

[0108] For example, as shown in FIG. 10, the protective
diode 13 is constituted by PMOS transistors Q1 and Q2 and
NMOS transistors Q3 and Q4 connected between the power
supply terminal and the ground terminal in series. It is to be
noted that the protective diode 13 is not necessarily an
essential constituent part.

[0109] The level conversion circuit 14 is constituted by a
circuit such as shown in FIG. 11. The illustrative level
conversion circuit converts input signals IN and /IN having
a voltage amplitude of 0 to 2.5V into output signals OUT
and /OUT having a voltage amplitude of O to 10 V.

[0110] The level conversion circuit 14 shown in FIG. 11
is configured by PMOS transistors Q3 to Q9 and NMOS
transistors Q10 to Q14. The NMOS transistors Q11 and Q14
constitute a differential amplifier and the NMOS transistors
Q12 and Q13 constitute another differential amplifier. These
differential amplifiers output a voltage according to the logic
of the input signals IN and /IN. Specifically, a signal having
a voltage amplitude of O to 10 V is outputted from the drain
terminal of the NMOS transistors Q13 and Q14.
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[0111] The horizontal shift register 4 is constituted by
combining a clocked inverter and an inverter as illustrated in
a detailed circuit diagram of FIG. 12.

[0112] Digital gradation data consisting of four bits is
externally supplied to the sampling latch circuit Sa. The
sampling latch circuit 5@ includes therein a plurality of latch
circuits (each block 54 in FIG. 12), and each latch circuit
latches the digital gradation data based on a shift pulse
outputted from the horizontal shift register 4. The digital
gradation data is generated by the digital gradation data
supply circuit 15 provided outside a panel.

[0113] The load latch circuit 6 latches latch outputs from
all the latch circuits in the sampling latch circuit Sa at the
same time based on load signals LOAD and /LOAD.

[0114] The load signals LOAD and /LOAD are generated
based on a register output from a last stage of the horizontal
shift register 4. Specifically, the load signals LOAD and
/LOAD are obtained by splitting the register output from the
last stage of the horizontal shift register 4 into a plurality of
parts by an inverter chain circuit 16. The reason for splitting
the register output into multiple parts is reduction of fan-out
of the load signals LOAD and /LOAD. The protective diode
17 is connected to an output terminal of the inverter chain
circuit 16.

[0115] As described above, by generating the load signals
LOAD and /LOAD by using the output from the horizontal
shift register 4, the load signal does not have to be externally
supplied, thereby decreasing the number of input signals.

[0116] A gradation sclection portion 11 includes a decoder
circuit 21, a plurality of level conversion circuits (lever
shifters, second level conversion circuits) 22 connected to
each output terminal of the decoder circuit 21, and a
plurality of analog switches (selection circuits) 23 controlled
to be turned on/off in accordance with an output from each
level conversion circuit 22, as illustrated in a detailed circuit
diagram of FIG. 13.

[0117] A plurality of circuits depicted in FIG. 13 are
provided to the gradation selection portion 11. Specifically,
the circuit of FIG. 13 is provided in accordance with each
latch circuit in the load latch circuit 6.

[0118] The level conversion circuit 22 is constituted by,
for example, a circuit shown in FIG. 14. The circuit depicted
in FIG. 14 includes a PMOS transistor Q21 and an NMOS
transistor Q22 connected between 10 V and (=3) V in series
and a PMOS transistor Q23 and an NMOS transistor Q24
similarly connected between 10 V and (-5) V in series. The
input voltage of 0 to 10 V is converted into a voltage of (-5)
to 10 V by the level conversion circuit 22.

[0119] The analog gradation voltage is supplied to one end
of an analog switch 23. The analog gradation voltage is
generated by a resistance voltage division circuit 24 shown
in FIG. 15. The analog gradation voltages V1 to V16
outputted from the resistance voltage division circuit 24 are
supplied to one end of each corresponding analog switch
through an analog buffer (electric current amplification
circuit) 25 and the protective diode 30. A corresponding
signal line is connected to the other end of the analog switch
23.

[0120] Two types of reference voltages Vrefl and Vref2
are supplied from outside to the resistance voltage division
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circuit 24. The analog gradation voltage is generated by
dividing these reference voltages depending on the resis-
tance.

[0121] As described above, by providing the analog buffer
25 between the resistance voltage division circuit 24 and the
analog switch 23, a large amount of electric current does not
have to flow from the resistance voltage division circuit 24
toward the analog switch 23 side, thereby reducing the
electric current consumption in the resistance voltage divi-
sion circuit 24. Specifically, the resistance value of the
resistance device in the resistance voltage division circuit 24
can be sufficiently increased.

[0122] Among 16 pieces of analog switches 23 shown in
FIG. 13, only one analog switch is turned on and the analog
gradation voltage according to the digital gradation data is
selected.

[0123] The signal line selection portion 12 has a plurality
of analog switches 25 as illustrated in a detailed circuit
diagram of FIG. 15. Specifically, six pieces of analog
switches 25 are provided in accordance with 16 pieces of
analog switches 23 in the gradation selection portion 11. The
one end of each of the six pieces of analog switches 25 is
connected to one end of each of 16 analog switches 23 in the
gradation selection portion 11. In addition, the other end of
each of the six pieces of analog switches 25 is connected to
a corresponding signal line. The six pieces of analog
switches 25 are controlled to be turned on/off in accordance
with the logic of signal line selection signals SW1 to SW6.

[0124] The signal line selection signals SW1 to SW6
supplied from a selection signal supply circuit 26 provided
outside the panel are subjected to voltage level conversion
by the level conversion circuit 28 through the protective
diode 27 and then supplied to the control terminals of the
analog switches 25.

[0125] The level conversion circuit 28 is constituted by,
for example, a circuit shown in FIG. 16. In this circuit, the
signal line selection signal having a voltage amplitude of 0
to 2.5 V is converted into a signal having a voltage ampli-
tude of (-5) to 10 V. The level conversion portion 31
indicated by a dotted line shown in FIG. 16 is the same as
the circuit depicted in FIG. 11 and has a structure in which
alevel conversion portion 32 consisting of PMOS transistors
Q25 and Q28 and NMOS transistors Q26, Q27, Q29 and
Q30 is added to the rear stage of this circuit. In the level
conversion portion 32, the signal having a voltage amplitude
of 0 to 10 V which is an output from the level conversion
portion 31 is converted into a signal having a voltage
amplitude of (-5) to 10 V.

[0126] The signal line selection portion 12 selects only
one of the six adjacent signal lines in accordance with the
logic of the signal line selection signals SW1 to SW6.

[0127] The circuit show in FIG. 15 is provided for every
six signal lines, and each circuit supplies the analog grada-
tion voltage to only one signal line. As a result, display is
effected every six signal lines. As shown in FIG. 15, since
the signal lines corresponding to respective colors of RGB
are alternately aligned in the pixel array portion 1, display is
carried out in units of two pixels.

[0128] As described above, in the second embodiment,
since every six signal lines are driven for six times when
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displaying one horizontal line, the sampling latch circuit 5a,
the load latch circuit 6 and the gradation selection portion 11
can be commonly used, and the structure of the signal line
drive circuit 2 can be simplified.

[0129] Additionally, since the level conversion circuits 14,
22 and 28 for converting the voltage level of various kinds
of signals inputted from outside are provided, a digital type
signal having a small amplitude can be directly inputted, and
it is unnecessary to perform level conversion in outside of
the substrate. Further, the voltage amplitude of a signal
inputted to the control terminal of the analog switch 23 can
be increased by the exclusive level conversion circuit 22,
and the analog switch 23 can be hence rapidly turned on/off.

[0130] Furthermore, since the resistance voltage division
circuit 24 generates 16 types of analog gradation voltages
based on only two types of voltages supplied from outside,
a plurality of types of voltage do not have 1o be externally
inputted. Moreover, since the analog buffer 25 is connected
to each output terminal of the resistance voltage division
circuit 24, it is not necessary to flow a large amount of
electric current from the resistance voltage division circuit
24 to the analog switch 23, thereby reducing the electric
current consumption in the resistance voltage division cir-
cuit 24.

Third Embodiment

[0131] A third embodiment is characterized in that a
passing electric current does not flow from a power supply
voltage terminal VDD to a ground terminal VSS in a
sampling latch circuit 5.

[0132] FIG.17 is a circuit diagram of a third embodiment
of the sampling latch circuit 5. The sampling latch circuit 5
depicted in FIG. 17 includes a memory circuit 120 consist-
ing of two inverters (first and second inverters) 121 and 122
each having an output terminal and an input terminal con-
nected in the loop form, transistors (first and second switch
devices) 123 and 124 for switching and controlling whether
the power supply voltage VDD and the ground voltage VSS
are to be supplied to each of these inverters, transistors (third
switch devices) 125 and 126 for switching and controlling
whether digital gradation data is to be supplied to the
memory circuit 120, and NOR circuits (output circuits, first
and second logic operation circuits) 127 and 128 for sup-
plying data stored in the memory circuit 120 to a load latch
circuit 6 in a non-sampling period.

[0133] A timing signal (shift pulse) from a non-illustrated
horizontal shift register 4 is inputted to a gate terminal of
each of PMOS transistors 124 to 126. The timing signal on
the high level means a sampling period. A signal obtained by
inverting this timing signal by an inverter 129 is inputted to
a gate terminal of the NMOS transistor 123.

[0134] The NOR circuits 127 and 128 include PMOS
transistors 131 and 132 and NMOS transistors 133 and 134.
When the timing signal from the horizontal shift register 4
is on the high level, i.e., in the sampling period, the transistor
133 is turned on while the transistor 131 is turned off, and
outputs from the NOR circuits 127 and 128 are fixed to the
low level. Further, when the timing signal from the hori-
zontal shift register 4 is on the low level, ic., in a non-
sampling period, the transistor 131 is turned on while the
transistor 133 is turned off, and data obtained by inverting
the digital gradation data is outputted from the NOR circuits
127 and 128.
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[0135] The circuit operation of the data latch circuit
depicted in FIG. 17 will now be described based on a timing
chart of FIG. 18.

[0136] At a time tl, when the timing signal from the
horizontal shift register 4 rises to the high level, the NMOS
transistor 123 and the PMOS transistor 124 are turned off,
the NMOS transistor 125 and the NMOS transistor 126 are
turned on, and the digital gradation data and its inverted data
are respectively fetched to a node A and a node B.

[0137] Subsequently, at a time t2, when the timing signal
from the horizontal shift register 4 falls to the low level, the
NMOS transistor 123 and the PMOS transistor 124 are
turned on in place of the NMOS transistor 125 and the
NMOS transistor 126 being turned off. Although the digital
gradation data is not fetched to the sampling latch circuit 5,
the power supply voltages VDD and VSS are supplied to the
memory circuit 120. The memory circuit 120 compares the
voltages of the digital gradation data with that of the /digital
gradation data in the nodes A and B and performs level
conversion so that the high level voltage VHigh becomes
VDD and the low level voltage VLow becomes VSS. That
is, the memory circuit 120 converts the level of the data
fetched into the nodes A and B and holds the resulting data
immediately before the time 2.

[0138] Data having an amplitude of 0 to 3 V is supplied to
the NOR circuits 127 and 128 in a period from the time t1
to the time t2. In this period, since the timing signal from the
shift register 11 is on the high level, the PMOS transistor 131
in the NOR circuits 127 and 128 is in the off state. Therefore,
the passing electric current does not flow from the power
supply terminal VDD to the ground terminal VSS, and the
power consumption can be greatly reduced as compared
with the prior art sampling latch circuit 5.

[0139] Further, since the sampling latch circuit § depicted
in FIG. 17 has the NOR circuits 127 and 128 on each of the
node A side and the node B side, the parasitic capacitance of
the node A is substantially equal to that of the node B and
the digital data can be stably boosted at the time (2 as similar
to the prior art sampling latch circuit 5.

[0140] After the time t2, the timing signal from the hori-
zontal shift register 4 falls to the low level, and the NOR
circuits 127 and 128 function as simple inverter circuits.
Thus, the output similar to that of the prior art sampling latch
circuit § shown in FIG. 2 can be supplied to the load latch
circuit 6.

[0141] As described above, in this embodiment, since the
output from the sampling latch circuit § is set to the fixed
logic in the sampling period, the passing electric current
does not flow from the power supply voltage terminal VDD
to the ground terminal VSS in the sampling period, thereby
reducing the power consumption.

[0142] Although the example in which the NOR circuits
127 and 128 are inserted to the output stage of the sampling
latch circuit 5 has been described with reference to FIG. 17,
the similar effect can be obtained by inserting any other
circuit device having a function for preventing the passing
electric current from flowing from the VDD to the VSS in
the ON period of the horizontal shift register 4 instead of the
NOR circuits 127 and 128. For example, insertion of the
clocked inverters 47 and 48 as shown in FIG. 19 can also
obtain the similar effect.
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[0143] The clocked inverters 47 and 48 shown in FIG. 19
have four transistors 35 to 38 connected between the power
supply voltage VDD and the ground voltage VSS in series.
The transistors 35 and 38 are turned on when the timing
signal from the horizontal shift register 4 is on the low level,
i.e., in the non-sampling period. When these transistors 35
and 38 are turned on, the digital gradation data is inverted
and outputted from the clocked inverters 47 and 48. On the
other hand, in the sampling period, the transistors 35 and 38
are turned off, and the clocked inverters 47 and 48 maintain
the immediately preceding state.

[0144] As described above, the transistors 35 and 38 in the
clocked inverters 47 and 48 can prevent the passing electric

current from flowing through the clocked inverters 47 and
48.

[0145] As a modification other than the clocked inverters
47 and 48, NAND circuits 57 and 58 may be inserted as
shown in FIG. 20. Each of the NAND circuits 57 and 58
shown in FIG. 20 is constituted by transistors 91 to 94. The
transistor 91 is turned on when the timing signal from the
horizontal shift register 4 is on the high level, i.e., in the
sampling period. At this time, the output from the sampling
latch circuit 5 is fixed to the high level, and the passing
electric current does not flow through the NAND circuits 57
and 58. On the other hand, when the timing signal from the
horizontal shift register 4 is on the low level, i.e., in the
non-sampling period, the transistor 91 is turned off while the
transistor 94 is turned on, and data obtained by inverting the
digital gradation data is outputted from the sampling latch
circuit 5.

[0146] Moreover, in the above-described embodiment,
although the timing signal from the shift register 11 or its
inversion signal is utilized as a signal for preventing the
passing electric current, additionally providing a signal
having a function for preventing the passing electric current
from flowing in a period from the time t1 to the time {2 can
similarly prevent the passing electric current.

[0147] Forexample, FIG. 21 is a circuit diagram showing
an example in which transistors in the NOR circuits 67 and
68 arc turned on/off by using a load signal. Since the load
signal rises to the high level in a period from a time t3 to a
time t4 as shown in FIG. 3, the transistor 133 is turned on
and the transistor 131 is turned off before the time t3. Thus,
the output from the sampling latch circuit 5 is constantly on
the low level before the time t3. On the other hand, in a
period from the time t3 to the time t4, data obtained by
inverting the digital gradation data is outputted from the
sampling latch circuit 5.

[0148] Although the above has explained the example in
which both of the digital gradation data and its inverted data
are fetched into the memory circuit 120 in the sampling latch
circuit 5 illustrated in FIG. 17, only one of these data may
be fetched. As a result, one of the transistors 125 and 126 and
one of the NOR circuits 127 and 128 shown in FIG. 17 can
be respectively omitted, and the circuit structure can be
simplified.

[0149] In the above-described embodiment, the example
in which the data latch circuit according to the present
invention is used as the signal line drive circuit of the liquid
crystal display has been described, it can be also applied to
a use other than the signal line drive circuit, for example, the
shift register 11 in the scanning line drive circuit and the like.
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[0150] In each of the above-described embodiments,
description has been given as to the example in which the
display resolution of 144x176 pixels is provided, the present
invention can be similarly applied to any other display
resolution.

[0151] Further, in each of the above-described embodi-
ments, although the example in which every six signal lines
are driven has been explained, the present invention does not
restrict the number of signal lines to be driven.

1. A liquid crystal display comprising:

a pixel array portion having signal lines and scanning
lines horizontally and vertically aligned, and pixel
transistors formed in the vicinity of each intersection of
said signal line and said scanning line;

a plurality of first latch circuits configured to latch digital
gradation data consisting of a plurality of bits in
different timings, said plurality of first latch circuits
being provided corresponding to every multiple signal
lines;

a plurality of second latch circuits which are provided in
accordance with each of a plurality of said first latch
circuits and latch data latched by each of a plurality of
said first latch circuits at the same time;

a plurality of D/A converters which are provided in
accordance with each of a plurality of second latch
circuits and convert latch data latched by each of a
plurality of said second latch circuits into analog gra-
dation voltage; and

a plurality of signal line selection circuits configured to
drive a plurality of signal lines, respectively, each of
said signal line selection circuits being provided cor-
responding to each of said plurality of D/A converters.

2. The liquid crystal display according to claim 1, wherein

said signal line selection circuit has a plurality of analog
switches which are provided in accordance with each of said
signal lines and switch whether said analog gradation volt-
age is supplied to a corresponding signal line; and

said signal line selection circuit controls a plurality of said
analog switches to be turned on/off so that said signal
lines are driven multiple times in units of multiple
signal lines.

3. The liquid crystal display according to claim 2, wherein
said first latch circuits, said second latch circuits, said D/A
converters and said analog switches are formed on the same
insulating substrate as said signal lines, said scanning lines
and said pixel transistor; and

a plurality of said analog switches are provided in accor-
dance with each of said D/A converters and a plurality
of said analog switches are sequentially turned on one
by one.

4. The liquid crystal display according to claim 2, wherein
assuming that an aggregate number of said signal lines is n
(nis an integer not less than 2), n/m sets (2=m<n/2, and n/m
is an integer) of said first latch circuits, said second latch
circuits and said D/A converters are provided; and

m pieces of analog switches are provided for each of said
D/A converters.
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5. The liquid crystal display according to claim 4, wherein
said first latch circuit includes a digital gradation data supply
circuit configured to supply digital gradation data for said
first latch circuit; and

said digital gradation data supply circuit sequentially
supplies said digital gradation data corresponding to
every m-th signal line to said first latch circuit.

6. The liquid crystal display according to claim 1, wherein
said first latch circuit includes a first level conversion circuit
configured to convert digital gradation data into digital
gradation data in a first voltage range.

7. The liquid crystal display according to claim 1, further
comprising a second level conversion circuit which is
inserted between said second latch circuit and said D/A
converter and converts digital gradation data outputted from
said second latch circuit into digital gradation data in a
second voltage range,

wherein said D/A converter performs conversion into an
analog gradation voltage based on an output from said
second level conversion circuit.
8. The liquid crystal display according to claim 1, wherein
said D/A converter includes:

a decoder configured to decode an output from said
second latch circuit; and

a plurality of analog switches which are controlled to be
turned on/off in accordance with a decoding result by
said decoder and to which analog gradation voltages on
different voltage levels are supplied at each one end,

said signal selection circuit supplying to a corresponding
signal line said analog gradation voltage fed to one end
of said analog switch turned on in accordance with a
decoding result by said decoder.
9. The liquid crystal display according to claim 1, wherein
said D/A converter includes:

a plurality of resistance devices connected between a first
voltage terminal and a second voltage terminal in
series; and
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a selection circuit configured to select and supply any one
of voltages at respective connection points of a plural-
ity of said resistance devices to a corresponding signal
line based on an output from said second latch circuit,

voltages on different voltage levels being supplied from
the outside of said insulating substrate to said first and
second voltage terminals.

10. The liquid crystal display according to claim 9, further
comprising a plurality of electric current amplification cir-
cuits connected to said respective connection points of a
plurality of said resistance devices,

wherein said selection circuit selects any one of outputs
from said electric current amplification circuits based

on an output from said second latch circuit.
11. The liquid crystal display according to claim 1, further
comprising a shift register configured to output a latch
timing signal of each of a plurality of said first latch circuits,

wherein a plurality of said second latch circuits carry out
the latch operation based on a load signal generated by
an output from said shift register.

12. The liquid crystal display according to claim 1,
wherein said signal line selection circuit selects all signal
lines corresponding to either odd-numbered pixels or even-
numbered pixels in a first half of a one-horizontal-line
display period, and selects all signal lines corresponding to
the other of odd-numbered pixels or even-numbered pixels
in a last half of a one-horizontal-line display period.

13. The liquid crystal display according to claim 12,
wherein said D/A converter performs conversion into an
analog gradation voltage based on a reference voltage whose
voltage level differs in accordance with a case where said
signal line selection circuit selects a signal line correspond-
ing to odd-numbered pixels and a case where said signal line
selection circuit selects a signal line corresponding to even-
numbered pixels.

14-21. (canceled)
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