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FIG. 9 (a)

FIG. 9 (b)



-
<
m (A)e1e3A
m 0¢ Gl 0l g 0 G- 0l- Gl- 0Z-
=) ' . _ )
..0/,. _____:_____:_________________.._l _ _ _ “ "oo+m_ooo
= _ | _ ! | _ | | _
& _ [ _ _ | _ | | _
* e ———— e N A A A e e ~ L0-300'1
U | I | | | | i i I
! " " “ “ " “ ! !
| 1 |
o L" ||||||| L“_ lllllll ‘w.i sE,L" ||||||| L“ ||||||| A= S el 71£0-300
| _ | _ | i | | |
e R T e b S —— +4£0-300°€
_ | | | i _ “ ! _
" i | _ _ | | | !
_T||||§;_-;;[|11Hilxrzlx_!; - A S - 10-300%
|
]

Jul. 18, 2002 Sheet 10 of 34

0l Old

Patent Application Publication

(Y)Pelo]



US 2002/0093472 A1

Jul. 18, 2002 Sheet 11 of 34

: [ _ | | L Ly L . _
! 1191 ! L1 | Lyl Lie, Ll ! Lot | |
Y \ -
s NI
L x\ﬁ\ L 27 \\ 1/;¥~ AN L -H H REREN
/ i N |
s o p 5
yncs, ~= | N v
77— [\ \ NN : Il
C 08 S 4 il TN LO
_n n_ _n u_ _u u__n “__u uf_ _, u,
| 0L ] i Ol | | oL (] OP\__ oL | | ol t
ZUq10
LHaD
"aan
A
T T

Patent Application Publication

L1 "Old



Patent Application Publication  Jul. 18,2002 Sheet 12 of 34  US 2002/0093472 Al

<
¢ o
N i
a :
| I ] l
| I; |
| - | T
l !
' I
: !
|
—iL L
' i
l_ __________ |
\—‘ ;—|>I—|l l—\ r—-[>l—{l
- P ‘@l
o
&) ,
=

FIG. 12
1
5 —



Patent Application Publication  Jul. 18,2002 Sheet 13 of 34  US 2002/0093472 Al

@
o
it N

gw
21
AN }
o
o = e
: 513 :
= VON 2 E VA B .
N o m v <
10 o \1———\/ 5 = \J é \
= 175 ) o
e2 © 5’ a
= T @] <
—
j/“7> 8 8
™~ ™
, [19] (9]
¥aq00ad
L] MO¥ © 2 12
TT ANL"
o | ¥8ddnd L
B~ ssENaqav ) T
ﬁ Y4 v
¢

FIG. 13
AY
Pbit

SI/0

CSN

SOEN

WEN



US 2002/0093472 A1
76

FIG. 14

Jul. 18, 2002 Sheet 14 of 34

("> SR > _. \\7

o T T ,
M-t A=~ = - - - U_l mlln!.r.zl..,n“llv.l\lll_ Pl .
il i i R YR I Ev=xs
]t |-+ 1 | —$ | i

| | o] .Mprul_ | M.le_
:Iﬁﬁ il th EM ) o Y I L
_,..I.ql..«.|....x__.|.llu|l.|| T e e — - RS St
| |
w N ,
==k A-——==n . A-——=-= il A —h— = : +
| 1 o S = =
i L-+1 1 -+ | = L | |
o P | | R WIH_‘\._ | MG\L_
__Tﬁﬁ __._r_mﬁ ! zmﬁ A o N 0 B
T e e o e — T T - — — T e e ] _
_ _ —_———— T T [ h DS o
NAa-———==~F A=-=—--h PR S — o iy e _ _
X : ! BRHE = I |
I B ot 1 I | _
o | " | | MAD\._ ! %_H_rx_ B

ALUTLUT ST T T
T T 7 ~ = —— -

Patent Application Publication
82



US 2002/0093472 A1

Jul. 18, 2002 Sheet 15 of 34

Patent Application Publication

L8
N r:_ o)re
| €8 V8 S8 e
" : £ : - Zuao
| [T T [T L “
_ W1t s _ _ / _ A7
| _ | _ | | | _
26 | L8| | L6 !
| 8 1/ Y L | | TR e T I TR Y |
p— - -+ | ]
“ T | —] } | — | i ] ] .“L I
| . _ | _ | _ | !
- | | _— | L. |
“ s ) B L LT nililiy if |
} o { 4 -y T —{ | o TTTT .
" v 5 ) ) V1T
| 98 88 06 |~ | |
A o |
R “_O
|||||||||| -



US 2002/0093472 A1

Jul. 18, 2002 Sheet 16 of 34

Patent Application Publication

08
1 0
) €6 V6 S6 96 NS
T u._._ v - ” cHqIL)
i “ eo “nlxxn T T STt |
W yrs 142 11l 4L _ Wy 217 | W 100 22 _ |
t ! |
1k | _l_ ﬁ 'l go| | " LO “ || 60 “
B I I e TR B RTINS TIE T _
hi — — 1 _ —1 1 i — — | | o — R "
it . ! | ! T“J. | T“i. ! T _
| | |

| | ] ! | L | L L L] |
_“ | " t B _ “ “ “ " "
JiulE i T ullNy ﬂ:ﬁ I "LT £ iTm |
W 6 L " r-—-—-—m=" ) G A S S SHY ST SRR S |
| 1 L) ) ) ) L]
|

2O $O 90 80O — !
| A.c 7] |
| & 0LO 7 ! a
: 920 m_”u.o_.w
D0AN fiN q



ANIL aIsdv 13
mgmz_gmsm 19109165185 £ S95.55 ¥G £S5 1 GOG6K VLYV CH Y ErEY: 110V 6ESE LCOESE Y EETE I E0E 62077 0TSEITEYIZ 1Z0C6HELLIONS 1Y LELZL | 101 61 8) () IWIL(E)
_ J.._ . : 919(22)
23919 (12)
1191 (02)

19(61)
fs=fal)

L T

.

[ F I T N Y S T S S T B | [ I B | [

-
|

US 2002/0093472 A1

- - — |-~ -4-

WL (L1)
221919(91)
131919 (51)
AT Y ()
Lo(el)

1
1
i
T
'
'
'
1
'
'
:
t
]
'
t
1
[
|
'
|
[
'
T
1
V
'
¢

t 1
t )
' v
' 1
! [
! ]
T O
' [
1 [}
. 1
] '
) '
' [
' '
1 b
1 v
i §
1 i
' t
1 [
| t
T T
' t
¥ 1
[ 1
' 1

—

B

o
OGO g R | IR i U

Jul. 18, 2002 Sheet 17 of 34

0ZBIRTLT

RATAATAY D)
G

1
1
1
T
'
'
1
1
'
1
1
1
'
'
'
|
T
'
T
!

H0L1vdv3 (9)

guq

TRz
x ¢

i N (S)
IR 1)
SRR RS N 1)
......... g 1077 104 s

be NORIN (@)

'

YIS 1934 LAIHS (1)

_mu_am%a

[ |

AO/™3d INVHA

Patent Application Publication



(38dvH

US 2002/0093472 A1

A

Q0Id3d INVHA _

81 oI

YK, 0P CBEILE S SE Y TE ORISR A0z ST ZE 0 B LHO S p ENZI O 6 8 9} 5 ¥ € ¢ I m NNLED
L T T R T T R [ S T T T T B | [ T I T T T B | F N T T T B S T | L T R
H o H iz iR M T o
La— T T T T T T T |
L I ,_"”E,mW"II“_:S.ﬁEE
I “ n LT T T LT aq0(0e)
R ! " RN RN
I I _ : AR DR IR B RO K1 GIY)
< A A I G S N I O R B
e S AT A A A O I AL S AT 218169 :ﬁn“:w“@ﬁ"m_ L fe=faq@l)
n.m "mvrm"m"m"m“m“m muwnmw“?v*vveu—m"mmmu“ “N“m“N“N“N huwun“—":—"—":—. mm
% BEREREN g EEE L Pl e
: LT SARREARRRIRRRRR IR RARNRARE o
= e ! ! R ! T
- IRERIEER IR NS I " ; RN L
0 T T 1T 17T T T T T T T ; r n __ " “ u T " T _
= R LN REE Mﬂf
N T : " IR TR N "L I R v ™Y
- I L R AT ) ] O [ R S T B | A
o o] 1 10 1 0 v 0 N ' ' ) 1 ' i I i w
= ; S SREREE _ e R e
— L X H T S ,
= ] C EXNMIRR A\ 1 IR U BRI W )
_Nn:“mcnm%m_h%mumw_&mw 7 mxm ! NN,,&mamEmSm: S_m__,m_m:_n:un:s:m gleryLel } A 09757 818 Nm_m“ommawm HOLIVVD (9)
o D I & R R e " ¥ NS &0 | N E Y
= I T e " T B
2 BERREE f EERREEE N ! EEEEERREERIE-TO
= L I Lo I T " A A A
3 AR L EERERHHE " R L
oh [ L S [ ,.____..._.m 1 1 ""._“_. "‘" __y"
m :_“: D EEREEERE N " _ (163)
N I N R , Vo UTRSI T e 308t
= S1H,9:8 P19 18 P9 PG |9 | 9:5.7:0,1.%,1,614,9.5, z_c%,_@
= T o SR A I ! T O U A
g SRR 2 IREREERE N | U st )
o‘w [ T T R 1 [ T T S A T ) ___,_A.m
S | |
= . AoMNM3d ANIT 1,
= _
=
<
Y
=
&
~—
=
a



Patent Application Publication  Jul. 18,2002 Sheet 19 of 34  US 2002/0093472 Al

Cibit3

Voff

Von

Cibit1
Cibit2




US 2002/0093472 A1

Jul. 18, 2002 Sheet 20 of 34

Patent Application Publication

W STANNIEN Zy Z§ VI

v

m\§ua\§\m

Sﬁw\&_ ?w&?%&_

_,N%//;Z Z/Vﬁ/w wz?v//#\v&x\w&\\e&\q\\_ _Na\\*\m&\\ﬁ%m\k\w&\\w\\w :_m_ g\v%wﬁ\v ¥_
N /ZN/7#Z w/#/«Z,/q//V?é\% \ﬁ\\ﬁ‘\“_\q ;fi_ ﬁ\\n\\@m\a\« %m\\_\\N *\& % _§ R@ a\v_
_//,7w N//,TZ/V#A r/vé,/«é{ «é\?s\\v\&\\e v g@&\\ﬁ\w@_\n . ; *\\Q\_ﬁ_\m
aéw%w/g/wé/ﬂw/ﬁ 1& 7@/7*,/7«4/,\/,*\\\: »\«S\w \sﬁ _\m \_Na\\ﬁ\\m\ £ \\M\Qﬂ&wx\\
7w£/,;/7n£/4 N/Z/Né//ﬁﬁ Zqé/@/f/_ﬂ/#iés &:ﬁ\\*‘\\sﬁy A _\m\\_\\é ﬁ%\\v\m Mkﬁ_
,Z e ﬂw/w/wé/w N/V@/?#Z 7@2//«77@ .}«&s%&&\v v 1k Qu %\a\n\m

VQQ 777% 7?@@/77?{4/; u Z_Qé/«/#i/ﬂ/«/ﬁ\s_\\f%v Wq J _Nu N:« \\?Q

:q/u VE//#/ ) 7 |

W/Zm//w/w/ﬂ/,wé 77&/7%2 Z&/#vé/«/?« év «_\vw\sv \*\QN_ « g E

v 7#/7 277 w/ﬁ/ AN

Wé%m/#/ 97/,7 t

N//,Z/Néf/ N Zq/v/ v%r//,

_V/A_\\\@\W ﬁ\u\\\_ﬂ ﬁvxﬁ_

e Ty

_

(v m v 74/73/7?7«& R é/“/wéméw/#{/m?gé ?/vé//«éé 7¢ Qv \ﬁ:\*\\v&

L

t
]
_
_
{

! 1

i

|
[
I
1

_

|

I

“
AN

]
!
, |
|
|

/7«_%7 7S

v |

v v

//#,/WZ{

Ny

NN NGNN

|
_
|
|
]
Vi
I
1

_
I
I
J
_

4

_
|
L
|
4
|
|
!
I
{
! _
_

1
_

L
|y

€
!

_

Iz
|
_ |

-

~u
A Rl

Al _Eﬁ% PER _3/%2%%%3 %ﬁgg_ﬁ%&%w%ﬁ%ﬁ%g RRY] &%@Z&m @E

_
_ | I

[v _m_N__:_m_N____“_m_w___vz/N
_ Zl
[

ch
|

L

Ok}

£l

1

Zl _ zil
el I

<<

41

\_

¢LD
FLO

CLO
60
80
LD

90
g0
O

€0

[40)
£31q!10
¢HG!I0
131910

NO LHODIT

LO

o HNLL
V dNLL

0¢ Old



Patent Application Publication  Jul. 18,2002 Sheet 21 of 34  US 2002/0093472 Al

Si VDD
Cig——— T !
| 6 I

| = l

L TL 22 o8 #!— 7

: !—d—_:—'—'_—| l——"———_—; l__— :

| Q25 | | — — '

| 101 1100 | V—T8

| | L | 5
=

1 ‘ |1 i |

| ! Pl A !

| ! ! l' : i

CE | R Y EUR S oy Ry Mg |
l B Y S | R IR S | |
Cibit Qz4 Q23 |
1 !
| |
/1_ _______________________________ |

Cibit2



US 2002/0093472 A1

Jul. 18, 2002 Sheet 22 of 34

Patent Application Publication

exqio
iAo
LHAID
HOA
uop
¢ 10
fiy

¢¢ Ol



US 2002/0093472 A1

Jul. 18, 2002 Sheet 23 of 34

Patent Application Publication

ANNN /Z N

//%7/7/7_///

/_7//2 | Z/_f//r%// TR //«/Z/é N //é_ﬂ//v/%/ ©
EEREREEEEEEEENEEEREEE
I e iz
e e e _ _ P “m “ “ “ "

I T T T T S S T S S B DUNENN 2,@ NN Z%Zy Nﬁ/_ W)

“ “ “ “ “ “ " “ __ “ “ “ | " _ vy “ __ |t _ _N H

| | | I } | | | | I | i | | i | | | | | |

N T S Y N T S AN SR N S s O VR S A TR SN N R AN S A NN O

| | | | | | } | J ! | | | | . ¢ z 1

| | i [ | | | | { | | | | | | | | | f ) |

R e T T S S T A L

I T N e e S e T S S ﬁ% HaRY Wﬁwﬂ_ @

| | | | | [ | | | | | | | | | | | | | | |

| | | | | | t | | | ] - | | | | | | | | |

T ST e e e e e e e e e e e v

[ bg oz 6y 8y L 9y & sy ey en by oy 6 8 L 8 & 4 & 2 LV HAALL
(n



US 2002/0093472 A1

Jul. 18, 2002 Sheet 24 of 34

Patent Application Publication

T e R 2
mv m m “ m m m ﬁ “ m “ m “N “ _" " m m L m “ “v "

I |
A I BE I B ENEAN A AT ATTAT RN AVATT AN AN Y N N AN

¢ ¢ I

SRR EEEREENERER
A RV NN AUAY AN AN AV VY AT N R N N
_ [ | [ i | _ | | i i | L | n B g " LY
T T T O
“ “ “ " “ “ " “ “ ” “ _ Cl ] e ] e edRERNSHBE R RRNSRAR RO RN R RN L.
i i I | I i i i ! | ! ! i | v | i ¢ Y 1€ L4 |
T O
O ot
| [ [ _ i | | [ [ I _ ! _ I | | ! el vy g ey v
I | I ! f ! j | ! i [ I I I | _ i [ _ f | _ |
CyIEARS (A 24 B8 A £ 08 A 0 0 10 0 0 0 00 7 0 A 8 A 18 1 0 3 00 1 3 A 0 1 1 0 0 A 4 0 o 3 e Y O O G A 4 s e e G 0 (4 6 B B 0 Y B 8 B B D S B B
| (kg og ey 8y Ly 8y Sy vy BNy gy by Oy 6 8 L 9, §) 2 g g b

(9)

(8)

(¥)

©

d dJINLL
V AL

g0



US 2002/0093472 A1

Jul. 18, 2002 Sheet 25 of 34

Patent Application Publication

7/”_,,//7//mw 47_/@ %/.ZV 777 ) % wﬂr/é//////,wé//v/é%« %/v /ZZZ%/ZV N%/_/z )

] | | | | |
_ _ | | v | _ _ ¢ I N w
_ _ _ _ _ _ _ _ _ _

%Z%/ZZ ,272/4//24/%7274 //7272// .%Z/;Z //7/2 ()

x_ 1 , | _
_ _ _ _ 4 _ [ N ¢l
v | | | | ] | _ | _

,@%%%%@%%%%%%%//%%,%MZ%//Z?%%f%é&%%4 (€)

ez

77 I

RERRSRN

|
| !
| | i
| |

[
|
I
|
!
I
|
!
]
|
]
|
|
|
|
|
|
|
|
|
|
!
|
!

| |
| _ I _
i ] | |
| ] ! |
| i | |
| ! | |
| | ! |
| | | |
| | ! !

e g e e e e e e e e o —— o —— ——— —

e e e e e e e s e T 1
i_ m_“ N_" :n 9" m“ w_ p_ m“ m_ i m“ N" _" V dINLL
(n
G¢ DI



Patent Application Publication  Jul. 18,2002 Sheet 26 of 34  US 2002/0093472 Al

ol
(Y] (v}
o ]
£
e / o~
< 2 .
3 ;£
) c»—-——lh
{
28
2
& 4
e 2--°
|
g |
X 2 1ls
™
= ©
6 = = = IC
o~ ~ O
>
P
Y =
NS e I N

220

FIG. 26

-_——C



Patent Application Publication  Jul. 18,2002 Sheet 27 of 34  US 2002/0093472 Al

(4
N
N
A
o
N
N 1 N
> 779 TR,
T Yoemml
or”
m e —
« 773
L.
o0
4\
[
_T_o oy 1, FJ—_*“_ I
.
~ /lb—dl
o~ N
O & <
L



Patent Application Publication  Jul. 18,2002 Sheet 28 of 34  US 2002/0093472 Al

-—~210

JHARIA INIT 3ONIHH A9

S
o~ < o)
Qo 0O
{ ?r &
o
25
2,
=
)
jad]
<
=
i
> o
Q o)
w2 (o)
{
}
=
Kf)'/
™~
o O -\,8
o N o

JIARIA ANITT NVOS

FIG. 28
208~



Patent Application Publication  Jul. 18,2002 Sheet 29 of 34  US 2002/0093472 Al

FIG. 29

VDD

Vg o— S

| |
: ':ﬁ [_l P Pl 206
t po |
| !
211 9 N "
| |
: 212 213 l
! |
| |
| |
b i
214
— 202
_~204 Vref O ]
205




Patent Application Publication  Jul. 18,2002 Sheet 30 of 34  US 2002/0093472 Al

FIG. 30
303 3?4
[ ADDRESS SIGNAL ) ( DISPLAY DATA )
306
L (

ADDRESS LINE }| MEMORY CONTROL CIRCUIT
305~ CONVERTER JE—
CIRCUIT T 301

COLUMN SELECTOR CIRCUIT +—~30Q7

302~
311

-——~308
IMAGE MEMORY

MEMORY LINE
SEILECTOR CIRCUIT

LINE BUFFER ~—~309

312

—310

DISPLAY SECTION

LECTOR CIRCUIT

DISPLAY LINE

_‘
4
~

SE




Patent Application Publication  Jul. 18,2002 Sheet 31 of 34  US 2002/0093472 Al

FIG. 31

B
O
(9)]

407

g] 506
/

504

——501

503




Patent Application Publication  Jul. 18,2002 Sheet 32 of 34  US 2002/0093472 Al

FIG. 33

Ci

I

|
—t
—t
O




Patent Application Publication  Jul. 18,2002 Sheet 33 of 34  US 2002/0093472 Al

S EL S -
\\\ -
-
(4]
(45]
_’.(._ _¥ _
(@]
I._
o s \ .
r
\\\\ i
__K— _V
(TR Q
= et
—— ——
—
_?_._ _.iL_
o) ;
|._ :
—¥— i
: ™
OO ES
5= ¥V _
O 1™~
P [ N
Y- - .
< e NN o
(o) K \
. (@]
O i — i
— V¥V ‘ YT
LL —K— AN :\ N NN \I—_r__
= i
——— — ——
NN N N N N N
— s
O =0




US 2002/0093472 A1

Jul. 18, 2002 Sheet 34 of 34

Patent Application Publication

“ L | & L RN B .
! Lize [ YT L8 1 NS INEA RN L
7
| \ (ig) \\ \ 4 4 o
I . 11 /] / d 4
I T [LANMPEANI i
T TN o7 o [T ail
S (2€) - HANE g A o NN
1] e T 1Ty
> 7 =] NENEE 4 4 —
AN N 1
| L L SRR Al i |
| ToLll ToLT! Tou T T oLl ToLTiiTor]i||]]
s |
_ >

G¢ Old



US 2002/0093472 Al

DISPLAY, PORTABLE DEVICE, AND SUBSTRATE

FIELD OF THE INVENTION

[0001] The present invention relates to displays, portable
devices, and substrates in or on which every pixel has a
memory element and a light-emitting element.

BACKGROUND OF THE INVENTION

[0002] The organic LED (light-emitting diode) display, a
type of flat panel display, is a recent focus of attention as a
competitor of the liquid crystal display. A great deal of
efforts are put into the development of display circuits and
driving methods for the organic LED display.

[0003] Drive circuits and methods for use with the organic
LED display are divided into two major categories: passive
and active. To apply the active drive technology to organic
LED displays, those TFT which drive the pixels have to be
made of polysilicon.

[0004] This is because when self-luminous elements are to
be driven by TFTs as in the organic LED display, sufficient
movement is required with electric charges in the silicon
forming the TFTs to ensure an amount of current flow
through the self-luminous elements. This explains why
polysilicon is needed in the organic LED display, while
amorphous silicon is sufficient in the non-light-emitting
shutter element, such as liquid crystal.

[0005] U.S. Pat. No. 4,996,523 (issued Feb. 26, 1991)
discloses a pixel configuration of the organic LED display
based on monocrystalline silicon TFTs instead of polysilicon
TFTs, in particular, a configuration using memory elements.

[0006] FIG. 26 shows a circuit configuration in a single
pixel (precisely, should be termed “a single dot” because 1
pixel=1 dot in a black & white display and 1 pixel=RGB 3
dots in a color display; however, no strict restrictions are
made here).

[0007] According to U.S. Pat. No. 4,996,523, as shown in
FIG. 26, each pixel is formed by: multiple memory cells 221
or C, to C__5; transistors 222 or D, to D, _5; to select from
those memory cells; a constant current circuit 225; and an
organic LED element 226.

[0008] The constant current circuit 225 is a current mirror
circuit including FETs 223, 224. Therefore, the current
through the organic LED element 226 is determined by the
total current flow in the FETs D, to D,_;. The current flow
in the FETs D_ to D__, is specified by the gate voltages of the
FETs D, to D,_; which are determined by the data stored in
the memory cells C, to C_ ;.

[0009] The configuration of the memory cells 221 is
shown in FIG. 27. Specifically, a CMOS inverter 228 and
MOS transmission gates 227, 229 are controlled by means
of a LOW control signal. When the LOW control signal is
in a selection state, the MOS transmission gate 227 is in a
conducting state, and the MOS transmission gate 229 is in
a non-conducting state; therefore, a column input signal Bn
is fed to the gate of a CMOS inverter 230 via the MOS
transmission gate 227. When the LOW control signal is in a
non-selection state, the MOS transmission gate 227 becomes
non-conducting, and the MOS transmission gate 229
becomes conducting; therefore, the output from a CMOS
inverter 231 is fed back to the CMOS inverter 230 via the
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MOS transmission gate 229. In the memory cell 221, the
output from the CMOS inverter 230 is fed back to the gate
of the CMOS inverter 230 via the CMOS inverter 231 and
the MOS transmission gate 229; the circuit can be therefore
regarded as being a static memory circuit with two-stage
inverters.

[0010] This way, U.S. Pat. No. 4,996,523 discloses a
memory structure including monocrystalline silicon TFTs,
as a pixel-TFT configuration for use with the organic LED
display.

[0011] The aforementioned pixel memory structure dis-
closed in U.S. Pat. No. 4,996,523 (sce FIG. 26) includes
multiple memory cells C_ to C__,, as well as a current mirror
circuit 225, in each pixel to convert a digital signal to an
analog signal (current value) by means of the current mirror
circuit.

[0012] The structure including a current mirror circuit
requires its components, the FETs 223, 224, to have identical
characteristics; however, fabricating the FETs by a polysili-
con process, which is used for fabrication of liquid crystal
displays for example, does not guarantee identical charac-
teristics between neighboring FETs.

[0013] As a result, the circuit for an analog gray-scale
method in FIG. 26 entails a problem of irregular character-
istics in polysilicon TFTs and can produce a homogeneous
gray-scale display across the entire screen only with diffi-
culties.

[0014] Accordingly, it is suggested to restrain irregulari-
ties in polysilicon TFT characteristics by the adoption of
digital gray-scale techniques. FIG. 33 shows a pixel circuit
structure for use in a time-ratio gray-scale method, a kind of
those digital gray-scale method techniques. Specifically, the
structure includes a TFT 107 which drives an organic LED
display 108, a capacitor 119 which builds voltage accumu-
lation to control the conduction of the TFT 107, and a TFT
106 to control the voltage applied to the capacitor 119. In
this structure, the method rewrites the voltage applied to the
capacitor 119 in the pixel several times in a single frame
period TF as shown in FIG. 34 and produces a gray-scale
display by setting the voltage to either such a value that
causes the TFT 107 to conduct or such a value that causes
the TFT 107 to not conduct.

[0015] Japanese Unexamined Patent  Application
8-194205 (Tokukaihei 8-194205/1996; published on Jul. 30,
1996) discloses a configuration of a liquid crystal display, in
which a static memory structure is incorporated in every
pixel by means of a polysilicon TFT.

[0016] Referring to FIG. 28, in Tokukaihei 8-194205,
there are pixel electrodes 202 arranged in a matrix on a first
glass substrate, and a scan line 203 running horizontally and
a signal lines 204 running vertically between every pair of
adjacent pixel electrodes 202. Also, reference lines 205 are
provided in parallel to the scan lines 203. At every crossing
of the scan lines 203 and the signal lines 204, a memory
element 206 (detailed later) is provided, and a switching
element 207 is provided between the memory element 206
and the pixel electrode 202.

[0017] A second glass substrate is provided to oppose the
first glass substrate at a predetermined distance. The second
glass substrate has opposite electrodes on a side facing the
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first glass substrate. A liquid crystal layer as a display
material layer is sealed between the two glass substrates. In
FIG. 28, 208 is a scan line driver, 209 is a signal line driver,
and 210 is a reference line driver.

[0018] FIG. 29 is a circuit diagram showing the structure
of a pixel portion in FIG. 28. A binary data recording
memory element 206 is connected to each of the crossings,
of the scan lines 203 and the signal lines 204, arranged in a
matrix. The memory element 206 has an output section for
outputting stored information. A TFT 214, as a three-
terminal switching element 207, is connected to the output
section. The switching element 207 controls the resistance
between the reference lines 205 and the pixel electrodes 202
to adjust the bias applied to the liquid crystal layer 215.

[0019] In FIG. 29, a static memory element is used as the
memory element 206. The static memory clement is a
memory circuit which delivers a positive feedback by means
of two-stage inverters. Consequently, the data fed through
the signal lines 204 is supplied to the gate terminal of the
inverter 212 when the TFT 211 is conducting. The output
from the inverter 212 is resupplied to the gate terminal of the
inverter 212 via the inverter 213; therefore, when the TET
211 conducts, the data supplied to the inverter 212 is fed
back to the inverter 212 without changing the polarity
thereof and stored until the TFT 211 conducts next time.

[0020] This way, Tokukaihei 8-194205 discloses a
memory structure including polysilicon TFTs, as a pixel-
TFT configuration for use with the liquid crystal display. The
TFT substrate structure disclosed in the Tokukaihei as
shown in FIG. 29 includes a static memory 206 for every
pixel and produces a binary display from data stored in the
pixel memory.

[0021] Japanese Unexamined Patent Application 2000-
227608 (Tokukai 2000-227608; published on Aug. 15, 2000)
discloses a circuit structure for a liquid crystal display in
which an exterior of a display section has a memory func-
tion.

[0022] FIG. 30 is a block diagram showing the structure
of a display substrate disclosed in the document.

[0023] According to Tokukai 2000-227608, a display sec-
tion 310 on the display substrate is connected to an image
memory 308 via line buffer 309. The image memory 308
includes memory cells arranged in a matrix and has a bitmap
structure sharing a common address space with those pixels
in the display section 310. An address signal 303 is supplied
via a memory control circuit 306 to a memory line selector
circuit 311 and a column selector circuit 307. The memory
cell address by the address signal 303 is selected by a
column line and a line wire (not shown) so that display data
304 is written to the memory cell. After the writing, data for
a single line including the selected pixel is transmitted to the
line buffer 309 by an address signal supplied to the memory
line selector circuit 311. Since the line buffer 309 is con-
nected to signal wiring (not shown) of the display section,
the read-out data is transmitted to the signal wiring.

[0024] The address signal is also supplied to an address
line converter circuit 305 so as to apply the selected voltage
to line selector wiring (not shown) by means of a display line
selector circuit 312

[0025] This operation results in the writing of the data in
the image memory 308 to the display section 310.
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[0026] The pixel circuit structure of the display section
310 is shown in FIG. 31. A control TFT 405 is controlled
with a line selector wire 401, the data supplied from a signal
wire 402 is stored in a capacitor 406 located between a
common wire 404 and the control TFT 405, conduction (and
non-conduction) of a drive TFT 409 is controlled by the
voltage across the capacitor 406, and it is determined
whether to apply a voltage supplied to a display electrode
408 from a liquid crystal standard wire 403. A correction
capacitor 409 is connected between the source and drain
terminals.

[0027] FIG. 32 shows another pixel circuit structure of the
display section 310. The TFT drives liquid crystal using an
analog switch 504. To drive the analog switch, which is
composed of a pch TFT and a nch TFT, two sets of memory
circuits are provided, each set including a sampling capaci-
tor 503, 507 and a sampling TFT 502, 506. Data items of
different polarities are supplied via two data wires 501, 505,
connected to a common line selector wire 401, and simul-
taneously sample to produce a display.

[0028] The document also discloses that the data items
with different polarities which drive the analog switch can be
produced by an inverter circuit built inside a pixel, instead
of the provision of two sets of memory circuits, and that the
memory circuit used for semiconductor as a memory circuit
is constructed around a TFT.

[0029] This way, Tokukai 2000-227608 discloses the con-
figuration of a polysilicon TFT substrate for a liquid crystal
display. The configuration is such that the TFT substrate
structure shown in FIG. 30 includes, outside the display
section 310 the image memory 308 composed of an SRAM,
the display section 310 includes pixel memories constructed
around a capacitor as shown in FIGS. 31 and 32, and a
display is produced from binary data stored in the pixel
memories.

[0030] As mentioned in the foregoing, it is suggested to
restrain irregularities in polysilicon TFT characteristics by
the adoption of digital gray-scale method techniques. How-
ever, the time-ratio gray-scale method could probably entail
the development of moving picture breakup (dynamic false
contours) as is the case with PDPs (plasma display panels).
The moving picture breakups develop according to the
following mechanism (see FIG. 35). The eye moves as
indicated by broken lines (a)-(d) when the pattern of tone
level 32 moves on the background of tone level 31 and can
recognize a tonal pattern formed by those pixels on the lines
at the time of the eye passing over them. For example, along
broken line (a), the eye movement coincides with a light-on
timing of tones 1, 2, 4, 8, 32 so that the eye can see tone level
47. Along broken line (d), the eye movement coincides only
with the light-on timing of tone 16 so that the eye can see
tone level 16.

[0031] Accordingly, in the PDP and other pieces of appa-
ratus, the animated-image moving picture breakup is
improved by dividing large bit-weight data into several sets
and displaying those sets before or after small bit-weight
data. In other words, the moving picture breakup is reduced
by large bit-weight data which appears several times in a
cycle of a certain frame period.

[0032] However, to produce a display from that large
bit-weight data several times on a PDP, etc. scanning is
necessary for every display.
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[0033] Further, U.S. Pat. No. 4,996,523 mentions that the
circuit shown in FIG. 26 is provided to each pixel. To
compete with recent developments of liquid crystal displays
which have achieved a 64 gray-scale method, the PDP
requires a 6-bit memory for each pixel. However, in a
normal display, three (RGB) pixels are accommodated in a
limited space of about 150 [um]x150 [#m]-300 [¢#m]x300
[¢m], in which there must be further provided a gate wire,
source wire, power source wire, etc, as well as a 6-bit
memory circuit arranged as shown in FIG. 26. This is not
easy even with a present low-temperature polysilicon pro-
cess. Building more than 3-bit memory wold be impossible.
When this is the case, the device can produce a maximum of
only 8 tones and lacks appeal as a commercial product.

[0034] Meanwhile, according to Tokukaihei 8-194205,
each pixel is provided with only 1-bit memory. Although this
is feasible with a present low-temperature polysilicon pro-
cess, a resultant still image is only binary (of multicolor
owing to RGB colors), because the device relies on the 1-bit
memory in producing a still image display.

[0035] Note that Tokukai 2000-227608 is free from these
problems, since the memory is located outside the pixel
(display region). Nevertheless, locating the memory outside
the display region requires an additional arca on the display
substrate, which means a smaller number of substrates
fabricated from a glass substrate (of an equal display area)
in a TFT process and an increased manufacturing cost for a
substrate of an equal display area.

[0036] We presume that the biggest advantage in impart-
ing a memory function to the substrate is power saving,
which would give the device the most competitive edge in
the portable device market than in other markets. However,
the above technique is not still preferable in the portable
device market where miniaturization and light weight are the
key factors, since a larger substrate size is required to
produce an equal display area.

SUMMARY OF THE INVENTION

[0037] An objective of the present invention is to offer a
display, portable device, and substrate as means for dividing
a display period for a bit without new scanning.

[0038] Another objective of the present invention is to
offer a display, portable device, substrate as a structure of a
circuit for a display substrate which can produce more tones
than memories provided to a single pixel.

[0039] A further objective of the present invention is to
offer, in a display substrate structure in which memories are
arranged outside display regions, a display, portable device,
substrate as a structure of a circuit for a display substrate
which is smaller in size with less memories arranged outside
display regions, but still capable of producing more or less
the same number of tones.

[0040] To achieve the objectives, a display in accordance
with the present invention includes multiple electro-optic
elements and is characterized in that the display includes
memory means and potential maintaining means both pro-
vided for each of the electro-optic element, wherein a
display operation by the electro-optic elements is controlled
using outputs from the memory means and the potential
maintaining means.
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[0041] To achieve the objectives, a display in accordance
with the present invention includes multiple electro-optic
elements and is characterized in that the display includes
memory means provided for each of the electro-optic ele-
ments, wherein the electro-optic elements and the memory
means have individual power source lines.

[0042] To achieve the objectives, a portable device in
accordance with the present invention is characterized in
that the portable device includes the above display.

[0043] To achieve the objectives, a substrate in accordance
with the present invention includes multiple electrodes and
is characterized in that the substrate includes: memory
means and potential maintaining means both provided for
each of the electrodes; and means for controlling either
voltage or current applied to the electrodes using outputs
from the memory means and the potential maintaining
means.

[0044] Consequently, with the arrangement in which each
pixel has memory means (memory) and potential maintain-
ing means (capacitor), more tones than memories provided
to the pixels can be displayed. Further, by switching between
the memories provided to the pixels, a video image is
switchably selected to produce a display without externally
receiving further data. Moreover, the first memory element
can be caused to retain a voltage corresponding to the largest
tone data, a voltage application time for that data can be
divided in the application of voltage, so as to suppress
moving picture breakups.

[0045] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a circuit diagram showing a circuit
structure of a pixel used in embodiment 1.

[0047] FIG. 2 is an equivalent circuit diagram showing a
circuit structure of a pixel used in embodiment 2.

[0048] FIG. 3 is an equivalent circuit diagram showing a
circuit structure of a pixel used in embodiment 3.

[0049] FIG. 4 is a timing diagram of a time-division tone
scan method used in embodiment 3.

[0050] FIG. 5 is an equivalent circuit diagram showing a
circuit structure of a voltage converter circuit described in
embodiment 3.

[0051] FIG. 6 is an equivalent circuit diagram showing a
circuit structure of a pixel used in embodiment 4.

[0052] FIG. 7 is a circuit diagram showing a circuit
structure of a pixel used in embodiment 5.

[0053] FIG. 8 is a graph showing an applied voltage
versus organic LED display light-emitting current of an
organic LED display used in an embodiment.

[0054] FIGS. 9(a) and 9(b) show a concept of an organic
LED display used in an embodiment, FIG. 9(a) being an
explanatory drawing showing a layer structure, FIG. 9(b)
being an explanatory drawing a chemical structure.
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[0055] FIG. 10 is a graph showing a gate voltage and
organic LED display light-emitting current of a TFT for used
in an organic LED display drive used in embodiment 1.

[0056] FIG. 11 is an explanatory drawing showing effects
of a moving picture breakup, in accordance with the present
invention, used in embodiment 5.

[0057] FIG. 12 is a block diagram showing a system
configuration of a display, used in embodiment 5, which
includes a memory for each pixel.

[0058] FIG. 13 is a block diagram showing a circuit
structure of a SRAM in FIG. 12.

[0059] FIG. 14 is a block diagram showing a system
configuration of a display, used in embodiment 6, which
includes a memory for each pixel.

[0060] FIG. 15 is an equivalent circuit diagram showing
a circuit structure of a pixel used in embodiment 6.

[0061] FIG. 16 is an equivalent circuit diagram showing
a circuit structure of a memory cell used in embodiment 6.

[0062] FIG. 17 is a timing diagram of a time-division tone
scan method used in embodiment 6.

[0063] FIG. 18 is a timing diagram of a video switching
scan method used in embodiment 6.

[0064] FIG. 19 is a circuit diagram showing a circuit
structure of a pixel used in embodiment 7.

[0065] FIG. 20 is an explanatory drawing showing a
time-division scan method, in accordance with the present
invention, used in embodiment 7.

[0066] FIG. 21 is an equivalent circuit diagram showing
a circuit structure of a pixel described in embodiment 7.

[0067] FIG. 22 is a circuit diagram showing a circuit
structure of a pixel used in embodiment 8.

[0068] FIG. 23 is an explanatory drawing showing the
acquisition of timings by a time-division scan method, in
accordance with the present invention, used in embodiment
8.

[0069] FIG. 24 is an explanatory drawing showing the
acquisition of other timings by the time-division scan
method, in accordance with the present invention, used in
embodiment 8.

[0070] FIG. 25 is an explanatory drawing showing the
acquisition of other timings by the time-division scan
method, in accordance with the present invention, used in
embodiment 8.

[0071] FIG. 26 is a circuit diagram showing a circuit
structure of a pixel in a conventional organic LED display
which includes a memory for each pixel.

[0072] FIG. 27 is circuit diagram showing a circuit struc-
ture of the pixel memory cell in FIG. 26.

[0073] FIG. 28 is an explanatory drawing showing a
system configuration of a conventional liquid crystal display
which includes a memory for each pixel.

[0074] FIG. 29 is a circuit diagram showing a circuit
structure of the pixel memory in FIG. 28.
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[0075] FIG. 30 is an explanatory drawing showing a
system configuration of a conventional liquid crystal display
which includes a memory for each pixel.

[0076] FIG. 31 is a circuit diagram showing a circuit
structure of the pixel memory in FIG. 30.

[0077] FIG. 32 is a circuit diagram showing another
circuit structure of the pixel memory in FIG. 30.

[0078] FIG. 33 is a circuit diagram showing a conven-
tional circuit structure.

[0079] FIG. 34 is an explanatory drawing illustrating a
conventional time-ratio gray-scale method.

[0080] FIG. 35 is an explanatory drawing showing prin-
ciples of the development of a moving picture breakup.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0081]

[0082] The following will describe an embodiment in
accordance with the present invention in reference to FIG.
1.

[0083] FIG. 1 shows an equivalent circuit of a pixel Aij
which is a first arrangement of first means in accordance
with the present invention. The equivalent circuit is adapted
so that a data wire Sj, as a signal line, is connected to the
source terminal of a TFT (thin film transistor, first switching
means) 6 and that the source terminal of a TFT (second
switching element) 21 and a pixel electrode of a liquid
crystal element (electro-optic element) 23 which doubles as
potential maintaining means are connected to the drain
terminal of the TFT 6. A memory circuit (first memory
element) 9, which is a static memory element, is connected
to the drain terminal of the TFT 21.

[0084] The TFT 6 is needed, because the data wire Sj does
not make a one-to-one correspondence to the electro-optic
element. If the data wire Sj is arranged to make such a
correspondence to the electro-optic element, the TFT 6 is
dispensable.

[0085] To form such a memory circuit 9, the present
embodiment employs a CGS (Continuous Grain Silicon)
TFT fabrication process. For more details about the process,
see Japanese Unexamined Patent Application 8-250749, for
example; here, detailed description is omitted.

[0086] To control the display state of the liquid crystal
element 23, while keeping the potential, Vref, of the oppo-
site electrode of the liquid crystal element 23 at GND, the
TFT 6 and the TFT 21 are switched on, i.¢., source-to-drain
current is caused to flow therein, and the highest-order bit
data is applied to the pixel electrode and memory circuit 9
of the liquid crystal element 23. The highest-order bit data
here is binary: VDD or GND. To switch on the TFT 6, a
selector voltage is applied to a scan line connected to the
gate terminal of the TFT 6. To switch on the TFT 21, a
selector voltage is applied to a control line Cibit2 connected
to the gate terminal of the TFT 21.

[0087] In the present embodiment, the source and drain
terminals of the TFT are exchangeable since there are not
clear distinctions between these two terminals.

[Embodiment 1]
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[0088] Now, while keeping the TFT 6 on and the TFT 21
off, a voltage for a tone equivalent to a low-order bit is
applied to the pixel electrode of the liquid crystal element
23.

[0089] Thereafter, the TFT 6 is switched off, and the TFT
21 is switched on, to apply the highest-order bit data built up
in the memory circuit 9 to the liquid crystal element 23.

[0090] Once retained in the memory circuit 9 by the
foregoing driving, the highest-order bit data can be applied
to the liquid crystal element 23 several times per frame, even
with intervening bits.

[0091] Note that an a.c. potential can be applied to the
liquid crystal element 23 in a frame period which differs
from the display period by applying a VDD potential as the
potential Vref and switching the voltage applied to the liquid
crystal element 23 between VDD and GND via the TFT 6,
the TFT 21, etc.

[0092] To produce a still image display, the bit data which
cannot be arranged in a pixel is also supplied to the liquid
crystal (potential maintaining means) from the outside of the
pixel. This has an useful effect: 2-bit or more tones are
produced even when the memory means in the pixel is
capable of handling only a 1-bit gray-scale method.

[0093] By the benefit the foregoing driving, the liquid
crystal has a time-division gray-scale method capability too.
The response of liquid crystal however is so slow that
moving picture breakups are rarely visible (they are clearly
visible on a high-speed liquid crystal, such as a ferromag-
netic liquid crystal). With a high-speed liquid crystal, the
driving is useful in restraining moving picture breakups.

[0094] Incidentally, in FIG. 1, a TFT 24 (sixth switching
element) which enters parallel to the liquid crystal display
element 23 and a control line Cibitl which switches the TFT
24 on and off are provided for the purpose of setting the
voltage applied to the liquid crystal element 23 to zero,
adjusting the duration of the gray-scale period, and improve
tone linearity.

[0095] Incidentally, In FIG. 1, the memory circuit 9 has a
static memory structure in which a first inverter circuit
formed by a p-type TFT 11 and an n-type TFT 12 is
connected to a second inverter circuit formed by a p-type
TFT 13 and an n-type TFT 14 so that the output of one is the
input of the other.

[0096] Therefore, as the memory circuit 9, are there
included the TFT 13 for controlling the connection to the
VDD potential and the TFT 14 for controlling the connec-
tion to the GND potential.

[0097] Incidentally, a new p-type TFTx may be interposed
between the output terminal of the second inverter circuit
and the input terminal of the first inverter circuit, with the
gate terminal of the p-type TFTx connected to a scan line Ci
(the source terminal thereof connected to the output terminal
of the second inverter circuit and the drain terminal thereof
connected to the input terminal of the first inverter circuit).

[0098] When this is the case, when the data on the data
wire Sj 1s acquired to the memory circuit 9 with the TFT 6
in a conductive state, the p-type TFT x changes into a
non-conductive state, and the output of the second inverter
circuit does not affect the input of the first inverter circuit,
which makes data setting to the memory circuit 9 easy.
When the TFT 6 is in a non-conductive state, the p-type TFT
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changes into a conductive state, and the output of the second
inverter circuit is fed to the input of the first inverter circuit,
and the data in the memory circuit 9 is held.

[0099] Incidentally, either of the VDD potential and the
GND potential can be designated an ON brightness setting
potential, while the remaining one is an OFF brightness
setting potential: the designation varies depending on
whether the liquid crystal element 23 operates in normally
white mode or normally black mode, ie., whether the

transmissive condition or the opaque condition is designated
“ON}’

[0100]

[0101] FIG. 2 shows an equivalent circuit of a pixel Alij
which is a second arrangement of the first means in accor-
dance with the present invention. The equivalent circuit
includes a TFT (first switching means) 63 so that a data wire
Sj, as a signal line, is connected to the source terminal of the
TFT 63 and that a capacitor (potential maintaining means)
65 is connected to the drain terminal of the TFT 63. The
equivalent circuit further includes a TFT (fourth switching
means) 64 so that a data wire Sj, as a signal line, is connected
to the source terminal of the TFT 64 and that an input
terminal of a memory element (memory means) 9 is con-
nected to the drain terminal of the TFT 64. A scan line Cia
is connected to the gate terminal of the TFT 63, and a scan
line Cib is connected to the gate terminal of the TFT 64.

[0102] This memory element 9 is identical to that in FIG.
1 and has a static memory structure in which an inverter
formed by a p-type TFT 11 and an n-type TFT 12 is
connected to another inverter formed by a p-type TFT 13
and an n-type TFT 14 so that the output of one is the input
of the other.

[0103] A capacitor 66 is connected to an output terminal
(which doubles as an input terminal in FIG. 2) of the
memory element 9.

[0104] A liquid crystal element, which is an electro-optic
element, is commonly connected to the other terminals of
the capacitors 65, 66. To the remaining terminal of the liquid
crystal element is connected a potential Vref of the opposite
electrode.

[0105] The voltage applied to the liquid crystal will be
referred to simply as Vref=GND. Assume that the capacitor
65 has a capacitance of C65, the capacitor 66 a capacitance
of C66, and the liquid crystal a capacitance of Clc. When the
output from the memory means 9 is GND potential, if the
voltage applied to the capacitor 65 from the data wire Sj is
GND potential, the voltage applied to the liquid crystal is O
[V]. If the voltage applied to the capacitor 65 from the data
wire Sj is VDD, the voltage applied to the liquid crystal is
given by VDDxC65/(Clc+C66+C65) [V]. When the output
from the memory means 9 is VDD potential, when the
voltage applied to the capacitor 65 from the data wire Sj is
GND potential, the voltage applied to the liquid crystal is
given by VDDxC66/(Clc+C66+C65) [V]. If the voltage
applied to the capacitor 65 from the data wire Sj is VDD, the
voltage applied to the liquid crystal is given by VDDx(C65+
C66)/(Clc+C66+C65) [V].

[0106] Accordingly, by setting C65 and C66 to large
values relative to Clc and the power source voltage VDD to
an appropriate value, a gray-scale method can be produced

[Embodiment 2]
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using the liquid crystal 67. That is, the present embodiment
is equivalent to a case where the electro-optic element is
driven to produce a display by the application of a voltage
created corresponding to the weight of the data stored in the
memory means or the potential maintaining means. In such
a case, if the data wire Sj makes a one-to-one correspon-
dence to the memory means 9 and the potential maintaining
means 65, the TFTs 63, 64 are again dispensable. In such a
case, the bit data that cannot be arranged in the pixel is fed
to the liquid crystal 65, which is the potential maintaining
means, from the outside of the pixel in a time-division
manner. This is advantageous in that even if the memory
means arranged in a pixel is only for a single bit of a memory
circuit 9, 2-bit or more tones can be produced (second
objective in accordance with the present invention).

[0107] [Embodiment 3]

[0108] FIG. 3 shows an equivalent circuit of a pixel Aij
which is a second arrangement of first means in accordance
with the present invention. The equivalent circuit is adapted
so that a data wire Sj, as a signal line, is connected to the
source terminal of a TFT (first switching means) 63, that an
input terminal of a static memory (potential maintaining
means) 68 is connected to the drain terminal of the TFT 63,
that a data wire Sj, as a signal line, is connected to the source
terminal of a TFT (fourth switching means) 64, and that the
input terminal of a static memory (memory means) 69 is
connected to the drain terminal of the TFT 64. A scan line
Cia is connected to the gate terminal of the TFT 63, and a
scan line Cib is connected to the gate terminal of the TFT 64.

[0109] An output terminal of the potential maintaining
means 68 is connected to the source terminal of a p-type TFT
(fifth switching element) 70, and the drain terminal of the
TFT 70 is connected to a gate terminal of a TFT 7 which, in
combination with an organic LED display 8, forms an
electro-optic element. An output terminal of the memory
means 69 is connected to the source terminal of an n-type
TFT (fifth switching element) 71. The drain terminal of the
TFT 71 is connected to the gate terminal of the TFT 7 which,
in combination with the organic LED display 8 (will be
described later in detail), forms an electro-optic element.

[0110] Either one of the TFTs 70 and 71 is an n-type TFT,
while the other is a p-type TFT. Therefore, with the gate
terminals thereof connected to a common control line
Cibitl, if a control line Cibitl is HIGH, the TFT 71 is in a
conducting state; if the control line Cibitl is LOW, the TFT
70 is in a conducting state.

[0111] Incidentally, if both the TFTs 70, 71 in FIG. 3 are
n-type TFTs, the control line connected to the gate terminal
of the TFT 71 differs from the control line Cibitl connected
to the gate terminal of the TFT 70.

[0112] Therefore, the former case (the example shown in
FIG. 3) is advantageous in the use of less control lines, but
risky due to possible conduction between the TFTs caused
by irregular threshold characteristics of the TFTs 70, 71.

[0113] Conversely, in the latter case, the TFTs 70, 71 are
separately controlled. Separate control of the TFTs is pos-
sible so that they will not conduct simultaneously even when
the threshold characteristics of the TFTs 70, 71 are irregular.

[0114] Also, in this case, the electro-optic element is
formed by the p-type TFT 7 and the organic LED display 8,
and the source terminal of the TFT 7 is connected to a power
source line at VDD. The drain terminal of the TFT 7 is
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connected to the anode of the organic LED display 8 (will
be described later in detail in terms of its structure). The
cathode of the organic LED display 8 is connected to GND.

[0115] Accordingly, scanning is done as shown in FIG. 4.
Incidentally, in FIG. 4, 3) to 16) represent scan lines, the
scanning represented by solid lines is data acquisition from
the data wire Sj, and the scanning represented by broken
lines is data acquisition from the memory means.

[0116] Specifically, a single frame period Tf is divided into
multiple scanning periods Ts, and first, the highest-order bit
data is written to the memory means 69, which switches the
control line Cibitl to HIGH and puts the TFT 71 in a
conducting state; the output of the memory means 69 is
hence fed to the gate electrode of the TFT 7. Consequently,
during this period, a current in accordance with the highest-
order bit data runs through the organic LED display 8.

[0117] Next, the low-order bit data is written to the poten-
tial maintaining means 68, which switches the control line
Cibitl to LOW and turns the TFT 70 into a conducting state;
the output of the potential maintaining means 68 is hence fed
to the gate electrode of the TFT 7. Consequently, during this
period, a current in accordance with the low-order bit data
runs through the organic LED display 8.

[0118] However, with a low-order bit, the display period
of a low-order bit may be shorter than the scanning period
Ts. Accordingly, during the remaining time, the control line
Cibit1 is switched to HIGH and the TFT 71 to a conducting
state, so as to feed the output from the memory means 69 to
the gate electrode of the TFT 7.

[0119] As a result, the period in which current flows
through the organic LED display 8 in accordance with the
highest-order bit data is divided into subperiods. The sum of
the subperiods is made proportional to the weight of the
highest-order bit.

[0120] This driving is effective in restraining the moving
picture breakup which is observed when the organic LED
display 8 is used to produce a time-ratio gray-scale method.

[0121] Incidentally, the present embodiment is equivalent
to a case where the output from the memory means or the
potential maintaining means is fed to the electro-optic
element during a period which corresponds to the weight of
the data stored in the memory means or the potential
maintaining means.

[0122] Another effect is that even if the memory means 69
arranged in a pixel is only for a single bit, 2-bit or more tones
can be produced as a result of the supply of the bit data from
the outside of the pixel to the static memory 68 which is the
potential maintaining means.

[0123] Incidentally, when data is transmitted to a pixel as
digital data as in the present embodiment, a problem arises
that the number of data transmissions is multiplied by the
number of bits in comparison to a case where an analog-like
voltage is transmitted to the pixel.

[0124] However, when an analog-like voltage is transmit-
ted to the pixel, a voltage may be needed to be transmitted
to a signal wire Sj to drive the electro-optic element. To this
end, a voltage amplitude of, for example, 10 V is needed.

[0125] Meanwhile, when binary digital data is transmitted
to the pixel, a simple voltage level converter circuit can be
provided to the pixel. This means that for example, the
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voltage transmitted to the signal wire Sj can be maintained
as low as about 3 V even when a voltage amplitude of 10 V
is applied to the electro-optic element.

[0126] Taking the power consumption to transmitted a
10-V voltage once by an analog tone to 10x10x1=100, since
power consumption is proportional to the voltage squared,
the power consumption when a 3-V voltage is transmitted 8
times by a digital tone is reduced to 3x3x8=76.

[0127] FIG. 5 shows an example of such a voltage con-
verter circuit. In FIG. 5, in a voltage converter circuit 97, a
static memory structure is employed including a first
inverter formed by a p-type TFT Q14 and an n-type TFT
Q15 and a second inverter formed by a p-type TFT Q16 and
an n-type TFT Q17; that positive polarity data and reverse
polarity data are produced from the data input through the
signal wire Sj. One of the two data sets is applied to the gate
electrode of an n-type TFT Q19 of a third inverter formed by
a p-type TFT Q18 and the n-type TFT Q1, and the other data
set is applied to the gate electrode of an n-type TFT Q21 of
a fourth inverter formed by a p-type TFT Q20 and the n-type
TFT Q21. The p-type TFTs 18 and 20 are connected so that
the output of one is supplied to the gate electrode of the
other.

[0128] Accordingly, as the gate electrode of the n-type
TFT Q19 or 21 comes to have a voltage of VCC and turns
into a conducting state, the output of the conducting inverter
is GND potential. As a result of this, the gate terminal of
either the p-type TFT Q18 or 20 becomes equal to GND
potential, and a p-type TFT, situated on the side of an n-type
TFT, which has been in a non-conducting state now turns
into a conducting state. The output from the inverter on that
side 1s VDD. Accordingly, the voltage conversion is com-
pleted from VCC to VDD.

[0129] This data, converted in terms of voltage, is written
to amemory 9 when a scan wire Ciis in a selection state and
a control wire Cibitl is HIGH. The voltage converter circuit
97 doubles as potential maintaining means. This is because
new data can be written to the memory circuit 9 only after
it is passed through the voltage converter circuit 97, and
therefore the voltage converter circuit 97 should be regarded
as being potential maintaining means, rather than memory
means. Incidentally, the scan wire Ci is in a non-selection
state, and the control wire Cibitl is LOW, the output from
the voltage converter circuit 97 which is potential maintain-
ing means is applied to the TFT 15 which is an electro-optic
element. The control wire Cibitl is HIGH, the output from
the memory circuit 9 which is memory means is applied to
the TFT 15 which is an electro-optic element.

[0130] in this manner, by providing a voltage converter
circuit to each pixel, power consumption is lowered in a
time-ratio gray-scale method.

[0131] [Embodiment 4]

[0132] FIG. 6 shows an equivalent circuit of a pixel Aij
which is a second arrangement of first means in accordance
with the present invention. The equivalent circuit is adapted
so that a data wire Sj, as a signal line, is connected to the
source terminal of a TFT (first switching means) 63 and that
a capacitor (potential maintaining means) 74 and the gate
terminal of a TFT 72 forming an electro-optic element are
connected to the drain terminal of the TEFT 63. Further, the
data wire Sj, as a signal line, is connected to the source
terminal of a TFT (fourth switching means) 64, and the input
terminal of a static memory (memory means) 9 is connected
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to the drain terminal of the TFT 64. A scan line Cia is
connected to the gate terminal of the TFT 63, and a scan line
Cib is connected to the gate terminal of the TFT 64.

[0133] An output terminal of the memory means 9 is
connected to the gate terminal a TFT 73 forming an electro-
optic element. In this case, the electro-optic element is
formed by the p-type TFTs 72, 73 and the organic LED
display 8, the source terminals of the TFTs 72, 73 are
connected to a power source line VDD, and the drain
terminals of the TFTs 72, 73 are connected to an anode of the
organic LED display 8 (the organic LED display will be
described later in detail in terms of its structure). The
cathode of the organic LED display 8 is connected to GND.

[0134] Accordingly, while the highest-order bit data of the
pixel Ajj is being supplied to the signal line Sj in FIG. 6, by
turning the scan line Cib to a selection state, the data is
acquired to memory means 9. The low-order bit data of the
pixel Aij is supplied to the signal line Sj in a time-ratio
manner, during that period, by turning the scan line Cia to
a selection state, the data is acquired to the capacitor 74.

[0135] The TFT 72 ceases to conduct when the capacitor
74 is HIGH and starts to conduct when LOW. The TFT 73
ceases to conduct when the memory means 9 is HIGH and
starts to conduct when LOW. The TFTs 72, 73 are fabricated
to share the same arrangement (size); if both of them are in
a conducting state, the current doubles in comparison to a
case where only one of them is in a conducting state.

[0136] Accordingly, a gray-scale method can be produced
by control the interval at which the low-order data of the
pixel Aij is applied to the capacitor 74 in accordance with the
weight of that bit. In this case, the present embodiment is
equivalent to a case where a current is generated in accor-
dance with the weight of the data stored in the memory
means or the potential maintaining means to display an
electro-optic element. In such a case, if the data wire Sj
makes a one-to-one correspondence to the memory means 9
and the potential maintaining means 65, the TFTs 63, 64 are
again dispensable. Again In this case, the bit data that cannot
be arranged in a pixel can be supplied from the outside of the
pixel to the capacitor (potential maintaining means) 74,
which is effective in producing 2-bit or more tones even
when the memory means in the pixel is capable of handling
only a 1-bit gray-scale method.

[0137] [Embodiment 5]

[0138] FIG. 7 shows an equivalent circuit of a pixel Aij
which is a first arrangement in first means in accordance
with the present invention. FIG. 12 shows a block circuit
structure including a second memory element (memory
array) outside of a display region (pixel) which is second
means in accordance with the present invention. Here, for
convenience, those members of the present embodiment that
have the same arrangement and function as members of any
one of the foregoing embodiments, and that are mentioned
in that embodiment are indicated by the same reference
numerals and description thereof is omitted.

[0139] Here, since a self-luminous element, such as an
organic LED display, is used, a TFT for use with a self-
luminous element drive is fabricated by a silicon process
with a large electric charge mobility. That is, to fabricated a
TFT for use in the present embodiment, a CGS TFT fabri-
cation process is employed as in embodiments 1-4.
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[0140] FIG. 7 shows an equivalent circuit of the pixel Aij.
The equivalent circuit is adapted so that a data wire Sj is
connected to the source terminal of a TFT (first switching
element) 6 and that the source terminal of a TFT (second
switching element) 21, the source terminal of a TFT (third
switching element) 20, and the gate terminal of a TFT 7
forming an electro-optic element are connected to the drain
terminal of the TFT 6. Incidentally, a static memory circuit
(memory means) 9 is connected to the drain terminal of the
TFT 21, and a capacitor (potential maintaining means) 22 is
connected to the drain terminal of the TFT 20.

[0141] Incidentally, in the structure of FIG. 7, the TFT 20
which is the third switching element is dispensable. The TFT
20 1s provided to maintain the potential of the capacitor 22
when the output from the memory element 9 is applied to the
gate electrode of the TFT 7. Further, the TET 20 provided so
that the memory state of the memory element 9 does not
change due to electric charge of the capacitor 22 when the
output of the memory element 9 is fed to the gate terminal
of the TFT 7. On account of this, the information stored in
the capacitor 22 is retained, and the capacitor 22 works as if
it was memory means adopting a dynamic memory, and the
stray capacitance of the gate electrode of the TFT 7 works
as if it is potential maintaining means.

[0142] Therefore, if the TFT 20 is provided, the capacitor
22 is not potential maintaining means of means 1 in accor-
dance with the present invention in a strict sense.

[0143] Nevertheless, considering that the stray capaci-
tance of the gate electrode of the TFT 7 is not sufficient and
is affected by surrounding wires, resulting in variable poten-
tial and that electric power is consumed due to exchange of
electric charges in the capacitor 22 too when the capacitor
(potential maintaining means) 22 is charged up from the
memory means, to prevent development of such problems,
the TFT 20 as the third switching element is inserted in
series with the capacitor 22 as potential maintaining means
to form a potential maintaining means in accordance with
the present invention.

[0144] With this objective in mind, the third switching
element may be situated between the gate electrode of the
TFT 7 and the capacitor 22 as in FIG. 7 or between the
capacitor 22 and GND. Either way, when the TFT 20 is in
a non-conducting state, the electric charge of the capacitor
22 does not vary.

[0145] A control line Cibitl is connected to the gate
terminal of the TFT 20, and a control line Cibit2 is con-
nected to the gate terminal of the TFT 21.

[0146] In the present embodiment, an organic LED dis-
play is used as an electro-optic element driven by the TFT
7. FIG. 8 shows characteristics of the element in terms of
applied voltage V and current 1. FIG. 8 is I-V static
characteristics (linear) of an organic LED element. Inciden-
tally, a typical structure of the organic LED display is shown
in FIG. 9(a).

[0147] As shown in FIG. 9(a), a layered structure 39 is
used in which an anode 32, an organic multilayered film 34
(hole entering layer 35, hole transport layer 36, light-
emitting layer 37, electron transport layer 38), and a cathode
33 are stacked in this order on a substrate 31.

[0148] Incidentally, FIG. 9(b) shows biphenyl (DPVBi
available from Idemitsu Kosan Co., Ltd) which is an
example of the structure of the light-emitting layer 37.
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[0149] Incidentally, since the present embodiment is
described in a preferred combination, it is also an embodi-
ment in a case when the power source line for the electro-
optic element in accordance with the present invention and
the power source line for the memory means are separate
wires. In other words, in FIG. 7, as the memory circuit 9, an
arrangement is made so that a gate ON power source wire
(voltage Von) and a gate OFF power source wire (voltage
Voff) are power source wires and that a voltage can be
specified independently from a power source VDD which
drives an organic LED display.

[0150] The following will describe how the voltage is
specified in the present embodiment. According to a gray-
scale method in accordance with the present invention, an
arrangement in which each pixel has a separate static
memory or an arrangement in which an SRAM (static
random access memory) is included outside the pixel is
preferably used.

[0151] Tokukai 2000-227608 introduced in the Back-
ground of the Invention is one example of such an arrange-
ment that includes an SRAM (static random access memory)
outside the pixel. FIG. 30 shows a TFT substrate structure
disclosed by the laid-out patent application: as mentioned
earlier, an SRAM-based image memory 308 is provided
outside the display section 310, and a display section 310
has a pixel memory formed by the capacitors shown in FIG.
31 and FIG. 32 to produce a display from binary data stored
in this pixel memory.

[0152] In the foregoing arrangement in which each pixel
includes a different memory, the output voltage of the
memory is applied to the gate electrode of the TFT for
driving the organic LED display. Now, what kind of gate
voltage is required to stabilize the display will be described.

[0153] FIG. 10 shows a result of simulation of relation-
ship of characteristics, loled, of a current running through a
gate voltage Vgate of a driver TFT and an organic LED
display in an arrangement in which an organic LED display
whose applied-voltage-versus-current characteristics are
shown in FIG. 8 is connected in series with a driver TFT.

[0154] As would be understood from FIG. 10, a self-
luminous element, such as the organic LED display, changes
the value of the current running in the organic LED display
depending on whether the gate voltage of the driver TFT is
-5Vor-2V.

[0155] In other words, it would be understood that even if
the memory outputs normal logic output voltages (VDD,
GND), it is insufficient as a voltage to be applied to the gate
electrode of a TFT to drive the organic LED display.

[0156] Worse than that, we have found out that with the
circuit structure disclosed in Tokukai 2000-227608 (see
FIG. 31), a change in the electric charges stored in the
capacitor 406 causes a change in the gate voltage of the
driver TFT 407 and a change in brightness of emitted light.
The same holds true with FIG. 32.

[0157] Tokukaihei 8-194205 introduced in the Back-
ground of the Invention is one example of such an arrange-
ment that include a different static memory for each pixel; as
mentioned earlier, the TFT substrate structure disclosed in
the laid-open patent application (see FIG. 29) includes a
different static memory 206 for each pixel to produce a



US 2002/0093472 Al

binary display from the data stored in the pixel memory. In
this structure, as the gate voltage of the driver TFT 214, the
power source voltage VDD for the logic circuit or the GND
voltage is directly used. To drive an self-luminous element,
such as the organic LED display, voltage and current are
preferably selected so that the V-I characteristics changes
little in the relationship between the gate voltage V of the
driver TFT in FIG. 10 and the characteristics I of the current
running through the organic LED display.

[0158] This is because in a driver TFT for use with an
self-luminous element, such as an organic LED display, a
change in the gate voltage results in a change in brightness
of emitted light. However, in a structure in which the power
source voltage VDD or GND is directly used, suitable
selection of voltage is impossible.

[0159] In contrast, according to the arrangement of the
present embodiment, as will be described below, a pixel
memory circuit can be obtained which is suitable to a display
device including different memories for different pixels and
also which has stable brightness characteristics when used in
a self-luminous element, such as an organic LED display.

[0160] FIG. 10 shows V-1 characteristics obtained by
simulation of the relationship of the gate voltage V of the
p-type TFT 7 and the current I running through the organic
LED display 8 in a combination of a p-type TFT 7 which is
used to drive an organic LED display shown in FIG. 7 and
an organic LED display 8 whose V-1 characteristics are
shown in FIG. 8 when the power source voltage VDD is
approximately 6 V.

[0161] As would be understood from FIG. 10, the gate
OFF voltage of the p-type TFT 7 of about 4 V or greater will
generate a satisfactory O 4A; however, a gate ON voltage of
0 V is still insufficient, and that of about -5 V or lower will
generate a stable, approximate 0.8 uA.

[0162] For example, taking the gate OFF voltage to Voff=5
V and the variation of the gate ON voltage Von, to (Gate ON
Voltage: Von—Gate OFF Voltage: Voff)x(1x0.1), a 0-V gate
ON voltage results in a brightness deviation of about 3%,
but a -5 V gate ON voltage results in a small brightness
deviation of about +1%.

[0163] The gate voltage of the TFT used to drive the
organic LED display is variable due to stray capacitances
with surrounding wiring; therefore, setting the gate ON
voltage of the organic LED display driver TFT to such a
voltage that produces smaller brightness deviations is effec-
tive.

[0164] By thus connecting a source terminal of one of the
two TFTs (transistors) in the inverter circuit which is an
output end of the static memory element provided to each
pixel which is means 2 in accordance with the present
invention to an ON brightness setting wire and the drain
terminal of the other TFT (transistor) to an OFF brightness
setting wire, the output potential of the static memory
element can be rendered a suitable ON potential or OFF
potential.

[0165] The structure is effective not only with means 1 in
accordance with the present invention, but generally with a
structure including a static memory element in each pixel.

[0166] Accordingly, in the present embodiment, the
organic LED display drive voltage is set to +6 V, the gate ON
voltage Von is set to =5 V, and the gate OFF voltage Voff is
set to +5 V.
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[0167] In other words, in FIG. 7, the gate OFF power
source wire (voltage Voff) is a power source wire at about 5
V, and the gate ON power source wire (voltage Von) is a
power source wire at about —5 V. The gate OFF voltage wire
(voltage Voff) is connected to the gate wire of the driver TFT
7 via the p-type TFT 13, and the gate ON voltage wire
(voltage Von) is connected to the gate wire of the driver TFT
7 via the n-type TFT 14.

[0168] Using such a circuit structure, suitable ON and
OFF voltages can be supplied to the gate wire of the organic
LED display driver TFT. Incidentally, the p-type TFT 13 an
the n-type TFT 14 in FIG. 7 forms an inverter circuit.
Accordingly, by adding forming another inverter circuit
stage with a p-type TFT 11 and a n-type TFT 12 and
connecting the gate electrode of one to the output electrode
of the other and vice versa, a static memory can be formed
based on the memory circuit 9.

[0169] FIG. 11 shows a method of controlling the display
state of the organic LED element 8.

[0170] Specifically, by rendering the power source VDD
GND potential (or below GND potential, for example, -6 V)
and the control line Cibit2 to a selection state within a first
part, TO, of a single frame period TF, the TFT 21 is turned
to a conducting state, the TFT 6 (or the source-drain thereof)
is turned to a conducting state sequentially for each scan
line, and the highest-order bit data is recorded in the memory
circuits in the pixels of all the scan lines.

[0171] Thereafter, within a period 16T1, the power source
VDD is set to +6 V, and a voltage Von or a voltage Voff
corresponding to the data stored in the memory circuit 9 is
applied to the gate electrode of the organic LED display
driver TFT 7.

[0172] Thereafter, the TFT 21 is turned to a non-conduct-
ing state by turning the control line Cibit2 to a non-selection
state and the TFT 20 is turned to a conducting state by
turning the control line Cibitl to a selection state.

[0173] During this moment, within the period T0, the TFT
6 (or the source-drain thereof) is turned to a conducting state
sequentially, the power source VDD is rendered GND
potential, a potential which is equivalent to a low-order bit
is built up in the capacitor 22, then the power source VDD
is rendered +6 V only for a period corresponding to the
weight of the bit, and either the voltage Von or the voltage
Vof f corresponding to the data stored in the capacitor 22 is
applied to the gate electrode of the organic LED display
driver TFT 7.

[0174] After completing the display corresponding to the
last, low-order bit, the TFT 20 is turned to a non-conducting
state by turning the control line Cibitl to a non-selection
state, and the TFT 21 is turned to a conducting state by
turning the control line Cibit2 to a selection state, and either
the voltage Von or the voltage Voff, stored in the memory
circuit 9, which corresponds to the highest-order bit data is
applied to the gate electrode of the organic LED display
driver TFT 7.

[0175] By such scanning, as shown in FIG. 11, when a
pattern drawn by the tone level 32 moves on a background
drawn by the tone level 31, even if the eye moves along the
broken lines (a) to (d) in FIG. 11, there are fewer errors in
a tone pattern upon eye movement over a pixel over which
the eye moves than the conventional example in FIG. 35.
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[0176] For example, as to the broken line (a), the eye
movement comes across tones 1, 2, 4 and a light-on timing
32/2, and the tone level 23 (=1+2+4+32/2) is visible. As to
the broken line (d), the eye movement comes across light-on
timings of tones 32/2, 8, 16, and the tone level 40 (=32/2+
8+16) is visible. The errors of these values with respect to
the original tone levels 31, 32 are reduced by about a half,
when compared to the case of FIG. 35.

[0177] in this manner, by providing a memory and a
capacitor to each pixel and controlling the capacitor inde-
pendently from the value of the memory, the driving method
of the present embodiment becomes possible. The present
embodiment is effective in restraining moving picture break-
ups as shown in FIG. 11, without having to change the
required number of scans when compared to the conven-
tional example shown in FIG. 35.

[0178] Incidentally, the pixel memory circuit 9 in FIG. 7
operates as follows:

[0179] (1) To update the data in the memory circuit 9,
the TFT 6 is turned to a conducting state using the
scan line Ci, as a control line, and the TFT 21 is
turned to a conducting state using the control line
Cibit2, from the data wire Sj, as a signal line, the
voltage Von or Voff corresponding to the data is
supplied to an input end of the first inverter circuit
(circuit of the p-type TFT 11 and the n-type TFT 12),
and the value of the memory circuit 9 is updated.

[0180] (2) To record data in the memory circuit 9, the
TFT 6 or the TFT 21 is turned to a non-conducting
state using the scan line (control line) Ci or the
control line Cibit2, the output from the second
inverter circuit (circuit of the p-type TFT 13 and the
n-type TFT 14) is supplied to an input end of the first
inverter circuit, and the value of the memory circuit
9 is retained.

[0181] (3) Throughout updating and recording of the
data in the memory circuit 9, while the TFT 21 is
being kept in a conducting state by turning the
control line Cibit2 to a selection state, if the p-type
TFT 13 in the second inverter circuit is in a con-
ducting state, (regardless whether the TFT 20 is in a
conducting or non-conducting state) the gate voltage
of the p-type TFT 7 used to drive the organic LED
display becomes Voff, and the organic LED display
8 turns to a non-light-emitting state.

[0182] (4) Throughout updating and recording of the
data in the memory circuit 9, while the TFT 21 is
being kept in a conducting state by turning the
control line Cibit2 to a selection state, if the n-type
TFT 14 in the second inverter circuit is in a con-
ducting state, (regardless whether the TFT 20 is in a
conducting or non-conducting state) the gate voltage
of the p-type TFT 7 used to drive the organic LED
display becomes Von, and the organic LED display
8 turns to a light-emitting state.

[0183] By doing this, the voltage Von or Voff which
binary-drives the organic LED display suitably is supplied to
the gate terminal of the organic LED display driver TFT 7
from the capacitor 22 as well as from the memory circuit 9.
As a result, moving picture breakups are restrained and a
display which boasts superior tone linearity becomes pos-
sible.
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[0184] Incidentally, in the present embodiment, the second
means in accordance with the present invention is used.
Therefore, no data/voltage converter circuit, such as a signal
line driver, needs to be inserted as shown in FIG. 28 in
association to a conventional technique. Instead, the data in
the SRAM located outside the pixel is transmitted to a static
memory in the pixel with no modification at all. Accord-
ingly, in FIG. 12, a system configuration is suggested which
is suitable as the pixel TFT circuit of the present embodi-
ment.

[0185] In other words, FIG. 12 shows a structure in which
the display incorporates, as an integral part therefor, the
SRAM 4 (second memory element) to which the CPU
(Central Processing Unit) 1 writes image (additionally, text
and the like) data from which a display is produced on the
display 3. The SRAM 4 per se may be either built integrally
in the display by the aforementioned CGS TFT fabrication
process or fabricated as a separate IC by a monocrystalline
semiconductor process for mounting to the display 3. In the
latter case, the IC may be either directly mounted to the
display 3 or mounted to a tape having copper foil wiring
thereon by TAB (Tape Automated Bonding) so that the
resultant TCP (Tape Carrier Package) is bonded to the
display substrate.

[0186] Incidentally, 2 is a flash memory located externally
to the display. 5 is a controller/driver circuit which writes the
data in the SRAM 4 to the pixel 10. The pixel 10 has a circuit
structure identical to the pixel TFT circuit structure in FIG.
7.

[0187] Apart from a serial I/O port (serial IN control
circuit 55 and serial OUT control circuit 54) to the CPU 1,
the SRAM 4, as shown in FIG. 13, has a port (parallel OUT
control circuit 53) for parallel outputs of data, for the display
3, corresponding to one column (pixel Ail to pixel Aim) on
the side of the SEG (signal line driver). Otherwise, the
SRAM 4 is identical to a typical SRAM circuit and has
address buffers 50, 58, a row decoder 51, a column decoder
57, a selector 56, and a memory array 52. 59, 60 are AND
circuits.

[0188] Using this SRAM, the externally input data for
each pixel is converted to data for each bit described earlier
in association with the driving method and written directly
from the SRAM to the pixel memory; as a result, the data
does not need to be transmitted serially from the SRAM to
the SEG driver. Energy is saved and the display overall
consumes less electric power. Also, the user can use the
display without paying attention to the employment of such
a driving method.

[0189] In such a display including a memory element
provided to a pixel, the disposition of the second memory
element (memory array) outside the pixel (display region)
which is the second means in accordance with the present
invention is greatly effective.

[0190] Incidentally, in the pixel TFT circuit structure in
FIG. 7, the gate ON voltage wire (voltage Von)and the
power source VDD used to drive the organic LED display
are provided as separate wires; however, the V-I character-
istics in FIG. 10 tells that a Von of 4 V or higher is all
required, and the 6-V VDD can be used. In this case, the gate
ON voltage wire (voltage Von) and the power source VDD
used to drive the organic LED display can be provided as a
single, common wire.
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[0191] [Embodiment 6]

[0192] FIGS. 14-18 show another embodiment of means 1
and means 2 in accordance with the present invention.

[0193] FIG. 14 shows a case where the bit data for a pixel
is transmitted line by line similarly to conventional liquid
crystal displays. In this case, on a substrate 75 are there
provided a serial/parallel converter circuit 76, a controller
77, pixels 81 in display regions 79, and memory cells 80 in
memory arcas 78 situated external to the pixels.

[0194] FIG. 15 shows, as an example, an equivalent
circuit structure of the display pixel, and FIG. 16 shows, as
an example, an equivalent circuit structure of the memory
cell.

[0195] Specifically, FIG. 15 is an embodiment of the first
arrangement of the first means in accordance with the
present invention. The pixel 81 includes a TFT (first switch-
ing element) 6, an organic LED display (an electro-optic
element) 8, a capacitor (TFT 7, potential maintaining means)
92 which drives the organic LED display 8, and memories
(memory means) 83-85. The TFT 6 is connected at the
source electrode thereof to a signal wire Sj, at the gate
electrode thereof to a scan wire Ci, and at the drain electrode
thereof to a wire A. Between each of the memories 83-85
and the wire A are there interposed TFTs (second switching
clements) 86-91 whose gate clectrodes are connected to
control lines Cibitl and Cibit2.

[0196] In this case, when the TFT 6 is in a non-conducting
state, since the memory 83 is connected to the p-type TFT
86 and the n-type TFT 87, if the control line Cibitl is LOW
and the control line Cibit2 is HIGH, the data in the memory
83 is output to the wire A. Further, since the memory 84 is
connected to the n-type TFT 88 and the p-type TFT 89, if the
control line Cibitl is HIGH and the control line Cibit2 is
LOW, the data in the memory 84 is output to the wire A.
Further, since the memory 85 is connected to the n-type TFT
90 and the n-type TFT 91, if the control lines Cibitl and
Cibit2 are both HIGH, the data in the memory 85 is output
to the wire A.

[0197] When the TFT 6 is in a conducting state, if the
control line Cibitl is LOW and the control line Cibit2 is
HIGH, the data in the signal wire Sj is written to the memory
83. Further, if the control line Cibit1 is HIGH and the control
line Cibit2 is LOW, the data in the signal wire Sj is written
to the memory 84. Further, if the control lines Cibitl and
Cibit2 are both HIGH, the data in the signal wire Sj is
written to the memory 85.

[0198] A TFT Q1 is connected between the capacitor 92
and the wire A. A control line CiC is connected to the gate
electrode of the TFT Q1. Accordingly, when the TFT Q1 is
in a conducting state, the potential of the capacitor 92 is the
potential given to the wire A. When the TFT Q1 is in a
non-conducting state, the potential of the capacitor 92 is
retained. The driver TFT 7 used to drive the organic LED
display 8 is controlled through the potential of the capacitor
92.

[0199] FIG. 16 shows the memory cell 80 which is
another embodiment of the first means in accordance with
the present invention. In the memory cell 80 are there
provided a TFT (first switching element) Q10 and memories
(memory means) 93-96. The TFT Q10 is connected at the
source electrode thereof to a signal wire Dj, at the gate
electrode thereof to a gate wire Gi, and at the drain electrode
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thereof to a wire B. The memories 94-96 are connected to
TFTs (second switching elements) Q4-Q9 whose gate elec-
trodes are connected to control lines Gibitl, Gibit2.

[0200] In this case, when the TFT Q1 is in a conducting
state and there is no output from the serial/parallel converter
circuit 76, since the memory 94 is connected to the p-type
TFT Q4 and the n-type TFT QS, if the control line Gibitl is
LOW and the control line Gibit2 is HIGH, the data in the
memory 94 is output to the wire B. Further, since the
memory 93 is connected to the n-type TFT Q6 and the p-type
TFT Q7, if the control line Gibitl is HIGH and the control
line Gibit2 is LOW, the data in the memory 95 is output to
the wire B. Further, since the memory 96 is connected to the
n-type TFT Q8 and the n-type TFT Q9, if the control lines
Gibitl and Gibit2 are both HIGH, the data in the memory 96
is output to the wire B.

[0201] When the TFT Q1 is in a conducting state and there
is an output from the serial/parallel converter circuit 76, if
the control line Gibitl is LOW and the control line Gibit2 is
HIGH, the data in the signal wire Dj is written to the
memory 94. Further, if the control line Gibitl is HIGH and
the control line Gibit2 is LOW, the data in the signal wire Dj
is written to the memory 95. Further, if the control lines
Gibitl and Gibit2 are both HIGH, the data in the signal wire
Dj is written to the memory 96.

[0202] Further, a p-type TFT Q2 is interposed between the
input terminal of the memory 93 and the wire B. To the gate
electrode thereof is connected a control line GIRW. An
n-type TFT Q3 is interposed between the second inverter
output terminal (output terminal) of the memory 93 and the
first inverter input terminal (input terminal) thereof. To the
gate electrode thereof is connected a control line GiRW.
Further, a p-type TFT Q26 is interposed between the second
inverter output terminal and the wire B. To the gate electrode
thereof is connected a gate wire Gi.

[0203] As a result, if the gate wire Gi is HIGH and the
control line GiRW is LOW, the data in the signal line Dj is
written to the memory 93. Further, if the gate wire Gi is
HIGH and the control line GiRW is HIGH, the data in the
memory 93 is retained. Further, if the gate wire Gi is LOW,
the data in the memory 93 is output to the wire B.

[0204] Since the output impedance of the memory 93 is
specified lower than the other memories 94-96, if the gate
wire Gi is LOW, and the other memories 94-96 turns into a
conducting state with the wire B, the data in the memories
is replaced with the data in the memory 93.

[0205] In FIG. 14, the input bit data 82 is temporarily
stored in a shift register (not shown) in the serial/parallel
converter circuit 76 and thereafter stored in a latch (not
shown) where data for one line is retained.

[0206] From the latch, data for one line is sequentially
output for each bit. For example, in a case of a 6-bit tone, as
shown in (1) of FIG. 17, data is output line by line for each
bit from the 6th bit through the 1st bit.

[0207] Part of the output bit data is acquired to a memory
located in the pixel 81 in the display region 79 through the
control by the control circuit 77 and the rest is acquired to
a memory in the memory cell 80 located in the arca 78
outside the pixel (display region).
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[0208] For example, the 3rd- through 1st-bit data is writ-
ten to a memory (memories 94-96 in FIG. 16) outside the
pixel as shown in (2) of FIG. 17, and the 6th-through 4th-bit
data is written to memories M3-M1 (memorics 83-85 in
FIG. 15) inside the pixel as shown in (3)-(5) of FIG. 17.

[0209] Incidentally, the 4th-bit data is simultaneously
written also to the capacitor 92 which controls the TFT 7 for
driving the organic LED display 8.

[0210] FIG. 17(14)-(22) shows the behavior of a control
signal for that purpose.

[0211] Specifically, supposing that a wire and a signal
travelling therethrough are identified by the same number,
for example, to describe a case of i=1, when the scan signal
C1 in FIG. 17(19) is HIGH, data is written from the outside
of the pixel to the memory or capacitor in the pixel. It is the
control signal C1bitl (20) and the control signal C1bit2 (21)
that control to which memory data is written. It is the control
signal C1C (22) that controls to which capacitor data is
written. If the gate signal G1 (14) in FIG. 17 is HIGH, data
is written to a memory outside the pixel. It is the control
signal G1bitl (15) and the control signal G1bit2 (16) that
control to which memory data is written.

[0212] Referring to the total time identified as (23) in FIG.
17, the 4th-bit data display period coincides with 8 selection
periods from the 3rd selection period to the 10th selection
period as shown in (6). Thereafter, the 6th-bit data is
transmitted from the memory inside the pixel to the capaci-
tor 92, to produce a display for 7 selection periods from the
11th through 17th selection period. Thereafter, the 1st-bit
data is transmitted from the capacitor 92 to the memory
outside the pixel to produce a display for one seclection
period, that is, the 18th selection period. Thereafter, the
5th-bit data is transmitted 92 from the memory to the
capacitor inside the pixel to produce a display for 7 selection
periods from the 19th through 25th selection period. There-
after, the 2nd-bit data is transmitted from the memory
outside the pixel to the capacitor 92 to produce a display for
2 selection periods from the 26th through 27th selection
period. Thereafter, the 6th-bit data is transmitted from the
memory inside the pixel to the capacitor 92 to produce a
display for 8 selection periods from the 28th through 35th
selection period. Thereafter, the 5th-bit data is transmitted
from the memory inside the pixel to the capacitor 92 to
produce a display for 9 selection periods from the 36th
through 44th selection period. Thereafter, the 6th-bit data is
transmitted from the memory inside the pixel to the capaci-
tor 92 to produce a display for 7 selection periods from the
45th through 51th selection period. Thereafter, the 3rd-bit
data is transmitted from the memory outside the pixel to the
capacitor 92 to produce a display for 4 selection periods
from the 52nd through 55th selection period. Thereafter, the
6th-bit data is transmitted from the memory inside the pixel
to the capacitor 92 to produce a display for 10 selection
periods from the 56th through 68th selection period.

[0213] As a result, the display period for the 6th-bit data
totals 7+8+7+10=32 selection periods, and that for the
5th-bit data totals 7+9=16 selection periods. If means 2 in
accordance with the present invention is used in this manner,
the 3-bit memory located in the area 80 outside the pixel,
apart from the 3-bit memory located in the pixel 81, can be
used to produce a display; therefore, a display in a total of
6-bit tones becomes possible. This produces more tones with
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less memories arranged in the pixel. Further, the memories
located outside the pixel can be reduced as many as the
memories located in the pixel. Therefore, the memory area
outside the pixel is reduced, and more panels can be cut out
of the same glass substrate, which reduces cost and enables
fabrication of a smaller display device but with the same
display area.

[0214] Incidentally, the greatest advantage in locating the
memories on the display substrate is reduction in power
consumption, which is especially useful in the portable
device market.

[0215] If a self-luminous element is used as an electro-
optic element, it is preferred to use an organic LED display
with high light emission efficiency for large amounts of
reductions in power consumption.

[0216] The effect of locating memories on the display
substrate is evident not only when producing a still image,
but also when producing simple video switching displays
(less than the memories located on the substrate).

[0217] A 3-bit memory is located in the pixel in FIG. 15
and a 4-bit memory is located outside the pixel (display
region) in FIG. 16. Adopting the structure, two 3-bit tone
video 1mages can be displayed by switching between them.
FIG. 18 shows the outline of the switching display in which
the periods allocated to the 1st through 3rd bit at the display
timings in FIG. 17 are allocated anew to the 4th through 6th
bits which are memory located in the pixel to produce a 3-bit
gray-scale method.

[0218] This is because using only those memories located
inside the pixels consume less power to produce displays.
Further, video switching between two or so displays would
presumably require no more than one or two switchings per
second; therefore, to display 64 frames per second, one
single video image display would last about 30 frames.
During that period, only the memories located in the pixel
are used to produce the display. Thereafter, contents are
swapped between the 3-bit memories located outside the
pixel and the 3-bit memories located in the pixel as shown
in FIG. 18 only when the video display is switched.

[0219] Incidentally, in FIG. 18, in the 3rd selection period,
the 4th bit (Ist bit in video 1) data is acquired from the
memory located in the pixel 84 to the memory 93 located
outside the pixel. In the 4th selection period, the st bit (Ist
bit in video 2) data is acquired from the memory outside the
pixel 95 to the memory located in the pixel 84. In the 7th
selection period, the 4th bit (1st bit in video 1) data is
acquired from the memory outside the pixel 93 to the
memory outside the pixel 95. In this case, the output
impedance of the memories outside the pixels 94-96 is
specified lower than the output impedance of the memories
located in the pixels 83-835.

[0220] Further, in the 37th selection period, the 5th bit
(2nd bit in video 1) data is acquired from the memory
located in the pixel 83 to the memory 93 located outside the
pixel. In the 38th selection period, the 2nd bit (2nd bit in
video 2) data is acquired from the memory outside the pixel
94 to the memory located in the pixel 83. In the 44th
selection period, the 5th bit (2nd bit in video 1) data is
acquired from the memory outside the pixel 93 to the
memory outside the pixel 94.
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[0221] Further, the 59th selection period, the 6th bit (3rd
bit in video 1) data is acquired from the memory located in
the pixel 85 to the memory 93 located outside the pixel. In
the 60th selection period, the 3rd bit (3rd bit video 2) data
is acquired from the memory outside the pixel 96 to the
memory located in the pixel 85. In the 63rd selection period,
the 6th bit (3rd bit in video 1) data is acquired from the
memory outside the pixel 93 to the memory outside the pixel
96.

[0222] The 3-bit data in the memory located in the pixel is
thus exchanged with the 3-bit data in the memory located
outside the pixel.

[0223] in this manner, with the first means and the second
means in accordance with the present invention, the display
can be switched between multiple video images without
applying power to the an external information source, such
as a CPU and therefore the present invention can reduce
power consumption by significant amounts.

[0224] [Embodiment 7]

[0225] Referring to FIGS. 19, 20, the following will
describe another embodiment in accordance with the present
invention. Here, for convenience, those members of the
present embodiment that have the same arrangement and
function as members of any one of the foregoing embodi-
ments, and that are mentioned in that embodiment are
indicated by the same reference numerals and description
thereof is omitted.

[0226] The present embodiment is an example of a driving
method using a pixel circuit of the first arrangement of
means 1 in accordance with the present invention.

[0227] FIG. 19 shows an equivalent circuit structure of a
pixel Ajj of the present embodiment. The equivalent circuit
is adapted so that a data wire Sj is connected to the source
terminal of a TFT (first switching element) 6 and that the
source terminal of a TFT (second switching element) 21, the
source terminal of a TFT (the third switching element) 20,
and the gate terminal of a TFT 15 forming an electro-optic
element are connected to the drain terminal of the TFT 6.
Incidentally, a memory circuit (static memory) 9 is con-
nected to the drain terminal of the TFT 21, and a capacitor
22 is connected to the drain terminal of the TFT 20.

[0228] Incidentally, without the TFT 20, the capacitor 22
acts as pure potential maintaining means; with the TFT 20,
the capacitor 22 can double as memory means. In the latter
case, the potential maintaining means is the stray capaci-
tance of a gate electrode of the TFT 15. Further, the TFT
(sixth switching element) 25 is connected to the gate termi-
nal of the TFT 15.

[0229] In other words, as mentioned earlier, in the organic
LED display 8 in FIG. 7, as shown in FIG. 9(«), a substrate
31, an anode 32, a hole entering layer 35, a hole transport
layer 36, a light-emitting layer 37, an electron transport layer
38, and a cathode 33 are formed in layers in this order to
render the organic LED display driver TFT 7 a p-type and
interposed the organic LED display 8 between the TFT 7 and
GND.

[0230] In contrast, in the organic LED display (electro-
optic element) 26 of the present embodiment in FIG. 19,
conversely, a substrate 31, a cathode 33, an electron trans-
port layer 38, a light-emitting layer 37, a hole transport layer
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36, a hole entering layer 35, and an anode 32 are formed in
layers in this order to render the organic LED display driver
TFT 15 an n-type and interpose the organic LED display 8
between the TFT 15 and the power source VDD.

[0231] In the pixel circuit structure in FIG. 19, Voff is
about 0 V, and Von is about 10 V. Incidentally in the pixel
TFT circuit structure in FIG. 19, the gate ON voltage wire
(voltage Voff) and the GND wire are provided separately;
however, since Voff=0V, the gate OFF voltage wire (voltage
Voff) and the GND wire may be provided as a common
single wire.

[0232] FIG. 20 shows a method of controlling a display
state using the pixel circuit structure in FIG. 19. Inciden-
tally, in FIG. 20, for descriptive purposes, it is presumed that
the number, m, of scan lines of a panel is 12 and that the
number, K, of tone bits displayed by each pixel is 4 bits or
16 tones. Incidentally, C1-C12 are scan lines.

[0233] First, a single frame period is divided by the
number of scan lines, ie., 12 to define a unit period
(indicated by a time A in FIG. 20). Next, cach unit period
is divided by the number of tone bits, i.e., 4, to define a
selection period (indicated by a time B in FIG. 20). Here-
inafter, the Y-th selection period in the X-th unit period will
be referred to as the time X-Y.

[0234] Therefore, for example, the p-th selection period in
a certain unit period N(j) is given by N(j)-p(j) where j is a
positive integer less than K.

[0235] In this case, one frame period TF is formed by
12x4=48 selection periods, the time for each tone is 48/15=
3.2. Accordingly, 3 selection periods are allotted to each
tone.

[0236] First, as shown by Cl in FIG. 20, the timing at
which the 1st bit data of the pixel connected to the 1st scan
line is transmitted to a data wire is defined as time 4-4.
Under these conditions, the 2nd bit data of the pixel con-
nected to the 1st scan line is transmitted to a data wire three
selection periods later, that is, at a timing of time 5-3. The
3rd bit data of the pixel connected to the 1st scan line is
transmitted to a data wire 3x2 selection periods later, that is,
at a timing of time 7-1.

[0237] Before reaching this stage, if the Y segments of the
selection periods X-Y of the bits overlap each other (if the
Ys are equal), the number of selection periods per tone is
adjusted so that there occurs no overlapping. In this
example, the Y segments do not overlap, and the operations
proceed.

[0238] In other words, here, time X-Y refers to the Y-th
selection period in X unit selection periods. In the driving
method, since the timing for the scan line A+1 comes one
unit selection period later than the timing for the scan line A,
overlapping Y segments cause simultaneous selection peri-
ods for the two scan lines. For example, in FIG. 20, if there
is a selection period 4 in Y=1, “4” in C1 and “3” in C7 occur
simultaneously. However, it is impossible to supply different
data items simultaneously to one signal line, and no display
is produced as a result. Accordingly, the overlapping of Y
segments are avoided by the foregoing manner. That is,
overlapping Ys mean that the number of selection periods
allotted per tone is unsuitable and needs adjustment.
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[0239] Next, a timing is determined when to write data to
the memory (memory circuit 9) in the pixel connected to the
1st scan line. In other words, the memory in FIG. 19 is for
only 1 bit, and the 4th bit data is transmitted to a data wire
at a timing of 2, which is the remaining of the Y. The 4th bit
data is transmitted at a timing of time 1-2 which is about 2
selection periods before the 1st bit data transmitted to a data
wire and which is given by 3 (number of selection periods
allotted to each tone)x8 (the ratio of the 4th bit to the 1st bit
in weight)+2 (roughly equal division is needed). Thus,
displays are produced while writing the 4th bit data to the
memory, and thereafter, the 1st to 3rd bit data is displayed.
Thereafter, 4th bit data is read from the memory for displays.

[0240] The above process determines the transmit timings
of the bit data. Those timings are timings for the scan line
C1. Timings for the other scan lines C2-C12 are determined
by delaying the timings sequentially by a unit period or
periods.

[0241] The control line Cibitl in FIG. 19 is controlled so
that the TFT 20 is in a conducting state from the 1st-bit data
transmit timing to a timing when a display is produced from
the 3rd bit data.

[0242] The control line Cibit2 is controlled so that the TFT
21 turns to a conducting state at a timing when a display is
produced from the 4th bit (MSB) data stored in the memory.

[0243] Incidentally, as for the timings in FIG. 20, 45
selection periods, which is a product of 3 selection periods
of a 1-bit weight and the number of tones, that is, (2 to the
4th power —1)=(1+2+4+8), does not match 48, which is a
product of the number of scan lines and the number of bits,
that is, 12x4; therefore, the TFT 25 and the control line
Cibit3 for switching the TFT 25 are included as shown in
FIG. 19. To put it other way round, if the number, m, of scan
lines times the number, K, of bits is equal to the selection
period per bit times (2 to the K-th power -1), the TFT 25
does not need to be included.

[0244] The TFT 25 is connected at its source electrode to
the gate electrode of the TFT 15 and at its drain electrode to
GND, so that the current flowing through the organic LED
display 26 is 0. The TFT 25, as shown in FIG. 20, is in a
conducting state when the TFTs 20, 21 are in a non-
conducting state.

[0245] FIG. 20 shows results of the above scanning by
enclosed square patterns in C1-C12: the pixels connected to
the scan lines perform display operations at the shown
timings based on the shown bits.

[0246] Those pixels each having its own memory, capaci-
tor controllable independently from the data stored in that
memory, and reset means have advantages over the time-
division tone control shown in FIG. 11. Some of the
advantages are: (1) the power source VDD does not need to
be controlled; and (2) light-on periods account for not less
than 90% of each frame period.

[0247] Further, such pixels are as effective as FIG. 11 to
restrain the development of moving picture breakups.

[0248] Incidentally, in FIG. 19, the TFT 20 is disposed in
series with the capacitor 22; however, the TFT 20 is dis-
pensable. Specifically, the TFT 20 is dispensable if the
memory circuit 9 is a static memory circuit and the adverse
effect that the electric charge stored in the capacitor 22
causes to the output voltage from the static memory circuit
upon the turn-ON of the TFT 21 is evaluated to eliminate the
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adverse effect by, for example, reducing the capacitance of
the capacitor 22 or interposing a capacitor with a capaci-
tance larger than that of the capacitor 22 between the TFT 21
and the static memory.

[0249] Further, a capacitor may be used in place of a static
memory.
[0250] FIG. 21 shows such an example in which memory

means 98 in accordance with the present invention is formed
by a TFT Q23 and a capacitor 100 and potential maintaining
means 99 is formed by a TFT Q24 and a capacitor 101.

[0251] Therefore, the arrangement in FIG. 21 enables the
same driving method as that in FIG. 19.

[0252] [Embodiment 8]

[0253] Referring to FIGS. 22 through 25, the following
will describe another embodiment of the driving method
using a pixel circuit in accordance with the present inven-
tion. Here, for convenience, those members of the present
embodiment that have the same arrangement and function as
members of any one of the foregoing embodiments, and that
are mentioned in that embodiment are indicated by the same
reference numerals and description thereof is omitted.

[0254] FIG. 22 shows a circuit structure of a pixel used in
the present embodiment.

[0255] Specifically, the memory circuit 9 made of a static
memory in FIG. 19 has a 1-bit arrangement. A correspond-
ing memory circuit 18 made of a static memory in FIG. 22
is an example of a memory circuit structure for multiple bits
(in FIG. 22, a 2-bit arrangement is shown for convenience
in illustration) in which TFTs 61, 62 are disposed for bit
control purposes between the gate of an organic LED display
driver TFT 15 and a memory circuit 18 and between that
gate and a memory circuit (first memory element) 17, the
memory circuits 17 and 18 both being made of a static
memory.

[0256] Here, conditions are calculated and applied under
which the TEFT 25 is not used as in FIG. 19. First, conditions
are sought under which the Ys in times X-Y allotted to the
bits do not overlap at low-order tones.

[0257] A research has exhibited that with a 2-bit memory
provided, calculating up to a 5-bit tone is easy.

[0258] In other words, with a 4-bit tone, anything will do
and multiples of 4 per tone, for example, except 1, 2, 3, 5,
6, . . . selection periods, as shown by (2)-(6) in FIG. 23.
Incidentally, (1) in FIG. 23 shows the Y-th selection periods
(indicated by 1-4) of the X-th unit period (indicated by 1-21)
which are indicated by time A and time B. Now that the
number of selection periods per tone is known, it will be
checked based on how many scan electrodes a display is
produced.

[0259] In the case of (2) in FIG. 23, the number of
selection periods required to produce a 16 gray-scale display
is (16 tones -1)x1=15. However, the number is not a
multiple of the number of bits, that is, 4, and the TFT 25
must be used as in FIG. 19 to achieve such a display.
Accordingly, it is understood that a 13 grayscale display is
to be produced so that the number of tones less one is a
multiple of 4, and the number of required selection periods
is (13 tones -1)x1=12, and 12/4=3 scan lines are sufficient.
Here, the weight of the largest tone bit is 5 tones.
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[0260] In the case of (3) in FIG. 23, the number of
selection periods required to produce a 16 gray-scale display
is (16 tones -1)x2=30. However, the number is not a
multiple of the number of bits, that is, 4, and similarly, a 15
gray-scale display is to be produced so that the number of
tones less one is a multiple of 4. It is understood that the
number of required selection periods is (15 tones —1)x2=28,
and 28/4=12 scan lines are sufficient. Here, the weight of the
largest tone bit is 7 tones.

[0261] In the case of (4) in FIG. 23, the number of
selection periods required to produce a 16 gray-scale display
is (16 tones -1)x3=45. However, the number is not a
multiple of the number of bits, that is, 4, and similarly, a 13
gray-scale display is to be produced so that the number of
tones less one is a multiple of 4. It is understood that the
number of required selection periods is (13 tones —1)x3=36,
and 36/4=9 scan lines are sufficient. Here, the weight of the
largest tone bit is 5 tones.

[0262] In the case of (5) in FIG. 23, the number of
selection periods required to produce a 16 gray-scale display
is (16 tones -1)x5=75. However, the number is not a
multiple of the number of bits, that is, 4, and similarly, a 13
gray-scale display is to be produced so that the number of
tones less one is a multiple of 4. It is understood that the
number of required selection periods is (13 tones —1)x5=60,
and 60/4=15 scan lines are sufficient. Here, the weight of the
largest tone bit is 5 tones.

[0263] In the case of (6) in FIG. 23, the number of
selection periods required to produce a 16 gray-scale display
is (16 tones -1)x6=90. However, the number is not a
multiple of the number of bits, that is, 4, and similarly, a 15
gray-scale display is to be produced so that the number of
tones less one is a multiple of 4. It is understood that the
number of required selection periods is (15 tones —1)x6=84,
and 84/4=21 scan lines are sufficient. Here, the weight of the
largest tone bit is 7 tones.

[0264] To summarize, as to 4 selection periods per unit
period, if +1 (1 tone=1 selection period, 1 tone=5 selection
periods) and +2 (1 tone=2 selection periods, 1 tone=6
selection periods) are OK, -1 (1 tone=3 sclection periods)
and -2 (1 tone=2 selection periods, 1 tone=6 selection
periods) will also do.

[0265] Further, the number of obtained tones are also
determined: 12 tones for +1 and -1 and 15 tones for +2.

[0266] Once the Y timings in the time X-Y to which the 1st
and 2nd bits are allotted are determined in this manner and
so is the number of scan lines, the Y timings in the time X-Y
to which the remaining 3rd and the 4th bits are allotted can
be determined suitably (Ys do not overlap) in a correspond-
ing gray-scale display period.

[0267] The timings is determined in this manner, and
about a half of the period allotted to the 4th bit which is the
largest bit (including the 4th-bit data rewriting period) is
moved near the beginning of the frame period one unit
period at a time, to restrain moving picture breakups.

[0268] Further, if, as in (3) in FIG. 23, the 3rd-bit data
rewriting period does not exist at the beginning of the period
allotted to the 3rd bit, the timing is cut out from that
rewriting period one unit period at a time and moved to a
period in the first half allotted to the 4th bit which is the
largest bit.
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[0269] FIG. 23 is rewritten in this manner, and the results
are shown in FIG. 24,

[0270] The timing thus determined are the timings for the
scan line C1 in FIG. 20. Those for the remaining scan lines
C2-C12 can be determined by sequentially delaying the
timings by a unit period.

[0271] Similarly, with a 5-bit tone, anything will do and
multiples of 4 per tone, for example, except 1, 2, 3, 4, . . .
selection periods and multiples of 5 per tone as shown in
(2)-(5) in FIG. 25. Next, now that the number of selection
periods per tone is known, it will be checked based on how
many scan electrodes a display is produced.

[0272] In the case of (2) in FIG. 25, the number of
selection periods required to produce a 32 gray-scale display
is (32 tones -1)x1=31. However, the number is not a
multiple of the number of bits, that is, 5, and the TFT 23
must be used as in FIG. 19 to achieve such a display.
Accordingly, it is understood that a 31 grayscale display is
to be produced so that the number equals a multiple of 5, and
the number of required selection periods is (31 tones —1)x
1=30, and 30/5=6 scan lines are sufficient. In this case, the
weight of the largest tone bit is 15 tones.

[0273] In the case of (3) in FIG. 25, the number of
selection periods required to produce a 32 gray-scale display
is (32 tones -1)x2=62. However, the number is not a
multiple of the number of bits, that is, 5, and similarly, a 31
gray-scale display is to be produced so that the number of
tones less one is a multiple of 5. It is understood that the
number of required selection periods is (31 tones —1)x2=60,
and 60/5=12 scan lines are sufficient. Here, the weight of the
largest tone bit is 15 tones.

[0274] In the case of (4) in FIG. 25, the number of
selection periods required to produce a 32 gray-scale display
is (32 tone -1)x3=96. However, the number is not a multiple
of the number of bits, that is, 5, and similarly, a 31 gray-scale
display is to be produced so that the number of tones less one
is a multiple of 5. It is understood that the number of
required selection periods is (31 tones —1)x3=90, and 90/5=
18 scan lines are sufficient. Here, the weight of the largest
tone bit is 15 tones.

[0275] In the case of (5) in FIG. 25, the number of
selection periods required to produce a 32 gray-scale display
is (32 tones —1)x4=124. However, the number is not a
multiple of the number of bits, that is, 5, and similarly, a 31
gray-scale display is to be produced so that the number of
tones less one is a multiple of 5. It is understood that the
number of required selection periods is (31 tones —1)x4=
120, and 120/5=24 scan line are sufficient. Here, the weight
of the largest tone bit is 15 tones.

[0276] Inthe case of this 5-bit gray-scale display, similarly
to the case of a 4-bit gray-scale display, once the Y timings
in the time X-Y to which the 1st to 3rd bits are allotted are
determined and so is the number of scan lines, the Y timings
in the time X-Y to which the remaining 4th to 5th bits are
allotted can be determined suitably (Ys do not overlap) in a
corresponding grayscale display period.

[0277] Further, about a half of the period allotted to the 5th
bit which is the largest bit (including the 5th-bit data
rewriting period) is moved near the beginning of the frame
period one unit period at a time, to restrain moving picture
breakups.
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[0278] Incidentally, a substrate in accordance with the
present invention may be arranged so as to include:

[0279]

[0280] a first switching element connected at a first
terminal thereof to the first wire;

a first wire;

[0281] a first memory element electrically connected
to a second terminal of the first switching element;
and

[0282] an electro-optic element electrically con-

nected to the second terminal of the first switching
element.

[0283] Alternatively, a substrate in accordance with the
present invention may be arranged so as to include:

[0284]

[0285] a first switching element electrically con-
nected at a first terminal thereof to the first wire;

[0286] a first memory element electrically connected
to a second terminal of the first switching element;

a first wire;

[0287] potential maintaining means electrically con-
nected to the second terminal of the first switching
element; and

[0288] an eclectro-optic element electrically con-
nected to the second terminal of the first switching
element.

[0289] Alternatively, a substrate in accordance with the
present invention may be arranged in the above arrangement
so that the first memory element includes a second switching
element and a memory element for storing 1-bit data.

[0290] (1) and (2) below are examples of these arrange-
ments:

[0291] (1) A substrate including an arrangement in
which a first switching element is provided to each
electro-optic element, the source terminal of the first
switching element is connected to a data wire, the
drain terminal of the first switching element is elec-
trically connected to a first memory element, and the
drain terminal of the first switching element is elec-
trically connected to a pixel electrode.

[0292] Further, a substrate including an arrangement in
which a first switching element is provided to each piece of
memory means, a fourth switching element is provided to
each piece of potential maintaining means, the source ter-
minal of the switching element is connected to a data wire,
the drain terminal of the switching element is connected to
the memory means and the potential maintaining means, and
the outputs from the memory means and the potential
maintaining means are electrically connected to pixel elec-
trodes.

[0293] A display substrate or display in which an electro-
optic element, such as a liquid crystal display element,
doubling as potential maintaining means is connected to the
pixel electrodes of the substrate.

[0294] Incidentally, electrical connection here is defined to
encompass both direct connection and indirect connection
via a switching element.
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[0295] (2) A substrate including an arrangement in
which a first switching element is provided to each
electro-optic element, the source terminal of the first
switching element is connected to a data wire, the
drain terminal of the first switching element is elec-
trically connected to a first memory element, the
drain terminal of the first switching element is elec-
trically connected to potential maintaining means,
such as a capacitor element, and the drain terminal of
the first switching element is connected to the gate
electrode of an active element for driving the electro-
optic element.

[0296] Further, a substrate including an arrangement in
which a first switching element is provided to each piece of
memory means, a fourth switching element is provided to
each piece of potential maintaining means, the source ter-
minal of the switching element is connected to a data wire,
the drain terminal of the switching element is connected to
the memory means and the potential maintaining means, and
the outputs from the memory means and the potential
maintaining means are connected to the gate electrode of an
active element for driving an electro-optic element.

[0297] Incidentally, in the substrate, a fifth switching
element is preferably provided between the gate electrode of
the active element and the memory means and the potential
maintaining means.

[0298] Further, a display substrate or display in which an
electro-optic element, such as an organic LED display, is
connected to the source terminal or drain terminal of the
active element of the substrate.

[0299] Incidentally, the capacitor element is preferably
formed either by a capacitor and the third switching element
or by a capacitor alone.

[0300] If the capacitor element is formed by a capacitor
alone, no special capacitor is needed: a gate electrode
capacitance in the active element can be used for that
purpose.

[0301] The arrangements (1), (2) enables a display of more
tones than the memories located in the pixel at low power.
Further, the resultant substrate is suitable to time-division
displays and readily modified to solve the problem of
moving picture breakups; the effects are obvious.

[0302] In the arrangements (1), (2), the first memory
element is preferably formed based on the third switching
element and a memory element for storing 1-bit data.

[0303] In producing a time-ratio gray-scale display with
the substrate arrangements (1), (2) in accordance with the
present invention, a driving method can be used which
contains: a first period in which a train of voltages are
applied to the liquid crystal display element or potential
maintaining means; a second period in which data is held to
the first memory element; and a third period in which a
voltage is applied to the liquid crystal display element or
potential maintaining means using the data of the first
memory element.

[0304] The third period, among them, occurs more than
once in a predetermined cycle and thus solves the first
problem of the present invention: moving picture breakups
are reduced.
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[0305] In other words, in the PDP and other pieces of
apparatus, animated-image moving picture breakups are
reduced by dividing large bit-weight data into several sets
and displaying those sets before or after small bit-weight
data. However, in the PDP, etc., since the large bit-weight
data is displayed more than once, display scanning needs be
done for each display.

[0306] In contrast, with an arrangement in accordance
with the present invention in which the pixel has a memory,
by holding the large bit-weight data for each pixel in the
second period, multiple displays of the large bit-weight data
in the third period can be produced without carrying out
display scanning.

[0307] Further, a display in accordance with the present
invention is a display containing the substrate and operates
by the scan method (3) for the first to third periods as
follows:

[0308] (3) Render the number of scan electrodes not
more than m and the number of tones to be displayed
by each pixel not more than K bits;

[0309] divide one cycle into m unit periods and each
unit period into K selection periods;

[0310] supply the 1st-bit data to a data electrode in
the p-th selection period in the A-th unit period,

[0311] supply the 2nd-bit data to a data electrode in
the g-th selection period (q=p) in the B-th unit
period; and

[0312] supply the K-th bit data to a data electrode in
one or more of K selection periods forming a unit
period of the S-th selection period, which is or are
not used for other bits, where m is a positive integer,
K is an integer larger than 1, and A, B, p, g, S are
integers not less than 0).

[0313] In other words, when the number of scan lines of
the display panel is not more than m and the number of
display tones not more than K bits, the following operations
are possible: one frame (or field) period is divided into m
unit periods, each unit period is divided into K selection
periods;

[0314] the eclectro-optic element or the potential
maintaining means of a pixel on a scan line is
rewritten using the 1st-bit data in the p-th selection
period in the A-th unit period, using the 2nd-bit data
in the g-th (g=p) selection period in the B-th (B=A or
B=A) unit period, using the 3rd-bit data in the r-th
(r=q, r=p) selection period in the C-th (C=B, C=A)
unit period, and so on; and

[0315] the first memory element of the pixel on the
scan line is rewritten using K bits (largest weight-
bits) in one or more of K selection periods forming
a unit period of the s-th (s<r, s<q, s<p) selection
period, which is or are not used for other bits.

[0316] Here, the time period in which the 1st-bit data is
being supplied to the electro-optic element or the potential
maintaining means of the pixel is approximately in direct
proportion to the weight of the 1st bit, and the time period
in which the 2nd-bit data is supplied to the electro-optic
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element or the potential maintaining means of the pixel is
approximately in direct proportion to the weight of the 2nd
bit.

[0317] Further, the time period in which the largest bit data
is being read from the first memory element and supplied to
the electro-optic element or the potential maintaining means
of the pixel is controlled by means which is independent
from the rewriting means.

[0318] Due to the inclusion of the independent means, the
time period in which the largest-bit data is being supplied to
the electro-optic element or the potential maintaining means
of the pixel is approximately in direct proportion to the
weight of the largest bit.

[0319] According to the scan method, in a time-ratio
grayscale method, the rate of the display period in a single
frame period can be increased, which improves brightness
and efficiency; the effects are obvious.

[0320] In the arrangements (1), (2), a sixth switching
element is preferably interposed between the potential main-
taining means and the OFF brightness setting wire. With the
arrangement, as described in embodiment 7, the display
control can have greater versatility than in embodiment 8
which is without the arrangement.

[0321] Further, a substrate in accordance with the present
invention may include a first memory element for each
electro-optic element and be arranged so that the electro-
optic element has a power source wire separately from a
power source wire of the first memory element.

[0322]

[0323] (4) A substrate includes a pixel electrode
connected to an electro-optic element, such as a
liquid crystal display element, and a first memory
element for applying voltage to the pixel electrode,
and

[0324] the first memory element includes an ON-
control TFT (transistor) for controlling conducting/
non-conducting states with an ON brightness setting
wire and an OFF-control TFT (transistor) for con-
trolling conducting/non-conducting states with an
OFF brightness setting wire.

(4), (5) below are examples of these arrangements:

[0325] Further, a display substrate or display can be
formed by connecting an electro-optic element, such as a
liquid crystal display element, to the pixel electrode of the
substrate.

[0326] The voltage applied to the ON brightness setting
wire and the OFF brightness setting wire is preferably such
that the voltage can be specified separately and indepen-
dently from the power source voltage applied to the electro-
optic element.

[0327] (5) A substrate includes an active element
(driver TFT (transistor)) for driving an electro-optic
element, such as an organic LED display, and a first
memory element connected to the gate electrode of
the active element (driver TFT (transistor)), and

[0328] the first memory element includes: an ON-
control TFT (transistor) for controlling conducting/
non-conducting states between the gate electrode of
the driver TET (transistor) and an ON brightness
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setting wire; and an OFF-control TFT (transistor) for
controlling  conducting/non-conducting  states
between the gate electrode of the driver TFT (tran-
sistor) and an OFF brightness sctting wire.

[0329] Further, a display substrate or display can be
formed by connecting an electro-optic element, such as an
organic LED display to the source terminal or drain terminal
of the active element of the substrate.

[0330] The voltage applied to the ON brightness setting
wire and the OFF brightness setting wire is preferably such
that the voltage can be specified separately and indepen-
dently from the power source voltage applied to the electro-
optic element.

[0331] In a special case when the number of display tones
is specified to K bits in the driving of the substrates of the
arrangements (1), (2), each pixel is rewritten K times per
frame (or field) period. Accordingly, it is preferable to
transmit a reduced voltage to the signal wire and provide a
voltage converter circuit to the pixel.

[0332] Further, since input data is data for the pixel unit,
to enable bit-by-bit transmission of the data, a display
substrate or display preferably includes:

[0333] a SRAM (static random access memory),
located outside a pixel, to which a CPU or the like
writes data representing the image (or text) to be
displayed on the display;

[0334] an output wire for transmitting display data
for one line at a time from the SRAM; and

[0335] memory (pixel memory), provided inside the
pixel, for storing data transmitted via the wire in each
pixel.

[0336] Further, if pixel data is input conventionally line by
line, if is preferable to output the pixel data bit by bit in a line
period, using a shift register and a latch, and load the bit data
to a memory located in the pixel and a memory (SRAM)
located outside the pixel (display region). Especially pre-
ferred is an arrangement in which the required memory is
partly located inside the pixel with the remaining part
located outside the pixel and the data in the memory outside
the pixel is acquired using the potential maintaining means
located in the pixel. According to the arrangement, a gray-
scale display can be produced with required display quality
by providing only a part of the bit required to produce the
display in the pixel. Further, the memories located outside
the pixel can be reduced by the same number as those
memories located in the pixel, which is preferable because
of overall reduction in the area outside the pixels (display
region).

[0337] Further, the first memory element in the arrange-
ments (1), (2) is directly connected to the electro-optic
element and the switching element (TFT, transistor) for
driving the electro-optic element; therefore, in the arrange-
ment of means 4, 5, the output voltage from the first memory
element is preferably such that the voltage can be specified
independently from the power source voltage applied to the
electro-optic element.

[0338] Further, the SRAM may be either fabricated in the
same process as the pixel memory and the TFT or in a
different process for later connection.
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[0339] Specifically, the SRAM, together with the pixel
memory and the TFT, can be fabricated in a single Poly-Si
TFT or CGS TFT process. Alternatively, only the pixel
memory and the TFT are fabricated by a Poly-Si TFT or
CGS TFT process, whereas the SRAM can be fabricated by
a monocrystalline semiconductor process and connected
later.

[0340] Further, the CPU and the SRAM may be either
fabricated separately or integrated.

[0341] The foregoing display in which each pixel has its
own pixel memory, the output of that pixel memory is
applied to the gate voltage of the driver TFT, and the driver
TFT drives the self-luminous element preferably includes a
circuit structure which retains the output voltage from the
pixel memory and another circuit structure which converts
the output voltage from the pixel memory to a suitable ON
potential (-5 V or below in the case of FIG. 8) and OFF
potential (5 V or above in the case of FIG. 8).

[0342] Accordingly, a circuit structure is useful in which
a switching element switches between the gate electrode of
the driver TFT, the ON electrode through which a suitable
ON potential is applied to the gate electrode, and the OFF
electrode through which a suitable OFF potential is applied
to the gate electrode.

[0343] It would be adequate If the memory circuit pro-
vided to each pixel specifies whether the potential to be
applied to the gate electrode of the driver TFT is the ON
potential or the OFF potential.

[0344] Especially preferred is a circuit structure in which
the output end of the memory circuit gives the ON/OFF
potential.

[0345] With the arrangement, the display produced by the
electro-optic element in which each pixel has a memory
becomes stable and less likely to develop brightness devia-
tion. Advantages are obvious.

[0346] Further, a substrate in accordance with the present
invention, in the arrangement, may be such that each pixel
(dot) has a memory function and there are provided wires to
transmit display data stored in a second memory element,
not in the pixel (dot) memory, to multiple pixel (dot)
memories simultaneously.

[0347] Further, a substrate in accordance with the present
invention, in the arrangement, may be such that each pixel
(dot) has a memory function and contains a second memory
element in addition to the pixel (dot) memory.

[0348] In the arrangements (1), (2), transmitting data
stored in the SRAM outside the pixel is useful in rewriting
the memory provided to each pixel. When this is the case, as
in the foregoing case, the foregoing circuit structure in
which the output voltage from the pixel memory does not
change preferably includes a as in FIGS. 31, 32, but a static
memory arranged in the foregoing manner.

[0349] Further, the required memory (SRAM) may be
partly provided in the pixel with the remaining part outside
the pixel.

[0350] The SRAM may be an IC fabricated by a monoc-
rystalline silicon process or a circuit fabricated by a Poly-Si
TFT process. The SRAM includes memories corresponding
to display dots, m in widthxn in height (in the case of a black
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& white display, pixels=dots; in the case of a color display,
each pixel is made of 3 dots of RGB, and therefore pixels=
3xdots) and also includes output wires corresponding to the
dots in each line of the display, in place of a SEG-side drive
circuit (driver circuit).

[0351] This enables the external, pixel-by-pixel data input
to be transmitted directly in parallel from the SRAM to the
pixel memories one line at a time bit by bit in accordance
with the driving method. As shown in FIG. 28, in compari-
son to the transmission via a signal line driver, the workload
and power to transmit data from the SRAM to the signal line
driver circuit can be saved. The reduction in power con-
sumption is especially notable when the arrangement is
applied to means 1, 2 of the present invention.

[0352] According to the arrangement, the image data for
one line from which a display is to be produced can be
transmitted directly from the SRAM generating image data
from which a display is to be produced to the pixel memory.
Power consumption can be saved for the transmission of
data to the SEG-side drive circuit (driver circuit). The device
overall consumes less power. Advantages are obvious.

[0353] The first means in accordance with the present
invention to achieve the first objective can be arranged so
that in a time-ratio gray-scale method, each electro-optic
element has its own memory means and potential maintain-
ing means, and the display produced by the electro-optic
element is controllable using outputs from the memory
means and the potential maintaining means.

[0354] In this arrangement, to suppress the amounts of
developed moving picture breakups in a case that multiple
electro-optic elements are provided in a display screen
which is the first objective to produce a time-ratio gray-scale
display, large-weight bit data (bits less than, or equal to, the
memories in each electro-optic element, irrespective of a
single bit or multiple bits) is stored in memory means, and
a display is produced by dividing the bit data stored in the
memory means while a display is being produced from the
remaining bit data by means of time-division tones, using
the potential maintaining means. This reduces the maximum
length of a successively displayed tone data and suppresses
the amounts of developed moving picture breakups.

[0355] When the bit data stored in the memory means is
divided to produce a display, there are two cases, in one of
which the potential of the potential maintaining means is
controlled using an output from the memory means and the
electro-optic element is controlled using the potential of the
potential maintaining means, in the other of which the
switching element switches between the outputs from the
potential maintaining means and the memory means and the
electro-optic element is controlled using the resultant poten-
tial. An example of the switching element is a TFT element
used in liquid crystal displays.

[0356] When there are more than one memory means, in
addition to a gray-scale method, a display can be produced
by switching between the multiple memory means, potential
maintaining means, etc. by means of a switching element
and thus switching between multiple video images by way
of a resultant output supplied to the electro-optic element.
The function is available even without power being supplied
to a signal source, such as a CPU, outside the display and
therefore useful in reducing the power consumption by the
display.

Jul. 18, 2002

[0357] The first means in accordance with the present
invention which aims to achieve the second objective may
be arranged so that each electro-optic element has corre-
sponding memory means and potential maintaining means
and the display produced by the electro-optic element is
controlled using outputs from the memory means and the
potential maintaining means.

[0358] To display more tones than memories located in
each electro-optic element which is the second objective, the
arrangement provides potential maintaining means in addi-
tion to the memory (even if a memory is omitted) for each
electro-optic element. By the acquiring multiple bit data to
the potential maintaining means in a time-ratio manner,
more bit tones than the memories can be displayed.

[0359] The above gray-scale method which uses both the
memory means and the potential maintaining means can be
divided into two categories: the aforementioned time-ratio
gray-scale method and an analog gray-scale method which
will be now described. In the analog grayscale method, the
memory means and the potential maintaining means are
used simultaneously to generate voltage, current, etc. which
is then applied to the electro-optic element to produce a
gray-scale display.

[0360] In this case, the production of a multiple display
does not require the provision of a switching element for
switching whether the data to be displayed to the electro-
optic element is the memory means or the potential main-
taining means. However, to produce a display be switching
between multiple video images, it is preferred if the switch-
ing element is provided.

[0361] Further, when this is the case, the below bit data
supplied to the above potential maintaining means is
acquired in some cases from the memory located outside the
pixel (display region) and in the others from an external
signal generator, such as a CPU, which is that pixel.

[0362] The first means in accordance with the present
invention which aims to achieve the third objective may be
arranged so that each electro-optic element has correspond-
ing memory means and potential maintaining means in a
display in which a memory is located outside the pixel
(display region) and the display produced by the electro-
optic element is controlled using outputs from the memory
means and the potential maintaining means.

[0363] To reduce the amounts of memory located outside
the pixel (display region) which is the third objective, the
arrangement provides part of the memory in a pixel. To
display tones using the memory outside the pixel and the
memory located inside the pixel simultaneously, there is
provided, in a pixel, potential maintaining means which
acquires the memory data outside the pixel in a time-
division manner to display tones.

[0364] In this case, without providing a power source to a
signal source, such as a CPU, external to the display,
switching between multitone video displays becomes pos-
sible, which is useful in reducing power consumption by the
display.

[0365] Therefore, concrete examples of the memory
means include a nonvolatile memory, such as a FRAM,
which does not lose stored data without a power supply, a
static memory, such as a SRAM, which does not lose stored
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data while the power source in on (two CMOS inverters with
the output of one connected to the input of the other and vice
versa), and dynamic memory structure, such as a capacitor,
which does not lose data for several frame periods.

[0366] If the first objective is the only objective to be
achieved, the memory means may be a dynamic memory
constructed around a simple capacitor.

[0367] Further, since the potential maintaining means can
be considered a memory which temporarily holds externally
provided data, the nonvolatile memory or static memory can
be used. That said, a simply arrange capacitor is preferably
used due to a short data holding period.

[0368] The electro-optic element used in the present
invention includes a liquid crystal element and other ele-
ments, such as an element formed by a self-luminous
element and an active element, attached to the self-luminous
element, for driving the self-luminous element.

[0369] Especially, when liquid crystal is used as the elec-
tro-optic element, since the liquid crystal itself is a capacitor,
the liquid crystal can double as the potential maintaining
means. In this case, the potential maintaining means is not
necessarily visible.

[0370] Further, when an arrangement in which an active
element is attached to a self-luminous element to drive the
self-luminous element is used as the electro-optic element,
since there is also a stray capacitance between the active
element and the potential maintaining means, such a case is
conceivable that the potential maintaining means itself is a
stray capacitance. In that case, the potential maintaining
means is not necessarily visible.

[0371] A TFT element used in liquid crystal displays is
also used in the active element.

[0372] That arrangement is recognizable with a TFT sub-
strate before it is fabricated in a display. A display substrate
is obtained by building an electro-optic element into a
specified electrode on the substrate.

[0373] The first means in accordance with the present
invention is useful in an arrangement in which there are
provided multiple electro-optic elements on a display sub-
strate. The arrangement to send data to the memory means
and the potential maintaining means corresponding to the
multiple electro-optic elements from the outside of the
display substrate can be divided into two categories: a
method of providing a wire for each piece of the memory
means and potential maintaining means and another method
of providing the memory means or potential maintaining
means to a single wire.

[0374] According to the latter method, a new switching
element is needed between the wire and the memory means
or potential maintaining means. A typical example of such
an arrangement IS matrix arrangements.

[0375] Specifically, multiple first wires (data lines or
source lines) and multiple second wires (scan line or gate
line) arranged to cross the first wire are formed on a display
substrate, the electro-optic element, memory means, and
potential maintaining means are arranged near intersections
of the first wires and the second wires, and first switching
elements provided between the first wires and the memory
means and the potential maintaining means.
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[0376] The first switching element has a three-terminal
arrangement like a TFT and is arranged so as to be connected
at the first terminal (source terminal) thereof to the foregoing
first wire, at the second terminal (drain terminal) directly or
indirectly to the electro-optic element, the memory means,
and the potential maintaining means, and at the third termi-
nal (gate terminal) to the foregoing second wire.

[0377] The arrangement can be varied greatly depending
on how the second terminal (drain terminal) of the first
switching element is connected to the electro-optic element,
the memory means, and the potential maintaining means.

[0378] Specifically, what we suggest as the first arrange-
ment is an arrangement in which a first switching element is
provided to each electro-optic element. The first terminal
(source terminal) of the first switching element is connected
to a first wire (data line), and the second terminal (drain
terminal) of the first switching element is electrically con-
nected to memory means, such as a memory element.
Further, the second terminal (drain terminal) of the first
switching element is electrically connected to potential
maintaining means, such as a capacitor element, and the
second terminal (drain terminal) of the first switching ele-
ment is connected to an electro-optic element.

[0379] In this context, electrical connecting the second
terminal (drain terminal) of the first switching element to
memory means, such as a memory element, is defined as
connecting the memory means, such as a memory element,
and the second switching element in series and further to the
second terminal (drain terminal) of the first switching ele-
ment. In this case, when the memory means is a static
memory element, the second switching element is preferably
interposed between the second terminal (drain terminal) of
the first switching element and the memory means. Further,
when the memory means is a capacitor containing a ferro-
electric memory, the memory means may be interposed
between the first switching element and the second switch-
ing element.

[0380] Further, the electric connection of the second ter-
minal (drain terminal) of the first switching element to
potential maintaining means, such as a capacitor element, is
divided into two cases, in one of which the third switching
element is connected in series as with the memory means
and in the other of which (in a case that the potential
maintaining means is a capacitor) the connection is direct
without no third switching.

[0381] The former arrangement, in which the potential of
the potential maintaining means is never charged up due to
the potential of the memory means, is effective in reducing
power consumption. The latter does not require the provi-
sion of the third switching element and thereby offers more
space to accommodate other elements by just that much.

[0382] In the arrangement, either voltage or current is
generated based on outputs from the memory element and
the potential maintaining means and supplied to the electro-
optic element to produce a display.

[0383] In this case, the outputs from the memory means or
the potential maintaining means can be switchably selected
using the second switching element, the third switching
element, etc. to generate the voltage or current to be supplied
to the electro-optic element for switching between a gray-
scale display, a multiple video display, etc.
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[0384] To display multiple tones in that case, a time-ratio
gray-scale display method can be employed whereby out-
puts from the memory means or the potential maintaining
means are supplied to the electro-optic element for a period
that is in direct proportion to the weight of bits of the data
held to the memory means or the potential maintaining
means.

[0385] Further, without using the time-ratio gray-scale
display, voltage or current can still be generated which is in
direct proportion to the weight of bits of the data held to the
memory means or the potential maintaining means for
output to the electro-optic element.

[0386] What we suggest as the second arrangement is an
arrangement in which the first switching element is provided
in such a way to correspond to the memory means and the
fourth switching element is provided in such a way to
correspond to the potential maintaining means. Further, the
first terminal (source terminal) of the first switching element
is connected to a first wire (data line), and the second
terminal (drain terminal) of the first switching element is
connected to memory means, such as a memory element.
The first terminal (source terminal) of the fourth switching
element is connected to the first wire (data line), and the
second terminal (drain terminal) of the fourth switching
element connected to potential maintaining means, such as
a capacitor element.

[0387] Inthe arrangement, as in the foregoing case, either
voltage or current is generated based on outputs from the
memory element and the potential maintaining means and
supplied to the electro-optic element to produce a display.

[0388] In this case, to switch between the outputs from the
memory means or the potential maintaining means and
generate the voltage or current to be supplied to the electro-
optic element to produce a gray-scale display and multiple
video displays, there is needed a fifth switching element
between the memory means and the potential maintaining
means and the electro-optic element.

[0389] To display multiple tones in that case, a time-ratio
gray-scale display method can be employed whereby out-
puts from the memory means or potential maintaining means
are supplied to the electro-optic element for a period that is
in direct proportion to the weight of bits of the data held to
the memory means or the potential maintaining means.

[0390] Further, without using the time-ratio gray-scale
method, voltage or current can still be generated which is in
direct proportion to the weight of bits of the data held to the
memory means or the potential maintaining means for
output to the electro-optic element.

[0391] The electro-optic element may be a liquid crystal
element or an arrangement in which a self-luminous element
and an active element (TFT element) are connected in series
between the power source and the ground.

[0392] The first means in accordance with the present
invention, which is capable of reducing power consumption
by great amounts when applied to a display using memory
elements, is preferably used as a self-luminous element in a
device, such as an organic LED display, which boasts a high
light emitting efficiency.

[0393] Inthis manner, to achieve the first objective by way
of use of the first means in accordance with the present
invention, a display in accordance with the present invention
operates by a method of driving a display including electro-
optic elements which, as a result of application of voltage to
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pixels arranged for each scan line only for a time corre-
sponding to the tone in a horizontal scanning period for each
frame period, change electro-optically by an amount corre-
sponding to a tone of data to be displayed and produce a
display from the data for that frame period, and the method
can be arranged so that: first, second, and third periods are
specified in one frame period in this order; a data holding
period is specified before the third period in one frame
period; a voltage is applied to the electro-optic elements
only for a time corresponding to the data of the largest tone
(largest weight bit) in the first period; the first memory
element is caused to hold the largest tone data in the data
holding period; a voltage is applied to the electro-optic
elements only for a time corresponding to the data less than
the largest tone in the second period; and a voltage is applied
to the electro-optic elements only for a time corresponding
to a remaining time in the largest tone data held by the first
memory element in the third period.

[0394] According to the arrangement, the voltage for the
largest tone data is divided into parts and applied over
multiple times which exist before and after a voltage appli-
cation period for the data less than the largest tone in one
frame period. In the operation, the first voltage applied to the
electro-optic element in regard of the largest tone data is
held by the first memory element, and voltages for second
and successive applications are supplied not externally, but
from the first memory element.

[0395] Therefore, by holding large bit-weight data for
each pixel in the second period, displays can be produced in
the third period from the large bit-weight data without
carrying out display scanning. As a result, display scanning
does not need to be carried out for each display, and the
development of moving picture breakups can be suppressed.

[0396] A driving method, presented as an example of the
time-ratio gray-scale method using the first means in accor-
dance with the present invention, is a method of driving a
display including electro-optic elements which, as a result of
application of voltage to pixels arranged for each scan line
only for a time corresponding to the tone of the data to be
displayed in a horizontal scanning period for each frame
period, changes electro-optically by an amount correspond-
ing to the tone and produces a display from the data
corresponding to the frame period and can be arranged so
that one frame period is divided into m unit periods, and
each unit period is divided into K selection periods, where
m is the number of scan lines and K is the number of tone
bits displayed by each pixel, and also that, when the data in
the electro-optic elements of pixels on the scan line is
rewritten in a horizontal scanning period, the j-th bit data is
supplied to an electro-optic element at a timing of the p-th
selection period in a certain unit period N(j) for each j, and
the K-th bit data is supplied to the first memory element at
a timing of the p(K)-th selection period in a certain unit
period N(K) and thereafter supplied to the electro-optic
element from the first memory element, where j is a positive
integer less than K, and p(j) (j=1, 2, 3, . . ., K1), as well as
p(K), are mutually different, positive integers not more than
K.

[0397] According to the arrangement, the data for the
largest tone (largest weight bit) is supplied to the first
memory element at a timing of a certain selection period in
a certain unit period in one frame period, and thereafter, the
voltage for the largest tone data held by the first memory



US 2002/0093472 Al

element is applied to the electro-optic element. In other
words, the voltage for the largest tone data is held by the first
memory element, and when the voltage applied to the
electro-optic element, the voltage is supplied not externally,
but from the first memory element.

[0398] Therefore, by holding large bit-weight data for
each pixel, displays of the large bit-weight data can be
produced without carrying out display scanning. As a result,
display scanning does not need to be carried out for each
display, and the development of moving picture breakups
can be suppressed.

[0399] Further, in a time-ratio gray-scale method using the
first means in accordance with the present invention, an
arrangement is preferable in which there is provided a sixth
switching element between the potential maintaining means
and the OFF brightness setting wire.

[0400] When the potential maintaining means is directly
connected to the electro-optic element (not via a switching
element), in the first arrangement, the potential maintaining
means changes according to the voltage read from the
memory means and thereby controls the voltage or current
applied to the electro-optic element. Accordingly, using the
sixth switching element, the potential of the potential main-
taining means is specified to an OFF brightness potential.

[0401] Further, even when the potential maintaining
means is connected to the electro-optic element via a switch-
ing element, due to the presence of a stray capacitance, it is
similarly preferable to use the sixth switching element to
specify the potential of the stray capacitance to an OFF
brightness potential.

[0402] By thus releasing the electric charge held in the
potential maintaining means and the stray capacitance by the
use of the sixth switching element, the duration of the
voltage corresponding to the largest tone data being applied
to the electro-optic element can be adjusted in accordance
with the weight of the largest tone.

[0403] According to the driving method described above,
only the data for the largest bit is stored in the memory
provided to the pixel. The amounts of developed moving
picture breakups is in direct proportion to the weight of that
undivided largest bit. Therefore, dividing only the largest bit
will result the development of moving picture breakups for
the weight of a next bit.

[0404] Accordingly, in the present invention, the time-
ratio gray-scale display is preferably performed by using as
many memories provided to the pixels as possible.

[0405] Further, the first means in accordance with the
present invention is not only effective with the time-division
tones. The first means in accordance with the present inven-
tion can produce a gray-scale display of more bits than the
memories provided to the pixels which are the second
objective of the present invention.

[0406] The first arrangement as the foregoing gray-scale
display method is such that multiple voltages can be applied
to the electro-optic element which is an objective by pro-
viding multiple capacitors and controlling the voltage
applied to a terminal of each capacitor between binary
values, for example, a power source voltage and the ground
potential, using the memory element or the potential main-
taining means.
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[0407] According to an example of such a method, when
the electro-optic element is a liquid crystal element, one of
the two terminals is connected to an opposite electrode,
while the other terminal is connected to the multiple capaci-
tors, outputs from the memory means and the potential
maintaining means are used to control the voltage applied to
a terminal of each of the capacitors to a value which is equal
to an opposite voltage or another value, and the voltage
applied to the liquid crystal is varied in many stages.

[0408] When a liquid crystal is driven in this manner,
moving picture breakups cannot develop theoretically due to
slow response of liquid crystal, since even with a voltage
applied in a time-ratio manner, the display shows a display
state corresponding to the mean voltage. Specifically, when
means 1 in accordance with the present invention is to be
applied to a liquid crystal, the objective is not to suppress
moving picture breakups, but to produce a display of an
increased number of tones by the use of the limited number
of memories provided to the pixels.

[0409] Alternatively, for example, the current through
electro-optic elements can be controlled by using a capacitor
in place of the liquid crystal element and applying the
voltage to a TFT (active element) for supplying current to
self-luminous elements (organic LED display).

[0410] Further, the current supplied to the self-luminous
elements (organic LED display) can be varied in many
stages by providing TFTs (active elements) for supplying
current to the self-luminous elements (organic LED display)
and binary-controlling the TFTs based on outputs from the
memory means and the potential maintaining means.

[0411] In this case, since the response of the organic LED
display is fast, the current supplied in a time-ratio manner
results in the development of moving picture breakup;
however, even in this case, as well as an objective to
suppress first moving picture breakup can be achieved, an
objective to produce a display in an increased number of
tones by means of a limited number of memories provided
to the second pixels is achieved.

[0412] Further, means in accordance with the present
invention is a display including pixel electrodes connected
to electro-optic elements, such as liquid crystal display
elements or self-luminous elements (organic LED display),
and first memory elements for applying voltage to the pixel
electrodes, and an arrangement can be made so that the
power source voltage for the electro-optic element and the
On-Off voltage to be applied to the first memory element as
a signal to determine the On- and Off-periods of the appli-
cation of voltage to the electro-optic element are supplied
from different power sources.

[0413] According to the arrangement, the power source
voltage for the electro-optic element and the On-Off voltage
to be applied to the first memory element are supplied from
different power sources. Therefore, a change in the power
source voltage of the electro-optic element does not cause a
change in the voltage to be applied to the first memory
element. Therefore, in addition to the effects of the above
arrangement, in the relationship between the gate voltage V
of an element, such as a driver TFT, for driving the first
memory element and the current I through the electro-optic
element, such as a self-luminous element in an organic LED
display or the like, changes in V-I characteristics can be
suppressed, and especially, stable brightness characteristics
become available with self-luminous elements.
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[0414] Further, a display in accordance with the present
invention is used in a method of driving the display and
preferably includes a second memory element for converting
externally provided data to data for the pixels scanned a line
at a time.

[0415] According to the arrangement, the bit data coming
in pixel by pixel can be transmitted directly from the second
memory elements to pixels in parallel for data for each line
at a timing required by the driving method. Further, thanks
to the provision of a control circuit required by the data
conversion, the driving method can be used without paying
too much attention. Further, directly writing from a second
memory element, such as a SRAM, to the pixel memory
eliminates the need to serially transmit data from the second
memory element to a signal line driver (SEG driver). There-
fore, in addition to the effects of the arrangement, when
compared to transmission via a signal line driver, labor and
electric power to transmit data from a SRAM or the like to
a signal line driver can be saved, and energy can be saved for
that much; the overall power consumption by the display can
be reduced.

[0416] In conventional liquid crystal displays and other
similar displays, input video data was analog data. This is
presumably the reason why even recently, an arrangement is
popular in which digital data is input together with bit data
corresponding to the number of displayed tones for each
pixel. The same arrangement is applied to the data trans-
mission from a CPU to a video RAM. Meanwhile, in the
case of time-division tones in which the first objective of the
present invention occurs, a round of display scanning is
carried out for each bit; therefore, the input data coming in
pixel by pixel must be converted to data which can be used
in a time-division display whereby a display is produced bit
by bit.

[0417] Accordingly, in means 2 in accordance with the
present invention, for the data conversion, second memory
elements (a memory array) which correspond to the arrange-
ment of the electro-optic elements of the display screen can
be provided outside the display region (pixel).

[0418] In an arrangement in which data for one pixel is
written to the second memory element at random from the
outside of the display by means of a CPU, the number of the
memories provided in the memory array preferably corre-
sponds to the number of tones to be displayed by each
electro-optic element.

[0419] However, in the case of an input signal serially
transmitting data for one line from the outside of the display,
it is preferable if the data for one line is held in, for example,
a line memory and the bit data of the associated pixel is
stored divided between the first memory element provided to
that pixel and the second memory element provided outside
the pixel (display region).

[0420] The arrangement achieves the third objective of the
present invention.

[0421] Specifically, the number of the second memory
elements provided outside the pixels (display region) can be
reduced by the number of the first memory elements pro-
vided to the pixels, and the display can produce the same
number of tones from input data, but with a smaller substrate
size.
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[0422] In this case, as with the first memory element
provided to the pixel, the data of the second memory
element provided outside the pixel (display region) is
reflected in the display by the electro-optic element by
acquiring the data into the potential maintaining means
provided to the pixel in a time-ratio manner.

[0423] Further, in the arrangement, A-bit memory ele-
ments are provided in the pixel and B-bit memory elements
are provided outside the pixel; therefore, a total of (A+B)
bits of display data exists. Not all the memory elements can
hold independent data, but multiple video images can also be
recorded using the display data.

[0424] Forexample, supposing that among the (A+B) bits,
a bit 1s used to transmit data and cannot hold independent
data, if the remaining (A+B-1) bit data is used, and the video
data is 1 bit for each electro-optic element, a video image
can be selected from (A+B-1) video images to produce a
video display without newly acquiring data from the outside.

[0425] This means that a display can be produced with no
action (no activation) of a CPU or another similar circuit
outside the display. Since this means that the portable
terminal or the like can display a simple, animated standby
screen image and the like within the range of the (A+B-1)
bits, the arrangement is useful with such portable terminal
devices.

[0426] Further, when a self-luminous element is used as an
electro-optic element, if such a function to reduce power
consumption is to be exploited, the function is usefully
implemented on an organic LED display with a high light
emitting efficiency.

[0427] As mentioned above, by employing the arrange-
ment in accordance with the present invention in which the
pixel has memory means (memory) and potential maintain-
ing means (capacitor), more tones can be displayed than the
memories provided to pixels. Further, by producing a dis-
play by switching between the multiple memories provided
to the pixels, a display can be produced by switching
between multiple video images even without newly obtain-
ing data from the outside. Further, the voltage corresponding
to the largest tone data is held by the first memory element,
and the voltage is applied by dividing the voltage application
time for the data to partly solve the problem of moving
picture breakups.

[0428] Further, employing the aforementioned memory
elements enables driving even in such cases where driving
was impossible conventionally and thus offers a ground for
development of new driving methods.

[0429] Especially this potential maintaining means
arranged so that the pixel has memory means (memory) and
potential maintaining means (capacitor) is suitable to time-
ratio gray-scale displays.

[0430] Using a display in accordance with the present
invention, an arrangement becomes possible in which the
first, second, and third periods are specified in this order in
a single frame period, a data holding period is specified
before the third period in a single frame period, a voltage
corresponding to the data for the largest tone (the largest
weight bit) is applied to the electro-optic element in the first
period, the largest tone data is held by the first memory
element in the data holding period, a voltage is applied to the
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electro-optic element only for a time corresponding to the
data less than the largest tone in the second period, and a
voltage is applied to the electro-optic element only for a time
corresponding to the remaining time of the largest tone data
held by the first memory element in the third period.

[0431] Thus, by holding large bit-weight data for each
pixel in the second period, displays can be produced in the
third period from the large bit-weight data without carrying
out display scanning. As a result, display scanning does not
need to be carried out for each display, and the development
of moving picture breakups can be suppressed.

[0432] Further, more tones can be displayed than the
memories provided to the pixels, which contributes to
improvement of display quality.

[0433] Further, a method of driving a display in accor-
dance with the present invention can be arranged so that one
frame period is divided into m unit periods, and each unit
period is divided into K selection periods, where m is the
number of scan lines and K is the number of tone bits
displayed by each pixel, and also that, when the data in the
electro-optic elements of pixels on the scan line is rewritten
in a horizontal scanning period, the j-th bit data is supplied
to an electro-optic element at a timing of the p-th selection
period in a certain unit period N(j) for each j, and the K-th
bit data is supplied to the first memory element at a timing
of the p(K)-th selection period in a certain unit period N(K)
and thereafter supplied to the electro-optic element from the
first memory element, where j is a positive integer less than
K, and p (§) (=1, 2, 3, . . ., K-1) as well as p(K), are
mutually different, positive integer not more than K.

[0434] Accordingly, by holding large bit-weight data for
each pixel, displays can be produced from large bit-weight
data without carrying out display scanning. Therefore, the
development of moving picture breakups can be suppressed
without carrying out display scanning for each display.

[0435] Further, a display in accordance with the present
invention can be arranged so that there is provided a sixth
switching element between the potential maintaining means
and the OFF brightness setting wire.

[0436] In addition to this arrangement, the foregoing
arrangement can be adapted so that the voltage correspond-
ing to the largest tone data held by the first memory element
is temporarily held by the potential maintaining means
before being applied to the electro-optic element.

[0437] By causing the potential maintaining means to
discharge the stored electric charge using the sixth switching
element, the time duration when the voltage corresponding
to the largest tone data is being applied to the electro-optic
element can be adjusted according to the weight of the
largest tone.

[0438] Further, a display in accordance with the present
invention can be arranged so that there are provided a pixel
electrode connected to an electro-optic element, such as a
liquid crystal display element, and a first memory element
for applying voltage to the pixel electrode and that the On-
and Off-voltages applied to the first memory element as a
signal to determine On- and Off-periods for the power
source voltage for the electro-optic element and the appli-
cation of voltage to the electro-optic element are supplied
from separate power sources.
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[0439] Thus, a change in the power source voltage for the
electro-optic element does not cause a change in the voltage
applied to the first memory element. Therefore, on top of the
effects of the foregoing arrangement, stable brightness char-
acteristics can be obtained.

[0440] Further, a display in accordance with the present
invention includes the foregoing arrangement and is adapted
so that a display is produced from data by scanning of pixels
line by line and that there is provided a second memory
element for directly transmitting data for a line serially to the
pixels.

[0441] Directly writing from the second memory element
to the pixel memory in this manner eliminates the need to
serially transmit data from the second memory element to a
signal line driver. Therefore, in addition to the effects of the
foregoing arrangement, labor and electric power to transmit
data to the signal line driver can be saved, and the overall
power consumption by the display can be reduced.

[0442] Further, the first memory element provided to the
pixel, in combination with the second memory element
provided outside the pixel (display region), can record data
with required tones. Therefore, more tones can be displayed
than the first memory elements provided to the pixels, and
avideo image can be selectively displayed from two or more
video images without obtaining data from the outside.

[0443] Further, since the memory is partly provided to the
pixel, the number of the second memory elements provided
outside the pixel (display region) can be reduced. As a result
of this, the memory can be accommodated in a smaller area,
and required amount of data can be recorded on a substrate
of smaller size. This leads to an increased number of panels
being cut out from a single glass substrate and reduced costs
of the panel.

[0444] Further, a panel having a display region of the same
size can be fabricated with smaller dimensions. In addition,
the display consumes less power due to the video display
produced only from the data stored in the panel. Especially,
within the range of the memory provided to the panel,
multiple video images can be displayed by switching with-
out energizing an external device, such as a CPU, and
considerable power consumption reducing effects are
expected.

[0445] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:
1. A display, comprising:
electro-optic elements; and

memory means and potential maintaining means both
provided for each of the electro-optic elements,

wherein

a display operation by the electro-optic elements is con-
trolled using outputs from the memory means and the
potential maintaining means.

2. The display as set forth in claim 1,

wherein the electro-optic elements are provided near
intersections of first wires and second wires provided in
a direction crossing the first wires,
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the display further comprising:

first switching elements each connected at a first ter-
minal thereof to one of the first wires; and

second switching elements each connected in series
with the memory means and a second terminal of the
first switching element,

wherein the second terminal of the first switching

element is electrically connected to the potential
maintaining means.

3. The display as set forth in claim 2, further comprising:

third switching elements cach connected in series with the
potential maintaining means.
4. The display as set forth in claim 1,

wherein the electro-optic elements are provided near
intersections of first wires and second wires provided in
a direction crossing the first wires,

the display further comprising:

first switching elements each connected at a first ter-
minal thereof to one of the first wires and electrically
connected at a second terminal thereof to the
memory means; and

fourth switching elements each connected at a first
terminal thereof to one of the first wires and electri-
cally connected at a second terminal thereof to the
potential maintaining means.

5. The display as set forth in claim 4, further comprising
fifth switching elements each interposed between one of the
electro-optic elements and the memory means.

6. The display as set forth in claim 1, wherein

the memory means is connected to a switching element
which switches between an output from the memory
means and an output from the potential maintaining
means.

7. The display as set forth in claim 1, wherein

the outputs from the memory means or the potential
maintaining means are supplied to the electro-optic
elements for a period corresponding to a weight of data
stored in the memory means or the potential maintain-
ing means.

8. The display as set forth in claim 1, wherein

the electro-optic elements produce a display based on a
voltage corresponding to a weight of data stored in the
memory means or the potential maintaining means.

9. The display as set forth in claim 1, wherein

the electro-optic elements produce a display based on a
current corresponding to a weight of data stored in the
memory means or the potential maintaining means.

10. The display as set forth in claim 1, further comprising
sixth switching elements each interposed between the poten-
tial maintaining means and either a power source wire or a
ground wire.

11. The display as set forth in claim 1, further comprising
second memory means, provided outside a pixel area, for
recording a signal from which the electro-optic elements
produce a display.

12.The display as set forth in claim 11, wherein

a display is produced from a signal recorded in the
memory means and a signal supplied from the second
memory means to the potential maintaining means.
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13. The display as set forth in claim 11, wherein

a display is produced from a signal recorded in the
memory means and a signal supplied from the second
memory means to the potential maintaining means by
switching between multiple video images.

14. The display as set forth in claim 1, wherein the

electro-optic elements are organic LED elements.

15. A display, comprising:

electro-optic elements; and

memory means provided for each of the electro-optic
elements,

wherein

the electro-optic elements and the memory means have

individual power source lines.

16. The display as set forth in claim 15, further compris-
ing second memory means, provided outside a pixel area, for
recording a signal from which the electro-optic elements
produce a display.

17. The display as set forth in claim 16, wherein

a display is produced from a signal recorded in the
memory means and a signal supplied from the second
memory means to the potential maintaining means.

18. The display as set forth in claim 16, wherein

a display is produced from a signal recorded in the
memory means and a signal supplied from the second
memory means to the potential maintaining means by
switching between multiple video images.

19. The display as set forth in claim 15, wherein

the electro-optic elements are organic LED elements.
20. A portable device, comprising a display including:

electro-optic elements; and

memory means and potential maintaining means both
provided for each of the electro-optic elements,

wherein

a display operation by the electro-optic elements is con-
trolled using outputs from the memory means and the
potential maintaining means.

21. A portable device, comprising a display including:
electro-optic elements; and

memory means provided for each of the electro-optic
elements,

wherein

the electro-optic elements and the memory means have
individual power source lines.

22. A substrate, comprising:
clectrodes;

memory means and potential maintaining means both
provided for each of the electrodes; and

means for controlling either voltage or current applied to
the electrodes using outputs from the memory means
and the potential maintaining means.
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