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In order to charge and discharge parasitic capacitance of a
source signal line sufficiently and program a predetermined
current value into a pixel transistor, it is necessary to outputa
relatively large current from the source driver circuit. How-
ever, if such a large current is passed through the source signal
line, the value of this current is programmed into the pixel,
causing a larger than desired current to flow through an EL
element. For example, if a 10 times larger current is used for
programming, a 10 times larger current flows through the EL
element, and thus the EL element illuminates 10 times more
brightly. To obtain predetermined emission brightness, the
time during which the current flows through the EL element
can be reduced to Yio of one frame (1 F). This way, the
parasitic capacitance of the source signal line can be charged
and discharged sufficiently and the predetermined emission
brightness can be obtained.

11c

12b




US 2010/0277401 A1

Nov.4,2010 Sheet1 of 189

Patent Application Publication

qcl




US 2010/0277401 A1

Nov.4,2010 Sheet 2 of 189

Patent Application Publication

T L L et L B L P

S PR,

ezl



US 2010/0277401 A1

Nov. 4,2010 Sheet 3 of 189

Patent Application Publication




(2)73

us (TeLl au jeudts aen

Y
A 1 ) 1
= t t I “ “ " “
=
= i ; S R T R
[ 1 } 1 ] ) i 1
S | ! A
M 1 1 1 1 l ) 1
= 1 1 l | ) 1 1
[} ] I ] 1 1 ] )
— 1 1 ) ) )
(=] " “ ' ) u
o ) 1 ) t 1 ' (e)73
W } ' S R B
ﬂU 3 1 i ] ] 1 1
“ = % it 1B )q LT SUT TRUSIS S7D)
‘ 6 1 : LUBA
! ] | | | __m>
1 . S (€)eL1 suy reuds aren
4 Il J Jysa
L T T LI
1 t 1 ]
[] ] ! ]
) 1
1 '
' 1
) 1
| 1
HE
I []
t '
t
”
T
1

Nov.4,2010 Sheet4 of 189

(1173

12

A
(1)qz1 2wy reudis 23
uBA 0

]
ST N N NSNS U O SN U NN I SN N

JUBA (1)eL1 sur reuls sen

. R e B s s Lo b B e e T

[ B e T B D L T T B s e T e R T T T
|.._- U JUK U (DU NUQENNUND [MPUUDE JUN SRPI  SUEGE  H  0 E NNRCE U i

-} t--—--+%-¢ -t "%t t+r---—-----

e skl EEEE! EEEEE SRR R SEE Rl b i B s s

[ U CUDE SN WU SUREVUGED DERNUOUOH DS bl SN NN PRUPIGIVIVIGE TN I NUGH IS U

Jb UONDEY NN DU S QUDNINY PN SPNpE S U IEpHN EOEUIPOUS NN S QP SN SOUU S U

T A e e T e N LT T T B T N ah st

—'——— e el Rt ————j——-—-—— e B s R e shale e R

S e S R R LT T T B A L TR TN F P E iy Sy -

s S e T R i
RSP SN S S SR DI DY NN I (RS TR DY DUIp AJURIUG UPIID TN

g1 auT] eu3Is 20IN0g.

__.__-__r__ S S e e Sl Ty

T e S R L T I N e N T

L

HEZ[H G__:om?ﬁ_ He!1 |H81|HL1 [Hot

HS1 [H¥1 [HEL

S e T = - g o = e A e o - e Ml e = e e e e

R

- — o

———of

Patent Application Publication

"3



egg 0s 0§ m

US 2010/0277401 A1
L
e

A R e R R R eSSy - m oo oo VTV TITITT I IS TIISIY

| / \ )

Nov.4,2010 Sheet 5 of 189

cL T /

qes ZL

(Q) G 814 | ()¢S "S1q

Patent Application Publication



US 2010/0277401 A1

Nov. 4,2010 Sheet 6 of 189

T+

3A

Patent Application Publication

h

i\\\_
' o
AN

——

—-—>

\ONLIO +—>

dIM10 —+—

WOATAX\

wacst

LA

(DaLt

(2)eLl

OATA_j

(Mact

Y

oo p

314



US 2010/0277401 A1

Nov.4,2010 Sheet 7 of 189

Patent Application Publication

_..h/

N

eg/l

B T R R i
- - = /o
/
/]
\
W
/
/
oL - LI CooTTLITIIIY - mnmuwunumuu\m B
- J \T -
7
a <
/
| i 2L
cooTITTTLIn LLILIIITITTLL oIS m...-.u.-....-...uy\u._
i i mnlJ ~—2L
\ /
k
m f:.
71| M
W
m..mmuunuloaw..-lum,. - Tttt CooTTTTTTTT - m.lmmnlwnm..mm“m... ﬁ /// ¢l
R R LA
: .
i h . M~ m



US 2010/0277401 A1

Nov. 4,2010 Sheet 8 of 189

Patent Application Publication

mm\ | A AMM\ \uﬁ
E\\\
98 ——— 88
S ——
v8 :
€8 — ] — L8




Patent Application Publication = Nov. 4,2010 Sheet90of 189  US 2010/0277401 A1

/—71
>
> // 50
18
18
14

*AAAAA?A AAAAA\\
<
< \
«
<
<
<
<
<
D f
~ y- /
- —] 7
N [
N
~— —— _
O

Fig. 9



Nov. 4,2010 Sheet 10 0of 189  US 2010/0277401 A1

Patent Application Publication

1lllll

LL 60L

\\\ \\\\\ 000070775077 Y,

/////// —

\\\\\\\\\\\\\\\\\ ............ \g\\\\\\\\\\\\\\ ............ \\&\\\\\\\\\\\.\\\\\ .........

=_= ___:====__===_=______.___________________::_:__:_z_:___ ==_===_=__________________==:__________________________::_______:___ ::==__===___=__=_=__== UL U TR

////////////////////////////////////// PP IELMMETNIMINY AN

M,J Y oL

101 HSL ¥0L

Lot

S8

llllll

llllll



Nov. 4,2010 Sheet11 0f189 US 2010/0277401 A1

Patent Application Publication

ZolL L2
m v//// , m
« Ao A s A SISO
; ==:===.=== T [ ‘ I M u
%L
.....



Patent Application Publication =~ Nov. 4,2010 Sheet 12 of 189  US 2010/0277401 A1

Magnification

m ssaujyubrag

Fig. 12



«
—
=4
e
[
~
o
<>
]
<>
o
>
o

/ :

/é/////////////////ﬁ?/////ﬁ

nh 81

(@) €1 313




Nov. 4,2010 Sheet 14 0of 189  US 2010/0277401 A1

Patent Application Publication

y oy,
| ' 0
..... R — LN
M m ssauig3rIg oSS “ " __ .
o R (9)ip1 Ul
youry L w o
m —1 1BA
e — P——
] q7 o euSis apen | NHL
o | (i1 B
12WL], I L 1A
—
[l 1 ur 1 ._I—t_

B/ T Sul] [eus1s e




") qL1 surf reudts areo

PR S g U U o L T

Nov. 4,2010 Sheet150f189 US 2010/0277401 A1

JEDE SN EIE Y U S et

€ -4t e

IRy IR S S S ittt E R bt e g

NNy PRES RUCEVE SIS DENE SPEEE R ENEE eatR EE
TN S UGNV S S I SRR

I O T

1
J
|
|
I
]
1}
1
1
1
|
1
1
]
§
[}
1
1
1
I
]
]
]
1
|
|
I
t
)
1
1
1
t
]
1
)
1
]
t
r
]
2
1
[}
1
'S
|
}
i
T
|
I
|
|
T
]
Il
—

4 I i N G R B i e e g

K(T_-- o

IS NN (O U WOV (OO AN NI S SO LSS

R R e R e an o R T el e e

Il (RS PSS UPNDS SN DN N JEpES ISR SUDE G S R ettt R b dind

....—..-_____.._4._....-_.. T T R R S R itk ]
._..._.,__._.‘__.._4.___‘___ U NN SUNDENE GNNUEJNY U ST S S
U NUNUEDY NN EPNDE JUDEDEY UGS PP IPEGEE B R e et e

WM IUNGERY SRESAN WL GECEE S R R e ] i ettt R i
NS W B IGIE SOUE DENE NN W N e etk Rl ikl g

..w>
_ LIEA
1 ! B[ sui feudis aye

i " v A r_m>5 Lrau e D
1 1 1 i 1
] ] 4 1 ]
! ! . by
¢ ! ) 4 "ﬁms QLI auy [eudis ajen
: ; i ' ek BA 3
| i i | f 6 _ ANV ®L] dUul[ [eusls e
] 1 I ] t ] ] ] ] ] _
] 1 | i ] ¢ ] 1 [} 3 ]
) i t \ | 1 ) | ] ) 1 BA
X oo N ' Vo i :Z: suyf 1eudis s1en
L L I I L L 1 i 1 LYIA
! R - M LisA
! ! o A S A THINS NN 0, SR QLT LS
i J R R R
R I AR S N R R R R
_:—m_:om_ Hs1 [HL1[Hot [Hst[Hvi[Rer|{Hzi[Hit[Hot | B6 [H8 [ HL [ Ho [Hs [ ny [ He | Mz | Wi [ 1]

Patent Application Publication

GT 31



Sheet 16 of 189  US 2010/0277401 A1

Nov. 4, 2010

Publication

Patent Application

0S oS

/ )

on\

omm.\

nwm\

Ahnnmmmm s \

(Q) 91 "3t (®)971 "3t




Nov. 4,2010 Sheet17 0f 189 US 2010/0277401 A1

Patent Application Publication

) oW o
........... R el N
_m _ $Somy3LIq UoISSTIY " m AOVMNH .wﬁm
) o | L
T T 13A
......... e e U2
L <> <>
P =N/ L (M-N)/EL
. QL1 2ur] eudts aren) | (Q)iLT B
1 oy L | I
—
I~ | J1 1 1 HL 1

B/ 1 U] TeudIs ajen)

(®) LT "3t



Nov. 4,2010 Sheet 18 0of 189  US 2010/0277401 A1

Patent Application Publication

(1) QL1 oun reudis oo

Yy

iIBA

P e

J‘T.--_ QU TS SO U R

S G DU N O

RGPS SPINGRGU [GPUIGNE RGP  EEE g y

_——_— e - - ————— e,

.(-.___4\..___ AN QPN SO S SE U

S R R T T

F.P---_)_ [N SUUVUN NN N U g

e e e —— - e ——————

3 (._-._ L i e i e e e e e ————

- - *-—. S Sy PV SONIN WIS Ny UG SIS SPURS JURy K e g

| [} ]
] ] I}
] ] I
] ] I
I I 1
t i 1
1 1 I
1 ) |
1 ] 1
i. t 1
1 ] ]
1 ] I
| ] |
' ] 1
i [} i
1 ] 1
| ] [}
) ] i
] ] H
] ] t
} ] 1
] 1 §
I ] ]
' ] 1
1 1 i
1 i 1
e u YA
i T | | - (BA
| L ! | yaa(P) BLL Ul JeuBis ajen)
1 } 1 ] I 1 1 v '
m A i i Lo 1 (€)aL1 oul eudis aep
] | K ! ) P
> v | 1 } - v i 4 sl TA
! ] ] [} J ] ] " “ ] I ] ) __M>
m P R R i K _"mﬁdtoc__a&_:ao
h m— B e . — ” — et HPA
_ b A o “ Lo “
mlnﬂ' m i n ) n ” i " ) \ L ? “ ' _u>ANV q.Y aut] [eudrs ajen
1 | ] ) ) ] ] [} ] ] ) ] 1 I _..w> ‘ b
ot = e - A
L L N A S S S A R 72K, . [y Q) P41 20 Bt 1m0
1 | ! i [} 1 } | ] 1 [} [} } [} [} ] [} I ) t __>
1 1 ] i 1 t 1 H ] 1 ] ] ] I i ] 1 [} [} 1 t
' { ) i | | 1 ] L 1 ) | ! | L ) L L U BA
= e A A M) act oun s oo
[ 4 L 'S = e 1. i L 1 1 e . & 1 L )} 1 1. —£U>
o O O S s o 77
L AN (s s
N A e e e T T e e e e e
1 1 ) ) ) ] | ] ] [} ] 1 ] | ] ] I ' | ] 1 t ] 1
1 L 4 1 L 1 A L L 1 1 L L 1 1 L 1 L 1 L I3 L 1 1
|Hez|HLs[HOs| Hoz |H6T [H81 [HL [H91[Hs [Hy1 [Het [Het [H11 [Hot | He | 18 [ He [ Ho [ He [ By | e [ne [1n | _

8T "SI



Nov. 4,2010 Sheet190f189 US 2010/0277401 A1

Patent Application Publication

(0]=]
/
N
Nm\.
mm\_ -
(€9) 61 314
(0]°]
\
Nm.\
es—" ——
(22) 61 31

(19) 61 813

Y 20/

//// ,,,,

Ama 61 31

0S
2

N

£g—]
zsF

eo—’

(ZQ 61 314
0S

(19) 61 '314

| a//////%

(¢ce) 61 814
G

€5

.

(ze) 61 ‘31
/

ze|

Y €6

0s
N\

(1e) 61 314




Patent Application Publication =~ Nov. 4,2010 Sheet 20 of 189  US 2010/0277401 A1

= i
N : ,
oD /
: e
\\ 'Q
\
X\ o
___f-“ID
r:;"‘*\\\ _\\KL__;E
I}
G \\-—:
S
&b N
e *-\




Y
-
Y
0 b 1 ) 1 ] 1 I ] ] I | ] 1 | ] t 1 1 1 ] ] ] ] ] !
4 ] 1 H i ] 1 L I 1 ] ] L 1 I ] ] 1 ] 1 1 1 I ] ] I
7 1 t [] ] ] 1 i ] ] ] ] 1 i “ " " " “ " " “ " " " “
> R S A T T T A R T A S S E R S SR R S
p . P e T e S A T S S L
S ' &. OV T N N O L WO T * N R R R R R R P OO A L L
= SN S U 5 Yoo oo s S O A O OO Y
N NN % b (9)eLr sy euSis oD
2] ' 1 1 1 i 1 ] | 1 ] } 1 1 ) I i | ' 1 ' i ] ' 1 v A
U I ] ] 1 | t [} ! 1 [} ' ] t ] I 1 ] ] ] [} t I ] 1 ] 2
L 72 T T T S T T T O
R .—_ i I ... 43
= H i | \ | | 1 | ' ] | i | . | ] ) | 1 N 1 i 1 1 1 _.M\\Nhe QL aul [eudss aren
8 I I 1 ] T ) T T T 1 I I T T T T Ll T # T T ) 1 1
& NS SR SN N A SO N S S B B N R R R L N
St ] [] ] ] | ) ] I 1 ] I I [} | I | ] ] ] I | ] 1 ) o m h— .—._ ‘ o
° O R R A T TN N S S S N S A R A G R A R A U e
e ey A S S S S-S A B e S et S S S LT
< N s e em
L f T T | 1) 1 [ [ [} 1 ] ¥ d— h “ “ u h “ “ N " “ 1.1_.M>
m “ __ “ " " w “ “ " ! " " “ ) 1 6 | 1 1 | ? i ) 1 ' A ua suty (eudis ate
> 1 i i ' | ] i 1 | ot I 1 I l ! ! : ! ) } \ _Lm>v L[ Jul} [eua! 0
] 1 [} [] ] ] ) ] N ] ] | 3 I I | i 1 1 ] ] [] 1 ] ]
A O T T TR HEE S S S A R S S A SN N G N R A e e
= IREN
= N 2 N
= dnroa . L ) 1 1 ) L : 1 1 1 ! H A . M H A i wap(£) L1 2ut) [euBis a1en
S 0 oo s s B S W AU O 7
< S T S N A R A N E A . A 4 Ll uaa(g) BL] o) jeuBis aren)
> 1 1 | H i 1 ) ] H ' 1 | ) ' i H 1 H ' i 1 ' 1 1 ’ '
(=] ] ] ] ] ] 1 ] 1 1 1 [} 1 1 1 ] ! 1 ] ] ] [} ] 1 ] 1
Z e B e e L o e o e * e e et LAY
el nm— * S S T N T U WO W N L LaA(2) L] SuY [euBis ateny
L A —— T
= R R T YU AN RN S S T N P A SO A B Co 0 * P
s yaA(Z) BL | aui| [euBis a1Bn)
- p— u “ ﬂ " " “ ] ) “ “ ] I 1 ,mx 1 ! ] ) “ " H " ] 1 ﬂl_ ’ '
s SR U TN TR SO SO SRS NN A SO N SO SN R SN SR S S S SO A A A
S S TN N "2 O O L O O N S
= ! I : b . LI I e I auy| reuds
= ) | ] 1 | 1 I P 1 1 1 1 1 1 1 | 1 1 1 ) | | ) | _..*m>:un~h~ 1 [puzts a1en
= S SN POV SN SRS WO SO SRRUUS USRS SUNS U AU SUNUR S S ot 1BA
P “ “ " “ 1 “ " 1 1 I ' 1 ] ] 1 1 ] 1 G I 1 1 1 a ] -
N Sy S e e e e S e e R A S e S SO S {usa(1) BL1 aulf feudis 3ren
m 1 ] t 1 ] ] I ] 1 [} ] ] 11 t ] i ] ] 1 I 1 1 1 " __
- t ] ' ) ] ] ] ] 1 ] ] ] ] ] I I ] 1 t I 1 ] 1 1 [}
~— i L l ' L 3 L L 1 1 1 L 1 1 1 1 1 L 1 1 ] l ] 1 l
3 [Hee [HezHos|Hoz | Heél [Hat | Het [Hot [Hst [yt [Het [Hzt [Hit[not [ He [ me [ He | o [ me [ny [we [me [ [m|
=
g
-
~—
n »
E 1Z 319
=
A



.M.m | VT

S i

. AW

s ||

() 7z 31g (®) 7T 314



Nov. 4,2010 Sheet23 0f 189 US 2010/0277401 A1

Patent Application Publication

A

®Ne) Lt s eutis s

B

.*.. U UG U U U

SRNS W SUNSE APURPEY [Py g g S e

_‘.,_ e e ———

i3
>6 /[ aUl] [PUBIS 318D
YBA

JU DUUIGUIVES WU R SO Sy Ui g i g L e

18A

e o om e = = = e v e e = ——— - —

O B e et

—yBA(Z) QL1 St [eUTiS 210

SN I I O T

e B A B R et

& -

- .-*--_ TN S AU EGNONUN IS SN U SO S PP,

A1) 1 auf reudis areny

Uil SN AR S S S . e e R L T B L L L Y Sadeaiadadd

R e O A P S Y T b e R

(N WU NI SPEGE JUSRY SPEGE Ny PEQES SONGEGE SPES DI RN

ORI SR NI IS S SIPUIEY SPEPE NI SENE S R B e L R

R O R e I R e A R s T R R ettt

I e B S S e Sy e R T et T

T R B S I O R S R N B T T T T

__4.._--* [ DS SEUEDIE SN N FUDUY SUNUU S P Sy U,

] 1

" |

] 1 T

) 1 1 ] 1

] ] ] t ]

1 (] 1 1 I}

1 [} T 1 1

1 1 ] 1 1
i ) | ! J \ )
N | | ! N 1 |
— ' 0 : R i +UBA
) ] 1 t ] i L ] 1 1
] ] [ | 1 | | ' [} 1
I T T 1 T T T T [} T T
] 1 ] 1 1 1 3 ] ] ] |
] d 1 1 h 1 (] I 1 1 |
— ! ! - _ LT —
) I i 1 1 1 ] t 1 ) H 1 ]
) } | ) ) | | | 1 | | | ]
) H , ) | \ | HER 1 i i |
1 ] 1 ] 1 1 1 ] ] ] 1 ] 1 ]
L L 1 L 1 1 1 1 1 L L 1 1 1 1
[Hez [Hzz [Hos|Hoz [He1 [ Het [HL ot [Hst |Hy1 [Het [Hzt[HIT[HOY H6 | H8 | HL | H [ HS [ By HE | BT [HY [ 1|

. _;:.T__-__.—.._-L..__ - 4- *___‘.._-_ . e ————— - —————

€z 314



Sheet 24 0f 189  US 2010/0277401 A1

Nov. 4, 2010

Publication

Patent Application

, I
I
DMONNNNNIN\\\e==
////////%/////////////////////

€S

Bl

(qQ) T 311

hr

a

VT OI I TIOTI TIPS TIITIIS

\\\\\M\\\\\\L\L\\\\\\\\\N\

\\

eLg \

vi

(®) 7 319




Sl

ke

1A ¢) L1 out) eusis oren

WA

le.

3
") eL1 auyj eudis aren

YA

L 3A(F) LT 2ul] feudis aen

IS S TR O

L IBA

' () BL] duI| [RUBIS 21D

il

HEA
§

-’---« NS I0U WONEIRONPEY NI TDS By E U

1
v 1BNE) qz1 sur feudis oD

| NGNS SN SUGIVR U SO GRS JNUI QS [P SR

.G--.’------ | 4~ .y. D .

sy
- 13/g) vL | aur] [eudis a1eD)
1

———— - __...*_.._<-_.. JRIDES NS QRS Sy S Y

Nov. 4,2010 Sheet250f189 US 2010/0277401 A1

Yaa -

N N RO TN O NN E S S DU
_...__-1..’.“......_...__-_.._..___ JUUPE S PRSURG  S

== ——

{

b:J
t"\z) qu1 s ewdis arep
JUBA

e B e B e e i B B o R o

i —

HBN\Z) e suy eudis aren

[N SN SR DUGHGS FENS AP S e b Rt Rt

e Y3

|
I
«_W

*--.ﬁ-_. [ SN ISOUNGS PHUEY IS Sy JUVEPIE PR A N e __--‘T.._-__-___..____

N

-ttt -

! \N: .1 suyj eudis oren

JUBA
et 1BA

D IDEN-DUOUN NpEDUUNN SN SR __-_6 SN U S IO (U [ S SURE S,

1—— R Rl e e ettt Gl
R e B
.*...__. -

' (1) eLl Ul feuBls aieD
| .W> . '

|

-
i

X
(=}
1n

S et

]
=

R S A e P S L k. bl Bt sttt Rl fad Bl aldnd Sadeiady

T
=

SRR U, S I SPUGY (SIS Syl gyt SRS Bty EEEE Dl ol

oo
L sl
-
Shondl SUNIY JENED SN SDUDS PHPHGE SOUS-DUSTNIN NN SR -

=
2

R SpNpIRY EE S SR R

I

m

—
g = = = — ==
o o]

o

o>

~

RIS IGNGI Wiy N HONY NNNE TNy NS ANES URNpHS JEPESEPE RS PR R e i fatatet

o)
1=

N U JEI SN g S e et Rt EE

&
)

T

| 7 ]

jor]
m

o]
~
=4 --—A

=

BENCEPE EEE R E PR el it DR Rkt CEE Rted Cibtoleaint ik

il NN NI SPUGIIEpIGE INEpIDE TP RN R s el ket

— - —

L
]
1
aal

Patent Application Publication

GZ "314



‘

et fert :

! m

! \o CI
aor” 1 ett 5 "
........ BPA /mr
gL—"" >

Patent Application Publication

eLl

—
= L _
m m .................... m sl )
= st—_ T — —
g T N
= | ! Ll
= PLL Ll !
2 " m
! 9 lait
2 o9 i et g :
o ' 1
o LU, p—
= uﬁmv
e T PN .
MU. m w.. qslL
3 mPI\,_\l f 4
h 1
wn
<>
o
(]
o
<
2
o
Z

STAR

97 314



Nov. 4,2010 Sheet270f 189 US 2010/0277401 A1

Patent Application Publication

8l

\

(aLs)L8e

i

LILLSSLISLL 22 VLTS LLILLS LS SIS SITS S SIS S,

I TITTS,

FIFFFFFFEFFFFF y —

;|

!
elg

\NF

143

(Q) L7 319

PITITEIT OIS T TOO I IV TIT I TSI IS

P ITITITTTS TSI IO ITOT IS I IS

4"

() LT 814



n S act
gL—" 1

P T

Nov.4,2010 Sheet28 of 189 US 2010/0277401 A1
1
\
w

- PPA
£ A Skt | I VAT

.w mwl\,"\| I e ol

2 "r_\m.r I |

= : i /

& ! ) HE

- Pyl oL L 1 s

(=] 1 |

2 " :

[

g ; 9 lait

=y agi” | elL 5 g

m "l |||||||||||||| IUA@I l—'l_(v Lee—

E PPA [ 7 QT .me
=™



Nov. 4,2010 Sheet29 0of 189 US 2010/0277401 A1

Patent Application Publication

8L

oS
elg Ll

8

]
1 /0

elLS

/

VTIPS OIS TSI TTIONTIII IS
VI ITITITIIS TSI TIITITII T TN I I IIs

L

P ST TEYS

P OO T TITTT ST TS TT T T IS,

AL S LSS LSS LSS

/

[

\

L A R o o P e e e v s 7 ] \

T

(aLs)L8e

[

14"

(9) 67 31

2l v Al




Nov. 4,2010 Sheet 30 0f189  US 2010/0277401 A1

Patent Application Publication

Om/

ages

\\
—_O O OO T E:
NiiikN
I

JEY

ST IO ITIIT IS TSI TTITTIIINSTITS

e (Z9) 0€ "31q
nwm :

0s

\

\

(

LS

(19) 0¢ 311

Om//

5 1

77777

)L

\\\\\NN\\\\\\\\\\\\\\\\\\\\\\.\

edg (ze) 0¢ "84

mrm

(1) 0¢ 314




Nov. 4,2010 Sheet 31 0f 189 US 2010/0277401 A1

Patent Application Publication

381

) ) ) 1 1 1 t ) I ) 1 ' ) 1 | 1 I I | ! 1 ) ' 1 ]
) 1 1 ) | 1 1 ) ' | 1 1 ' i l 1 1 ! 1 1 1 t ' ' ]
) 1 1 ) | 1 t 1 1 ) 1 1 ! ' | ) ) ) | ) ] t 1 | 1
1 1 1 } 1 1 ' i | 1 | ! | i 1 1 1 ) i 1 1 ' 1 ) '
) 1 ) i ] 1 1 1 1 ) | 1 I 1 1 1 ) ! 1 t 1 | 1 1 1
] 1 ¥ ) t 1 ] ] ] } 1 1 1 1 1 ] [ ] 1 I ] ] 1] t ]
ittt Rt e bl e ey e P L R S e P EE T LT E S JY
1 1 1 ) 1 1 1 | ' | 1 1 1 1 1 | 1 1 ' ] | t 1 1
1 ' m_. 1 1 “ i | ! ! ! ' ! 1 ! ! 1 1 1 ! ) ! ] .Lm
_Illn* ||||| lﬁlll*. |||||| +l|l_||| 1 1 1 L q ) J
1 [} [} T T T T T T 1 T T T 1 1 1] T 1 T 1 autl
| ! ) 1 | | t 1 ) ' 1 ) | | 1 ] ] | 1 ! 1 1 I l | >A$ qL1 dur jeudis aen
e m— e —— = === - — —em-—to——p——-~=p-—a [BA
1 1 1 1 1 t ) 1 1 ' 1
T T 1 L e
¢ 1 1 3 1 ]
i 1 T 1 T 1 T L AR I T ¥ T 1 T 1 B/ ] sul) eudis ae
) | 1 1 ' ) 1 1 1 1 1 ) ' 1 0 1 1 1 1 1 1 | | 1 1 (p)eL1oul 1s D
] 1 1 1 ] ] 1 1 ] 1 I ) ] [} ] 1 ] ) 1 1 E ] L] 1 r
lllu.u..o.nn...wulur||..||..".||...|||..|||T||+||r_T||L|||T|'.. 1BA
1 1 1 ] 1 1 1 1 1 ' ' 1 1 1 ' ) 1 | 1
| ) ' 1 ) | ' | ) ' a ) 1 1 | 1 1 1 | 1 1 1 1 1 1 {£) q.1 suyj [eUIS 3j8D)
1 [ NS TN DU U RO DAV I ) ) | L 1 1 | | 1 | i ] L 1YBA
=17 r A r==a="="-"71~""r=-"1 -r T T T T T T T T Y T T T T T -1
t 1 i 1 ) | 1 I l 1 | 1 1 1 [ 1 1 1 ) 1 1 1 0 | 1 8
L R g e Ll stk il i e bt S Er —— e ——d ——— -
' [ 1 1 ) | 1 1 1 1 1 [ 1 1 } EA
| 1 I 1 ) 1 ! 1 1 l ) 1 1 1 1
\ . el ] ] ) | ] f i h . 143A(E) vL1 aun| reudis ajen
f 1 T T T 1 t T T T 1 T T V 1 T ) * i
) | ] 1 1 | ' 1 1 ) 1 1 I | 1 1 1 I ) 1 1 1 1 1 1
1 1 ] 1 ) 1 1 | ) ) 1 1 | | 1 1 | I 1 t 1 | 1 1 1
B e e, LTy SYSSpE POy NP PP [P SO SEPIpIY SR _N>
1 [ 1 ] 1 1 1 | t 1 1 | 1 ' 1 1 1 1 '
I R T S R R S S S R S ﬂ ool bbb (D aL auy jeudis aen
1 1 ) ] ] 1 ] | ] ] 1 [ ) | ] | | ) { 1 t | | VYBA "
ottt Sudutad siaded Inbbnd thadeie hlabedh Sealel ndudeis Al sintats Enfnted delede p— T T Y Y Y ' ' Y ' al
1 1 ) | ) 1 1 1 ! 1 1 1 ) ) 1 ' 1 | 1 ' 1 i I { )
it it Sl It e e Sl St St Sl Rt S ) \TTrTT A
S T T R T R T ' U1 () el suy (euds ageny
L ] 1 I 1 L | . | ] ) ! ! YBA
f T T T T T T T T T T T 1 T
1 1 1 i 1 1 ] 1 1 1 Il 1 [l 1 ) | | | ! ) 1 | 1 1 1
1 | 1 ) | | 1 | 1 1 1 ] 1 1 i t | | 1 | 1 | 1 1 '
\ N H N A N H " N H M H " N S Y CUUE PUU U S S S SR S
1 [ 1 ) ] i 1 I I 1 1 1 i I ] 1 | ] ) ] ] b 1 1 EA
] 1 “ ] 1 ] ] 1 ] ] 1 1 “ 1 ) ] ] 1 1 1 ] ] ] ]
| 1 ) ! ! 1 1 \ ) 1 ] | 1 | | | | 1 1 | t '
|ttt Sadeded dhdede St e it atabl bl Bt e Lt Stk LRl Sl . v ’ y v ” icukcnz aur] reudis aten
I i 1 ) ' 1 1 1 1 ' t ' l | ) 1 1 i 1 1 1 ) | ) '
bcedeccboede et e e cdeabceda e b cdemcbme e b o 1A
1 1 ] ) ' 1 | 1 ) l ' ] 1 1 ' ] (1) vL1 su1f peusis oy
i 1 1 ) 1 i 1 | 1 ' t 1 1 I 1 1
| | [] ) [} 1 1 1 1 | | t | | 1 ..Lu>— 1 1l . (2]
r— ¥ Y ’ ’ Y - ¥ ’ v \ Y v it et -—q
i 1 1 1 ) l 1 ' | 1 t ) 1 ) 1 l 1 ) ' 1 ' ) | 1 ]
1 ] ) I ] 1 1 1 1 ] ' ] ] ] ] ] 1 ! ] 1 1 ] i ) ]
1 1 ) 1 1 1. i L 1 1 L, 1
HE8 HL H9 HS HY HE HZ HL 1 HL-=T|HZ—-T11HEe-T

I¢ ‘314



Nov. 4,2010 Sheet 32 0f189 US 2010/0277401 A1

; L
" -
! m\ﬂ asi
; oL L—
. \ g T or1
2] 8 m M] d
m | — .
: qLL

PPA

=
=]
-
S
&
=
=]
=
Ay
(=]
=
S
=
= 8L
(=7
-
N
=
D
~N—
&
=

Z¢ 31



Nov. 4,2010 Sheet330f189 US 2010/0277401 A1

Patent Application Publication

gl >

A

e R i S L
ST

o ~

— 'TM/O_: u&f

atbtl

eyl
f eL| f

PPA 61 W f
PPA 61 PPA 61

U
C
<
AN

}
|
I

(0) €€ 31 (q) €€ 314 (e) g€ "3




|

e N N >

Nov. 4,2010 Sheet 34 0of 189 US 2010/0277401 A1

~

Patent Application Publication

lllllllllllllllllllll



() QLT oul) reudis aen
12A

k¢

YBA

t
Hl

3
! @.V 7/ | 2u| reudis aje)

el

rUBA

N

LIBA
(p) 3,1 aun jeudis aren

[}
1
“y3A
]

—— |8

1 ﬁ\mJ q/1 au1j (udis agen

} UBA

B Y e it dtefedeiind

1 18
i @ /1 suy| Jeudis aren

~r—4f-di-—- -——-1 - *,———————-—

leppsl-

& 43
+ 18/

J

J

(---——- B3 RS CER TS TN TP PO AN AU | S .

J" ﬁ% L1 auy reudis aren
t
]

L otk b b Rty FEGIE N SIS N SN AU U,

._w
% " @ﬁ_g:_m&_muao
TN

v 18
" Gye aut] reusis a5e0

SYS FENED PNy YOGS GNP W

INIRD

o YBA

Nov. 4,2010 Sheet350f189 US 2010/0277401 A1

;

-~ p=opl -

(7) 51 aun| reudis sen

CEAY

- -5

¥ "W as1 su| udss awp

Yuzp
{

3
4_ bvm: aul] jeudis a1en

L

ol

- el =l -

[ TN SRR SR S PRy JUUUL S S (N U NN DU QI S SRR PR __-.._-._é.-______—

m 1BA
j (1) oL 1 2u] reuBis aren

yYBA

1
i

-
™~

e e e il i Bl o ST ANIE RRpY EUN O NS S SR JEGNIGUN (UG S [N S S S

X
)
o~
I

LTS N ) SRR LTS TSRS Sy W WS g

o~
o~

T
o
T
3

ek e el el il el sl Ll Ty Tyl [N S S U S N

oo
<

—---4-- - . &R X R L
T T TSI RSN S S

e ket TR EEEEEEARY PP JPEP AN TS g Myvyuys SHNNE ) NNIGEL NpUE S [URUNGN IR SN AN N S,

e s ki Ranls s TR TR T FOPRNS RUNS SR IR DN QRN SN NI JUVEN [ SN - D S
e ek bk i T LY YHusiay SIS QUNLEGI IPUPUGE WNGSu (UGS SN S UG D S EEPNLIN I S

e s ki ke RS TS S TR, YU S AN (NEPIR SN SRUG SEINEY SP S R S [ SO,

=TT T e e e

e S T L T PIpUDEN QUGE S NENEUGLANEN SOUpNGY WU QP AU S -

Patent Application Publication

G¢ "3



p—
-«
—
= S I
] 1 ] ] ] i 1 t ] ] ] t
N bbb b e e
o i " | i 1 i 1 | 1 1 I i ' i 1 ! o | I 1 1 I ) 1 (p)qL1 suf reudis areg
g SRRSO OO SO RS S RN SN S ENN S SN SN S S OO SN O AT U SN SN S TS
= A R T e N e
m ! 1 s ! ! ) ! ' 1 ' ! i 1 1 1 | 1 V i | 1 1 v ._.“w\/
2 AN S T O O O ' 0 O A I, A Y TR T e
r T T T L4 13 T T T T T T T L1 F v T L>
U ] 1. ). 1 1, ) | ] [} | _q L 1 1 —11_ H " __ “ m ] 1 ] __M\/
H i ' i : ' | ' i i i | i ' ; j n " “ ) “ : " ! us ?v or 1 2uif euBis azen
9 hn
30 S e e e e e
o ) [l ] ] ] ] [} I ] ] ] ] | I ] ] l o “ 1 I ] i 1 t _} r—w
f 1 ¥ T A ¥ b T LS Ag T v L4 L T T T ¥ T A4 L
3 A N N UK 250 T O N O A N N R AR AR
& 1 T T T T 1 1] 1 ] ) ] I 1 I ] 4 T 1 T T 1 T i ]
e} e e ——————— e “_3
- 1 i i 1 1 | 1 ) i 1 \ i ! | b ) G I i I i [ p | 1o £) BL[ au1f [uBIS 2180)
% 1 H ¥ 1 ] ] 1 1 ] ] ] ] I [} 1 3 1 1 i ] ] 1 I | -Fum»
h ¥ F t L Ll L4 1 r 1 a) r + r is * r Ly 1 1 L4 * 1
& A N U A 2, O N O A S S A W G IR L R
) ) I i ) | | 1 H i R ) ) ' R ' R R
S AN S N N U S U MU U S SN S N SN S SN S N N S S W : o,
y— ] | | | t | i V ) ] | ) :M_mom
> "4” Py . LW ) QL1 sui| [euds ajen
emsaneanion it + 4 | 't 4 renaserare: R ———— S --- - -~ a3
2’ _— 1 | ) ] t 1 1 _ﬁ_ ) | 1 1 t ' 1 1 3 ) ) 1 ' 1 "‘—.“NM//
4 ] } + { F * . + + ] ¥ + F + ¥ ! + s
: e S e o TN N L TG NS U O UK. Y e
0 \ ) ) | [} ) ! ) L 1 ) ] 1 ] 1 ] 1 |- - 1 (] F) 1 | -_m>
4 S S O U S O SO A T S I 20 O O O B T EVA T L R
] 1 1 ] 1 1 i 1 ] i ] ] I 1 ) ] 1 ] 1 [} o ] ] -
] 1 ] | 1 1 ] 1 t i H ] 1 b [] ] 1 1 I ] 1 i ] ( t
] bt ] “ " “ ” _ _ 1 | t 1 t t 1 ] ] " “ ._ " _ __N
i I ’ | 1 ) | 1 | h * | i i y 1 ] | ’ ) 1 i ) i * A\_J qL1 suy teuBis 21D
] | t I 1 L I 4 d ) ] ! [} ] | ! l 1 i . _.._M\/
] | ¥ T 1 T Il H T 1 V } | ] I T ] [ T 1 L] )|
\ | ] ] | ] ) t | 1 ] ] ] L ] | 1 T } 1 ] | __MN/
RN S N O N O I 00 O AR, YR AR L
! ! ! ! ! ! ! ! ! ! ! ! ! ! H ! ! ! ! ! ! . ! ! _..uu»
SRR A A S " 70 A N A QR R TSR
i R oo 0 i | R R R
NS N S NS S NS N OO O - N N SO SO S SR
{RyZ |HE ?ﬁ_:om_ t|Het [Hs1[Het[H91 [Hst[uet[net [zt [HiT[Ho | He | 8 | HL [ B9 [ Hs [ By | He [ He E

9¢ ‘31

Patent Application Publication



Nov.4,2010 Sheet370f189 US 2010/0277401 A1

Patent Application Publication

e —————————

- vl_,_ 4
_. b T T T N e e e e e TY= "~ =~pf~eea__ __
' v T e e e = [ e e T DI g
v ] [} ]
1 i ' 1
“ | “ "
| f [} []
! i ! o] :
) i 1 ]
t 1 ] 1]
; / m "
1 ] [l ]
; ! ] (= :
! ! m ]
| __ : 4 m
' L H '
__ | " :
] 1 t
1 ] 1 [}
.__ ' : —( = "
\ ,_ » 5 m
\ \ \ "
1 ' H ,
ALt ] : ] " — = "
| ! 77 ! ;
! ; 3 i ) 4 ;
! ! (2)9t B/ 1 \ : :
! ! “ :
i ! % \ m :
i ! ' K
/ a Wi ﬂJ u
i ) 1
| H qzl \ oLt ' .
; _ (L)ool ; Lie b _
' i YA |
L T TR
] 1
L eive 499
[} \ M &



lllllllllllllllllllllllllllllllllllllllllllllllllllll

s

[AAt

Nov.4,2010 Sheet380f189 US 2010/0277401 A1

\

LteLL

—
Jr

8¢ "1

Patent Application Publication
o |



Nov. 4,2010 Sheet 39 0f189 US 2010/0277401 A1

Patent Application Publication

St GL : | Sl

ol | T aly gi—" | | I gl "¢

\\ PLL oy}

91 |o/ /\ol%
P—t—4[ =
1 /Q:
qLL ||./1mr
! .
BrA
(9) 6¢ ‘314 (qQ) 6¢ 814 (®) 6¢ "314



=

= S 3

~ )

~ L

S H ]

= '

o Vo

& |

£ uLov l\f\n.. T

. |

=) Vol

= o1 i

) ittt e DS T T e Rt DR T EES B H
s T ) e e e B et ebneg g R R
g qLOY o

= | P

77 / * -

= B i

I~ - 1 |

-t BLL “_",

2 s !

Z eL0b % azl mm \\\.Nr
= '

.m ¢ __T ’

S =

= = /

S \w: J“m mf

3

2 al ~ % ~

£ °Ll 9l = 2 g1 BLL

E 0¥ "S1q
=

[~



Nov. 4,2010 Sheet41 of 189 US 2010/0277401 A1

Patent Application Publication

llllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllll

0 0

llllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllllllll

N
-
Lt

t= At

2L

llllllllllllllllllllllllllll

ool
[(e)lp
\ 1 —
B B e~ i~ o




Nov. 4,2010 Sheet42 of 189 US 2010/0277401 A1

Patent Application Publication

A
CRAETTTTTTL B
P nD/ 6L _i— 1Y
w m e 1
1 m e
| " \ m
qlLt _
a _
o1 mZ\H:.WMI I_I/_w/lnmr
PPA cet
(9) v 31q (B) 2h 314



Nov. 4,2010 Sheet43 0of 189 US 2010/0277401 A1

qll
sLl

T 4
= |
2 "
.m "
=
=
=™
g
E ppn 6} si—" |
IW BLL
z
E et 81
o]
=



Nov. 4,2010 Sheet44 of 189  US 2010/0277401 A1

Patent Application Publication

(9) ¥ 314

(9) ¥t "3




Patent Application Publication = Nov. 4,2010 Sheet450f 189 US 2010/0277401 A1

O
O
o
To
~
................................ .
o —
Ty B
................................................. 1. T %
: — X o
: [0 e
i ohn| d
: o | P
g R QA
31
To BN
: N —
3 . 0| ®©
- @©| &
I -~ |-
Q| E
9
oo
n|P
o |o
O
o2 1))
© ol
S o /A s
- |/
% Yo
' -
n < ™M N - O O
. -~ -~ < o0

OoT3eI 9beiToa TRUTWIIY]



=
m (H) owmn uoneuTwIn(y
m c 000y 00Se¢ 000 00ST 000T O0ST 000T 00S oo.o

9 10
m .- v ojdweg ﬁ <0
3 T SN e Taer B e €0 B
3 6 | @odues | il 70 2
S R m
S . o1 |- :lﬁLJ/r\[ §0 =
~ o - I =
2 3 11 |- . i 90 °
z 5 \ M//
n 271 v 9]dures / < L0
S S e N
g S ET o s N 8°0
£ M“ 72 [ S SO S S / 60
g <
E 61 01
B
<
s O 819
g



ey 4Allt

Nov. 4,2010 Sheet47 of 189 US 2010/0277401 A1
o

\ PPA L
eLY

Ly "81q

Patent Application Publication
m/



............... 0s
........... B S N

P N .

=
™~
<

i EE e P R R e ks bR iTy

i
(
/’

\

1

eZ1
L9

S S

oD
>

Nov. 4,2010 Sheet48 of 189  US 2010/0277401 A1

_//

N

—

\1':\

~
R A

=
o U P— F ERpu e () DS pu R Ny R [y,
0 (] ko)

G
>

e el e e e
~
<

1

™~
X
N i
=3
o
-
w !
=
=
\J
g
o
.%
NIMID 3
dl)ﬂ:)%

Patent Application Publication



Nov. 4,2010 Sheet49 of 189 US 2010/0277401 A1

Patent Application Publication

[ I T T I R T B | | T T T R N T T T A B T T [ R T T O T T T S S T R B B Voo
[ S T T T T T T T N T N SO S T T TN T SN T N T Y T N T T N Y T TR T T N NN ST N ST B N N T S T
[ T T T T N S T T T T S S T N S Y TN T N T T N SN T TN TR T TN SN NN T S RN N Y N T S
[ N e e D T T T D R R R T D D R D T R T R TR A AT S SN U S SRR SRR T R T SR S|
[ T T T T T T T N T O T T TN T T TN T T Y T TR N T TN Y A T S (RN T S N SO N S TN S (S B N
|2 T S R A D D 2 e e D B T R R N S N N N S N N R R R D D R R R TR R R ST SR SN A SN R T T N S S|
[ WS WSS SH NS S VIS VDS VT WOV SOV SN VU TR ENUIUN UVRS GURUDE WRUUD SV JRUEE TURN GRSV JROUOD SHUUOE SURIRY INUURY SOUTY TORIUN NUVIUS GUNUD JUNON JUIIUE DUSII TUDIE WU JOOOY SUNI TUDIRY DURIY SRS 1 ecbnndiedi |BA
L R N N R RN N R N
[ S D D e [ I R T R |
Jovwedesmebrnesbmsmeabromradrosis dussech ettt ——— A 3 a01] SPIQ 2S19A2
_“_______ Vb oE 8 b ) 1) [ [ £>Amv::‘< i serq A
________-_._____.-_-.-_._-_.____-.______.___w
TN T i Y @uremeadsory
I oo VLo 1) "o
B T B T Rt ST SR ST SR Y S N (e N S S 11 -
____________~_.___.____h__.___..________._._
L S SO O S S S L T oL U U v U TOUvv v DO N e S T E E TR T TN NN NN A N TS NN T TN I S TS S 1
P —p— LA S A i St Mo i’ N SR M Ah St R R A A I Minh Shatd aia ien St hent Astit At ekt Sttt Senitd mh e | -..d_w\/
| R I I S I I R B . Y D N N N Y NS NN R N R A I AN A N N N AR N S [N ST U R [ S N NN S SN TR SN S
e e e el usp
mrrrr
LA ug1s ote
A T T O O T T O T T A O O S O T A O A IR R (€) L1 oun Teuis ot
| T S T T O T O T O S T T T T T T T N T T N T T N N SO S S T T SN T S S S B T B T
SOOI TORON UOURY U TR UUEN OVUONY NUUSN WOUUN GHOY SO CUU SN WS SIS SR WUURS SUSS JHNUS SN SOURE GRS VN VU VU JOUU 00 DURY U NN UON U NN T AU TN OOV OO VOO SUUO JOUO JOOO% OV SO |70
| T A S B RN S S T R S A A B B | | T T T e R R T S S R R Tt M
____.___.‘.............*_____._..__.___.___
Lodobodod bbb dodoododod - VO S0 VN T T S A S S S T hedeioneie  US A UM SBIQ 981345
[ |
B R (@) 1Ly 3un seiq 4
[ S S S S SR St _.._.___b....._....L»..........P»._M\/
L R T ] @t smedsemp
_.___._____.__.__.___.__4_._________..__.___
__.._____.____.______.___.__________________u>
A A A A A A PR A S A AR A AR AR SR AR AR S A RS N A A A A A R S T R
N A e N
r T LE T ng T v e L I T 1] T T T ¥ L) T T T L} d— ¥ L v T T T T T L) v By L4 Al v g T Ad L T T f—m> AV“ ua— —HM—WO
1
EERRRRRRERE R R R R R R RREE 2oLt oo feuls amo)
| T T S S T O T O T T O S T Y S A T S N S T Y S T SN T N S TN N SO N TR T T T N I TR T S
SR TOVTGUON SNV VUPVR. VOO0 OO SOV OPOO SOPP SR SO SV OV JUUUN VUTO JUUNY U VOO VUM N FORN PO VU U GO OO U NN TNC GHNN JUNN NN WO NN BUE AN U T N SO L O O [ 7.0
[ A it e NI Sl St It Al Sty S et St S I B I Rt L S SA0 B s B S e S | S |
[ T T T O T O A T T T R T R O R N A S T B | ._.__._______a._._
[ S S T T T T T G T S T A T S A 6. TR SO FOO0S W00 VOO FOUOO OV VOOOL DU Voo T | dedemdede USA (1) 1L¥ SUT SBIQ 9SI0ATY
| R R I BT e e e e e e T e D Y i S S S S
N T T T S T T T T T T T T Y T T T T T I T TN Y T T TN AN T N S N TN T SOD E O T B
[ W O T W VI R I -n-\—-—--—-w——-_b——__-n———-F_— -—\_—m>
| L R R I L N N N N B [ T T e T T T R M R |
bbb e bbb e oo e ek e bbb W bt YBA  (1)4LT 2UT] TEUSIS 278D
[ L e e e e e N e e N e e e I D R e L e e e e e e e
RN O O 0 O 0 10 O O 0 0 AL L A N O T e
[ N A e e ) [ Y U A N E T A N A A N T N S| |2 R I N R R S A A R D A B A | -____>
Coror b v e ey ey oy e Yy
IR IR A B e .___£m> (1) BLY auny reudis ajen
L e e e e O e I I D A R A D e R R T T T TR NN N SR (RN SN I S A T | N °
[ T T T T T T S T T e T T T O T T T A T T A TN (R N SO T S T SO N SO T S N
| I R N R I I 1 I e e D D O S I R T Y N T T T N (NN TR TR NN (N RN TR A SR TR SR NN SN (Y NN SR TN S U |
SR T ST T R N O T T O 0 S O T N O O A T O A | I R
1 .
(rpr—————— L e e s e e e e e ypeye - O H
[ I O R N H R R | [ R D D D D e e B B N | L A I I D e S D D B | I N B |
S Y Y D R R R | [ D 2 I D D D D R B R B B | [ R D D e R e A D R B | [ N N R |
I I T I T R [ T T T T T T T T S S B | S O T T T S N T T T | [
[ T T T S T T T T T T T O T O S T T SO O O N T T TR T T T S S T T O S (N S S T
giL|ofslviciz|t|opgpticigyttpfslgic|o|sipiciz|1|okTpLCIRIITON 6|8 L|91S|PlEl2| 1|0 ST LEIRL
LI S I | 1 LI N | ] 1 + LI
-

=

61 "3



Nov. 4,2010 Sheet 50 of 189  US 2010/0277401 A1

Patent Application Publication

L

~—
[\
d—

©
—

N

* ze/l

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll




Nov. 4,2010 Sheet510f189 US 2010/0277401 A1

Patent Application Publication

lllllllllllllllllllllllllllllll

qll

9l

BLL

IS 313




p—
-«
—
(=] I N T N T T T T T T T T T T T N T T N YT T T T RO S R S S N TN S T
4 [J T Y T TR NN T S I N NS S NN SN N N A R SRR N D SN S SR RN N NN S N N NN DN S SUNN RUNN U NN S R DR DN A N B R |
Ny T S A S A A T T S A R T A O A A
7 “"""-__._-__-___.-._._-___-__._-__._-___.
g T T T T R T O T S S S A I
— | I T (R N I N N S| | S T R N I HY R R R D R R D D D T 2 e e R R I A N A Y I N R R I R N
(=1 [ N T S R IR N B B | | 2 S T T A D I e T e e B | | JN A SR R A KN SN N T A N A S B | | I B .
p— [ I R R I T S D | [ IR N I IR NN IR N A N A AN A NN A N NN N NN N R SRS N S N S [ N N AN R SN S NN R B
0 | IR T A DR N N B B | { I T R IR Y NS AN IO IR NN N AN S NN SN N AN N R N A N RN N Y N I N N N § L I R B |
2 [ I N T TR S TN N NN U (N NN A N I N A N R NN NN N N S N | 2N N R T AN N R A NN DR N S R A A D R A I
T S N A O R A A R
z AR R R R R RN R
P |
........ . h HE HER S S S S JE S S S R SO e e aul| reusis ae
oot o o bbby oo e oo d o bbbk g oo g QLT OUT [EUSIS SIED
S T T N PO S R S - S S A A A [ S T T A R R R A P
9 ____-____“"“"""““-_________h__-n-—___ £M>
8 __.___-___.___.__-u___._u—_uu__l-#_____\
— [ ENN U R R NN NN DA NN AR D NN NN S NN N S NN (RN D NN NN SN NN SN IR N NN A IR N A AN N R A N S BN S | [ I I I §
[y [ [ T Y [ R R T N N N A TN SN NN N S I N T S N N I S NN S RN N R N N NN N RRNNN SN NS U N S B AN SN I S S B |
S A T R O T T T ST S T T O S S S S S A O L IO O
o _._______T._______-_.__»_______.__-______.._
=t t=r—r~r-r-r-r-pF-roeETaT Ty Tt T r-rer-rerer e p— g 'y p— ¥ g ¥ .y -r-r hadie Rt
i I - S A A A A R S S A - A IS B A A A L0 1BA 9.1 sun reudis ajen
~ | IR I T [ DN D NS NN DN TRNN N A S SN DN N S IR AT SN NN RN N S I R R N | IR R T R A R 2 D | [ I B S ]
-5 I T N N IS OO g D | F N SO TN TS AN SN SN NN AN NN AU OO IO VO | [ "“““““"“"“ u“““m
2 T R e YA
S | I R T S I S N R | | I [ N K N TR N N N U N N N B | | I T TR N S N S | | NS I IR R I | | S A I |
O T S T R S A S S S T S A S S O S S B A
RN S A U A S A S0 QN L
m | I A T AR N N S R 1 [ I D I N N R R B R N A I e ""4_"""__“""““”_.“ | S I T | _>NN..H 0—.—.: —.NﬁM~wQuﬁo
> R A A AL SIS A A A A A A A A I I ’ )
! S s e 2 o e e e o o o AR O R I O B AR o o A
4 [ I R T (R IR N S S | [ 2 I I N N T EN S N IR NN NUNNE B B | | I R S I A I N D e R R R S R | [ I I |
. e O O O T U T T T T T - T O T - O A T I B O
V “IL_I._rI._rI..rUu'lnnl.rI"lIllullullnlln|lh_llh||“|a“I-—.lL.lPlFlrlrlrl1lrI_.II_ILlL‘LILlFIPIPIrlrlrlrlrlllrl_lLILI O
S (A T A S I S A A A A A R R R o o S R S S A A A T A
N _“__,“__.“_______"__.__—_““ﬂ"_““““"""__ "“""
A A O S L e e O A A A DT A A S A A Y o viva
SEEEEEELE IENN BEEEEEEEEENE RN SEEEEEEENEEE SRR
= - Bt i e o s sy e ey s s g mnrcTuW S B T L Bt PPA
0 f I R I R I A R R R A R R D R D D D O D D A B B B | LA R N I N RO R N RN I S | L IR B B |
= [ T R T S B T B [ T T T S T S A S T T S B __...w_._.______.______ [
~ [ I R R S IR I N N | [ S I T I S R I I R N N B TR R | ] | I A Y NN NN NN NN N N Y R S | [ I I B |
= SEEEENES NN RN RN
= oorobod L I ol gH
— L R I TR R IR N B | | IR A I N NN NS R T I R A B A | | IR N S S IR S IR N N S N BN B | 1t
b I R RO R N R B | | DN D N R N N SR N N R S D R I I O S N S R T A N N R S | LI T R |
u | IS I Y R N N B | ) I [ Y N N N SN S S N S N S | [ IR I EE T A S T Y S N R R S | [ J I B |
P L I R I I AN T NN N AN (N N SN IS N AN S S SR S NN S R R | L I IR N AN H IR I A IR IR N RN S B | [ I B |
I I D N N R N BN R R R B R Y R T S N R R R D 2 R R A A S DR R I TN NUNN DNNNY RN R AN NN S A | LI R R |
n I T T S s O T T I T O T T T O T N T U AU N TR U U U D B I N AR N N N R R T L I |
2 (8] c[o]s]vle|z]i]olsiplefer]ulor]s[s] c]o]s]v[e]z]1]ofslstletfer[trfor] 6]e] e ]o]s[p] ]z 1 o lsferferfer
nta I D R R R N I T e e e e D R e e T R T e D T T N T R T T ) [ )
=
«
~—
n L]
(=P}
E z6 3
=™



—
=
—
<
s
=~ i _
g " m
S NO —— :
> ' pe i
S ' "
w ‘ Ly
z S a
POl R = S H
m 440 P SN =Ele)
S H i
o ! "
e NO —————— _
> ! pe _
) ! i
- 291 N |
= 440 440
[}
-
=
(=}
4
=
2
.m NO 440
2
£ \ 8L \ 81
=
.m
S eLl Bl
=y
MDn.. l \LLO l \ZO
= . . .
g (Q) €6 314 (e) €6 314
[~



Nov. 4,2010 Sheet54 0of 189  US 2010/0277401 A1

Patent Application Publication

SEAN




Nov. 4,2010 Sheet550f189 US 2010/0277401 A1

Patent Application Publication

440 440
440 440
NO 440
WA Gl L S eLL Z /|
N VHH Ly’ M MHM | | gLt
\\ Pm\\ \\&o \ Fm\\ \zo
P a DT P g9
N e A L
AL 7 YL _
" (@) s i o (e) ¢ 'S1g



o
—
h Dt

P

Nov. 4,2010 Sheet 56 of 189  US 2010/0277401 A1

PPA PPA

(@) 96 31 (8) 9§ “314

Patent Application Publication



Patent Application Publication =~ Nov. 4,2010 Sheet 57 of 189  US 2010/0277401 A1

| 1750(574)
573

— 1 572

@/—5723
o
T T—572b

57(5,'
=O

572d

- 572¢c —

Fig. 57



Patent Application Publication  Nov. 4,2010 Sheet 58 of 189  US 2010/0277401 A1

81
582
581

573

..................................
..............................

.....................

NNNNANNNNNNANNN

\\\\\"\\\\\

——— -
- Sea

109583

574

IR A N R I RN

108

Fig. 58



Patent Application Publication =~ Nov. 4,2010 Sheet 59 of 189  US 2010/0277401 A1

573
594

583

591

592

Fig. 59



Patent Application Publication = Nov. 4,2010 Sheet 60 of 189  US 2010/0277401 A1

601

603
602

Fig. 60



Patent Application Publication = Nov. 4,2010 Sheet 61 of 189  US 2010/0277401 A1

. <

\a—..r:c..w..m»&h,l'.-..«»'.u,..ue«m»:&‘a\u«,-. Boe e ra] win ime st e 3

614

i
"
—

Fig. 61
613
612b
612b



Nov. 4,2010 Sheet 62 of 189  US 2010/0277401 A1

BL1

79 31y

Patent Application Publication



A LES
L

q
o
ey

e FoTeTETEET -|-'-c-....-:|..|-----..--!..:.-::----__

; qll

V Sl @ \

\

e

Nov. 4,2010 Sheet 63 0f 189 US 2010/0277401 A1

eLtL S

............................................. \m:

PPA

€9 314

Patent Application Publication



Nov. 4,2010 Sheet 64 of 189  US 2010/0277401 A1

Patent Application Publication

IIIIIIIII

............................................ ntm
m -
SE T
m_u_,_. o1l m Bl1 m
q Akt g1
i S
~ % T
celLltL Le _.Nr PPA - wn\rv-mf::




Nov. 4,2010 Sheet 650f189 US 2010/0277401 A1

Patent Application Publication

eLL

G9 314



Nov. 4,2010 Sheet 66 of 189  US 2010/0277401 A1

(Q) 99 S | (®)99 1

Patent Application Publication



Nov. 4,2010 Sheet 67 of 189  US 2010/0277401 A1

Patent Application Publication

IR

1

_—— e

r—-—-

J e lttaabatatnt aahad

e e —

e —————

o
>

;

}

(po1Jad swolj auo) 4|

Y ]

qLY ouy| [eudIs 2B

/] ouf [eudis 218D

(9) 19 814

qLT aurf [eUSIS 28D

g/ ] aUl| [eudls 91ED)

(Q) L9 "31

q.1 oy [euslls 91D

ey ou| feudis aEn

(8) L9 "B14



Patent Application Publication = Nov. 4,2010 Sheet 68 of 189  US 2010/0277401 A1

o
(@
-
Ty}
o
A -
O
—
=
- -
- = -
© S ~
©
—
®
A
©
o
-
n
—
-
v}
©
0
o
A ol
o0
\O
bh
» youl
S




Sheet 69 of 189  US 2010/0277401 A1

Nov. 4, 2010

Patent Application Publication

LL
................................................................................................................. *
......... JONANANNNN ////////,///////A/////////ﬁ//// R

,////////Aﬁﬁmmmﬁ

r4e]} tolL LL
Lol 901




|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Y
-
Y
>
ol
7
o~
o
<>
S
Y |
> 1
o~ 1
= :_1-;////////////
I
‘ vy // ./
o ) HRBRBRRRRRRE
%) ! “.n.n.“.“.”.”.“.“.”.“.
1 — -----------------------
= \ Vit nﬂﬁnwﬂun .............. ”:
- 1 ,.n:”:x:x:“.m“_:. RS S S SR S T DR E R SRR PR R PR RS i
= Voo i ] R RN I NI IR
- ! T LTI RN T TR RN AR i '
3 ! AN 4 Aal.14:: 14 3a).14:. 14T/ i s Qs =_= R % "
= PNy S Ry R ARSI - ]
- “ /
— ! ,
P} 1 L} i |
o~ i ' 1 1
- DI \ \
-t o ———— H
Z
Z

rAe]! YOl Ll oL 001
SOl oL Jp  ELB9

9169

0L 314

Patent Application Publication



Patent Application Publication = Nov. 4,2010 Sheet 71 of 189  US 2010/0277401 A1

681

N ‘\\ 3
N\ \ -
NN
e N
o N
” N EENNNSS
T H
D\ NN
TN
' NN NN\ \\\\
AN \ \:
% S@%\‘ \\\\§
/\\‘\\

681

Fig. 71



Nov. 4,2010 Sheet 72 0of 189  US 2010/0277401 A1

Patent Application Publication

Ly

3
\
N
"\
N




891 D91 d9L 89L DO91L ¥WOL gg| nHgL NIl

N N N S

Nov. 4,2010 Sheet 73 0f189  US 2010/0277401 A1

D TR T

g9l D9l ¥I9L 89L DI9L ¥USL gg; bngr M9l

€L 31

Patent Application Publication



Nov. 4,2010 Sheet 74 of 189  US 2010/0277401 A1

Patent Application Publication

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

CE e L

T
L
s
2
[

e

4

P !
i __kﬂid !
oS w«% | ......... TH /:m«% N

B e S hatntialadd ettt bbbl At



Nov. 4,2010 Sheet750f189 US 2010/0277401 A1

Patent Application Publication




Nov. 4,2010 Sheet 76 of 189  US 2010/0277401 A1

Patent Application Publication

et J_
e e e I [ ) e e e N N By e e
=S
g —ai
D8l ——1 7
\ = —
_wN
_ \
A <
8814 Y
AN I ERIN &%o_ A AN
__7 [ RPN AN SR RSPV RPN PR AR ARUURUN B NGLAS .’nivﬁ ) IR FAA I A RIS N—-

9/ 314



Nov. 4,2010 Sheet 77 0f189  US 2010/0277401 A1

Patent Application Publication

S0\ A0/ AR 2218 [a@ae 2@ A7,
AR (A 8272 D\ AD AP
S DA USIAADAADA 22
AD\AA0NAD 7 A2 RA220 e A ad%
.NHN\&E.N. BWZ 227270877, N.N. 7Bl 77 8%
A AL A0 A8z
N..NM_S-.. 2202248 (4] .NN....NN |
R\ (el s A 227 -.-.U...N
WA A DDA 280
AS\AAONAADIA A A A ..._l_\\N 77
AN A (A S22 0220200V
.Nnﬂﬂ.ﬂ.ﬂ .....NN“- W“IN&.SN\.

d Pig

(9) L 314

4 pug

Q) LL ‘31

J381

391

(®)LL 314



Nov. 4,2010 Sheet 78 0f 189  US 2010/0277401 A1

Patent Application Publication

ZZ RN 77707

E\Zl7/707)7|7Z|F

787,77\ 77
27 RN \7)7B 7
(AN A7
ZB\Z\77Z 77,
X QW A4707
El7Z\7,\ 707,77/
Z\87 2\ 7NN\ 7.
ZZRRN\ZZ7B 7
BN\ 78 71717
NESNSHMWN
g9

4 PIE

(9) 8 314

(SAAON 2702
78777 7|7
ZZ 771707,
EZlZ1Z B 27,70
72727 R 717
ZZRE\& 77787,
E\Z7/7 87177
2872278\ 7|7,
Z\ 7R E\7. 777,
BN 72 8 7\ Z7K
7B 7|77 RN 7|7
ZZ RN Z,7)7Z07.

ZBZ\ 2777
ZZ 7 77Bl7
AN
ZB 7717 BN 77,
ZZ BB\ 7787,
ElZ 171718777/
ZBZ7 777,
27BN 77707
G202
7B 72777,
27 R 77,787,
Wﬁ@ﬁﬁ&ﬁjﬂ
L

891 9

o9l

d pug

(9) 82 814

H91

g1

(®) g8/ ‘814



Nov. 4,2010 Sheet79 0f189  US 2010/0277401 A1

Patent Application Publication

MIOL
891
991

| |O| (] | =] || (O] || | =

m

O

PO

| 1Ol (=] (] |O ] =] ] [O)[m| [=
e O] 1] 12 [ |O] @] =] [ | O] || | =
| O] @] (=] [ [O]|m] [Z] ] [O][m] [=
el (O] la] 12| [~ O] |m] (=] (4] | O] [m] [ =
| O] ] 2] [ {D] || (2] [ [O][m] [=

Y

ed| (O} ml =] ] | O] | m| {Z] ] {O] |m] [=
e O]l (=] [ O] M) [=] ] [O [l [=
| (O] [} (2] | O] [l [2] (] [O][m] [=
o O] M| 2] ] O] || =[] [O] || |2

q91

(@) 61 31

ARSI A BRI AR
=| (] [O] [Z] [m] [O] [Z] [a] [O] [Z] [m] [O
m| (O] [] || (O] [ ] | O] [~] [m] [D] |

~] (2] [ma] 2] (=] [a] (2] [Z] [ [2] [] [
=| || (O] (2] [ml[O] [Z][m] [O] [Z] [m] [&

| [ (][] [O] [ [] [0 [ed] [ ] [ O] [ 2
O[] [Z] [O] [ [Z] [Ol[e] [=] [O] [ed] [=

mammgmmammam

=
©

o A0 [E O ECHECHE

981 Yot

(®)6L 814



=
F
5 05
S \
S 29
& 1T “ Zdes
o ~ 25
o \
= 1T ZOEes
= 3)
25
m nq .“. CHES
= |=] 25
- " ‘laes
S T e
S 2 25
- \.
5 1T [~ L9ES
5
z \Nm
i 1T ~ -~ LHEg
2 g 2s
S
=
=
[~
2
5
=
=9
-«
(9Q) 08 314
2 .
=™

x| ) wq:> m::) \
N

(®) 08 314



Patent Application Publication = Nov. 4,2010 Sheet 81 of 189  US 2010/0277401 A1

Fig. 81 (b)

53B2
52

Fig. 81 (a)
52—

53R /|
52|

53G -
50
52— |

53B



Nov. 4,2010 Sheet 82 0f 189  US 2010/0277401 A1

Patent Application Publication

|||||||| S Ry ! Rl T _ —mmemmpecec—c g mecmaa [ |
gl lalllallalllfallallalls g
gaze”| sl 1ol ool o201
gl el lalialialltal Tl | 1al
I\\
ogqet glllalfallallallla all | g
T ezl
sl oo 1ol ool o ® e
\V IR Y RN N
\ gillallTalllaellallls alllalF8%t
¥aZ 1
\ 5} ) 3} D ) [3) 5} 9 [--O9t
= IR R RN N R
Mol e/
89419921 4.,
78 "33



Patent Application Publication = Nov. 4,2010 Sheet 83 of 189  US 2010/0277401 A1

833a

N
_
J QOO
\8\33b

- L
) A B
I
||
EEEREEgREEEN




Patent Application Publication = Nov. 4,2010 Sheet 84 of 189  US 2010/0277401 A1

I
[
[
L
L]
n
I
B
[
L]
[
\833b

N g;,l_,f:n_u;;r;i S
. OO0 OO
: FEEEEEEjeanss

) [ g e ——

] §
] )
l rﬁmb—lﬁr—”_”_* m‘:-



Patent Application Publication = Nov. 4,2010 Sheet 85 0f 189  US 2010/0277401 A1

v,__”__..u._.ﬂl_”__,,_._,

|r_”__"__1r...—..-,,..-.-.—1r——,

ﬁﬁﬁﬁﬁﬁ -
'Y l_ll_LJL_Il_IL_l' ] s

832 ~_|
16— |1 1 |
LI
834 %
16
aszf

831



Nov. 4,2010 Sheet 86 0f 189  US 2010/0277401 A1

Patent Application Publication

ﬁ@ﬁ@ﬁﬁﬁﬂwﬁﬁaﬁ




llllllllllllllllllllllllllllll

qlLl

ell

S ) e o I

Nov.4,2010 Sheet 87 0f189  US 2010/0277401 A1

e
©

L8 31

Patent Application Publication



Patent Application Publication = Nov. 4,2010 Sheet 88 of 189  US 2010/0277401 A1

- 2
A

P

> >

-7 v/
/ >

Fig. 88



0S US9I0S I JO WONOH «— — (G us210s 3y Jo doj,

3ouny

Q

auIf [eUBIS 92INOS JO [BIUI)OJ

Nov. 4,2010 Sheet 89 0f189  US 2010/0277401 A1

............................................... VAL PN

pardde st m] juaxmd uaym out] [euSIS 90IN0S JO [B1US)0g

68 "3

Patent Application Publication



Patent Application Publication ~ Nov. 4,2010 Sheet 90 of 189  US 2010/0277401 A1

L—0855

~ X

993c¢c

L—993b

L— 995

997

/‘993a
L— 985
L—994
§ Rm

996

992
997

| Rm
996

Va

=

2
¢ 0]

2
o

HD —>
VD —>

b

Fig. 90



—
-«
Am_. (G U23I12S 9] JO WONO0YH «— — (€ UaalIds 21y JO QO.H.
= Yoy ey
(g | N ] [y —_—
= ] ] ¥ ] I ' T i l 1 )]
S | | " | __ “ | " " | g
y— =T T T T T T T
S WU U T T 4
A 1 1 1 1 ! __ ! | ) 1 b=
N 1 ! | 1 i H K \ \ \ g
= “ | “ “ “ : i | | | s
S I T et A
(=2 | ) ) ) ) h I | 1 | =)
[l | ) ) ] i i " | 1 )
= 3 s | | m | [ __ " | | | ‘3
1
= L _ u “ ! " " ] _ (916314
= “ | | o _ | | i "
g S ! i S i ” _ _ i up
2 s A B B
x — 1 I T ! h “ T I m [-ug
| 1 ' 1 \ 1 1
! : e TN _ | “ _ ! -
m i 1 1 I \ 1 ! ! ! ] o
S : : u ! .. R — ! | o
3 — T T
Z " " “ ﬂ ! “ ! i : €9
= ' ! 1 | ! ! [ | " "
Z ' i ' ! ) | m ! . T 29
v v T : I _ T i
] m m ! .__ ._ “ _" | — 1)
5 i i : ' I | H ! " "
(= ! ! ) | *
= jomn] m m m | ! ! ! “ (@) 16 314
> “ n « “ ! __ __ m : : 0
2 i “ | o ! | | | “ 23
= ) ) H I ! i I ) 28
: ! 1 | 5 B
S " | | " _ _ =
= _ ” , _ | | 2
5 _ | | | | I s T
B _ . , <> | | g
= v ! HL . 3
B ] PPA
=
5 .
z (®) 16 81



Nov. 4,2010 Sheet 92 of 189  US 2010/0277401 A1

Patent Application Publication

0S U2310S 9} JO WONOH — (0§ us910s 9 Jo do[,

3 o]

I
I
1
|
o
o~

aul[ jeuSis 231008 JO |ENUNOY

HL ™ HL au] eusis
21e8 uayoig A
........................................................... PPA
31
0¢ U32I5s 3 JO WONOY «— — (¢ Usa10s a1 Jo do, BADrv ¢6 st

yaum,

0

1
I
1
1
e Nl
1

o
HL 7""HE 7
3I0ys Qas N

aul| [RUSIS 20INOS JO [RIIUDI04

................................................ 1 PPA

(8)Z6 314



Patent Application Publication = Nov. 4,2010 Sheet 93 of 189  US 2010/0277401 A1

aun| [eudis 924nos Jo jeRUIOY

b
Q
| g
: &
!
1
[l
!
[}
I
i A 8
| o ot
| 2 2
; 5 5
! @ @
: g °
) b
] S) d”
| ; g
; ! g
| ! g
! '
: N
o 1
s T
! X i
! ® ;
: £ - :
L8 ;
: > '
1 [} I
t [ H
) i 1
1 [} |
[} ] |
[} t |
| < >
| t @ H
1 [ H
| o> c l
L | S
o E|l &
| >| 8
) 5] *
: 2 g
| b 5
| — o
: S}
! o
(@)
1 =
5e] o
T
>

Fig. 93 (a)
Fig. 93 (b)



Patent Application Publication = Nov. 4,2010 Sheet 94 of 189  US 2010/0277401 A1

3 &
> 8 87
< <
) o /O o
¢
<
/ :
»—\N\/‘—-SWLE ]

ouT
IN

Fig. 94



Patent Application Publication = Nov. 4,2010 Sheet 950f 189  US 2010/0277401 A1

o
n
o) 0] (0)]
O )
> >
@) O
5
o
0 —] ;
o \ E
© o g
o~ 5/_\_' g*
< o =
o £
> %—E A
© ) I |

Fig. 95



Patent Application Publication = Nov. 4,2010 Sheet 96 of 189  US 2010/0277401 A1

¢ Vdd

944b
_/" 951

8443

O

/0————0 Vss
QO

944c

9§3b
<
¢
.

Vpe
0
941
v

Fig. 96



Patent Application Publication = Nov. 4,2010 Sheet 97 of 189  US 2010/0277401 A1

>
E @)
g
S
< »
o —_
> >
>
¢
>
~ 8
3 > 2
g 0 S >
S 5 o
S
g B O
- R, Q 5
(@) > o >
) 3 i
&) A t
-'—1 O
= :
7]



Patent Application Publication = Nov. 4,2010 Sheet 98 of 189  US 2010/0277401 A1

52
53
53
52

50

Fig. 98 (c)

N
n

™53

Display

Fig. 98 (b)

53
52
53
52

50

Fig. 98 (a)




Patent Application Publication = Nov. 4,2010 Sheet 99 of 189  US 2010/0277401 A1

L
N

991

Fig. 99



avootL asL

ag001 9901

qiLL

LOOL

Nov. 4,2010 Sheet 100 of 189 US 2010/0277401 A1

2E001L ElL
L 2901

001 "31]

Patent Application Publication



qLL
qv00 1L qgtL

LLOL /nmoor \ _<\njm

‘ R XYL A A P L L T e

Nov. 4,2010 Sheet 101 of 189 US 2010/0277401 A1

ey00L 4GL e/ [yulew

[01 31

Patent Application Publication



Patent Application Publication = Nov. 4,2010 Sheet 102 of 189 US 2010/0277401 A1

n -
N ™~
—
[ I )
_ N
N a
o o
o) -
-
O
¢
T—\
[ ]
]
—
)
o —

Fig. 102



Patent Application Publication = Nov. 4,2010 Sheet 103 of 189 US 2010/0277401 A1

0
N
)
—
Eg e
m_/ »
(@
-
..Q——//
q
= e}
3 —] T
__,/"g -
- | M
I~
L
v ©
ﬁ- =
- o=
- B
N T J
= Y
o 8-—/,_ © /
= " 5 o
- o v
Lt o -
20 S
.



Patent Application Publication  Nov. 4,2010 Sheet 104 of 189 US 2010/0277401 A1

CLK

UD

RDATA
GDATA
BDATA

—» GPV
—» BPV
———» ELCNTL
—— » WRCNTL

1022

A A A
(o\
<
>
s 8 9

Fig. 104



Ll

|
|
l
|
]
!
!
r
I
|
i
<

Nov. 4,2010 Sheet 105 of 189 US 2010/0277401 A1

et TS M RS S

-y - ——— oy

—
<

LSOL f

(9) 50T S1g (8) 01 814

Patent Application Publication



Patent Application Publication =~ Nov. 4,2010 Sheet 106 of 189 US 2010/0277401 A1

Ny -
~ ~
\ e Ao
0 (o}
H ot -
V. —
= ™ ™
B8 g
/i e —
= N
, N ©
= 8 (@]
:; — = -
=t — = o
- © = O
K ans ol Ol e
N /- :'..—Z;I
- a S 7
ll‘/
. - g
= - = A
— - - -
= 57
~~ ~~
las] L
e’ - N &
\O N O o
S - oS -
— o—{
b 50
s e



Patent Application Publication = Nov. 4,2010 Sheet 107 of 189 US 2010/0277401 A1

1063

111
|
\

273

71

1021

Fig. 107



Patent Application Publication = Nov. 4,2010 Sheet 108 of 189 US 2010/0277401 A1

_____><. _______________________________________________

..__-_><. ___________________________________________

__-__><. _______________________________________________

_____><_ _______________________________________________

CLK

Fig. 108
DATA(7:0)
ID



Patent Application Publication =~ Nov. 4,2010 Sheet 109 of 189 US 2010/0277401 A1

_____ S
= A

_____ O S N N L
0 a

I T T
o a

_____ N B X% S S
o o <

_____ NS S N N S
o 8

B P S % S— U
m A

L S N 5 N N
” A

BN S S N S DO
N s

N U

Fig. 109
CLK

DATA(7:0)
ID(7:0)



Patent Application Publication = Nov. 4,2010 Sheet 110 of 189 US 2010/0277401 A1

SV S 0 S D S S —
- ~ -~ o~ O o~
—— (®] O (@) '\ (®]
— = s 3 =
oY) x G 81] I @)
o pmayf
&3



Patent Application Publication = Nov. 4,2010 Sheet 111 of 189 US 2010/0277401 A1

cﬂ A
O v
7] (v ]
L | | 2 asaA
T qy1a
r-‘—/"'—‘ 0s 1S
C— o) 20
"‘QV o 2 vd1d
o
= w| |
><’f 4-~_‘
L | | 2 s|da
T—__,/’w__ yg  aula
- 154
I— 0 00
ZD/ 2 viid
(o]
r~ g
o
—- — gdaA
,':—-/_ OSE adia
- 1Sy
& 0 20
19/ ~ 2 viId
g
~ ><
1]
v—_/* 2 qgA
- Llos g41d
- . 1S¥
< 20
09 / o | £ wvua
£ )
- o
< Mmmﬁgﬁm
=
> il

- SQ0
-
-
o
=
O
>

=

Fig. 111



Patent Application Publication =~ Nov. 4,2010 Sheet 112 of 189 US 2010/0277401 A1

__________ ———p—_———l—— b - A e -

SCK0(OC)
SCK2(RST)

SCK1

SCK3
in
nl
n2
n4
5qQ

Fig. 112



Patent Application Publication = Nov. 4,2010 Sheet 113 of 189 US 2010/0277401 A1

OT ()

- 4 3
> : L] <J
= L

"T"
l E @
;w' b Lan
) y
N i 1] a=
Sl
T 3 °
1 L LT
o N\ 1 ‘I’
> N ’
[ 1 l
minmul
.5 } ‘]’
M .
Y 1E gz
) 00 00
.20
d



Patent Application Publication ~ Nov. 4,2010 Sheet 114 of 189 US 2010/0277401 A1

o] ]A_J ______________

oC
RST
IN
nl
n2
n4
Q

Fig. 114



BLL B/ L

q’ll

Nov. 4,2010 Sheet 115 0f 189 US 2010/0277401 A1

arL |

llllllllllllllllllllllllllllllllll

6t 4
alL \\\\

-(Q) G171 814 (®) GI1 "B

Patent Application Publication



Nov. 4,2010 Sheet 116 of 189 US 2010/0277401 A1

Patent Application Publication

QL1 31 Teudis e

2

aur| Teudis

A30

uon33|as apIs-1q

LA3O

/] 2ul] eudis 2)en)

aut| reusdis
U01193]3S APIS-W M.

(@911 3y

- — y———————————— = e = o e e e b= m 12A
| m g, LT U [EUSIs 212D

Poemmmnoonooeses p T T = = oo rH8A

1 ! 1 \ "

- - - - = 2A30

S i e -

m m o o L oA outy [euss

i " | | uono9[3s IPIS-IH
S e B . HHBA

w m M : |
I T S TIBA .

! ! _ ] 17 [eU

m m — _ s pPLL 20 19031 9100

: _ m _ -

! | " m ! LA0
e — SN S T -

“ " m m " ouny [eu1s
TyTTTTTTTTTT e | AR e—— " BA yonaajas apis-axig

; N S L UBA

! 9% ~\
I ! HL )

(®) 911 "3



uomnd3[as 9pIs-Tg

—
-
—
m ”
~ - B 5 H _M\/
o« 1
S ! !
= " "
S " | QLT oun [eus1s ajen
w ; i
= B bl Pt = mm oo ; |ttt FYBA
2 “ " " " "
oL ] 1 | 1 "
2 " “ " " !
e " i | i '
- " “ " : E
= o N ) ) m1
e m
7 “ ZA30
- m
i e e =
~ ; m " i "
2 | “ < 4 |
z ! ! : Hi “ “
1 ! 1 ] H
& L ———————————————— — — ——— ) . e —— — - ———— - . .m>
1 ! ._
: " m our] [eudis
" | _
" ! |
| X

Patent Application Publication

L1131



Nov. 4,2010 Sheet 118 0of 189 US 2010/0277401 A1

Patent Application Publication

V.m>

| qL1 ouy [eudls a1en

FUIA

uono2[3s IPIS-Tq

|-w lllllllllllllllllllll T TTTET T L

m M , =

m m | 2A30
e e S e

m . [ ommmm e _ +HIA

m ! m sur Teusts

143N

81T "1



uonos[es apis-19

—
M H _ o . ) } g
S B 1T 1 - —1SA
~<r ' ' 1 1
~ H ) ) '
~ ! 1 ' 1
= : ; " | qL1 2 reudis aeD
< ! i ! )
— “ ) 1 1
X “ : et oo e FHYBA
N ' 1 ) 1 [
- i " ' | i
. ) 1 | I
2 " | " " |
= | | “ | |
pm __ 1 1 1 I
o == - - - =1
— "
Y )
~ I
S ! eNA3O0
_— |
wn i
ot I-“ lllllllllllllllll Tt .t VT _“|IHIH
Y i
i~ ! i i ] "
< | ) ' i "
- “ I 1 1 |
= ! | | " |
S | " “ " |
4 e L L e L PP “ =3\
m | U] TRUSTS
“ )
| )
! 1
lm ]

it +-Y3BA

611 31

Patent Application Publication



—
-«
—
=4
= . ; ; :
5 — m T T - HEA
S m m | QLT o] [euss aieo
= | " m
72 i m m
= B dooomoo e oo _ oo FUBA
H ] ] 1 1
2 ! ) ) ; "
— _ " ) ; |
s | m | m |
< i H : H .
= ! ) ! ) " ) " ; -
3 ! " " " "
@ ! ) ) 1 ]
= | " " " | 2A30
| ' [} ] '
= | m | | |
= T T T T P pTTTTT T H
il ! ) i i i
~f ! “ | i i
N _ | ; | “
2 ! “ ! _ _
) \ H )
m T -m - oo ”« ﬁm>
| m ] aur| TeudIs
) m m uonoI9[as apIs-Tq
! 1 1
n ! |
e e e e e e 4 !

021 'S4

Patent Application Publication



S0
o o010 800 900 $0°0 00 000
| ] | | | 0

}
1
]
]
i
]
]
1
]
)
t
'
¥

soueUTWN{[I B[

e i —m ——————— = = - = ——

~—

IBA

Nov. 4,2010 Sheet 121 0of 189 US 2010/0277401 A1

@121 % el L LA

v

O

g
. A

(®) 121 314

Patent Application Publication



Nov. 4,2010 Sheet 122 0of 189 US 2010/0277401 A1

Patent Application Publication

R N N Y

i IBA

- —— -

@n:uéﬁawa%o
..... Y3A

A ——— e i —— —

—_ —— e = ———— —

! 1
_I— ZN30
||||||||||| ———— _.l_

|

|

i

|

|

|

| |

e IBA

“ _ (¥)aL1 our Teudis sjen
t---me-- Y3A

Ze1 3



Patent Application Publication = Nov. 4,2010 Sheet 123 of 189 US 2010/0277401 A1

0
~ b
" = —
— XO
o
20
= / /
4V}
™ N m [9)
19} To] w
o
< > —
on [ —0o
[\ 10
—
2p
H- / / /
™ g ™ o ™
n 0 lp) Tp 9]
— —
S | —o
-’ n
N
lq\
i
o0
ey

52
53
52
53



Patent Application Publication = Nov. 4,2010 Sheet 124 of 189 US 2010/0277401 A1

ol=i=l=

20

52
o2
93
52
52
53

Fig. 124



Patent Application Publication = Nov. 4,2010 Sheet 125 of 189 US 2010/0277401 A1

R T =p ———-

O ]

[N -

———— e — —

b — =

Fig. 125

Gate signal line 17a
Gate signal line 17b



Nov. 4,2010 Sheet 126 of 189 US 2010/0277401 A1

qL8¢e

|REREERREERNAARENRERERENANAANENEENNI

1000 IGRSRAERASNINEIRRERRDARNERAREA]I

LA/ 11 1L STLLLL LSS LSS/ LSS LS

WA LS LSS LS LS LSS SIS S LSS LSS S LSS S S S L SSS.

LILLLSSSLLSLLSSISLSS /LS LS/ S/

SALILISSSLSLISIS SIS S IISTS I SIS S ST,

(/1SS V LSS LIS LS LTI LS LSS SISV T ST,

(S LSS LSS S LSS SSSS LS LSS S S LS LSS/

L L L OO L i s

IASSLLSLSSLLLSLS SIS L LSS LSS SIS LSS

L OO Ol

BlG

all

I AL LS LSS AL LIS ST LSS S S LSS 1SS S S,

FITITIII IO TIIITINS

CIIT I OIS TIIISS

COTITIT T TTTITTTILS

LLLLLLLL O IO O

SSASLSSLLSSSSLIILSSSLLS LSS LSS LSS Y.

LI T

\\\“\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\n\\\\\

qLs

LS

IOETT IO TTT Y TTTTTEYTYTTY

\

Patent Application Publication

\ \ \::::::E:_::::::::
BLRE

182

(@) 921 313 (Ze) 921 31 (1®) 971 314



Nov. 4,2010 Sheet 127 0of 189 US 2010/0277401 A1

\Nnnﬁ

D

¢9eliqzy
2aLlL \

Patent Application Publication

ZeglL LeglL

LT1 31



p—

-«

= — .

m L9zl

= BZ1
S 2azlL

>

[\

wn

o

(=)

[+ =]

—

o

(—]

A

— {eztL
g

= S
wn

S €38
S (q) 821 314
-t

m [Nmur

~——— g5
~——0 25

(®) 821 314

Patent Application Publication



Nov. 4,2010 Sheet 129 0of 189 US 2010/0277401 A1

Patent Application Publication

LS
25 -
€S
™~ 0§
28
(¢e) 621 811
€9
PAS _.ﬂ MSN— 0s
es~| 0 | 77T -
(ze) 621 "1
o 05
25 E/
M0 [9X1d PaIaquUNU-UIAY Mo1 1ax1d parequInu-ppo Bouiﬂmﬁ.m %W“
(19) 621 "S1d (19) 621 "31q (Te) 621 314



Nov. 4,2010 Sheet 130 of 189 US 2010/0277401 A1

Patent Application Publication

£S5

€S

1332}

(€9) 0€T 314

(Z9) 0€1 314

/01 [ox1d pazequInu-usAyq

(19) 0€1 814

(€9 0¢T 31

(T 0€1 317

mo1 19x1d pazsquInu-ppO

(19) 0€1 'S1g

LS
L
™~ 08
(ge) 0€1 "S14
LS ~_
/ 05
(z®) 0¢1 S1g
™
LG 0S
01 ox1d ovim
(18) 0€1 814



Nov. 4,2010 Sheet 131 0of 189 US 2010/0277401 A1

Patent Application Publication

25

€S

25

(£9) 1€1 'S

€S

es

€S

/

(29) 1€1

£9

!

31y

mo1 1oxid pazoquInu-usAg

(19) 1€1°

31

4

£S5

2s

€S

[

€S

0s

(€9) 1€1 811

/

0s

(29 1€1 814

0s

01 [9x1d paaqunu-ppO

(19) 1€1 319



Nov. 4,2010 Sheet 132 0of 189 US 2010/0277401 A1

Patent Application Publication

14

™~ 0§

(€3) ZET 81

25

€S

0§

(79) Z€1 314

- 08

Mol [ax1d paIaquNU-UsAg

(19) Z€T "314

25

€S

(4]

(€9) z€1 "I

(29 Z€1 31

0Ss

mol [avid paraquunu-ppQy

(19) Z€T 314



Nov. 4,2010 Sheet 133 0of 189 US 2010/0277401 A1

Patent Application Publication

VI TTTIVTTTIIII

VPV TFITITFTIVIFIYi

...... s

(€Q) €€1°

BLG

)

FIIFIFITFFFIFTID,

PV FFIFIFTIFTFY.

qLsg

™~ 05

(¢e) €€1 314

FTFIFFIFFIFIFIFTFIE

FVFFFIFITFITFISS

........ N\

VIV FFIFrIFryi

PPV ITIIFFFIa

Bl

\

f ™ og

qLs

(zB) €€1 814

LLLIT PN TEPITIIT D

™~ 0%

VI FTFFPIVFFFFFIVD.

VIFTTIFFIIFIIIF

VFFITITIIIFIII

(19 ¢€1 31y

(1e) ¢€1 '3



Sheet 134 of 189 US 2010/0277401 A1

Nov. 4, 2010

Patent Application Publication

j..ll.
=
v I\
m " .I,/
NN
ezl ]
m L1
12,
~—131
_ W{Smr
i
! I
m: 81 /fo_.
............ . SRS ) () ) S Y i R— ]




Nov. 4,2010 Sheet 135 0f189 US 2010/0277401 A1

Patent Application Publication

L LLLLLL LSS
LLL L Ll r

2L L LLLLL L

LLLLLEL T

VSIS TITTIISS

LLLLLI PP P77

(P) GE€T 314

§§L

PV IT TV TTISS

VT ITITITISS

(9) G¢1 31

‘mmmmmmmmmwmwum

() GET 31

q18¢2

qiLge \\\

FP¥TFTITI ST TS
qigz

0S

eL8¢2
2182

VT TTTIIIITIS

eiLge

(®) GET 314




Patent Application Publication = Nov. 4,2010 Sheet 136 of 189 US 2010/0277401 A1

H
s
3) s
—’ -
\O =
N \ —
R | ]
.EP //‘ —
™
gy - / /
O
D
\ =
o =
2 —
"’ =
N —
\O N =
op) =
A ey | -
. -
—
FL = / /
o ®
Lo o
\
~~ =
< =
~—r —
N u“—)-— N —
= N =
o ' r
. —
s o 0
o N



Nov. 4,2010 Sheet 137 0of 189 US 2010/0277401 A1

qLl

(Q) LET 81

Patent Application Publication

M

BLL

(®) LET 314



spaxid Jo renusyog

Nov. 4,2010 Sheet 138 0of 189 US 2010/0277401 A1

81 our] [eusdis
22IN0S JO [enUOg

B Dbt R BT L R e i

y3p (E)BLT ou] [eudts aen

L

ug, (C)BLY ouT [eusls oD

————fmm e -~

P e il

Patent Application Publication

gg, (DELT duT] reudis sjen

—————e b

H Pig Hpuz

DD Iy S M

8¢T 81



Nov. 4,2010 Sheet 139 0of 189 US 2010/0277401 A1

Patent Application Publication

(€) syax1d Jo renuaog

81 aur] [eudrs
© 90IN0S JO [eNU0g

r_-——

|||||||||||||| m>.
(g)eL1 aur feusis aen
y3A ,

| AR [SPUR, R ——

- |8A

—

u3A (Z)eL1 suy reudis ajen

S S m>

———ed e

Y3A(1)eL] aul] [eudis ajeD

E T by T

LAZO

- _ V. _

N
A

)
o o
.

6€1 "SI



Nov. 4,2010 Sheet 140 of 189 US 2010/0277401 A1

Patent Application Publication

1
1
1
]
]
o
}
]
1
1
1

|||||||||||||| Lo 18A

JREPUPUNFI IR, QU

O P,

—-—— -

[N [ B S
|
)
)
)
>

B s s P B .

HPE

(R PR SR Tr L,

)

U N

Hpug

(1) srexd jo Tenuai0g

81 aur] [eusrs
22IO0S JO [enu3)od

(£)eL1 aur TeudIs 9jen
()eL1 aur reuds aen

" (DeL1 our] euSis 9jen

¢A3d0

0¥1 ‘819



Nov. 4,2010 Sheet 141 0of 189 US 2010/0277401 A1

Patent Application Publication

V.74
AN\ 010 80'0 900 00 ¢00 000
L 1 ! 1 ! il 0
| 3
(e
! & o
} o o
: 3 2
. 0
S 3
o O
m.” w 088y =D
(je}
=
= HL=V
&
0L \o/w L3i=4g
(Q) T¥1 319
.................. R I
" A : UBA
| S “
! 1o !
< o

- _> <_

(®) 11 319



Nov. 4,2010 Sheet 142 0of 189 US 2010/0277401 A1

Patent Application Publication

oA

LBEL

- (9) Z¥1 S

BA

-

LBEL

(®) ¥l 311



Nov. 4,2010 Sheet 143 0of 189 US 2010/0277401 A1

Patent Application Publication

L R
N

_m LL
D A
ITEERTRERE RE: o | e
veL ¢9wr izwr

vL

¢H1 81



Nov. 4,2010 Sheet 144 0of 189 US 2010/0277401 A1

Patent Application Publication

———
Q
>

~L__.

=

T

- OA

| Sy .

e mp e~ g -

[ Y W S

i
1
]
R
' ]
t [kt ket B R R T T . Y . D - -
| “ t “u_ [ 1 1 " m>
! _ ! ! . ) 1 | |
; ! ' 1 ) ] [ 1 [} ]
U SRR SN g - 4. dedeeob ke
! ; ! J : } [ T I 1A
L ] i L L X
— A . == = =
“ ' 1o ! | 1 1L 1 i “ N
pon T b I T P
SO R N i ! ! ! ! 14 2
r - —— e — e m— e ——— B e e L U YU S
N T N/ AN ! i R
) , Ll ! _ H
— =+ R - i A
|t |
“ ) [ “ “ ] 1 1t | " “ “ ““
b A by P b y i
I T S oo S R ! ! Pl ! )t
“ " b r ..“. 1 v ) o A - BA
+ + Lnd ! L “ ! h ﬁ | i qaA
L 1 T i A
1 1 [ ! I | [ | | i
1 ) bl . b} ] D i D i Vo
) 1 1 f _ _ b
! ! . ) g } [ ! [ ] [
S \ 1 1 [ 1 to ] [N
lllllllllllllllllllllllllllllllllll s
" M—, /—M" a t | ) ) I5A
! ' ) 1
e | -re- -re- - -r—= d
! = v 1 r A
) | 1
i 1 ' 1 X
! ] i
HWS ' H®W ' Hpg ' Hpoig ¢ g |

(2) s1ex1d jo renuajoq

81 2ur[
[eu31s 90IMOS JO [BLIUS)04

(£)eL1 aur reusis aren

(Z)eL1 auy [euds sen

(1)e,1 aur] reusdis ajen)

Teudis 3urgdnos somog

tp1 814



p—
«
= HSZ 0 S0 0 S0 0 0 v9
-
m HbZ 0 S0 0 S0 0 0 £9
= HEZ 'O S0 0 S0 0 0 29
—
K H2Z ‘0 S0 '0 S0 ‘0 ) L9
2 - E———_———_tt L.
= D e !
A HEO 'O G0 0 G0 0 0 22
—
= HEO O S0 0 g0 0 0] 12
uw,
= HY0 0 S0 0 S0 0 0 02
g HY0 ‘0 G0 0 G0 0 0 61
=]
x HSO 0 G0 ‘0 G0 0 o} 8L
m HSO 0 S0 ‘0 S0 0 0 L1
o _l lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll - —
-~ ST e ——
2 0 S0 0 0 0 5
Z ;
0 S0 'O 0 o %
- 0 S0 0 0 0 €
(=]
= 0 S0 ‘0 o} 0 r
2
m 0 G0 0 0 0 L
nm YAAOW £AAOW A0 I9QOW - | uonepein(sSemay)
(=]
.m (spouad NO) V¥.-9
2
&
<
=
< .
2 ST "3



Nov. 4,2010 Sheet 146 of 189 US 2010/0277401 A1

Patent Application Publication

FA= ===~

._——--—"‘(~---——-_‘_

8L

Nmn.\l/ rA-Yiadl

"'/0—




Patent Application Publication = Nov. 4,2010 Sheet 147 of 189 US 2010/0277401 A1

|
1472
1471

Fig. 147 (b)

3 H
N
To)
/r\
~
Q >
N ]
o~ 2 l
< <+ <t e
A\ f—] - > o
& s \% ¢
o p—) ; —
o~ = —
o)
|\

Fig. 147 (a)
1473
Tw< \
T
1472



gL

qsll

Nov. 4,2010 Sheet 148 0of 189 US 2010/0277401 A1

PPA

gy1 "3

Patent Application Publication



BlL

Nov. 4,2010 Sheet 149 0of 189 US 2010/0277401 A1

R e et e e e T R - ey yuias SRR R,

.\.mr

PPA

671 "314

Patent Application Publication



BLL

Nov. 4,2010 Sheet 150 of 189 US 2010/0277401 A1
in

0ST 314

Patent Application Publication



P

Nov. 4,2010 Sheet 151 0of 189 US 2010/0277401 A1

nuw\

Patent Application Publication

IIIIIIIIIII

elL

21

-

cLS!L



Nov. 4,2010 Sheet 152 0of 189 US 2010/0277401 A1

Patent Application Publication

--- gA

1--_%-1
1
|
©
>

=- %A (7) s1exid o renusjod

[EPUSUN S
]
)
]
Kol
-

" _ 81 aur| [eudrs
! | R i = eA 25IMO0S Jo [BRUSI0J

m AA ............ I; Tt _ — oA
. 6 ............. S | ! (g)our] Teusts uowmo)

; ! B T Fo L HOA

S S Y NS A —
: oo r = m 3, (€)ELT OUT [EUSIS 9380

; ! ji------m- = > = “ =" A
R L % b "BL ) : (2)aur] [eudis uourmo))

r k R A T PTTTweA

e o = A R— -
. : A n ; 13, (Z)BLI U TeUBIS 9jeD

" “ ] T |||||||||||| “\ ] l_0>
B L L _ e (1)our] feusts nourmo)

; i \ ' v WA

1 t I ) 1

I R e W M .

: ; — _ 3, (DJERLT 2U] [eUdIs ajen
< Sic >
m HlL | HL 7

H ws Huy Hp ' Hpuw ' HBT 7GT 31



Nov. 4,2010 Sheet 153 0of 189 US 2010/0277401 A1

Patent Application Publication

B/L

"\.mr

BLL

Bl

BLL

€GT 814



Nov. 4,2010 Sheet 154 of 189 US 2010/0277401 A1

Patent Application Publication

m a 5 @ v w
- - I A A L ap
| " T S += oA
m et et ot [N S L___pA
! " ) T oA
| [ S ——
\ s_ |
m m |||||||| o , 7T BA
— S SE— R L
J“ ............ Fossmommeom o ! ” 4h m 143A
R e S e
= S S A - -
m ) ............ A : — 118
B E— “ A Ao promeesmesees T-- 1A
i et dommmmmoeoees _ - Lo A
m — e ............ | )
S pommmmmooooos _ 1-TmmTmooemees il oo A
. “ “ < sl >
m " m C HL TP HE T
H NS H Py HPpig H pug HsT

(2) s1ax1d jo renuaod

81 aur| [euSrs
30IN0S JO [eNU3l04

(€)eL1 aur reuds agen
(2)eL1 aur] reudis sjeny

(T)eL1 aur [euBIs ajen)

$G1 "31



Nov. 4,2010 Sheet 155 0f 189 US 2010/0277401 A1

Patent Application Publication

..... S . b uiuiuiuiat e S
n lj“ I" ——— 0>
! i

................ PA  (7) spexid jo [enualog

e e Lo

81 aur| reusis
32IN0S JO [enNuUa0d

]
]
]
(
'
[}
[}
[}
1
1
1
1
]
L
-
'
]
'
t
t
[}
[}
]
[}
'
]
]
1
lo-a

. ISP U
[}
t
]
Bb
>

_ H— .......... i m A
et R Peepemmmmmaeoeoe e T e +--- WA (£)eL1 2T [eUBIS 3D
eobeanenaeees e S s Lo
! _ P_- A | _ — 1 (Z)eL1 aun] [euld
e T L . S mmemmmee e T —-- 78 Il [eUSIS oye
! < “ A °

H WS

1
|
i
)
;
'
t
1
i
i
1
)
1
'
1
'
1
PO — |
= 1
)
)
1
!
1
¢
{
!
i
1
|
N
| ' H
H 1
H i
| 1
4 1
: |
: )
' :
! )
)
) )
)
)
i
1
1
1
i
'
]
1
|
1
i
1
—4-
1
1
H 1
H )
) 1
' )
' )
' '
, 1
' 1
, )
) )
1 ]
-
' i
! '
35
)
2 3

H Yy

(1)eL] 2ur [euds aenH

HPIE H puz H 8T

GGT "1



Nov. 4,2010 Sheet 156 of 189 US 2010/0277401 A1

Patent Application Publication

lllllllllllllllllllllll

gL+~
\UT A
at g0 L B/ L
vrf a1 - W
o9 SielL :
Lo A m” . . 6L,
SL+~
i \\U__v 1N
QN-—. i Or_« m mhﬁ
PLL: are |
! Ve "
qoL 1Ll :
b P _m . N6L] 8L
772 K
gL~ U
! —l’ 1
e PN
DF_. | 0—.—. m e/l
PLL aLeF"
mo_.\wm_.—.\ m
U £ TN 6.1} m\hw




Nov. 4,2010 Sheet 157 0of 189 US 2010/0277401 A1

Patent Application Publication

| a © g v
i — S — _“ — Lo
_ D s A _ = ep
i S 1 e I—— b o mmomeoeee F---op ‘
"l T moreomones [ Fommommmmeses i r-maa () spexid Jo renualod
m L — R oo s
| SR | _ m | 81 ouy reudis
m ). s T _ T EA 32IN0S JO [eNU104
. | A e S e
J_‘ llllllllllll A& |||||||||||| 1 “ m f".l 143A
e —_— Fomoem oo R hm e deew zg8a  (E)eLT oU [euSls oren
H " L" ||||||||||||||||| ~w>

g
- SRR “ IY3A
S A AN A S S g (Q)eLToun Teudis sien

......................... N T T T e (DL oun enis oy

H ®s H Y H Pt Hpug HsT

LST 31



Nov. 4,2010 Sheet 158 of 189 US 2010/0277401 A1

Patent Application Publication

:

(§)QLT Sur| Teudis ajen

{($)qLY aur [euSIs a1en)

(£)qL1 2ur] reUSis ajen
(2)QL1 =ur] Teusds aten

(1)1 sur feudis ajen

8GT 314



Nov. 4,2010 Sheet 159 0of 189 US 2010/0277401 A1

Patent Application Publication

i e T p——
)
|
1
)
!
]
'
!
L
|
I
|
|
|
|
)
1

|

]

|

|

1

|

|
" IIIIII "FI llllll “ lm"lllllS lllll _m>

] u3
! A 2 ! | A yEA (6)qL1 auy [eudts e
| | | | | |
| ] N —
N Y, NS fee BN 7, IR IR IBA
Vr _ _ 2L " |
A m “ w : " : - ysa (1)L oull reusrs ajen
e
T T = S B
. |

I | ! ! (0 ! ]
| : | “ - 1 b m m w ys (E)9L1 U [eudls ko
USSR SO U NN VN O N N
jomem=e- peseee- J.Q\Iﬂ_ﬂ ........ r=ensme S 1 _

...... G
|
cl m ysa (2)aL1 aun [eusis D
I
I

(1)qL1 =ur reudis en

|
|
1
|
|
|
|
|
—_t—_
i
I
'
t
|
|
|
|
JR SRS I S
T
|
I
1)
]
i
1
1
< 1
|
L}
1
1
1
t
—_—)—t—_—_—
1
[}
1
]
]
1
]
]
— e e e e L —
1
1
1
1]
)
)
|
]
— e

651 81



|
|
]
|
|
|
|
|
i S S T | T IBA
“ | \ _ ‘ ($)qL1 our Teudts aenH
;T ] T - YBA
_ “ | | | “
b i L < ||||||||||||||||||| |
" | /N I _ R IBA
! ! / ! ! ! _ “ (#)qL1 sur] reuSis sjen
“ " |||||||| “wllll T 1 ~——~-—--- pr=-- Y3A
_ _ _ %
J ................ r

YSA

Nov. 4,2010 Sheet 160 of 189 US 2010/0277401 A1

|

|

| o

T y, N i T A

] ! ,_\ | (€)qL1 our] [eudis ajen
| T ,
|
|
3
|
|

(2)q.L1 aur] [eudis sjen
USA

(1)qL1 own reuBis sjen

091 314

Patent Application Publication



(6)qL1 aur] TeUdIs 9jen
USA

IBA

()L our| [eusdts ajen
YBA

IBA
(£)qL1 sur| reuds ayen
YA

(Z)qL1 aur] feudis sjen

p—
-«
—
= ] ] ! ! ! t | | I ]
= I } | ! I I i ] | 1
< ] | | | | | | I | |
S I i | I | _ f | | I
S | i I ] | | | | | |
= " " _ | _ I “ “ I _
| ! | I
7 | ] i | | | ] ol
U A TR
| |
2 —t Y — Y-
I
= _ I ! [ _ | _ ! | [
= ! ! | i | | | ]
N e — e o o o o s e e e — e e e e e 2
= | ] | ! | T
E _ m | | _ |
] R | ! 4 = T
wn _ I _ “ | _ | L _
= VSRR AU SN SN AR N RO N
.................................... Y P e
= e A e
|
~ __ | _ ! _ ! P
. T === T T T == T u
2 I ! _ _ " , ! _ I
7z | I i | | _ I I
{ 1 | | | | | | | |
it ) (ninteiaiia B el ey Wininiaieitit foms- [~=====-- =T 771 --—--
L ] |
_ I ]
b I | —— | i ] . } }
| “ | | | | | Lo
| | | | [ | | I ! |
| |
fmmmmom- b ittt boweomm—- 1A """ 3 ittt dmmmm TR
} | ! | | ! |
I ] ! | ! ! |
1 Il | n — i ] ! ———
I I ! [ ! | ! “ <>l

L
Q
Al

|

Patent Application Publication

YSA
IBA

(1)qL1 aur| reusdts axen
UsA

191 814



Nov. 4,2010 Sheet 162 of 189 US 2010/0277401 A1

Patent Application Publication

S

YSA

i
!
_
|
]
[
!

......... Y R -1t BA
” “ ($)qL1 sur| [eudis ajen)
| "

_ |
{

1

[}

[}

[}

[}

]

]

i
_———t e e, —

]

]

'

]

t

t

A 1

1
e — e ——_—— -

—— =

[}

]

]

]

]

|

1

1

s R —— T —

|

|

1

|

]

[}

t

[}

At

|

1

!

t

1

|

!

[}

f !
[}
]
[}

[}

i

|

— e e —_

1A
q_, (y)aL1 out reudis aen
== BN

1
i
[}
[}
)
[}
[}
I
|
[}
1
]
-

—— e e ——

..... BA

(€£)qL1 aur] reudis 9en
YBA

—_—— e
}
1
i
'
—————t e e e e —
I
1
i

Tt
e

...... IBA

(2)qL1 aur [eudis ojen)

YA

(1)QLT aur] eudss 2je0

i

1

1

]

1

1

1

|

1
44—

]

1

1

'

1

'

)

|
4 —
J I SO E

]

'

[}

]

1

I

t

1

L

4

1

|

1

1

1

'

1

]

ﬂ
| |
_ |
| 1
_ |
| |
_ |
s I i IBA
| |
i
] _ 43A
|
|

]

I
—

791 31



Nov. 4,2010 Sheet 163 of 189 US 2010/0277401 A1

Patent Application Publication

) H1 ’
7 HL i
h THI g

IBA
q.1 aun] [eudss ajen

YSA

(9) €91 814

IBA

qL1 2ur] feusis ajen
YSA

(9) €971 814
IBA

q/1 aur reudis oD
Y3A

(®) €971 '3



Nov. 4,2010 Sheet 164 of 189 US 2010/0277401 A1

Patent Application Publication

¥ peREUERREE

HL

i

e ¥ RECEEREs

HL

A

HlL

-V

EX

q.1 Sulf feudis aen
Y3A
(9) +91 311

I3A

QLT aul[ [eusIs Neo

YSA

(@) +91 814

I3A

q.1 aur] Teuds sjen
Y3A

(®) $91 "3



Nov. 4,2010 Sheet 165 of 189 US 2010/0277401 A1

Patent Application Publication

qLs

OV IVOIIITTIITTITITITS

;

\

BLG

0s

(Q) 691 81

VT IT I TIPS TS

y

\

BLS

oS

(®) 691 31




Patent Application Publication = Nov. 4,2010 Sheet 166 of 189 US 2010/0277401 A1

Ko}
—

YIITIITTIITIIITIINIIIITITITIII T 4
50

VI TSI T T T ITITIITITI T IV T T IS

Fig. 166



Nov. 4,2010 Sheet 167 of 189 US 2010/0277401 A1

Patent Application Publication

—81

(Q) L9T 314

(e) L91 ‘314



Nov. 4,2010 Sheet 168 of 1839 US 2010/0277401 A1

—

YLLSLSL LSS LSS SIS ST IS LS SL IS IS IS LSS S S SIS

TLSSTSSSISSSLTISLSSSSS LSS SLSLLSSSLILL 1SS S LSS S SIS SS TS,

VILTVSL LI LTLSLSIILLTLL LSS LS LA LS L TSI LS SIS S A7 S S,

SLSSISSLILSSLLTSSLLSSSLS IS SSSSSSSSLS LI LSS A S SIS SSS,

YIS LSSLLS LTSS LSS LS LSS LIS LLSS AL S LA S SIS S LSS SIS S S

YLLSLILLLSLLLLLSILISL LSS LS LLLSLLL SIS LSS LSS SIS ST

SIS IS LLLLS LS L1 E S LLLSTLL IS L LSS LSS S LSS LA LA LS,

WAL L L L PO O P L L P A r 7 T 7 7

7

(LSS SIS LSS LLLL AL LTSS LIS IS LS LIS LSS AL IS AL,

VLSS TS LLLSTLSSSSSSTSAS LSS SIS IS LSS VIS LSS SIS,

LILLSTILALLLLLLS AL L1 TSI STS L LSS S S ST LN,

IS S TS LSS S LTSS LSS LS LSS ST L LSS LSS ST IS SS LTSS ST S 1SS TS,

AL SLILLLILS TSIV LSS IHS LIS VIS LS SIS LTSS S SIS TS ST

SSSLSSLLLILSLSIYSLLSLLILSI LS SLSSS LSS IS LS LSS S ST SSSS S

SLLSSSSLLLSLL L1 L1 LSS S 1SS LSS SIS S LA 5T PSS SIS,

TALSSISLLLSLLSTILSLLLLLS IS LS LLLS IS LS ISSSAT IS SIS SIS

SLLILSLLLSLSSS LSS VTSSLLS PSS LSS SIS LSS LSS I 5SS k

S\\\\\\\\\\\\\\\Nﬁv\\\\\%\Nﬁ\\\\\\\\\\\\\\\\\\\\\\\\

BES

—

S oSS A LT S o o A A A A A A 7 TS S A A A AT A ST A7 ALY,

LLLLLS LSS LSS LLSLIL LSS LSS S L LI LIS LS LTSS,

SLLI IS LS ILLS AL SIS SIS LSS LIS LSS LA 7SS S

LILLILLLLLS LS ST LSS LS TS LSS LSS LS LSS LSS LSS LAY,

Yy (/77 ey, \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\

SLLI LS L LIS LIL IS N SIS S,

“\\“\\.\\\\\\\\\\\\\\\.\\\\\\\\\\\\\\\\\\\w\\\\\\\\\\\\

/A LSS LSS L AL S LSS LTS ST S LA S S LA SIS LSS AS AL A7

AL L L LA LA LLLL LA LS AL LSS ST,

TSTSVSSTLSSLLA IS SS TS SIS LS LS LIS LSS SIS S S S S S A S S

1

SILTLIIS S LGS TS LSS5 IS SSLS LSS LI IS LSS SIS S YIS IS S SIS,

LILTL LIS LLLLILLLL SIS LTSS LLS LSS LSS SSSS LSS IS LSS SIS

LLLSLL LTS L LA/ L LT LSS T LSS L LS LS AL LA LSS AL

STASS LTI ST LSTL SIS S LIS TS SAL 1SS LSS SIS IS IS ST IS I

L

LLSISLTSSSSSSSSSSLS LSS S TIPS LSS LIS LSS LSS IS SIS,

SIS LLLLL LSS LA AL LSS LTSV LSSSIS S S S S S A S LS TS S S SSSS A A,

LLLLLLLLLL LA LSS LS AL LSS S LA LSS L L LS LA LSS LA Y,

SATISS TS S SIS LS SSLLIT S AL LSS SLSSSLSS SIS TS IS SIS SASSS S,

TLTLL LSS SS LSS L LLLS LTS LSS L LS LIS LSS TLSLS PSS S LSS LY

LA L AL LSS S S A S A LA LSS L LS S S S oS A AL LA ALY,

LIZL SIS LSS LSS LSS AL SIS SSL LIS S S S A S IS LTSS S LAY,

17

I

928 qgg

= \ -

~ 1
\\ I I 1
\ g \ \ \
ezg qgg
0¢g

eeg 0] £g

(q) 8971 314 (®) 891 'S

Patent Application Publication



i
i
fo e
i
i

]

)

1]
A

1

»_ 1)qL1 2u1] Teudss 3jen)

148

b - -

rm»o:n_: auy| feudis ajen

: ian

) ) auy} reudis sje
_. ;_ﬁﬁa qL [ auy | 2
|

]

|

i

|

!
'
t
]
{
1
1
i
.Tiig-_m>
1
1
1
1
|

[ R

————d e
-

auif reudss
1m>§£_ 1 Teudss aren

-

Nov. 4,2010 Sheet 169 of 189 US 2010/0277401 A1

Patent Application Publication

i
i
Jj’ }
i

(9)qL1 suy reudis amg

.

" Ept auty reudis o
A ie 9]

!

N

]

1

1

i
i

L ST T ey

T

1

¥
e

1

]

U

[}

I

Jaer

]

]

o

|

}

| | H | '
_ _r — S .
! ! ! ! %Oﬁ.oE_ﬁ:m_m aren
1 | ) RS |
_i. .t_ L ] 1 ] |
_ T T T T
1 j j I 6 ! (p)aLl au suBis aen
- ! e
1 ]
J: e d mxx.xl._:_. ...... m. ........ “~ ........ 4 1BA
o] _ ! I s (g)aL1 sui) reudis aren
! ! ! | 2 Ny P T 1 1 A
N i ] o0
I o - et e} W S S s v _u>
! . ! LW ! Sﬁ_ aul| reudis 3D
" m “ “ “ ) 1 ] _
e e m— H i+ ! ! : ! ! - 1BA
P . j VT AT H v A | A 1)LT 3ul s oD
— ) T T n T T T T [ IR
HENENEENE HEREEEEEE
1
L1 HI[Hz e Tsr-Hs1Hs-1He-THs-1Re H6 [ 8 | ue [ 1o [ ws [mv [ He | mz [ mr [ 1|

691 "33



Nov. 4,2010 Sheet 170 of 189 US 2010/0277401 A1

Patent Application Publication

A e e
th WQH m é_h‘ l wg_" w” *__ _mb_ w + _m ‘“Gr _mg_ M 6 4 m _L_“Ww:n:u:_:m&agmo
e e
e e

cn>

MJ m\é_ w _?1 “[_p m * m#" é “” 9 “ JG _”4 “‘ \/C.vnh_u_::m&_mﬁno

1 ] 1 ] ]

H | LIS

R AP ‘ cu>§£- auj] jeusis ajen)
| i i i

i 2
L m\*. m * “4 "b_r " * “ M% m|?" & m\* mg m *.' _u>ﬁwvnh_u=___m=w_m2mo

, ) * m 4.? m ‘ m ’.’m ‘Q m A J@ _" 19 m %_ m *_ m @. "“ _cu\\wefﬁ suy eudis 230
T T A A A R s
I _ [ ! ) 1 1 ' ' ! _ ! ! -

é JLJQMP\* §“@MJ&WJ+_?__ P (@ALt sun s oen

) ! ' fuBA
] [N 1 _

E w ﬁ w 6_ * |q’ % _ﬁ W * m *_mﬂ al._r*_“”:x: aun reusis g

. _
1 1 1 1
_ _ _

ru_:ﬁ_za_xon_:e _:2_:2_:2_:2_:i_xﬂ_::_m:_:o__ H6 _ H8 _ HL _ HY _ HS _ HY _ HE _ He _ H1 _ﬂ_

0LT ‘314



Nov. 4,2010 Sheet 171 0of 189 US 2010/0277401 A1

Patent Application Publication

||||||||||||||||||||||||||||||||||||||||||||| et ittt ftutebe bl - Y
) au1] eudis 3 u
yg A 321 2u1l eudis 31e5(u)
IZA *

qQz1 suy reudis aren(p)

YaA
IBA

qe 1 2unp reudis ape(2)

—Y3A
IBA

q1 aun) feuds sren(q)

|

A
IFA

B D e e Tl s Dl e

qz [ 3ut reudrs aren(e)

A

]
S
—

-

HI1OW

]

Y.____ ___T

HlL

I
-

[L1 31



Nov. 4,2010 Sheet 172 0of 189 US 2010/0277401 A1

Patent Application Publication

B R e 12A

qL 1 aul] [eudis ajen(u)
YBA .

18

A
q.{ aulf eudrs aen(a)
YBA

_m>DE suy) reudis 3en(p)
YSA ! I o(p

12A
q.1 auy [eudrs ajen(o)
usA

r oA L] sul A )
q u1| [eudis aje q
ap A : D

12A
_||| QL1 auy| feudrs aen(e)
A

Y3

UL LT T snon

ZL1 814



! >n { sur} jeuds (
L ! 1S en{U
A I o(u)

A
QL1 aul reudis ae
YA e o(p)

IBA - (
qz | auj| Jeudis syen{>
WA I 0(2)

Nov. 4,2010 Sheet 173 0of 189 US 2010/0277401 A1

1
]
i
i
|
1
|
-
]
I
.
]
]
1
|
|
|
|
[}
|
I
1
1
]
1
1
T
[}
1
I
|
'
|
T
)
1
!
i
1
)
r
I
|
|
1

1 MION
H

€LT 31

Patent Application Publication



Nov. 4,2010 Sheet 174 of 189 US 2010/0277401 A1

Patent Application Publication

V<

SLLSLLLL L1 LS L LSS LIS S S LSS LSS SV I7 L SSE LA SAISS Y,

TLSSLSSSITISLSSTSSILSSSSSISSSSS LSS SIS T I 1SS SIS

TLLLLLSLLS LSS LLLLLS L LSS LSS LSS PSS SIS A SSLS LSS LS

TSIV ST LSS LA LLLLLS LSS AL LSS AL,

SLLLLLL LSS L L LSS LSS TS T LS TS LSS LSS A A LSS

LLLLLS LSS AL SIS LSS SIS LT IS LSS LS L Lo o ST S A A S A S

YA SIS LSS SIS SIS SIS S LS LIS LSS LI F I SIS S S S S

SLLLLSS LSS LSS LSS 7SS A IS S LSS LA LIS LSS S S

LSS LSS A A LSS 7 AL S S S o AL AL,

LLLLLL LIS S LLSLLAA LA ST LS LSS Sl LS LTS o AT

SLLLSLL LS SSTSLSISILSSSE S PSS S LS SIS LSS S A S o A

SLLLLS S LSS LS LS LSS ST ZSLA S LSLSLSS S SIS S AL LS SIS

SALLSL LSS oSS LTSS PSS S S o PSS S S S SIS SIS LSS S

LLLLLL LSS S LLS LTSS A AT A AL VLTSS LSS LSS A S S

AL LSS S SIS o LSS 17 o o Ao o S 7SS S S A S

LLLLSLSLLLLSLLLLLLLLLSS SIS I SIS SIS ISP IS SIS LS LSS TSI

SLLLLLLSISSS 1S LA S 1TSS LSS SL LSS LTSS LSS SIS IS SSSSLTSSS,

L I 77777777777,

SLLLLS LSS AL LSS ST 2allZ I 1SS T S ST SIS S TS,

SSSLSLSSTILSTISLLSSSSSS VISLLSLSS LSS SIS S

SALLLS SIS SIS ST SIS S S S 7Y, VS LTSS IS LS S S LSS LSS,

LI AL LS LA AT LS LS LTSS, LS LLLSSLLSLL LSS SLSS LS

SALLLL LA ST AL LS oSS S 1A PSS S LSS S AT S LA A S,

SLLLL LIS IS S LIS SIS ST LSS SIS LSS S LSS IS

SLLLLL LSS LA AL LA T AL LS IS IS IS SIS SIS PSS AT SIS

TLLLLS LI TL LS LS LA LIS LS LSS L LSS SSS LSS SIS SS ST d

TLSLS LSS STT TS AL LSS LTSS SPI SIS TGS SIS IS A IS,

SLLLSLSLLLLLS LSS TS ISLLTSSL ST LSS SSSS SIS LS ST S AL A S,

1
TILSLLTSISSSTTLSTL VITSLLILI LI LLSLLLLSL LS SIS TS S L

. \\
\ qzcs
e
0S [4°] qes

(Q) ¥LT 81

\\\\\\\\V\\\\\\\\m\\\\\\\\\uﬁ\\\\\\\\\\\%\\\\\\\\\\

[ 7/

BES

V4

0S

N

~

AL LSS AL ALLA LSS S SIS LSS LS LSS S A I A SIS A,
AT AL A AL A LA L LIS LIS SIS LTSS S A ST SIS I AT S

LLLTSLLSLS SIS LA LTSS LLLLLS SIS IS LSS SIS IS IS S

AL A LSS L o P o o o o S AL S L AL LSS SIS S,

LLLSLLLLLL LIS IS TSI LSS LLSL LSS S AL AT SP ISP,

SATGISILLL LTSS TSI LIS SLSLIS S LIS TS LS TSI

THLLLLLL S LSS AL SIS LA A L SLL LSS LSS A LI IIISS LI TS

SIS LTI LTSS LA A LS Lo o LTSS S S AL TSI S SIS LS LSS

PILLLL LSS ST LS L L L L LS A o A A A A A S,

TISLLLSSI LSS LSS ATTISSSSSSSLS LS S SIS ST S LI LLII IS S S S

SILLIA LSS L LTSI T LIS S S SIS LSS I LS IS I ST SIS SIS,

SAH L LA LTS TS LT 1A S LA LSS TS LSS LSS LA SIS S LTI,

“\.\\\\\\\\\\\\\\\\\\\\.\\\\.\\\\\\\\“\\\\\\\\\\\\\\\\\

1 77 777 A A7

S AL L LT AL S LA TS S 7S o LA L LTS LA S VS A LIS LSS SLI SIS

WY LLS TS ST LSS LGS S S S SIS IS LS LSS SS SIS

VLIS LSS SIS IS AL LSS LS VI IL P LI,

0
LSS ILL L 7L LSS

GLLLLALSLSLLLS LIS AS ST IS A SIS IASSLS SV S ST,

AL LA S LL S S AL AL LIS SIS IS S LS

PILLLLLLSLLLLLLS 1L L LA S LV S LS LSS,

FLLLL L L LTS LS LTS LS Y LS A 7 S o L ATV LS S 1S P LA AL LSS

TAZLLLLLLL LS LIS SIS LS LSS L L ASLSG IS S IPLS LSS SIS S

ALIL L LSS LTSS LS ISLI LS LIS L LIS LS AP 7 LS ST

SLLSL LSS LSS LTSS L LSS LS LI S A SISV AL S LSS,

AP LSS LSS SIS LTSS LA SIS SLLSS TSI J SIS S LSS SIS,

A LSS L L A L LS AP S A S AL LTSS,

P LI L LLL LI LLLL LA ST AL L LS LS LA P AT LSS

I LLLLS IS ILAS LSS SIS S SIS A S oS o A A TA S A S S S LTSS S,

\\\\\\\\\\\“\\\\W\“\\\\\\\\\\\\\&\\\\\\\\-\“\\m\\\\\\\

}

9¢S qgs

T

€S

(®) $L1 814




Nov. 4,2010 Sheet 175 0f 189 US 2010/0277401 A1

Patent Application Publication

€S

\\\\\\.\.\\\\.\\\\\\\\\\\\.\M\\\\\\\\\\\

PSS LLL LA LA LA L LA LA S LA S ST AT

L O

FL LSS S L L LS LSS LLLTLLLLIS LSS S LSS SIS

IITLSIL LIS IS LTI LLLSSS SIS LIS IS LY

HSTLSLSLSSSS LSS SLSS LS LSS SIS SIS IS,

CIITSTLSLSSLS IS LT LLISL SIS S SSS S SIS S,

VISSS LSS ST SSSA LSS ST LS SSSS TS SIS S SIS IS,

I1LSSLLSLLS S 1SS ST LS LSS TS/ SSTISSY,

“\\\\\\\\\Q\\.\\\\\\\\\\\\\\\\\\\.\\\\

PSS SSSSLL LIS SSSS TS LSS LSS LSS IS ST

S ST L o oo S S oS o o o S S S A LSS A S

/LIS SSLALIISL S LSS LSS LS LIS TS LS LS SIS

LI LTS LS LA S LS L LA ASS S SS LSS AT,

YITSISILLITTILSSSILISISLS SIS LSS

PSS LSS LSS LSS S S L AT S S S LS ST IS ST IS,

A LLLSSTLSILS SIS S LSS AL S LSS PSS,

VL SLLLLLLSLL L LSS LSS LSS S LS LSS SSSS

IS LLSLLSSSSLSSS LSS LSS LSS SISV Y

A LSLL AL TS LTSS S A LTSS S AT ST S ST ST,

WSS S LA LS LSS S LSS LS LS LSS ST SISV,

ILLLSSLS LS A S LS LSS LSS SL TS SSSSSS

[4S]

(9) GLT 81

|

g 3

AT SLTLT S SIS LS LLA ST LSS LSS TS S,

VLSS TS LSS S LSS ST TS A,

LTSS AL T AL PSS S AL S SIS LSS TS LSS,

LIPS LLLLSLS S I I LSS S LS SIS L LTI AL,

LTSS TS LS A S ILA TS SIS LSS LSS AT,

SIS A S S S S 7 PSS,

S LSS IS LTSS LS S S ST S LSS LSS IS S,

L s

LI TITSSLIILFILISSSS SSSSSSS SIS IS SIS,

CZSLLSSSLSTSVLLSSSSS LIS IS LSS SIS SIS Y,

LSS SLSSISISSL LSS IS S SIS IS SSSSS SIS LSS,

SISSLSLSLLS I LPLLSSLSSSPLSSS LSS S SIS,

LSSTISLSSS LI LSS LTSS SIS TSI SIS

LI SSLSSLS PP LSS LSS S LA S S L LS A S

TSI SLSLILSSLS LS LS LS LSS LS LSS SIS S,

L L L O e o e

LISS SIS VSV LSS LSISL S SIS IS S

ASSLS S AT S I ST LSS LTSS LSS SSS SIS IS,

AL AL LSS A AL AL S S S S LY,

SIS LILILLL IS I LSS SASLSLLSS SIS TS SSS

L et iess

AL LSS LT TS S SLALS LSS TS AI SV ISSY,

/A ALV L S S AL LA A S A AP,

LSS LTIAI S SESLLA TS LSISL. AL ITIS S,

2G

(@) 5T S1q

LSS SSSLLIS S PSS SLS LSS SS LSS S LSS IS

A LSS 7SS LSS ST S S LS AL S 717

A SL LSS LTSS S TS S LSS LS LSS LSS LSS S LS TS S,

1AL L LA AL LSS S S S A 1A,

SLSSLSSS STV SSSSLSSSL LSS S LSS SSSLY.

e it isidise

CAAA LSS LSS S AP PSS LSS S LSS S LSS LSS LSS

AL LSLA S L TP LSS L LSS LA,

SISSSSLLSSS IS SIS SSSSSSITSSSS LSS LSS,

LSS LSS IS SIS TS LTSS S S TS

E S ILLL LA LSS LS LA LSS TS S LAY,

LA L IE LIS IITTLSSISS TS TSSLLS LSS TS

LSS LSS ISP S TSI S ST S AL

VASTLSST T IS A SSSTSSS L LSS TS STS S LSS SIS,

\\.\.\\\\\\\\\\\V\\\\\\E\\\\.\\\\\\

SITLSLS LSS I SSSSSSSSSSS LSS SIS S LSS

TILSSTSSI ST IS LSS SLS SIS SSS S S S S S S LSS

ASSSL IS IS ST LTSS SSS SIS SIS SSITSS IS SSS

FAILSSSISIASTSILSSSS SIS SSSS SIS SIS

ST LS SSSISILAISISSLLS LS LS SSSSS ST

SELSLSITL SIS S LSLSSISS LIS S LSS S SIS S

AL LISSTS IS PSS LSS LSS SIS S SIS S SIS S Y,

Jdf

(®) GL1 81




Nov. 4,2010 Sheet 176 of 189 US 2010/0277401 A1

Patent Application Publication

-

A

£S

L

ULLIS LSS LS AT SIS LSS IS LSS IS AL LIS

LU L O A ¢

LIS ILLSSLLS LSS AL STSS LSS S S SIS AL S S,

L AL L

UASLLSISLSLSSSTLIS LSS LS TS SIS SIS S LAY

ALV L LI LA SIS ST TS TS SV STT A7

LIS LLLL LSS LS LA AL S LSS,

LU L L P PPl i s

YIS LSS LS LIS AL TS S LS LSS LS LS LT LS LSS SY.

oL DL SSSSL LSS SIS LSS LSS S SIS S S LSS,

LSSV LT LS LA LA A LSS S LS VST L S S .

WL AL L LS L L LA LLL L LLL LSS ST LA LA LAL TS,

SIS LA LS LA SSLS LS LSS LTSS S LTSS LSS LSS,

LSS L LLLS S LS LSSV SLSLLS ST LSS ST LTS,

(LSS VLTSS SSLL LS S SLLLI LSS PSSP,

e e etress

SAALL LSS LS SA L L LSS S LSS S S SIS IS S S S S AL

/AL L LSS LTSS L YA S AL A S ALY,

LTSS LTSS S LSS L LSS LSS /LSS o7,

IS LSS LSS LSS S SIS LSS LSS S S SIS TS SIS,

LSS LSS LSS LSS LTS s TS A LAY S VS LSS

LA ALLASSLI LSS ST S L LSS S LSS /LSS

\

[4°]

(0) 9L1 814

L8 S

L L LLLTL VLTS LA AL S S TA LS LS TIPS TS,

AL A S AL LS LA L S AP AL S LS LS P LA,

\%\\\\\\\\\\\\\N\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

PSS TLL LTSS SLSLLLS SIS S SIS LS LSS,

IS S VLT LTSS VTSI LS TSI SIS TI L,

/LA LS LSS LSS LSS LSS S LSS LTSSV S LY,

L AL LSS SIS L IS IA IS 1

1S LTS SLLLISSSLS SIS SSS LS SLIS IS LSS,

LLLSTLE LSS S LSS L LSS ST LSS SS S

LSS LIPS LSS IS LI LSS S LS LSS SIS

VIS LS LSS LS LS LS LTI ST LS LSLSS SIS LSS

cd

77777 7777777777777 77

LS L LA L LSS S LS L A A S LS S A S S A L,

LSS SIS G A S A o A ST S 4 Ho

PHSSSIIIL IS IS LSS LS LSS SIS S S S SST

e seees

FLLSLLSLLILL LSS LS LSS LSS PSS TS

[4=i

(Q) 9LT 814

r

AILLLLTL VS ST S L LSS LA LSS S LTSS LSS L7.

LSS PSS S S S LA Ao S AL LSS S S S

LIS L LSS S AL LS L LIS S IS LSS LY.

SIS STIL LIS LSS LS IS T LSS LSS,

s\“\\\\\\\.\\\\\\\\\\\\.\\\\\\\\\\\\\\\\

LIS TIPS IS SIS IIII IS IS SIS

ST LLSLISSSLLIST LSS LTS TSI LSS SISV,

S TTSSSL I TIL TSI LSS SIS TS L SSSS SIS VSIS,

L sy

AL A ST LSS L L LSS LS AL TS LIS TS,

AL LSS VLALLM LSS LA SIS

IS S LA S 1SS LSS LSS SIS LSS S L LSS S TS ST

IS LTI TSV SLS G AT A SIS AT IL LS AL SSSIS.

VL LLSS LS SLLSSLSL LS LS LS LSS LSS LSS,

oSS LSS A LSS S A A LSS A LTSS S LSS S SLS S,

SLLLSLLSLLLSSSS LIS SIS LSS LSS SIS SSS,

VI LISS SIS LS LS SIS LTSI SIS IS S LSS IS SIS,

LA A s

PSS LSS IS LLL L LIS LSS TS S TS,

\\\\\\\\\\\\\\\\\\\\\\5\\\\“\\\\\\\\

I

(8) 9L1 314




I
1
1
1
b
I
1
}
1
)
1
|
}
t
]
]
)
)
)
L]
L]
]
L}
¥
1
Hl
1
]
)
]
)
[}
]
[}
i
1
]
1
|

) A
ur
m;m> €)QL1 |ul] |eusls aen

I
1BA

2

__é’."m____--___-___________--_-____-______

i
H
i
i
R
i
i

j;

i

[UUQFERY G Rp pgp

|

Nov. 4,2010 Sheet 177 0of 189 US 2010/0277401 A1

|
I
|
|
]
|
)
I
t
1
|
(
|
]
|
i
1
1
[}
|
|
[l
1
|
1
1
1
|
1
1
|
i
|
1
|
I
|
1
1
f
]
i
i
t
i
i
i
|
1
n
[l
|
g
(
{
L
|
(
[}
|

[N PR U N S SR U e S,

et e b e ——————

e e e e T T T L I T A oty ey yeepmyempmeypepeg Sy

: _ _
aur] reudis e
j __ -y %;??@E: 1 feudis a1eD
] ] ] ) ] 1
JOTPINY TRDMIUNY IO RN § SNSRI S— | . ¥}
- j 3 L 1 (£)aLt aw reudis aen
I~ 1 Y Y * ’ v ’ v ' myBA
2 " o P _ :
M e T Lo : : “ : B SR B N LIBA
2 ; L j S | i g A(EIALT Ul RUBLS 21D
= A S B T S ; H— = A
u “ “ 1 | “ .” t I [} ) ] 1) ] 1 1 _U>
FRRTR IS WSSOI ST P F N ' T PR 4
A - 3 R 1 } b L (1)QLY aun reudls aten .
= s s A e s e N A S S S S A s B Sl .
om ] ] 1 ] ! ] ) ] ] l ! “ “ ” “ “ n “ " ” “
~ ] ! ) i ) ] 1 t ) 1 i ] [} ) t 1 1 1 ] ! ! [} ]
S [ Himeane i fuelnolHems-anett e [nzi{Hi1[Ho1 [ 16 [ s [ He | wo [ ne [ mv [ ne [ wz [ mi [
E
-« L]
~—
= .
E LLT ‘31
A



Nov. 4,2010 Sheet 178 of 189 US 2010/0277401 A1

Patent Application Publication

12A
(9)qL1 aur| feudis 2D
YBA

PR
I I O
03

L1EA
(6)aL1 suy] jeudis nen
EENN

I "N

“ 8%: aury [eudis sjen
LYBA

3

13A a
(£)qL1 auy] reuss D
SRAE): P

_.) I - __,é. e e

...........

ke VAN
(2)qL1 uy [eudis oen
rUEA

12

L

ya

NS SR Phpwpapey oy

SR RO DU NN RN VS U O N
__1_).__4_____ SR PR OO N N

- U B

A
(1)qL1 ouyl Jeuls oely
> ’ .

4
L
I
1
1
]
|
t
]
|
1
I
1
L
]
1
I

|
[}
1
|
|
]
I
[}
I
|
_F

1
1
|
|
1
]
T
1
!
—_

—— ~ — 4

1 1]
1 1]
__E-q :N:__EJTGJ :w-&mw.q?: H8-TH| -1 €] |HzI |H11[HOU| H6 | H8 | HL

v
1
i
Hs | Hs | He | He | He m;.:u
“
|
1

__.7{____ — __:c____
]

(pOIad awDJy auo) 4 i QLT .wﬁw



Nov. 4,2010 Sheet 179 of 189 US 2010/0277401 A1

Patent Application Publication

ASLLLLL SIS LSS LIL LTSS LSS LIS LSS SS,

L 7 ds

IS SSITIS SIS SIS ISP SS TSI SSSS LS SIS,

ULLLLL AT LSS IS VLA LS LS A SIS SS SIS

LS LL IS 11T LTS LIS LIS LA IAT LTSI

VLSS LIS LSS LSS LI 1SS TS LSV IS A LSS

A1 LLSS LSS ST T LIS ISSSS S S LSS ASSSSSY,

A LSS ISP S L LS 1L AT LS 1TSS L

SLTISS IS LSS SSLLLS SIS ISLS IS LL IS S S SIS

0s

1AL L LS SIS LS LS SIS S 1SS LSS S,

AL LTS LSS LALLM S SSSLY,

\

S LLTL LTV ILLLLLLL LA LLLL LTI LLL Y.

LSS SLSSLIT VIS SIS TS TS ST LIS IS SSSSISSSS,

[

\\k\\\\\\\\\\\\\\\\\\\\\\.v\\\.\,.\.\\

[
¢s (P) 6L1

SSLLLLIL LS LS L LSS LSS S ALY,

\\\\\\\\\\\\\h\\\\\ /SIS

PSS AL S A A LA S S,

(AT LS LA LA T LSS A LS A ST

SSLLSS LSS LS LA LS LSS LA IS SIS SIS,

LA LSS LSS LSS 1SS S LSS LSS SLLSISS Y.

LSS LSS LASL LAY S SLL SIS TSI SIS S,

SLLLLLSL LSS LL LSS LSLLSASLLPSL LS A7

YLLLLLILSLLLSS S S LLS LS LIPS IA Y,

AL LSS LSS SSLLLS LSS SSLSLA SIS A S SS

LSS A S S A o A o o A T A S S S S S LTSS T,

V1L LL LA LSASLLS LI LIS LLSLS LS AL ST S

SIS SIS AL LSS ST A 7SS ST

U LLL LI ILSLLLLS ST SS LS LSS IT VSIS IS S

TILLLLS LSS LT LT S 7SS LTV S ST TS,

0S |
7

W\\\\\\\\\\.\\\\\\A\\\\\\\\\\\\N\\N\

[

2s

(@ 6L1

31

SAILSLSLSSSLLSS AL S LSS S LSS S LSS S S LAY,

VLSS S SIS LIS PSS S IAL LS LSS SV ST,

L LIS AL LSS LIS S LIS LS LSS LTSS L LTSS S

IS A S LSS LS LA TP S S SSSAL LA S LA A SIS,

ILLLLLL PO T PP 77 T P P 20

LSS LLLS LSS SS VLSS S S S S LS LSS ST,

SIS LS S S LSS LS 1AL

Om//

LSSIATLISSSSSSTSSSLLLLLLSS LIS TS LS SIS

ST TTTSS SIS SIS IS S LSS LS IS S S LSS ST

\\\\\\.T\\\\\\A\\\\\\\\\\\\\\\\\\\\\\

! 1

SIS L VTS S 2 VA LIS LSS LSS SIS S S LSS

2s (9) 6L1 814

AL LSS LSS LS LS LS LSS LSS S LA S S S LS

SSSSSISLSSSSS SIS SIS IS IS LTI SIS,

VSTLSLLISSISSS SIS LSS LSS SSSSSSSSSSS S,

VLITSSSVSLSS SIS LS LSS S SSSS VIS

AL AT P A 77777

e T P P T 77 PO 7

SSSSS S ILLLS LSS S LSS LSS S IS S LS LS SIS S,

SLALSILSLLISISLSSSS SIS LSS LS SIS S

LS SSSLLSLLILLLSLLLL L LTSS LSS LS

LS LALSSSLS SIS LS LS SIS IS SIS S S SIS 7SS

\\\.\\\\\\\\\\\\\\\\\L\\\\\\\\\\\\\

Om/

b |

cg
(®) 6L1 314




Nov. 4,2010 Sheet 180 of 189 US 2010/0277401 A1

Patent Application Publication

D---_ﬂ--,"---_Mw,_---q.-J_-i_l.l.._---".-J_---_J---"‘-J_--,—II_---ﬁ--;.---_l_--,_w-JI-_.u.ﬁM\/QK: aur] [eudis aren
e o et TR
| 4_ u M

1
}
[}
1
L
1
[}
1
-
1
1

-4--

Y T T T
_

. l..nrll._unl |||rll.n| w>n
_l_ : _|_ : z)qL1 auny reudis aen
- —{48A

]
[}
~— g3 L

1 1

1 ]

} 1

v -

[}
}

]

]

]

-r

]

]

- L

1

]

i

- IllrI'Llll

1 L T 1 ) 1
1 1 I 1 ] 1

T

" i

—d==epe- b BT R ~-+-13A st reudis e
“ j j “ﬁ>€p: 1| feudis aen
\

'

T
|
- -tbe -
1
|
T
3

-

]
T
3

T QA reusis

_ _ . SNOSURI[NTOTS [ESI A
' H
1

1] (9) 081 314

B R e R e e ]

——eepod Ao

Hﬁ___
A

L
]
1
T
I
[}

JOPNN G E
.

<
o
o
o
™~
[

1210C(61 81 L1|91

Wy
—

PLIELITIIIOL 618 L |9(S|PviE|T

Lkwﬁ%: ] fesdis 310
_ ] 1 ] 1 1 H ] 3 1 ] ] ] 1 1 ] 3 ] ] 1

T S e i R rr——
t t 1 ] ] ] 1 1 t 1 1 1 ] 1 1 ] [} 1 ) ] ] ] [} 1 1 'ﬂﬂw>

) H i H i N 1 ) | H | 1 { H 1 H R H H H 1 1 g

T e O e e AN N T S SIS SN S S SN )0 P .
) [ } ] 1 | ] } ) | 1 1 | 1 1 1 ] | (] 1 [ ] h 1 1 _ |£W\/

—

S 0 0 e /L T L
T "ﬁ» QA euds
T T T T T T L L et
ve[eelzzefocfei]st]eior[st]sfer[er[trfor[ 6 e 2o s [v[e[2[ T[] (q) g1 Sig

---_J -13A
- .s.w>?vn: auy eudis s1en

] 1 ] ] 1 1 ) ] - ] ” t - “
"rn»j-...__:n"r:jo:.”:u“r ._l—.:._:..rn-jc!”u:m. j:n._:l_rlu -1- |r|L _w>ﬂmvﬁ_o=_:m=w_m3m0
— T R —— - — m ﬁ>
““_“““_““"“”““__"“""“--"“"“""4 QA Pudis
::f:fj::mfjm:mEmmgsg,a_é_E
YCIEC|TC|1Z|0T 6T |ST (LI (OT|SEivI|CT(TL|LT{OLl 6|8 |olsiv]leiz]| Tl va O%ﬁ MHHH




Nov. 4,2010 Sheet 181 0of 189 US 2010/0277401 A1

Patent Application Publication

||||| |‘|«|l|¥

m:lll_lu|._ﬁ..|uﬁulﬂan_nul—I'J|1|13|4|1n—|ll— ||||| .—Il_.ll—ullaull_.ll.—ll—.ll _vln_ ' _..H"m» {¥)qz 1aur] Teudis aten

1 ' ) 1 i 1

B ot B e o Y L
r==—|-=-==17 Y T -= T -=Tr=- T T === Y hathad nufinding T T - T -

A S S S DUV AUUNUr SR RN NN AN SRt VUVUN JUE SRS S U S SN S S _«--r--pu_m>, 5

1 _..a-m} 4" m . m :um.!. m m B m :4":- m m B “ "uam> (7)qL15un] Teudis aren
' I 1 ) | | 1 1 I ) ) } 1 1 ! i 1 1 " I ' ] ] | i

Rt \ ai_,.--.._---_ _--}_{- _ " _3.“---_7- ---“.--_ ._ _l--_Ti_--u_ ] -1_r_w> (1)aL1ou reudis aren
] ) " | \ b | S 0 . T 0 Siuiat et N ) 10 nnﬁm\/ aA euds
1 ) ) | | ! I 1 ] 1 | 1 1 1 i ) 1 1 1 1 ] ) ) .
P R e e e e e _ _ ) T snoaueynuns feanap
1 1 1 1 1 ) i 1 1 ) ) ) ) ) ! I ] 1 i 1 ) H

YZIEC|CTI1C|0Z |61 8T LY OT|ST|PT|ET{ZI|ITIOT} 6 (8L |9 SV iE€EJT|T 1

IS8T 'S



Nov. 4,2010 Sheet 182 0of 189 US 2010/0277401 A1

Patent Application Publication

-t o o

G NI U T,

- ——

-—q=--F-4--r-

($)qL1aur Teudls D

(€)q 12ur; reudis aen

——t——fpd -

(Z)aL1ouy reudis aen

— 1 i I } (1)aL12un reudts 2o
" “ | 1 QA Teddie
T " “ T T “ SnoJuR)|NOIIS [EIINS A
£zlzz|1z|ozi6t{8t|LT{9T|ST|pIcl]|TI
(Q) 781 314
1 S 5 O 0 ) B/ TR A
_---w ...... S ---mr-- T .--,”r --“F--m--- -_w> (€)qLiaun Teuis oD
) ll_ ) v N I _lll_ - a“ A m ) Ju&w\/
T TTyTTTETT Tt TTTPTTTC - T ---=--3-18A (g foun [eusis ooy
m -!t “ T _n 1 o ml m _...l _III_ 1 Il_ “_ I“IH_.mm)r
B S O O O O I A I A A R A R ljm\w (DaL1au reudys. 20
;. 1 . L - 1 dA eudts
. N A A A ] e Bk ot
€zizz|iz|oz|61|8T|LT|oT|sTivT|cT|{TTlIT |01 L19|s elzltl1

(®) 781 314



Nov. 4,2010 Sheet 183 0of 189 US 2010/0277401 A1

Patent Application Publication

. g e pe— g R —— memmmmpemm g =[S

(o H _1 _ _ .“ R ._. i ! _ _ 0 A ] _ _ k HE [CA (y)aL19un reudis ajen)
e e et e e e e e B B B e e e e AR Ll
R e e B T i e o B e S S Rt G/ (3 AL S TS
\ ! | | ' i 1 1 ) ) | 1 ] ] i | ) ) 1 )
R e e e e e e e e ﬁwm>
e N B R S i s S i R B SR s St Bttt mn SR A AT CE LR
| | ) | 1 | ) | I

™ T T T T T === T Y T T T T - T “ “ _ﬂ " _ﬂ - &ﬁ A_L._w> :

S s s s T O S s S s Ot et e o o e WL
S S T T S SR . I A S R . R S R S N .- Faw> . ’

] ) 1 [ 1 1 [ ! b 1 1 1 1 1 i 1 1 [ I b t 1 1 1 ) | adA _.mﬁw_m
| i 1 | | | 1 1 ] ! [} | 1 | | i I t k ! ) t I L} | 4 ‘H

f 13 T T T T T T T T T Y T T T L T T T Y T T T 1 mSOOﬁ—d:ﬂ_E—m ﬁ—wnvm.t0>
) ] 1 1 1 | ] 1 1 } ] | | 1 ! ] ] | ] ] 1 ¥ ] ' )

1 ] I | 1 1 ] ] ] 1 ] 1 1 | ! 1 1 | t t 1 ! 1 1 H

174

£

™~
o~

o
o™

o1

¢l

£l

0l

\O

vy

<t

o

€371 31



Patent Application Publication = Nov. 4,2010 Sheet 184 of 189 US 2010/0277401 A1

1842n
B//»1843
J
_

R

> §

>

,
”

© 8
- z 3
g - b
X
pd ) >
> § g
s o~

M units

Fig. 184
184



Nov. 4,2010 Sheet 185 0f 189 US 2010/0277401 A1

Patent Application Publication

==

14°1:2" Lﬂk -
ST

L GL LT
\If_ ﬁ. _\: H.: _.: _-: YaglL
vS81L Ak vagl Lye 2z
T_ LT T T T [Pse~ T 1\ all seray
| _\__ \—.: H: Z_‘—\: —: _\: T T w __ n _'_ .L“ “ u“ “ e .Vm—.m
S8 1L e P/ -
>>>tmmr o1G8L %nrmwﬁ
G- _ il \_ % azvsl
3 £Ge8lL za 1a od
681 319



Nov. 4,2010 Sheet 186 of 189 US 2010/0277401 A1

Patent Application Publication

L L =siun Jq : [e10L vmm/p [ | =siun N : [e10],

A A

- ~ \ —
H ¥ TL y8L TL H TL. vgL
PGB1L \ Tn Tﬁm S8 r\n TD 2INOS JU3IMD

INAR AR =
\ﬁ S\ﬁ 8\ﬂ i 8\ﬂ oa\ﬁ .8\ﬂ
........ T > - R — L

30IMOS JUALIND P{IY))

-------- \\\

9l =Sun N - T80l

8L
2IMOS JUaLmd juarey \ﬁ

981 S



Patent Application Publication =~ Nov. 4,2010 Sheet 187 of 189 US 2010/0277401 A1

nr

1842a

»

fj**
—

1841

,

mr

1842a

1842b
[

Fig. 187
1842a



Patent Application Publication = Nov. 4,2010 Sheet 188 of 189 US 2010/0277401 A1

F—ﬁf

1842a
ey
-
1842hb

1842b

L

Fig. 188
S

1842b



PS8L— ---

Nov. 4,2010 Sheet 189 of 189 US 2010/0277401 A1
(o]
a
[
a

\TﬁH B TL& B T_H_M.\. qevs8 L THH T_ll_u: TﬂH\\n

_.mmw.\lﬁ

0d

AJAAT[IP JUSLINY)
.................. . agv8l

llllll

gevslL

\

eZvel

Patent Application Publication

KIQAT[9P 1UIIND)

631 ‘31



US 2010/0277401 Al

EL DISPLAY PANEL DRIVING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser.No. 10/511,447, filed Mar. 6, 2003 and is based upon and
claims priority from prior Japanese Patent Applications 2002-
127532, filed Apr. 26, 2002; 2002-127637, filed Apr. 26,2002
and 2002-284393, filed Sep. 27, 2002, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a self-luminous dis-
play panel such as an EL display panel which employs
organic or inorganic electroluminescent (EL) elements. Also,
it relates to an information display apparatus and the like
which employ the EL display panel, a drive method for the EL
display panel, and the drive circuit for the EL display panel.

BACKGROUND ART

[0003] Generally, active-matrix display apparatus display
images by arranging a large number of pixels in a matrix and
controlling the light intensity of each pixel according to a
video signal. For example, if liquid crystals are used as an
electrochemical substance, the transmittance of each pixel
changes according to a voltage written into the pixel. Even
with active-matrix display apparatus which employ an
organic electroluminescent (EL) material as an electrochemi-
cal substance, the basic operation is the same as in the case of
using liquid crystals.

[0004] Inaliquid crystal display panel, each pixel works as
a shutter, and images are displayed as a backlight is blocked
off and revealed by the pixels or shutters. An organic EL
display panel is of a self-luminous type in which each pixel
has a light-emitting element. Consequently, the self-luminous
type display panel such as an organic EL display panel has the
advantages of being more viewable than liquid crystal display
panels, requiring no backlighting, having high response
speed, etc.

[0005] Brightness of each light-emitting element (pixel) in
an organic EL display panel is controlled by an amount of
current. That is, organic EL display panels differ greatly from
liquid crystal display panels in that light-emitting elements
are driven or controlled by current.

[0006] A construction of organic EL display panels can be
either a simple-matrix type or active-matrix type. Itis difficult
to implement a large high-resolution display panel of the
former type although the former type is simple in structure
and inexpensive. The latter type allows a large high-resolu-
tion display panel to be implemented, but involves a problem
thatitis a technically difficult control method and is relatively
expensive. Currently, active-matrix type display panels are
developed intensively. In the active-matrix type display
panel, current flowing through the light-emitting elements
provided in each pixel is controlled by thin-film transistors
(transistors) installed in the pixels.

[0007] Such an organic EL display panel of an active-ma-
trix type is disclosed in Japanese Patent Laid-Open No.
8-234683. An equivalent circuit for one pixel of the display
panel is shown in FIG. 62. A pixel 16 consists of an EL
element 15 which is a light-emitting element, a first transistor
11a, a second transistor 115, and a storage capacitance 19.
The light-emitting element 15 is an organic electrolumines-
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cent (EL) element. According to the present invention, the
transistor 11a¢ which supplies (controls) current to the EL
element 15 is referred to as a driver transistor 11. A transistor,
such as the transistor 115 shown in FIG. 62, which operates as
a switch is referred to as a switching transistor 11.

[0008] The organic EL element 15, in many cases, may be
referred to as an OLED (organic light-emitting diode)
because of its rectification. In FIG. 62 or the like, a diode
symbol is used for the light-emitting element OLED 15.
[0009] Incidentally, the light-emitting element 15 accord-
ing to the present invention is not limited to an OLED. It may
be of any type as long as its brightness is controlled by the
amount of current flowing through the element 15. Examples
include an inorganic EL element, a white light-emitting diode
consisting of a semiconductor, a typical light-emitting diode,
and a light-emitting transistor. Rectification is not necessarily
required of the light-emitting element 15. Bidirectional
diodes are also available. While the reference numeral 15 is
described as an EL element, it is sometimes used as the
meaning of an EL film or an EL structure.

[0010] In the example of FIG. 62, a source terminal (S) of
the P-channel transistor 11a is designated as Vdd (power
supply potential) and a cathode of the EL element 15 is
connected to ground potential (Vk). On the other hand, an
anode is connected to a drain terminal (D) of the transistor
11a. Besides, a gate terminal of the P-channel transistor 115
is connected to a gate signal line 174, a source terminal is
connected to a source signal line 18, and a drain terminal is
connected to the storage capacitance 19 and a gate terminal
(G) of the P-channel transistor 11a.

[0011] Incidentally, although it is stated herein that the
transistor elements 11a which supply current used to drive the
EL elements 15 are p-channel transistors, this is not restrictive
and they may be n-channel transistors.

Of course, the transistors 11 may be bipolar transistors, FETs,
or MOSFETs. The board 71 is not limited to a glass substrate
and may be a silicon substrate or metal substrate.

[0012] To drive the pixel 16, a video signal which repre-
sents brightness information is first applied to the source
signal line 18 with the gate signal line 17a selected. Then, the
transistor 11a conducts, the storage capacitance 19 is charged
or discharged, and gate potential of the transistor 115 matches
the potential of the video signal. When the gate signal line 17a
1s deselected, the transistor 11a is turned off and the transistor
115 is cut off electrically from the source signal line 18. The
gate potential of the transistor 11a is maintained stably by the
storage capacitance 19. Current delivered to the light-emit-
ting element 15 via the transistor 11a depends on gate-source
voltage Vgs of the transistor 11a and the light-emitting ele-
ment 15 continues to emit light at an intensity which corre-
sponds to the amount of current supplied via the transistor
11a.

[0013] Organic EL display panels are made of low-tem-
perature polysilicon transistor arrays. However, since organic
EL elements use current to emit light, there has been a prob-
lem that variations in the characteristics of the transistors will
cause display irregularities.

DISCLOSURE OF THE INVENTION

[0014] Inview of the above problems with conventional EL
elements, an object of the present invention is to provide a
drive method of an EL display apparatus which can achieve
more uniform display than conventional methods even if
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there are variations in characteristics of pixel transistors and
which causes blurred moving pictures less than the conven-
tional methods.

[0015] To achieve the above object, a first invention of the
present invention is a drive method for an EL display panel,
the EL display panel comprising;

[0016] EL elements arranged in a matrix;

[0017] driver transistors which supply current to be passed
through the EL elements;

[0018] first switching elements placed in current paths of
the EL elements;

[0019] a gate driver circuit which turns on and off the first
switching elements for control; and

[0020] asource driver circuit which supplies programming
current to the driver transistors,

[0021] wherein the driver transistors are p-channel transis-
tors,
[0022] wunit transistors which generate the programming

current in the source driver circuit are n-channel transistors,
and

[0023] the gate driver circuit turns off the first switching
elements at least two or more times during one frame period
or one field period.

[0024] A second invention of the present invention is a
drive method for an EL display panel, the EL display panel
comptrising:

[0025] EL elements arranged in a matrix;

[0026] driver transistors which supply current to be passed
through the EL elements;

[0027] first switching elements placed in current paths of
the EL elements;

[0028] a gate driver circuit which turns on and off the first
switching elements for control; and

[0029] asource driver circuit which supplies programming
current to the driver transistors,

[0030] wherein the driver transistors are p-channel transis-
tors,
[0031] wunit transistors which generate the programming

current in the source driver circuit are n-channel transistors,
and

[0032] the gate driver circuit keeps the first switching ele-
ments off for two horizontal scanning periods during one
frame period or one field period.

[0033] A third invention of the present invention is a drive
method for an EL display panel, the EL display panel com-
prising:

[0034] EL elements arranged in a matrix;

[0035] driver transistors which supply current to be passed
through the EL elements;

[0036] first switching elements placed in current paths of
the EL elements;

[0037] a gate driver circuit which turns on and off the first
switching elements for control; and

[0038] asource driver circuit which supplies programming
current to the driver transistors,

[0039] wherein the driver transistors are p-channel transis-
tors,
[0040] wunit transistors which generate the programming

current in the source driver circuit are n-channel transistors,
[0041] a period during which pixel row is selected and
programmed with current is constructed from a first period
and a second period,

[0042] a first current is applied during the first period,
[0043] asecond currentis applied during the second period,
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[0044] the first current is larger than the second current, and
[0045] the source driver circuit outputs the first current
during the first period and outputs the second current during
the second period which comes after the first period.

[0046] A fourth invention of the present invention is the
drive method for the EL display panel according to the first
invention of the present invention, wherein the first switching
elements are turned off periodically during one frame period
or one field period.

[0047] A fifth invention of the present invention is an EL
display panel, comprising:

[0048] a source driver circuit which outputs programming
current;

[0049] EL elements arranged in a matrix;

[0050] driver transistors which supply current to be passed

through the EL elements;

[0051] first switching elements placed in current paths of
the EL elements;

[0052] second switching elements which constitute paths
used to transmit programming current to the driver transis-
tors;

[0053] a first gate driver circuit which turns on and off the
first switching elements for control;

[0054] a second gate driver circuit which turns on and off
the second switching elements for control;

[0055] asource driver circuit which supplies programming
current to the driver transistors,

[0056] wherein the driver transistors are p-channel transis-
tors,
[0057] unit transistors which generate the programming

current in the source driver circuit are n-channel transistors,
[0058] the first gate driver circuit turns off the first switch-
ing elements a number of times during one frame period or
one field period,

[0059] the first gate driver circuit is placed or formed on one
side of the display panel, and

[0060] the second gate driver circuit is placed or formed on
another side of the display panel.

[0061] A sixth invention of the present invention is the EL,
display panel according to the fifth invention of the present
invention, wherein the gate driver circuits are formed in the
same process as the driver transistors and the source driver
circuit is made of a semiconductor chip.

[0062] A seventhinvention ofthe present inventionisan EL
display panel, comprising:

[0063] gate signal lines;

[0064] source signal lines;

[0065] a source driver circuit which outputs programming
current;

[0066] a gate driver circuit;

[0067] EL elements arranged in a matrix;

[0068] driver transistors which supply current to be passed

through the EL elements;

[0069] first transistors placed in current paths of the EL
elements;
[0070] second transistors which constitute paths used to

transmit programming current to the driver transistors; and

[0071] asource driver circuit which supplies programming
current to the driver transistors,

[0072] wherein the driver transistors are p-channel transis-
tors,
[0073] unit transistors which generate the programming

current in the source driver circuit are n-channel transistors,
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[0074] the source driver circuit outputs programming cur-
rent to the source signal lines,

[0075] the gate driver circuit is connected to the gate signal
lines,
[0076] gate terminals of the second transistors are con-

nected to the gate signal lines,

[0077] source terminals of the second transistors are con-
nected to the source signal lines,

[0078] drain terminals of the second transistors are con-
nected to drain terminals of the driver transistors, and
[0079] the gate driver circuit selects a plurality of gate
signal lines and supplies the programming current to the
driver transistors of a plurality of pixels.

[0080] An eighthinvention of the present invention is an EL
display panel, comprising:

[0081] a display area consisting of I pixel rows (I is an
integer larger than 1) and J pixel columns (J is an integer
larger than 1);

[0082] asource driver circuit which applies an image signal
to source signal lines in the display area;

[0083] a gate driver circuit which applies a turn-on voltage
or turn-off voltage to gate signal lines in the display area; and
[0084] adummy pixel row formed outside the display area,
[0085] wherein EL elements are arranged in a matrix in the
display area and emit light based on the image signal from the
source driver circuit, and

[0086] the dummy pixel row either does not to emit light or
emits light not visible to the eye.

[0087] A ninth invention of the present invention is the EL,
display panel according to the seventh invention of the
present invention,

[0088] wherein the gate driver circuit selects a plurality of
pixel rows at a time and applies the image signal from the
source driver circuit to the plurality of pixel rows; and
[0089] a dummy pixel row is selected when the first pixel
row or I-th pixel rows is selected.

[0090] A tenth invention of the present invention is the EL
display panel according to the seventh invention of the
present invention, wherein the gate driver circuit is con-
structed of p-channel transistors.

[0091] An eleventh invention of the present invention is an
EL display panel, comprising:

[0092] EL elements arranged in a matrix;

[0093] driver transistors which supply current to be passed
through the EL elements;

[0094] first switching elements placed in current paths of
the EL elements;

[0095] a gate driver circuit which turns on and off the first
switching elements for control; and

[0096] asource driver circuit which supplies programming
current to the driver transistors,

[0097] wherein the driver transistors and the first switching
elements are p-channel transistors, and

[0098] unit transistors which generate the programming
current in the source driver circuit are n-channel transistors.
[0099] A twelfth invention of the present invention is a
drive method for an EL display panel, comprising the steps of:
supplying EL elements with a current which makes the EL
elements emit light brighter than a predetermined brightness;
and making the EL elements emit light for a period equal to
1/N of one frame period or one field period (N is larger than
D).

[0100] A thirteenth invention of the present invention is the
drive method for the EL. display panel according to the twel fth
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invention of the present invention, wherein the period equal to
1/N of a frame is divided into a plurality of periods.

[0101] A fourteenth invention of the present invention is a
drive method for an EL. display panel which uses a current to
program currents to be passed through EL elements, compris-
ing the steps of: making the EL elements emit light brighter
than a predetermined brightness; displaying a display area
equal to 1/N (N>1) of an entire screen; and shifting the dis-
play area of 1/N of the entire screen in sequence to display the
entire screen.

[0102] A fifteenth invention of the present invention is an
EL display apparatus comprising an EL, display panel having
the EL display panel in turn comprising EL elements
arranged in a matrix; driver transistors which supply current
to be passed through the EL elements; first switching ele-
ments placed in current paths of the EL elements; and a gate
driver circuit which turns on and off the first switching ele-
ments, and a receiver.

[0103] Oneofthe aspects of the present invention described
herein includes two operations.

[0104] The first operation involves supplying driver tran-
sistors 11a of pixels 16 with current (drawn) from a current
driver circuit (IC) 14 and programming the driver transistors
11a with a predetermined current.

[0105] The second operation involves passing the current
programmed in the driver transistors 11a through EL ele-
ments 15.

[0106] In this way, by programming the driver transistors
11a with a current and passing the current through the EL
elements 15, it is possible to pass the predetermined current
which has been programmed, even if there are variations in
characteristics of the driver transistors 11a. This makes it
possible to achieve a uniform screen display. The current
passed through each EL element 15 is driven intermittently by
atransistor 11d formed or placed between the EL element 15
and driver transistor 11a.

[0107] Another aspect of the present invention is a method
of performing current programming by selecting the driver
transistors 11a of multiple pixel rows at a time. The selected
pixel rows are scanned in sequence. For example, if a current
of 1 pA is outputted from the current driver 14 and two pixel
rows are selected at a time, a current of 0.5 pA (=%%) is
programmed into each pixel row.

[0108] To do this, a dummy pixel row is formed at least
along the top or bottom edge of the screen. The dummy pixel
row is designed not to emit light even when programmed with
current.

[0109] The number of dummy pixel rows formed or dis-
posed equals to the number of pixel rows selected simulta-
neously minus one.

[0110] Parasitic capacitance is present in source signal
lines 18 to which current is outputted from the current driver
14.

If the parasitic capacitance cannot be charged and discharged
sufficiently, it is pot possible to write a predetermined current
into the pixels 16. To improve charging and discharging,
output current from the current driver 14 should be increased.
However, the current outputted from the current driver 14 is
written into the driver transistors 11a of the pixels 16. Thus,
an increase in the output current from the current driver 14
increases the current written into the driver transistors 11a as
well, resulting in a proportional increase in emission bright-
ness of the pixels 15. Consequently, predetermined bright-
ness is not available.
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[0111] If the driver transistors 11a of multiple pixel rows
are selected simultaneously, the output current from the cut-
rent driver 14 is programmed into the multiple pixel rows,
being divided among them. This makes it possible to increase
the current outputted from the current driver 14 and decrease
the current written into the driver transistors 11a.

[0112] Another aspect of the present invention illuminates
pixels 16 intermittently. That is, intermittent screen display is
provided. Intermittent screen display eliminates blurred mov-
ing pictures. This achieves proper movie display without
residual images as in the case of a CRT. Intermittent display
can be achieved by controlling the transistors 114 placed or
formed between the driver transistors 11a and EL elements
15.

[0113] Incidentally, with the above configuration, if the
pixel transistors are programmed, for example, with 10 times
larger current (N=10), a 10 times larger current flows through
the EL elements 15 and the EL elements 15 emit 10 times
brighter light. To obtain predetermined emission brightness,
the time during which the current flows through the EL ele-
ments can be reduced to V1o of one frame (1 F). This way, the
parasitic capacitance of the source signal lines can be charged
and discharged sufficiently and the predetermined emission
brightness can be obtained. Since the pixels are programmed
with N times larger current, the parasitic capacitance of the
source signal lines can be charged and discharged sufficiently.
This allows accurate current programming, resulting in a
uniform screen display. Also, current is passed through the EL
element 15 only for aperiod of 1 F/N, but current is not passed
during the remaining period (1 F (N-1)/N). In this display
condition, image data display and black display (non-illumi-
nation) are repeated every 1 F. This makes it possible to
achieve proper movie display without edge blur of images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0114] FIG.1isablock diagram of a pixel inadisplay panel
according to the present invention;

[0115] FIG.2is ablock diagram of a pixel inadisplay panel
according to the present invention;

[0116] FIG. 3 is an explanatory diagram illustrating opera-
tion of a display panel according to the present invention;
[0117] FIG. 4 is an explanatory diagram illustrating opera-
tion of a display panel according to the present invention;
[0118] FIG.5isanexplanatory diagram illustrating a drive
method of a display apparatus according to the present inven-
tion;

[0119] FIG. 6 is a block diagram of a display apparatus
according to the present invention,

[0120] FIG. 7 is an explanatory diagram illustrating a
manufacturing method of a display panel according to the
present invention;

[0121] FIG. 8 is a block diagram of a display apparatus
according to the present invention;

[0122] FIG. 9 is a block diagram of a display apparatus
according to the present invention;

[0123] FIG.10is asectional view of a display panel accord-
ing to the present invention;

[0124] FIG.11is asectional view of a display panel accord-
ing to the present invention;

[0125] FIG. 12 is an explanatory diagram illustrating a
display panel according to the present invention;

[0126] FIG. 13 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
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[0127] FIG. 14 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0128] FIG. 15 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0129] FIG. 16 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0130] FIG. 17 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0131] FIG. 18 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0132] FIG. 19 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0133] FIG. 20 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0134] FIG. 21 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0135] FIG. 22 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0136] FIG. 23 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0137] FIG. 24 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0138] FIG. 25 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0139] FIG. 26 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0140] FIG. 27 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0141] FIG. 28 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0142] FIG. 29 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0143] FIG. 30 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0144] FIG. 31 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0145] FIG. 32 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0146] FIG. 33 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0147] FIG. 34 is a block diagram of a display apparatus
according to the present invention;
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[0148] FIG. 35 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0149] FIG. 36 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0150] FIG. 37 is a block diagram of a display apparatus
according to the present invention;

[0151] FIG. 38 is a block diagram of a display apparatus
according to the present invention;

[0152] FIG. 39 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0153] FIG. 40 is a block diagram of a display apparatus
according to the present invention;

[0154] FIG. 41 is a block diagram of a display apparatus
according to the present invention;

[0155] FIG. 42 is a block diagram of a pixel in a display
panel according to the present invention;

[0156] FIG. 43 is a block diagram of a pixel in a display
panel according to the present invention;

[0157] FIG. 44 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0158] FIG. 45 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0159] FIG. 46 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0160] FIG. 47 is a block diagram of a pixel in a display
panel according to the present invention;

[0161] FIG. 48 is a block diagram of a display apparatus
according to the present invention;

[0162] FIG. 49 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0163] FIG. 50 is a block diagram of a pixel in a display
panel according to the present invention;

[0164] FIG. 51 is a block diagram of a pixel in a display
panel according to the present invention;

[0165] FIG. 52 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0166] FIG. 53 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0167] FIG. 54 is a block diagram of a pixel in a display
panel according to the present invention;

[0168] FIG. 55 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0169] FIG. 56 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0170] FIG. 57 is an explanatory diagram illustrating a cell
phone according to the present invention;

[0171] FIG. 58 is an explanatory diagram illustrating a
viewfinder according to the present invention;

[0172] FIG. 59 is an explanatory diagram illustrating a
video camera according to the present invention;

[0173] FIG. 60 is an explanatory diagram illustrating a
digital camera according to the present invention;
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[0174] FIG. 61 is an explanatory diagram illustrating a TV
(monitor) according to the present invention;

[0175] FIG. 62 is a block diagram of a pixel in a conven-
tional display panel;

[0176] FIG. 63 is a block diagram of a pixel in a display
panel according to the present invention;

[0177] FIG. 64 is a block diagram of a pixel in a display
panel according to the present invention;

[0178] FIG. 65 is a block diagram of a pixel in a display
panel according to the present invention;

[0179] FIG. 66 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0180] FIG. 67 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0181] FIG. 68 is an explanatory diagram illustrating a
display panel according to the present invention;

[0182] FIG. 69 is an explanatory diagram illustrating a
display panel according to the present invention;

[0183] FIG. 70 is an explanatory diagram illustrating a
display panel according to the present invention;

[0184] FIG. 71 is an explanatory diagram illustrating a
display panel according to the present invention;

[0185] FIG. 72 is an explanatory diagram illustrating a
display panel according to the present invention;

[0186] FIG. 73 is an explanatory diagram illustrating a
display panel according to the present invention;

[0187] FIG. 74 is an explanatory diagram illustrating a
display panel according to the present invention;

[0188] FIG. 75 is an explanatory diagram illustrating a
display panel according to the present invention;

[0189] FIG. 76 is an explanatory diagram illustrating a
display panel according to the present invention;

[0190] FIG. 77 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0191] FIG. 78 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0192] FIG. 79 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0193] FIG. 80 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0194] FIG. 81 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0195] FIG. 82 is an explanatory diagram illustrating a
display panel according to the present invention;

[0196] FIG. 83 is an explanatory diagram illustrating a
display panel according to the present invention;

[0197] FIG. 84 is an explanatory diagram illustrating a
display panel according to the present invention;

[0198] FIG. 85 is an explanatory diagram illustrating a
display panel according to the present invention;

[0199] FIG. 86 is an explanatory diagram illustrating a
display panel according to the present invention;

[0200] FIG. 87 is an explanatory diagram illustrating a
checking method according to the present invention;

[0201] FIG. 88 is an explanatory diagram illustrating a
checking method according to the present invention;
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[0202] FIG. 89 is an explanatory diagram illustrating a
checking method according to the present invention;

[0203] FIG. 90 is an explanatory diagram illustrating a
checking method according to the present invention;

[0204] FIG. 91 is an explanatory diagram illustrating a
checking method according to the present invention;

[0205] FIG. 92 is an explanatory diagram illustrating a
checking method according to the present invention;

[0206] FIG. 93 is an explanatory diagram illustrating a
checking method according to the present invention;

[0207] FIG. 94 is an explanatory diagram illustrating a
power supply circuit of a display apparatus according to the
present invention;

[0208] FIG. 95 is an explanatory diagram illustrating a
power supply circuit of a display apparatus according to the
present invention;

[0209] FIG. 96 is an explanatory diagram illustrating a
power supply circuit of a display apparatus according to the
present invention;

[0210] FIG. 97 is an explanatory diagram illustrating a
power supply circuit of a display apparatus according to the
present invention;

[0211] FIG. 98 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;

[0212] FIG. 99 is a schematic sectional view illustrating a
display apparatus according to the present invention;

[0213] FIG. 100 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0214] FIG. 101 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0215] FIG. 102 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0216] FIG. 103 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0217] FIG. 104 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0218] FIG. 105 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0219] FIG. 106 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0220] FIG. 107 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0221] FIG. 108 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0222] FIG. 109 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0223] FIG. 110 is an explanatory diagram illustrating a
display apparatus according to the present invention;;
[0224] FIG. 111 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0225] FIG. 112 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0226] FIG. 113 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0227] FIG. 114 is an explanatory diagram illustrating a
display apparatus according to the present invention;

[0228] FIG. 115 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;

[0229] FIG. 116 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
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[0230] FIG. 117 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0231] FIG. 118 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0232] FIG. 119 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0233] FIG. 120 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0234] FIG. 121 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0235] FIG. 122 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0236] FIG. 123 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0237] FIG. 124 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0238] FIG. 125 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0239] FIG. 126 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0240] FIG. 127 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0241] FIG. 128 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0242] FIG. 129 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0243] FIG. 130 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0244] FIG. 131 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0245] FIG. 132 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0246] FIG. 133 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0247] FIG. 134 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0248] FIG. 135 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0249] FIG. 136 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0250] FIG. 137 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
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[0251] FIG. 138 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0252] FIG. 139 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0253] FIG. 140 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0254] FIG. 141 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0255] FIG. 142 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0256] FIG. 143 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0257] FIG. 144 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0258] FIG. 145 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0259] FIG. 146 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0260] FIG. 147 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0261] FIG. 148 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0262] FIG. 149 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0263] FIG. 150 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0264] FIG. 151 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0265] FIG. 152 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0266] FIG. 153 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0267] FIG. 154 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0268] FIG. 155 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0269] FIG. 156 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0270] FIG. 157 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0271] FIG. 158 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
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[0272] FIG. 159 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0273] FIG. 160 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0274] FIG. 161 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0275] FIG. 162 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0276] FIG. 163 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0277] FIG. 164 is an explanatory diagram illustrating a
drive method of a display panel according to the present
invention;
[0278] FIG. 165 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0279] FIG. 166 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0280] FIG. 167 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0281] FIG. 168 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0282] FIG. 169 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0283] FIG. 170 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0284] FIG. 171 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0285] FIG. 172 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0286] FIG. 173 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0287] FIG. 174 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0288] FIG. 175 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0289] FIG. 176 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0290] FIG. 177 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0291] FIG. 178 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
[0292] FIG. 179 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;
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[0293] FIG. 180 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0294] FIG. 181 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0295] FIG. 182 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0296] FIG. 183 is an explanatory diagram illustrating a
drive method of a display apparatus according to the present
invention;

[0297] FIG. 184 is an explanatory diagram illustrating a
source driver circuit according to the present invention;
[0298] FIG. 185 is an explanatory diagram illustrating a
source driver circuit according to the present invention;
[0299] FIG. 186 is an explanatory diagram illustrating a
source driver circuit according to the present invention;
[0300] FIG. 187 is an explanatory diagram illustrating a
source driver circuit according to the present invention;
[0301] FIG. 188 is an explanatory diagram illustrating a
source driver circuit according to the present invention; and
[0302] FIG. 189 is an explanatory diagram illustrating a
source driver circuit according to the present invention.

DESCRIPTION OF SYMBOLS

[0303]
[0304]
[0305]
[0306]
[0307]
[0308]

11 Transistor (thin-film transistor)

12 Gate driver IC (circuit)

14 Source driver IC (circuit)

15 EL (element) (light-emitting element)

16 Pixel

17 Gate signal line

[0309] 18 Source signal line

[0310] 19 Storage capacitance (additional capacitor, addi-
tional capacitance)

[0311] 50 Display screen

[0312] 51 Write pixel (row)

[0313] 52 Non-display pixel (non-display area, non-illumi-
nated area)

[0314] 53 Display pixel (display area, illuminated area)

[0315] 61 Shift register

[0316] 62 Inverter

[0317] 63 Output buffer

[0318] 71 Array board (display panel)

[0319] 72 Laser irradiation range (laser spot)

[0320] 73 Positioning marker

[0321] 74 Glass substrate (array board)

[0322] 81 Control IC (circuit)

[0323] 82 Power supply IC (circuit)

[0324] 83 Printed board

[0325] 84 Flexible board

[0326] 85 Sealing lid

[0327] 86 Cathode wiring

[0328] 87 Anode wiring (Vdd)

[0329] 88 Data signal line

[0330] 89 Gate control signal line

[0331] 101 Bank (rib)

[0332] 102 Interlayer insulating film

[0333] 104 Contact connector

[0334] 105 Pixel electrode

[0335] 106 Cathode electrode

[0336] 107 Desiccant

[0337] 108 A/4 plate

[0338] 109 Polarizing plate

[0339]
[0340]
[0341]
[0342]
[0343]
[0344]
[0345]
[0346]
[0347]
[0348]
[0349]
[0350]
[0351]
[0352]
[0353]
[0354]
[0355]
[0356]
[0357]
[0358]
[0359]
[0360]
[0361]
[0362]
[0363]
[0364]
[0365]
[0366]
[0367]
[0368]
[0369]
[0370]
[0371]
[0372]
[0373]
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111 Thin encapsulation film

281 Dummy pixel (row)

341 Output stage circuit

371 OR circuit

401 Mlumination control line

471 Reverse bias line

472 Gate potential control line
561 Electronic regulator circuit
562 SD (source-drain) short circuit of a transistor
571 Antenna

572 Key

573 Casing

574 Display panel

581 Eye ring

582 Magnifying lens

583 Convex lens

591 Supporting point (pivot point)
592 Taking lens

593 Storage section

594 Switch

601 Body

602 Photographic section

603 Shutter switch

611 Mounting frame

612 Leg

613 Mount

614 Fixed part

631 Changeover switch

681 Insulating film

691 Diffraction grating

721 Pixel aperture

341 Output stage circuit

991 Reference voltage circuit

992 PC (data input means, control means)
993 Input circuit (operational amplifier, switch, A/D

converter)

[0374]
[0375]
[0376]
[0377]
[0378]
[0379]
[0380]
[0381]
[0382]
[0383]
[0384]
[0385]
[0386]
[0387]
[0388]
[0389]
[0390]

994 Transistor

995 Operational amplifier

996 Connection terminal

997 Probe (connection means)
941 Coil (transformer)

942 Control circuit

943 Diode

944 Capacitor

945 Resistor

946 Transistor

951 Switch

952 Temperature sensor

9991 Liquid crystal display panel
1001 Connector resin

1002 Sealing resin

1003 Dispersing agent

1004 Polarizing plate (polarizing film, circular

polarizing plate, circular polarizing film)

[0391]
[0392]
[0393]
[0394]
[0395]
[0396]
[0397]
[0398]
[0399]
[0400]

1011 Glass ring

1021 Flexible board

1022 Controller

1023 Connector terminal

1031 Serial data

1032 Parallel video data

1033 Gate driver circuit control data
1051 Radiator plate (radiator film)
1052 Hole (air hole, cooling hole)
1061 Mounted part
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[0401] 1062 Printed board

[0402] 1063 Cushioning member (cushioning bump)

[0403] 1111 Unit gate output circuit

[0404] 1381 Parasitic capacitance

[0405] 1431 Capacitor driver

[0406] 1433 Capacitor signal line

[0407] 1434 Coupling capacitor

[0408] 1461 Current output circuit

[0409] 1471 Output terminal

[0410] 1472 Parasitic capacitance

[0411] 1481 Inverter

[0412] 1511 Common signal line

[0413] 1512 Common driver circuit

[0414] 1841, 1842, 1843 Current source (transistor)

[0415] 1851 Switch (on/off means)

[0416] 1854 Current source (single unit)

[0417] 1853 Internal wiring

[0418] 1861 Electronic regulator (Current adjustment

means)
[0419] 1891 Transistor group
BEST MODE FOR CARRYING OUT THE

INVENTION

[0420] Some parts of drawings herein are omitted and/or

enlarged/reduced herein for ease of understanding and/or
illustration. For example, in a sectional view of a display
panel shown in FIG. 11, a encapsulation film 111 and the like
are shown as being fairly thick. On the other hand, in F1G. 10,
asealing 1id 85 is shown as being thin. Some parts are omitted.
For example, although the display panel according to the
present invention requires a polarizing plate with a phase film
such as a circular polarizing plate to prevent reflection, the
phase film is omitted in drawings herein. This also applies to
the drawings below. Besides, the same or similar forms, mate-
rials, functions, or operations are denoted by the same refer-
ence numbers or characters.

[0421] Incidentally, what is described with reference to
drawings or the like can be combined with other examples or
the like even if not noted specifically. For example, a touch
panel or the like can be attached to a display panel in FIG. 8
to construct an information display apparatus or the like
shown in FIGS. 57 to 61 and 102 etc. Also, a magnifying lens
582 can be mounted to configure a view finder (see FIG. 58)
used for a video camera (see FIG. 59, etc.) or the like. Also,
any of the drive methods described with reference to FIG. 4,
15,18,21,23,27,31, 35,39, 44, 52,53, 55,63, 67,77,78,79,
80, 114, 116, 120, 122, 125, 129, 130, 131, 132, 133, 136,
139,140, 144, 145, 152, 164, or the like can be applied to any
display apparatus, display panel, or information display appa-
ratus according to the present invention.

[0422] Also, thin-film transistors are cited herein as driver
transistors 11 and switching transistors 11 etc., this is not
restrictive. Thin-film diodes (TFDs) or ring diodes may be
used instead. Also, the present invention is not limited to
thin-film elements, and transistors formed on silicon wafers
may also be used. Needless to say, FETs, MOS-FETs, MOS
transistors, or bipolar transistors may also be used. They are
basically, thin-film transistors. It goes without saying that the
present invention may also use varistors, thyristors, ring
diodes, photodiodes, phototransistors, or PLZT elements.
That is, the switching element 11 and driving element 11 can
be constructed by using any of the above elements.

[0423] An EL panel according to the present invention will
be described below with reference to drawings.
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[0424] As shown in FIG. 10, an organic EL display panel
consists of a glass substrate (array board) 71, transparent
electrodes 105 formed as pixel electrodes, at least one organic
EL layer 15, and a metal electrode (reflective film) (cathode)
106, which are stacked one on top of another, where the
organic functional layer consists of an electron transport
layer, light-emitting layer, positive hole transport layer, etc.
The organic EL element 15 emits light when a positive volt-
age is applied to the anode or transparent electrodes (pixel
electrodes) 105 and a negative voltage is applied to the cath-
ode or metal electrode (reflective electrode) 106.

[0425] A large current flows through the wiring which sup-
plies current to the anode or cathode (anode wiring 86 or
cathode wiring 87). For example, current on the order of 100
A flows through an EL display apparatus with a 40-inch
screen.

[0426] Thus, the resistance values of the anode wiring and
cathode wiring fabricated (formed) should be sufficiently
low.

[0427] To solve this problem, according to the present
invention, the anode wiring and the like (wiring which sup-
plies light-emitting current to the EL elements) are formed of
thin film. Then, the thickness of the thin-film wiring is
increased by electro-plating it in multiple layers using elec-
troless plating or electrolytic plating technologies.

[0428] Available plating metals include, for example, chro-
mium, nickel, gold, copper, and aluminum as well as alloys
and amalgam thereof. Also, copper foil is affixed as wiring
itself or to wiring, as required. Alternatively, copper paste or
the like is screen-printed on wiring in multiple layers to
increase the thickness of the wiring and thereby decrease the
wiring resistance. Also, a bonding technique may be used to
bond wires composing the wiring. Also, if necessary, an insu-
lating layer may be formed on the wiring and conductive
layers may be stacked on the wiring to form a ground pattern,
thereby forming a capacitor (capacitance) between the wiring
and ground pattern.

[0429] Preferably, the metal electrode 106 is made of metal
with a small work function, such as lithium, silver, aluminum,
magnesium, indium, copper, or an alloy thereof. In particular,
it is preferable to use, for example, an Al—Li alloy. The
transparent electrodes 105 may be made of conductive mate-
rials with a large work function such as ITO, or gold and the
like. If gold is used as an electrode material, the electrodes
become translucent. Incidentally, IZO or other material may
be used instead of ITO. This also applies to other pixel elec-
trodes 105.

[0430] Needless to say, the EL film 15 according to the
present invention may be formed not only by vapor deposi-
tion, but also by ink jetting. That is, the EL elements 15
according to the present invention may be formed not only of
low molecular-weight material by a vapor deposition process,
but also of high molecular-weight material by ink jetting and
the like. Besides, they may be formed of screen printing or
offset printing.

[0431] A desiccant 107 is placed in a space between the
sealing lid 85 and array board 71. This is because the organic
EL film 15 is vulnerable to moisture. With the EL film 15 shut
off from the open air by the sealing 1id 85, the desiccant 107
absorbs water penetrating a sealant and thereby prevents dete-
rioration of the organic EL film 15.

[0432] Although the glass sealing lid 85 is used for sealing
in FIG. 10, the film 111 (this may be a thin film, i.e., a thin
encapsulation film) may be used for sealing as shown in FIG.
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11. The encapsulation film (thin encapsulation film) 111 may
be, for example, an electrolytic capacitor film on which DLC
(diamond-like carbon) is vapor-deposited. This film features
extremely low moisture penetration (high moisture resis-
tance). Itis used as the encapsulation film 111. Preferably, the
difference in thermal expansion coefficient between the seal-
ing lid or encapsulation film 111 and array board 71 is 10% or
less. A larger difference in the thermal expansion coefficient
will cause the sealing lid 111 or the like to peel off the array
board 71. Also, it goes without saying that the encapsulation
film 111 may be formed by DLC film or the like vapor-
deposited directly on a surface of the electrode 106. Besides,
the thin encapsulation film may be formed by laminating thin
resin films and metal films.

[0433] Desirably, film thickness of the thin film 111 is such
that n-d is equal to or less than main emission wavelength A of
the EL element 15 (where n is the refraction factor of the thin
film and d is the film thickness of the thin film; if two or more
thin films are laminated, n-d of each thin film is calculated;
and the results are summed). By satisfying this condition, it is
possible to more than double the efficiency of light extraction
from the EL element 15 compared to when a glass substrate is
used for sealing. Also, an alloy, mixture, or laminate of alu-
minum and silver may be used.

[0434] A technique which uses an encapsulation film 111
for sealing instead of a sealing lid 85 as described above is
called thin film encapsulation. In the case of “underside
extraction (see FIG. 10; light is extracted in the direction of
the arrow in FIG. 10)” in which light is extracted from the side
of the board 71, thin film encapsulation involves forming an
EL film and then forming an aluminum electrode which will
serveas acathode on the EL film. Then, a resin layer is formed
as a cushioning layer on the aluminum layer. An organic
material such as acrylic or epoxy may be used for a cushion-
ing layer. Suitable film thickness is from 1 pm to 10 pm (both
inclusive). More preferably, the film thickness is from 2 um to
6 um (both inclusive). The encapsulation film 111 is formed
on the cushioning film (film layer). Without the cushioning
film, structure of the EL film would be deformed by stress,
resulting in streaky defects. As described above, the encap-
sulation film 111 may be made, for example, of DLC (dia-
mond-like carbon) or an electrolytic capacitor of a laminar
structure (structure consisting of thin dielectric films and
aluminum films vapor-deposited alternately).

[0435] Inthe case of “topside extraction (see FIG. 11; light
is extracted in the direction of the arrow in FIG. 11)” in which
light is extracted from the side of the EL layer 15, thin film
encapsulation involves forming the EL film 15 and then form-
ing an Ag—Mg film 20 angstrom (inclusive) to 300 angstrom
thick on the EL film 15 to serve as a cathode (anode). A
transparent electrode such as ITO is formed on the film to
reduce resistance. Then, a resin layer is formed as a cushion-
ing layer on the electrode film. An encapsulation film 111 is
formed on the cushioning film.

[0436] Halfthe light produced by the organic EL layer 15 is
reflected by the reflective film 106 and emitted through the
array board 71. However, the reflective film 106 reflects extra-
neous light, resulting in glare, which lowers display contrast.
To deal with this situation, a 2/4 phase plate 108 and polar-
izing plate (polarizing film) 109 are placed on the array board
71. These are generally called circular polarizing plates (cir-
cular polarizing sheets).

[0437] Incidentally, if the pixels are reflective electrodes,
the light produced by the organic EL layer 15 is emitted
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upward. Thus, needless to say, the phase plate 108 and polar-
izing plate 109 are placed on the side from which light is
emitted. Reflective pixels can be obtained by making pixel
electrodes 105 from aluminum, chromium, silver, or the like.
Also, by providing projections (or projections and depres-
sions) on a surface of the pixel electrodes 105, it is possible to
increase an interface with the organic EL layer 15, and
thereby increase the light-emitting area, resulting in
improved light-emission efficiency. Incidentally, the reflec-
tive film which serves as the cathode 106 (anode 105) is made
as a transparent electrode. If reflectance can be reduced to
30% or less, no circular polarizing plate is required. This is
because glareis reduced greatly. Light interference is reduced
as well.

[0438] Glare can be reduced by the application of carbon-
containing acrylic resin (black matrix (BM)), leaving pixel
apertures uncoated. Any resin may be used as long as it
absorbs light. Light diffusing materials are also available,
including black metal such as hexavalent chromium; paint;
thin film, thick film, or members with fine irregularities on a
surface; titanium oxide; aluminum oxide; magnesium oxide;
and opal glass. The materials do not necessarily need to be
black or dark if they are colored by a dye or pigment comple-
mentary to the color produced by a light-modulating layer 24.
[0439] The pixel electrodes 105 are formed of transparent
electrodes (ITO). The organic EL film 15 is formed on the
pixel electrodes 105. As an electric field is applied to an EL
element 15 pinched between the cathode electrode 106 and
pixel electrode 103, the EL element 15 emits light.

[0440] A problem is that all the EL layers 15 to which the
electric field is applied emit light. Areas which are located
under the pixel electrodes 105 and in which the transistors 11
and gate signal lines 17 are formed are impervious to light
(they are referred to as nontransparent areas). Even if the EL
layers 15 in the nontransparent areas emit light, the emitted
light 1s blocked. However, power is consumed if light is
emitted. Thus, the larger the EL layers in the nontransparent
areas, the lower the power efficiency.

[0441] To solve this problem, according to the present
invention, an insulating film 681 is formed in non-luminous
areas as illustrated in FIG. 68. The insulating film 681 is
formed on the pixel electrodes 105. Also, the insulating film
681 is formed in the non-luminous areas. The non-luminous
areas exist between the pixel electrodes 105 and EL layers 15
as well as between the cathode 106 and EL layers 15. FIG. 68
shows a configuration in which the insulating film 681 is
formed between the pixel electrodes 105 and EL layers 15.
[0442] FIG. 71 schematically shows the pixel electrodes
105 as viewed from the top. The insulating film 681 is formed
in the non-luminous areas. FIG. 72 shows how the insulating
film 681 is formed in areas other than pixel apertures 721.
[0443] The insulating film is, for example, a thin film of
inorganic material such as Si0,, SiO, TiO,, or Al,Os.
[0444] Alternatively, it may be a thin or thick film of
organic material such as acrylic resin or resist. Incidentally,
the pixel electrodes in the nontransparent areas may be
removed by patterning. Also, needless to say, thin metal film
and the like forming the cathode may be removed by pattern-
ing.

[0445] As the insulating film 681 is formed or the elec-
trodes of EL elements 15 are removed by patterning, electric
charges are not poured into the EL layers 15. Consequently,
the EL elements 15 in the non-luminous areas do not emit
light. This results in improved power efficiency.
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[0446] Incidentally, needless to say, pixel size may be var-
ied among R, G, and B as illustrated in FIG. 73. Since the
luminous efficiency of the EL elements 15 vary among R, G,
and B, a good white balance can be achieved by varying the
pixel aperture ratio (pixel size) among R, G, and B as illus-
trated in FI1G. 73.

[0447] To increase the quantity of light emitted from the
board 71 to the outside, it is recommended to form a diffrac-
tion grating illustrated in FIG. 69. The light produced by the
EL layers 15 is diffracted by the diffraction grating, reducing
the amount of light reflected at the critical angle.

[0448] This increases the amount of light emitted from the
board 71, achieving a high-brightness display.

[0449] FIG. 69(a) shows an example in which a diffraction
grating 691 is formed on pixel electrodes 105. Diffraction
effect can be obtained by patterning the pixel electrodes 105
or forming a diffraction grating under or on the pixel elec-
trodes 105.

[0450] The shape of diffraction grating may be circular,
triangular, serrated, rectangular, or sinusoidal.

[0451] However, in terms of characteristics and efficiency,
preferably the diffraction grating is sinusoidal. Preferably, the
pitch of the diffraction grating is between 1 pm and 20 pm
(both inclusive). More preferably, it is between 2 um and 10
pm (both inclusive). Preferably, the height of the diffraction
grating is between 2 pm and 20 pm (both inclusive). More
preferably, it is between 3 um and 10 um (both inclusive).
Also, preferably, the diffraction grating is three-dimensional
(dot-matrix) rather than linear (two-dimensional). This is
because linear shape will cause polarization dependence.
[0452] FIG. 69(b) shows an example in which a diffraction
grating 691 is formed on cathode electrodes 106. Diffraction
effect canbe obtained by patterning the cathode electrode 106
or forming a diffraction grating under or on the cathode
electrode 106.

[0453] FIG. 70 shows an example in which diffraction grat-
ings 691 are formed on cathode electrodes 106 and pixel
electrodes.

[0454] The diffraction gratings 691e¢ and 6915 can be
formed to be two-dimensional (linear) and the formation
direction of the diffraction gratings 691a and 69154 can be
configured to be orthogonal to each other. Of course, needless
to say, one or both of the diffraction gratings 691a and 6915
may be three-dimensional.

[0455] Preferably, LDD (low doped drain) structure is used
for the transistors 11. The EL elements will be described
herein taking organic FL elements (known by various abbre-
viations including OEL. PEL, PLED, OLED) 15 as an
example, but this is not restrictive and inorganic EL elements
may be used as well.

[0456] An organic EL display panel of active-matrix type
must satisfy two conditions that:

[0457] 1.itis capable of selecting a specific pixel and give
necessary information and

[0458] 2. it is capable of passing current through the EL
element throughout one frame period.

[0459] To satisfy the two conditions, in a conventional
organic EL pixel configuration shown in FIG. 62, a switching
transistor is used as a first transistor 115 to select the pixel and
adriver transistor is used as a second transistor 11a to supply
current to an EL element (EL film) 15.

[0460] To display a gradation using this configuration, a
voltage corresponding to the gradation must be applied the
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gate of the driver transistor 11a. Consequently, variations in a
turn-on current of the driver transistor 11a appear directly in
display.

[0461] The turn-on current of a transistor is extremely uni-
form if the transistor is monocrystalline (ex. a transistor
formed on a silicon substrate). However, in the case of a
low-temperature polycrystalline transistor formed on an
inexpensive glass substrate by low-temperature polysilicon
technology at a temperature not higher than 450, its threshold
varies in a range of 0.2 V to 0.5 V. The turn-on current
flowing through the driver transistor 11a varies accordingly,
causing display irregularities. The irregularities are caused
not only by variations in the threshold voltage, but also by
mobility of the transistor and thickness of a gate insulating
film. Characteristics also change due to degradation of the
transistor 11.

[0462] Variations in the characteristics of the transistor is
not limited to low-temperature polysilicon technologies, and
canoccur in transistors formed on semiconductor films grown
in solid-phase (CGS) by high-temperature polysilicon tech-
nology at a process temperature of 450 degrees (centigrade)
or higher. Besides, the phenomenon can occur in organic
transistors and amorphous silicon transistors. Description
will be given herein mainly of transistors produced by the
low-temperature polysilicon technology.

[0463] Inamethod which displays gradations by the appli-
cation of voltage as shown in FIG. 62, device characteristics
must be controlled strictly to obtain a uniform display. How-
ever, current low-temperature polycrystalline polysilicon
transistors or the like cannot satisfy a specification which
prescribes that variations be kept within a predetermined
range.

[0464] Each pixel structure in an EL display panel accord-
ing to the present invention comprises four transistors 11 and
anEL element as shown concretely in FIG. 1. Pixel electrodes
are configured to overlap with a source signal line. Specifi-
cally, the pixel electrodes 105 are formed on an insulating film
or planarized acrylic film formed on the source signal line 18
for insulation. A structure in which pixel electrodes overlap
with at least part of the source signal line 18 is known as a high
aperture (HA) structure. This reduces unnecessary light inter-
ference and allows proper light emission.

[0465] Inthis circuit, a single pixel contains four transistors
11. The gate of the transistor 11a is connected to the source of
the transistor 115. The gates of the transistors 115 and 11c are
connected to the gate signal line 17a. The drain of the tran-
sistor 115 is connected to the source of the transistor 11¢ and
source of the transistor 11d. The drain of the transistor 11c is
connected to the source signal line 18. The gate of the tran-
sistor 114 is connected to the gate signal line 175 and the drain
of the transistor 114 is connected to the anode electrode of the
EL element 15.

[0466] Incidentally, the transistors 115 and 11c are
examples of the second switching elements according to the
present invention. On the other hand, the transistor 11d is an
example of the first switching elements according to the
present invention.

[0467] As the gate signal line (a first scanning line) 17a is
activated (a turn-on voltage is applied), the driver transistor
11a and switching transistor 11¢ of the EL element 15 are
turned on. At the same time, the current to be passed through
the EL element 15 is delivered by the source driver circuit 14.
[0468] Also, the transistor 115 turns on to short-circuit the
gate and drain of the transistor 11a and the current delivered
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by the source driver circuit 14 is stored in a capacitor (storage
capacitance, additional capacitance) 19 connected between
the gate and source of the transistor 11a (see FIG. 3(a)).
[0469] Next, the gate signal line 17a 1s deactivated (a turn-
off voltage is applied), a gate signal line 175 is activated, and
a current path is switched to a path which includes the first
transistor 11a, a transistor 114 connected to the EL element
15, and the EL element 15 to deliver the stored current to the
EL element 15 (see FIG. 3(b)).

[0470] Ifthe capacity ofthe capacitor 19 needed fora single
pixel is Cs (pF) and an area (pixel size rather than an aperture
ratio) occupied by the pixel is Sp (square pm), a condition
500/Sp=Cs=20000/Sp, and more preferably a condition
1000/Sp=Cs=10000/Sp should be satistied. Incidentally,
since gate capacity of the transistor is small, Cs as referred to
here can be regarded as the capacity of the storage capaci-
tance (capacitor) 19 alone.

[0471] Preferably, the capacitors 19 are generally formed in
non-display areas of pixels. Generally, for full-color organic
EL 15, the organic EL layers 15 are formed by masked vapor
deposition using metal masks. If masks are misaligned, there
is a danger that the organic EL layers 15 (15R, 15G, and 15B)
of different colors may overlap. Thus, adjacent pixels of
different colors must be separated 10 or more by non-display
areas. These areas do not contribute to light-emission (non-
luminous areas). Thus, by forming the storage capacitance 19
in these areas, it is possible to make effective use of the space
in the pixels, providing an effective means of increasing an
aperture ratio.

[0472] Incidentally, all the transistors in FIG. 1 are P-chan-
nel transistors. Compared to N-channel transistors, P-channel
transistors have more or less lower mobility, but they are
preferable because they are more resistant to voltage and
degradation. However, the EL. element according to the
present invention is not limited to P-channel transistors and
the present invention may employ N-channel transistors
alone. Also, the present invention may employ both N-chan-
nel and P-channel transistors.

[0473] InFIG. 1, preferably the transistors 11¢ and 115 are
n-channel transistors of the same polarity while the transis-
tors 11a and 114 are p-channel transistors. Generally, p-chan-
nel transistors are more reliable than p-channel transistors.
They feature reduced kink current, etc. The use of p-channel
transistors for the transistors 11a has good effects on the EL
elements 15 which obtain desired luminous intensity by con-
trolling current.

[0474] Optimally, P-channel transistors should be used for
all the transistors 11 composing pixels as well as for the
built-in gate driver circuit 12. By composing an array solely
of P-channel transistors, it is possible to reduce the number of
masks to 5, resulting in low costs and high yields.

[0475] The current-driven pixel configurations in FIG. 1
and the like allow pixel defects to be checked electrically.

A checking method according to the present invention will be
described below. FIGS. 87 and 88 are explanatory diagrams
illustrating the checking method according to the present
invention. With the pixel configuration in FIG. 87 (the pixel
configuration in Figure is cited as an example), programming
current Iw is applied to the source signal line 18. The pro-
gramming current Iw ranges from 1 pA to 10 pA.

[0476] Thedriver transistor 11 operates in such a way as to
pass a predetermined programming current Iw. That is, the
potential at the gate (G) terminal of the driver transistor 11a
changes. The potential at the gate (G) terminal of the driver
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transistor 11a required to pass the predetermined program-
ming current Iw is denoted by Vt.

[0477] For example, to pass the current Iw through the
driver transistor 11a of a pixel, the potential at its gate (G)
terminal must be lower than the Vdd voltage by V12 (solid line
in FIG. 88). To pass the current Iw through the driver transis-
tor 11a of another pixel, the potential at its gate terminal must
be lower than the Vdd voltage by Vt1 (dotted line in FIG. 88).
These values of Vt, which correspond to changes in the poten-
tial of the source signal line 18, represent characteristics of
the driver transistors 11a of the pixels 16.

[0478] Thatis, the potential at the gate terminal of the driver
transistor 11a of the selected pixel 16 becomes the potential
of the source signal line 18. Since the current passed by a
driver transistor 11a is determined by adjusting the potential
at the gate terminal of the driver transistor 11a, it is possible
to measure characteristics of the driver transistor 11a by
looking at the potential at the gate terminal of the driver
transistor 11a. Also, defects which occur in the pixel 16 cause
the source signal line 18 to output an abnormal potential.
Thus, defects and the like can be detected.

[0479] Apply a turn-on voltage to one gate signal line 17a
by controlling the gate drive circuit 12. That is, select pixel
rows one by one in sequence (a turn-off voltage is applied to
the other gate signal lines 17a). Also, set the source signal line
18 to pass the current Iw. As a turn-on voltage is applied to the
gate signal line 174, the gate terminal of the driver transistor
11a of the selected pixel 16 assumes the Vt voltage required
to pass the predetermined current Iw.

[0480] Apply a turn-off voltage to the gate signal line 175.
[0481] The application of the turn-off voltage turns off the
transistor 114, cutting off the driver transistor 11a and EL
element 15 from each other. Thus, the checking method
according to the present invention can be applied even to an
array board on which EL elements 15 are yet to be formed.
[0482] Inthis way, asthelocation of the gate signal line 174
to which a turn-on voltage is applied is shifted in sequence in
sync with a horizontal scanning period (1 H), the potential of
the source signal line 18 changes as illustrated in FIG. 89 (see
also FIG. 88). The changes are outputted in sync with 1 H.
Incidentally, the use of 1 H is not strictly necessary because
what goes on here is checking rather than image display.
Thus, 1 H is used for ease of explanation to mean selecting
one pixel row in sequence. Any fixed period may be used
instead of 1 H. That is, 1 H is a period during which the pixel
row to be checked is selected.

[0483] In the checking system (checking device, checking
method) according to the present invention, it may be appar-
ent that two or more pixel rows may be selected simulta-
neously. This is because pixel defects and the like can be
detected if an abnormal output is sent to the source signal line
18 eveniftwo or more pixel rows are selected simultaneously.
The current outputted from the pixel 16 being checked is a
minute current on the order of pA. If short-circuit defects or
the like occur in the pixel 16, an output at least on the order of
mA is sent to the source signal line 18. Thus, two or more
pixel rows can be selected and checked simultaneously. In
extreme cases, all the pixel rows in the display area 50 can be
selected and checked at once. Also, half the screen 50 may be
checked at a time.

[0484] FIG. 90 is ablock diagram ofa checking circuit used
to perform the checking method according to the present
invention. A probe 997 is connected to an electrode terminal
996 of each source signal line 18 and the programming cut-
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rent Iw is applied to the source signal line 18. The program-
ming current Iw can be changed or adjusted with a reference
voltage circuit 991. A reference voltage Va from the reference
voltage generator circuit 991 is inputted in the plus terminal
(positive terminal) of an operational amplifier 995. The
operational amplifier 995 composes a constant-current circuit
in conjunction with a transistor 994 and resistor Rm.

[0485] The programming current Iw is set to between 1 pA
and 10 pA. Basically, use the maximum current needed to
drive the panel. Alternatively, a small current not larger than
100 nA may be used for measurement to examine black
writing mode (during black display).

[0486] The reference voltage Va outputted by the reference
voltage circuit 991 is applied to the plus terminal (positive
terminal) of the operational amplifier 995. The plus terminal
and minus terminal of the operational amplifier are at the
same potential, and thus the same current Iw (=Va/Rm) that
flows through the source signal line 18 flows through the
transistor 994. Consequently, a constant current Iw flows
through all the source signal lines 18. The current Iw can be
changed easily by changing the reference voltage Va.

[0487] Incidentally, although it is stated herein that the
same current Iw is passed through all the source signal lines
18, this is not restrictive. For example, checks may be run by
passing different constant currents through adjacent source
signal lines 18. Also, the method of connecting the probe 997
to the electrode 996 is not limited to the one described above.
For example, they may be bonded by an ACF technique.

[0488] Also, gold bumps or nickel bumps may be used for
the connection.
[0489] Also, in the checking method according to the

present invention, although it is stated herein that constant
current Iw is passed through the source signal lines 18, this is
notrestrictive. For example, current (alternating current) hav-
ing a rectangular waveform may be used for the checking.
[0490] Itis also possible to use two modes in combination:
a first mode in which voltage is applied to source signal lines
18 to detect a short circuit between adjacent source signal
lines 18 and a second mode in which constant current is
passed through source signal lines 18 to detect pixel defects.
It is also possible to perform checking by applying signals
(voltage or current) to the cathode electrode and anode elec-
trode of an EL element 15 and detecting or measuring the
signals by a source signal line 18.

[0491] With the configuration in FIG. 90, since the constant
current Iw flows through the source signal lines 18, the volt-
age (current) waveform in FIG. 89 can be measured by shift-
ing the gate signal lines 17a in sequence. The voltage wave-
form is converted from analog voltage (current) to a digital
signal by an input circuit 993 (which consists of a high-input-
impedance operational amplifier, analog input-selector
switch, AD (analog-digital) converter circuit, etc.) and the
resulting signal is captured into data collection means and
control means such as a personal computer (PC) 992.
[0492] The source signal lines 18, through which minute
current flows, are in a high-impedance state. To measure
changes (or their absolute values) in the potential of the
source signal lines 18 properly in this state, a high-impedance
circuit (a positive input terminal of an input operational
amplifier consisting of a FET circuit) is connected to each
source signal line 18. That is, the probes 997 are electrically
connected with the positive input terminals of the input opera-
tional amplifiers (not shown) of the respective input circuits
993.
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[0493] A QCIF panel has 176xRGB=528 source signal
lines 18. It is difficult to place AD converters on all the source
signal lines 18. Thus, a multiplexer type analog switch (not
shown) is placed on the output side of the input operational
amplifier of each input circuit 993. An AD converter is placed
at the output of the analog switch and data from the AD
converter is captured into the PC 992. In FIG. 90, the high-
impedance circuit, analog switch, etc. are described as being
components of the input circuit 993.

[0494] FIG. 91 is a timing chart of a circuit (checking
circuit) which measures the potential (voltage or current) of
source signal lines 18. FIG. 91(a) shows changes in the poten-
tial (voltage or current) of the source signal lines 18, where
the changes are synchronized with 1 H. FIG. 91(b) shows the
potentials of gate signal lines 174. It can be seen that the
location of the gate signal line to which a turn-on voltage is
applied is shifted every pixel row. In sync with the pixel row
selection, the transistor 11a of the selected pixel row operates
and the potential of the source signal lines 18 (FIG. 91(a))
changes.

[0495] FIG. 91(c) shows a data capture signal to data input
means 992 (this signal can also be viewed as an analog switch
changeover signal in the input circuit 993). Data is captured
into the data input means 992 on a rising edge of the data
capture signal. The PC 992 evaluates/judges values of the
captured data.

[0496] Also, it accumulates the values of the data. Based on
obtained results, defect state, defect locations, defect mode,
faulty conditions, etc. of the array or panel are detected or
checked.

[0497] With the pixel configuration in FIG. 87, when a
turn-on voltage is applied to the gate signal line 17a and a
turn-off voltage is applied to the gate signal line 175, a current
path is formed as follows: the Vdd terminal—between the
source and drain of the transistor 11a—transistor 11¢—>the
source signal line 18.

[0498] Ifa short circuit (referred to as an SD short or chan-
nel short) occurs between the source terminal S and drain
terminal D of the transistor 11a, the Vdd voltage is outputted
to the source signal line 18 (the SD shortin F1G. 92(a)). Thus,
the SD short (pixel defects) of the transistor 11a can be
detected electrically.

[0499] Also, if the gate signal line 17a is broken, no path is
formed for the programming current Iw, and thus the potential
of the source signal line 18 becomes close to ground potential
(see a broken gate signal line in FIG. 92(b)). Thus, wire
defects such as a break in the gate signal line 17a can be
detected (checked). Of course, there is no output if a source
signal line is broken, and consequently, the break in the
source signal line 18 can be detected.

[0500] Also, with a turn-off voltage applied to all the gate
signal lines 17a, if an unusual voltage is outputted to the
source signal line 18, it can be detected that the transistor 11¢
or 115 of some pixel 16 is defective. Also, the signal outputted
to the source signal line 18 varies with whether the Vdd
voltage (anode voltage) is applied or the Vdd terminal is
opened. This makes it possible to check and examine defects
in the pixel 16 in detail. Regarding the cathode electrode,
since the signal outputted to the source signal line 18 varies
again with signal applications, it is possible to detect defects
in the pixel 16.

[0501] Needlesstosay,itis also possible to detect defects in
apixel 16 by applying a signal to the source signal line 18 and
detecting a signal outputted to the cathode electrode, con-
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versely. Again, pixel rows can be scanned by selecting them
one by one with a turn-on voltage.

[0502] While the pixel row selected by the gate driver cir-
cuit 12 is shifted in sequence, the potential of the source
signal line 18 is measured sequentially in sync with the shift
operation. The display panel (array board 71) can be checked
when the above operation is repeated from top to bottom of
the screen 50 (checks on one pixel column are completed).
[0503] Asillustrated in FIG. 93(a), by measuring the signal
line potential of the source signal line 18 of a pixel column
(the pixels 16 connected to one source signal line 18), it is
possible to detect a maximum voltage Vtmax (the maximum
value of the Vt of the driver transistor 11a of a pixel 16 (see
FIG. 88)) and minimum voltage Vtmin (the minimum value
of the Vt of the driver transistor 11a of a pixel 16 (see FIG.
88)). If the difference between the maximum voltage and
minimum voltage is equal to or larger than a predetermined
value, the measured/checked array or panel is judged to be
non-conforming.

[0504] As illustrated in FIG. 93(5), by measuring Vt distri-
bution in an array or panel, it is possible to determine char-
acteristic distribution of the transistors 11a. The standard
deviation and average value of the V't can be calculated from
the characteristic distribution. Also, when the standard devia-
tion or average value of the V't falls outside a predetermined
range, the measured/checked artay or panel is judged to be
non-conforming.

[0505] The checking method according to the present
invention checks pixels 16 by controlling the gate driver
circuit 12, thereby applying a turn-on voltage to at least one
gate signal line 17a, and thereby passing programming cut-
rent through the source signal line 18.

[0506] Incidentally, although it has been stated in the above
example that the Vt outputted to the source signal line 18 is
measured or checked by selecting pixel rows one by one, this
is not restrictive. Two or more pixel rows may be selected
simultaneously. It is also possible to check odd-numbered
pixels 16 in sequence first by selecting odd-numbered pixel
rows in sequence and then check even-numbered pixels 16 in
sequence by selecting even-numbered pixel rows in
sequence.

[0507] Pixel defects (broken gate signal lines, SD shorts,
etc.) can also be detected in this way as illustrated in FI1G. 92.
[0508] To speed up checking, aplurality of gate signal lines
17a can be selected, approximate defect locations and defect
mode can be detected, and then a turn-on voltage can be
applied to each gate signal line 174 in a portion having defects
in sequence to identify the defect locations and defect state.
[0509] The checking method according to the present
invention does not require that all the source signal lines 18
should be probed at once. For example, the checking method
according to the present invention may be performed by con-
necting probes 997 to the terminal electrodes 996 of the
odd-numbered source signal lines 185 with the even-num-
bered source signal lines 18a kept open, and then by connect-
ing probes 997 to the terminal electrodes 996 of the even-
numbered source signal lines 18a with the odd-numbered
source signal lines 185 kept open.

[0510] Ofcourse, every fourth pixel column may be probed
by shifting in sequence.

[0511] Incidentally, although the gate driver circuit 12 in
FIG. 90 and the like is a built in type (other than an external
semiconductor chip), this is not restrictive. The gate driver IC
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12 may be constructed of a semiconductor chip and mounted
on the array board 71 using a COG process.

[0512] Although it has been stated with reference to FIG.
90 that voltage is applied to the source signal lines 18 via the
probes 997, this is not restrictive. Once the source driver IC 14
has been mounted on the board 71, constant current may be
applied to the source signal lines 18 by operating the source
driver IC 14. Voltage changes caused by the constant current
are measured in the input circuits 993.

[0513] The checking system with the pixel configuration in
FIG. 87 has been described in the above example. However,
the present invention is not limited to this and the checking
system according to the present invention can also be imple-
mented with another pixel configuration (FIG. 38 or the like).
[0514] As described above, the checking system (checking
device, checking method) according to the present invention
relates to an EL display apparatus or an array board 71 used in
the EL display apparatus. The checking system performs
checking by applying a selection voltage to a gate signal line
17a which selects a pixel 16 and thereby connecting the driver
transistor 11 of the pixel to a source signal line 18. Also, by
applying a signal such as a voltage (or current) to a terminal
(signal line) such as a cathode or anode electrode which
receives external inputs, the checking system detects whether
the signal is outputted from the source signal line 18. Basi-
cally, it performs checking by applying a constant current to
the source signal lines 18. Also, it selects and scans the gate
signal lines 17a in sequence.

[0515] Preferably, in the display panel, the source driver
circuit 14 is not formed directly on the array board 71.
[0516] This will ease checking. Preferably, checking is per-
formed before sealing glass (sealing lid) is installed after EL
elements 15 are formed on the array board 71. This will
reduce the cost of discarding non-conforming panels.

[0517] To facilitate understanding, the configuration of the
EL element in FIG. 1 will be described below with reference
to FIG. 3. The EL element according to the present invention
is controlled using two timings. The first timing is the one
when required current values are stored. Turning on the tran-
sistor 11 and transistor 11¢ with this timing provides an
equivalent circuit shown in FIG. 3(a). A predetermined cut-
rent Iw is applied from signal lines. This makes the gate and
drain of the transistor 11a connected, allowing the current Iw
to flow through the transistor 11a and transistor 11¢. Thus, the
gate-source voltage of the transistor 11a s such that allows 11
to flow.

[0518] Thesecondtiming is the one when the transistor 11a
and transistor 11c¢ are closed and the transistor 114 is opened.
The equivalent circuit available at this time is shown in FIG.
3(b). The source-gate voltage of the transistor 11a is main-
tained. In this case, since the transistor 11a always operates in
a saturation region, the current Iw remains constant.

[0519] Display results of this operation are shown in FIG. 5.
Specifically, reference numeral 51a in FIG. 5(a) denotes a
pixel (row) (write pixel row) programmed with current at a
certain time point in a display screen 50. The pixel row 51a is
non-illuminated (non-display pixel (row)) as illustrated in
FIG. 5(b). Other pixels (rows) are display pixels (rows) 53
(current flows through the EL elements 15 of the non-pixels
53, causing the EL elements 15 to emit light).

[0520] In the pixel configuration in FIG. 1, the program-
ming current Iw flows through the source signal line 18 dur-
ing current programming as shown in FIG. 3(a). The current
Iw flows through the transistor 11a and voltage 1s set (pro-
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grammed) in the capacitor 19 in such a way as to maintain the
current Iw. At this time, the transistor 11d is open (off).

[0521] During a period when the current flows through the
EL element 15, the transistors 11¢ and 115 turn off and the
transistor 114 turns on as shown in FIG. 3(3). Specifically, a
turn-off voltage (Vigh) is applied to the gate signal line 17a,
turning off the transistors 115 and 11¢. On the other hand, a
turn-on voltage (Vgl) is applied to the gate signal line 175,
turning on the transistor 11d.

[0522] A timing chart is shown in FIG. 4. The subscripts in
brackets in FIG. 4 (e.g., (1)) indicate pixel row numbers.
Specifically, a gate signal line 17a(1) denotes a gate signal
line 17a in a pixel row (1). Also, *H (where “*” is an arbitrary
symbol or numeral and indicates a horizontal scanning line
number) in the top row in FIG. 4 indicates a horizontal scan-
ning period. Specifically, 1H is a first horizontal scanning
period. Incidentally, the items (1H number, 1-H cycle, order
of pixel row numbers, etc.) described above are intended to
facilitate explanation and are not intended to be restrictive.

[0523] As can be seen from FIG. 4, in each selected pixel
row (it is assumed that the selection period is 1 H). when a
turn-on voltage is applied to the gate signal line 174, a turn-off
voltage is applied to the gate signal line 174. During this
period, no current flows through the EL element 15 (non-
illuminated). In non-selected pixel rows, a turn-off voltage is
applied to the gate signal line 174 and a turn-on voltage is
applied to the gate signal line 175. During this period, a
current flows through the EL element 15 (illuminated).

[0524] Incidentally, the gate of the transistor 11a and gate
of the transistor 11¢ are connected to the same gate signal line
17a. However, the gate of the transistor 11a and gate of the
transistor 11¢ may be connected to different gate signal lines
17 (see F1G. 32). Then, one pixel will have three gate signal
lines (gate signal lines 17a, 175, and 17¢) (two gate signal
lines 174 and 175 in the configuration in FIG. 1). By control-
ling ON/OFF timing of the gate of the transistor 116 and
ON/OFF timing of the gate of the transistor 11¢ separately, it
is possible to further reduce variations in the current value of
the EL element 15 due to variations in the transistor 11a.

[0525] By sharing the gate signal line 172 and gate signal
line 176 and using different conductivity types (N-channel
and P-channel) for the transistors 11c and 114, itis possible to
simplify the drive circuit and improve the aperture ratio of
pixels.

[0526] With this configuration, a write paths from signal
lines are turned off according to operation timing of the
present invention That is, when a predetermined current is
stored, an accurate current value is not stored in a capacitance
(capacitor) between the source (S) and gate (G) of the tran-
sistor 11a if a current path is branched. By using different
conductivity types for the transistors 11¢ and 114 and con-
trolling their thresholds, it is possible to ensure that when
scanning lines are switched, the transistor 114 is turned on
after the transistor 11¢ is turned off.

[0527] Incidentally, although it has been stated with refer-
ence to FIG. 1 that the gate signal lines 17a are controlled by
the gate driver circuit 12a (an example of the second gate
driver circuit according to the present invention) and that the
gate signal lines 175 are controlled by the gate driver circuit
126 (an example of the first gate driver circuit according to the
present invention), this is not restrictive and, needless to say,
the gate signal lines 174 and 17 may be controlled by a single
gate driver circuit 12.
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This also applies to the examples described below.

[0528] In that case, however, since the thresholds of the
transistors must be controlled accurately, it is necessary to
pay attention to processes. The circuit described above can be
implemented using four transistors at the minimum, but even
if more than four transistors including a transistor 11e are
cascaded for more accurate timing control or for reduction of
mirror effect (described later), the principle of operation is the
same. By adding the transistor 11e, it is possible to deliver
programming current to the EL element 15 more precisely via
the transistor 11c.

[0529] Referring to FIG. 2, a predetermined voltage is
applied to the gate terminal of transistor 11e to put the tran-
sistor 11e in a low activation state.

[0530] This configuration makes it possible to pass minute
current from the driver transistor 11a through the EL element
15 accurately. Also, by controlling the voltage applied to the
gate terminal of the transistor 11e (applied to the gate signal
line 17f), it is possible to vary conditions of current output
from the driver transistor 11a. Incidentally, the same voltage
as the voltage applied to the gate signal line 17f1s applied to
the pixels in the display area. Of course, it is possible to form
a gate driver circuit 12, which drives the gate signal line 17,
and apply an ac signal to the gate signal line 17/’by operating
the gate driver circuit 12.

[0531] Incidentally, gate signal line 174, gate signal line
176, and gate signal line 17/ may be driven by different gate
driver circuits or by a single gate driver circuit 12 as shown in
FIG. 2. The other part of the configuration is the same as that
shown in FIG. 1, and thus description thereof will be omitted.
[0532] Incidentally, the pixel configuration is not limited to
those shown in FIGS. 1 and 2. For example, pixels may be
configured as shown in FIG. 63. FIG. 63 lacks the switching
element 114 unlike the configuration in FIG. 1. Instead, a
changeover switch 631 is formed or placed. The switch 11d in
FIG. 1 functions to turn on and off (pass and shut off) the
current delivered from the driver transistor 11a to the EL
element 15. As also described in subsequent examples, the
on/off control function of the transistor 114 constitutes an
important part of the present invention. The configuration in
FIG. 63 achieves the on/off function without using the tran-
sistor 11d.

[0533] In FIG. 63, a terminal a of the changeover switch
631 is connected to anode voltage Vdd. Incidentally, the
voltage applied to the terminal a is not limited to the anode
voltage Vdd. It may be any voltage that can turn off the current
flowing through the EL element 15.

[0534] A terminal b of the changeover switch 631 is con-
nected to cathode voltage (indicated as ground in FIG. 63).
Incidentally, the voltage applied to the terminal b is not lim-
ited to the cathode voltage. It may be any voltage that can turn
on the current flowing through the EL element 15.

[0535] A terminal ¢ of the changeover switch 631 is con-
nected with a cathode terminal of the EL element 15. Inci-
dentally, the changeover switch 631 may be of any type as
long as it has a capability to turn on and off the current flowing
through the EL element 15. Thus, its installation location is
not limited to the one shown in FIG. 63 and the switch may be
located anywhere on the path through which current is deliv-
ered to the EL element 15. Also, the switch is not limited by
its functionality as long as the switch can turn on and off the
current flowing through the EL element 15.

[0536] Also, the term “off” here does not mean a state in
which no current flows, but it means a state in which the
current flowing through the EL element 15 is reduced to
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below normal. The items mentioned above also apply to other
configurations of the present invention.

[0537] The changeover switch 631 will require no expla-
nation because it can be implemented easily by a combination
of P-channel and N-channel transistors. For example, it can
be implemented by two circuits of analog switches. Of
course, the switch 631 can be constructed of only P-channel
or N-channel transistors because it only turns off the current
flowing through the EL element 15.

[0538] When the switch 631 is connected to the terminal a,
the Vdd voltage is applied to the cathode terminal of the EL
element 15. Thus, current does not flow through the EL ele-
ment 15 regardless of the voltage state of voltage held by the
gate terminal G of the driver transistor 11a. Consequently, the
EL element 15 is non-illuminated.

[0539] When the switch 631 is connected to the terminal b,
the GND voltage is applied to the cathode terminal of the EL
element 15. Thus, current flows through the EL element 15
according to the state of voltage held by the gate terminal G of
the driver transistor 11a. Consequently, the EL element 15 is
illuminated.

[0540] Thus, in the pixel configuration shown in FIG. 63,
no switching transistor 114 is formed between the driver
transistor 11a and the EL element 15. However, it is possible
to control the illumination of the EL element 15 by control-
ling the switch 631.

[0541] Inthe pixel configurations shownin FIGS. 1,2, etc.,
one pixel contains one driver transistor 11a. However, the
present invention is not limited to this and one pixel may
contain two or more driver transistors 11a. An example is
shown in FIG. 64. In FIG. 63, one pixel contains two driver
transistors 11al and 11a2, whose gate terminals are con-
nected to a common capacitor 19. By using a plurality of
driver transistors 11a, it is possible to reduce variations in
programming current. The other part of the configuration is
the same as those shown in FIG. 1 and the like, and thus
description thereof will be omitted.

[0542] InFIGS. 1 and 2, the current outputted by the driver
transistor 11a is passed through the EL element 15 and turned
on and off by the switching element 114 formed between the
driver transistor 11a and the EL element 15. However, the
present invention is not limited to this. For example, another
configuration is illustrated in FIG. 65.

[0543] In the example shown in FIG. 65, the current deliv-
ered to the EL element 151s controlled by the driver transistor
11a. The current flowing through the EL element 15 is turned
on and off by the switching element 11d placed between the
Vdd terminal and EL element 15. Thus, according to the
present invention, the switching element 114 may be placed
anywhere as long as it can control the current flowing through
the EL element 15.

[0544] Variations in the characteristics of the transistor 11a
are correlated to the transistor size. To reduce the variations in
the characteristics, preferably the channel length of the first
transistor 11a is from 5 um to 100 pm (both inclusive). More
preferably, it is from 10 pm to 50 um (both inclusive). This is
probably because a long channel length [ increases grain
boundaries contained in the channel, reducing electric fields,
and thereby suppressing kink effect.

[0545] Preferably, the transistors 11 of the pixels are poly-
silicon transistors formed by laser recrystallization (laser
annealing) and the channel directions of all the transistors
coincide with the direction of laser emission. In particular, it
is preferable that the direction of laser emission coincides
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with the formation direction ofthe source signal lines 18. This
will make the characteristics of the driver transistors 11a
along the source signal lines 18 uniform and reduce ampli-
tude fluctuations of the source signal lines 18 during current
programming. Reduced amplitudes make it possible to per-
form current programming accurately.

[0546] An object of the present invention is to propose a
circuit configuration in which variations in transistor charac-
teristics do not affect display. Four or more transistors are
required for that. When determining circuit constants using
transistor characteristics, it is difficult to determine appropri-
ate circuit constants unless the characteristics of the four
transistors are not consistent. Both thresholds of transistor
characteristics and mobility of the transistors vary depending
on whether the channel direction is horizontal or vertical with
respect to the longitudinal axis of laser irradiation.

[0547] Incidentally, variations are more of the same in both
cases. However, the mobility and average threshold vary
between the horizontal direction and vertical direction. Thus,
it is desirable that all the transistors in a pixel have the same
channel direction.

[0548] Also, if the capacitance value of the storage capaci-
tance 19 is Cs and the turn-off current value of the second
transistor 115 is loff, preferably the following equation is
satisfied.

3<Cs/loff<24
[0549]
6<Cs/loff<18

[0550] By setting the turn-off current of the transistor 115
to 5 pA or less, it is possible to reduce changes in the current
flowing through the EL to 2% or less. This is because when
leakage current increases, electric charges stored between the
gate and source (across the capacitor) cannot be held for one
field with no voltage applied. Thus, the larger the storage
capacity of the capacitor 19, the larger the permissible
amount of the turn-off current. By satisfying the above equa-
tion, it is possible to reduce fluctuations in current values
between adjacent pixels to 2% or less.

[0551] Also, preferably transistors composing an active
matrix are p-channel polysilicon thin-film transistors and the
transistor 115 is a dual-gate or multi-gate transistor. More
preferably, the transistor has three or more gates. Unless the
transistor 115 has good turn-off characteristics, the capacitor
19 cannot hold electric charges. This will cause excessive
brightness resulting in a whitish screen.

[0552] As high an ON/OFF ratio as possible is required of
the transistor 115, which acts as a source-drain switch for the
transistor 11a. By using a dual-gate or multi-gate structure for
the transistor 115, it is possible to achieve a high ON/OFF
ratio.

[0553] The semiconductor films composing the transistors
11 in the pixel 16 are generally formed by laser annealing in
low-temperature polysilicon technology. Variations in laser
annealing conditions result in variations in transistor 11 char-
acteristics. However, if the characteristics of the transistors 11
in the pixel 16 are consistent, it is possible to drive the pixel
using current programming such as the one shown in FIG. 1
so that a predetermined current will flow through the EL
element 15. This is an advantage lacked by voltage program-
ming. Preferably the laser used is an excimer laser.

[0554] Incidentally, the formation of the semiconductor
film of the transistor 11 according to the present invention is
not limited to the laser annealing method. The present inven-

More preferably the following equation is satisfied.
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tion may also use a heat annealing method and a method
which involves solid-phase (CGS) growth. Besides, the
present invention is not limited to the low-temperature poly-
silicon technology and may use high-temperature polysilicon
technology. Also, the semiconductor films may be formed by
performing doping and diffusion on a silicon substrate. Also,
the semiconductor films may be formed of organic material.
[0555] The present invention moves a laser spot (laser irra-
diation range) 72 in parallel to the source signal line 18 as
shown in FIG. 7. Also, the laser spot 72 is moved in such a
way as to align with one pixel row. Of course, the number of
pixel rows is not limited to one. For example, laser may be
shot by treating RGB in FIG. 72 (three pixel columns in this
case) as a single pixel 16. Also, laser may be directed at two
or more pixels at a time. Needless to say, moving laser irra-
diation ranges may overlap (it is usual for moving laser irra-
diation ranges to overlap).

[0556] Pixelsare constructed in such a way that three pixels
of RGB will form a square shape. Thus, each of the R, G, B
pixels has oblong shape. Consequently, by performing
annealing using an oblong laser spot 72, it is possible to
eliminate variations in the characteristics of the transistors 11
within each pixel. Also, the characteristics (mobility, Vt, S
value, etc.) of the transistors 11 connected to the same source
signal line 18 can be made uniform (i.e., although the tran-
sistors 11 connected to adjacent source signal lines 18 may
differ in characteristics, the characteristics of the transistors
11 connected to the same source signal line can be made
almost equal).

[0557] Generally, the laser spot 72 has a fixed length such as
10 inches. Since the laser spot 72 is moved, the panels must be
placed in such a way that they can fit in a range in which the
laser spot 72 can be moved (i.e., in such a way that laser spots
72 will not overlap in the center of a panel’s display area 50).
[0558] In the configuration shown in FIG. 7, three panels
are placed lengthwise within the length of the laser spot 72.
An annealing apparatus which emits the laser spot 72 recog-
nizes positioning markers 73a and 735 on a glass substrate 74
(automatic positioning based on pattern recognition) and
moves the laser spot 72. The positioning markers 73 are
recognized by a pattern recognition apparatus. The annealing
apparatus (not shown) recognizes the positioning markers 73
and determines the location of the pixel column (makes the
laser irradiation range 72 parallel to the source signal line 18).
It emits the laser spot 72 in such a way as to overlap with the
location of each pixel column for sequential annealing.
[0559] Preferably, the laser annealing method (which
involves emitting a linear laser spot in parallel to the source
signal line 18) described with reference to FIG. 7 is used for
current programming of an organic EL display panel, in pat-
ticular. This is because the transistors 11 placed in the direc-
tion parallel to the source signal line have the same charac-
teristics (the characteristics of the pixel transistors adjacent in
the longitudinal direction are quite similar to each other). This
reduces changes in the voltage level of the source signal lines
when the pixels are driven by current, and thus reduces the
chances of insufficient write current.

[0560] For example, in the case of white raster display,
since almost the same current is passed through the transistors
11a in adjacent pixels, the current outputted from the source
driver IC 14 does not have significant amplitude changes. If
the transistors 11a in FIG. 1 have the same characteristics and
the currents used for current programming of pixels have the
same value within the pixel column, the potential of the
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source signal line 18 during the current programming is con-
stant. Thus, no potential fluctuation occurs in the source sig-
nal line 18. Ifthe transistors 11a cornected to the same source
signal line 18 have almost the same characteristics, there
should be no significant potential fluctuation in the source
signalline 18. This is also true to other current-programmable
pixel configurations such as the one shown in FIG. 38 (thus,
it is preferable to use the manufacturing method shown in
FIG. 7).

[0561] A method which involves programming two or
more pixel rows simultaneously and which are described with
reference to FIGS. 27, 30, etc. can achieve a uniform image
display (because the method is not prone to display irregu-
larities due mainly to variations in transistor characteristics).
In the case of FIG. 27, etc., since a plurality of pixel rows are
selected simultaneously, if the transistors in adjacent pixel
rows are uniform, irregularities in the characteristics of the
transistors placed in the lengthwise direction can be absorbed
by the driver circuit 14.

[0562] Incidentally, although an IC chip is illustrated in
FIG. 7 as being stacked on the source driver circuit 14, this is
not restrictive and it goes without saying that the source driver
circuit 14 may be formed in the same process as the pixel 16.

[0563] The present invention, in particular, ensures that a
voltage threshold Vth2 of'the driver transistor 115 will not fall
below a voltage threshold Vthl of the corresponding driver
transistor 11a in the pixel. For example, gate length 1.2 of the
transistor 115 is made longer than gate length L1 of the
transistor 11a so that Vth2 will not fall below Vth1 even if
process parameters of these thin-film transistors change. This
makes it possible to suppress subtle current leakage.

[0564] Incidentally, the items mentioned above also apply
to pixel configuration of a current mirror shown in FIG. 38.
The pixel in FIG. 38 consists ofa driver transistor 11a through
which a signal current flows, a driver transistor 115 which
controls drive current flowing through a light-emitting ele-
ment such as an EL element 15, a transistor 11¢ which con-
nects or disconnects a pixel circuit and data line “data™ by
controlling a gate signal line 17al, a switching transistor 114
which shorts the gate and drain of the transistor 11a during a
write period by controlling a gate signal line 1742, a capaci-
tance C19 which holds gate-source voltage of the transistor
11a after application of voltage, the EL element 15 serving as
a light-emitting element, etc.

[0565] InFIG. 38, the transistors 11c and 11d are N-chan-
nel transistors and other transistors are P-channel transistors,
but this is only exemplary and are not restrictive. A capaci-
tance Cs has its one end connected to the gate of the transistor
11a, and the other end to Vdd (power supply potential), but it
may be connected to any fixed potential instead of Vdd. The
cathode (negative pole) of the EL element 15 is connected to
the ground potential.

[0566] Next, the EL display panel or EL display apparatus
of the present invention will be described. FIG. 6 is an
explanatory diagram which mainly illustrates a circuit of the
EL display apparatus. Pixels 16 are arranged or formed in a
matrix. Each pixel 16 is connected with a source driver circuit
14 which outputs current for use in current programming of
the pixel. In an output stage of the source driver circuit 14 are
current mirror circuits (described later) corresponding to the
bit count of a video signal. For example, if 64 gradations are
used, 63 current mirror circuits are formed on respective
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source signal lines so as to apply desired current to the source
signal lines 18 when an appropriate number of current mirror
circuits is selected.

[0567] Incidentally, the minimum output current of one
current mirror circuit is from 10 nA to 50 nA (both inclusive).
Preferably, the minimum output current of the current mirror
circuit should be from 15 nA to 35 nA (both inclusive) to
secure accuracy of the transistors composing the current mir-
ror circuit in the driver IC 14.

[0568] Besides, a precharge or discharge circuit is incorpo-
rated to charge or discharge the source signal line 18 forcibly.
Preferably, voltage (current) output values of the precharge or
discharge circuit which charges or discharges the source sig-
nal line 18 forcibly can be set separately for R, G, and B. This
is because the thresholds of the EL element 15 differ among
R, G, and B.

[0569] Organic EL elements are known to have heavy tem-
perature dependence (temperature characteristics). To adjust
changes in emission brightness caused by the temperature
characteristics, reference current is made in an analog fashion
by adding nonlinear elements such as thermistors or posistors
to the current mirror circuits to vary output current and adjust-
ing the changes due to the temperature characteristics with
the thermistors or the like.

[0570] According to the present invention, the source driver
circuit 14 is made of a semiconductor silicon chip and con-
nected with a terminal on the source signal line 18 of the
board 71 by chip-on-glass (COG) technology. Metals such as
chromium, copper, aluminum, and silver are used for wiring
of signal lines such as the source signal lines 18. These metals
provide low resistance with thin wiring width. If pixels are a
reflective type, preferably the wiring is formed of the same
material as reflecting films simultaneously with the reflecting
films. This will simplify production processes.

[0571] Thesource driver circuit 14 canbe mounted not only
by the COG technology. Itis also possible to mount the source
driver circuit 14 by chip-on-film (COF) technology and con-
nect it to the signal lines of the display panel. Regarding the
driver IC, it may be made of three chips by constructing a
power supply IC 82 separately.

[0572] On the other hand, the gate driver circuit 12 is
formed by low-temperature polysilicon technology. That is, it
is formed in the same process as the transistors in pixels. This
is because the gate driver circuit 12 has a simpler internal
structure and lower operating frequency than the source
driver circuit 14. Thus, it can be formed easily even by low-
temperature polysilicon technology and allows bezel width to
be reduced. Of course, it is possible to construct the gate
driver circuit 12 from a silicon chip and mount it on the board
71 using the COG technology. Also, switching elements such
as pixel transistors as well as gate drivers may be formed by
high-temperature polysilicon technology or may be formed
of an organic material (organic transistors).

[0573] The gate driver circuit 12 incorporates a shift regis-
ter circuit 61a for a gate signal line 174 and a shift register
circuit 615 for a gate signal line 175. The shift register circuits
61 are controlled by positive-phase and negative-phase clock
signals (CLKxP and CLKxN) and a start pulse (STx).
Besides, it is preferable to add an enable (ENABL) signal
which controls output and non-output from the gate signal
line and an up-down (UPDWN) signal which turns a shift
direction upside down. Also, it is preferable to install an
output terminal to ensure that the start pulse is shifted by the
shift register and is outputted. Incidentally, shift timings of
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the shift registers are controlled by a control signal from a
control IC 81. Also, the gate driver circuit 12 incorporates a
level shift circuit which level-shifts external data. It also
incorporates a checking circuit.

[0574] Since the shift register circuits 61 have small buffer
capacity, they cannot drive the gate signal lines 17 directly.
Therefore, at least two or more inverter circuits 62 are formed
between each shift register circuit 61 and an output gate 63
which drives the gate signal line 17.

[0575] The same applies to cases in which the source driver
circuit 14 is formed on the board 71 by polysilicon technology
such as low-temperature polysilicon technology. A plurality
of inverter circuits are formed between an analog switching
gate such as a transfer gate which drives the source signal line
18 and the shift register of the source driver circuit 14. The
following matters (shift register output and output stages
which drive signal lines (inverter circuits placed between
output stages such as output gates or transfer gates)) are
common to the gate driver circuit and source driver circuit.
[0576] For example, although the output from the source
driver circuit 14 is shown in FIG. 6 as being connected
directly to the source signal line 18, actually the output from
the shift register of the source driver is connected with mul-
tiple stages of inverter circuits, and the inverter outputs are
connected to analog switching gates such as transfer gates.
[0577] The inverter circuit 62 consists of a P-channel MOS
transistor and N-channel MOS transistor. As described ear-
lier, the shift register circuit 61 of the gate driver circuit 12 has
its output end connected with multiple stages of inverter
circuits 62 and the final output is connected to the output gate
63. Incidentally, the inverter circuit 62 may be composed
solely of P-channel MOS transistors or N-channel MOS tran-
sistors.

[0578] Theshiftregister circuit 61a ofthe gate driver circuit
12 controls control signals for the gate signal lines 17a while
the shift register circuit 615 controls control signals for the
gate signallines 175. An output buffer 63 is formed or placed
in the output stage of the inverter 62. Incidentally, the buffer
and the like are formed on the array board 71 using low-
temperature polysilicon process technology.

[0579] As illustrated in FIG. 74, an output buffer circuit
341a of the gate signal line 17¢ is larger than an output buffer
circuit 3415 of the gate signal line 175. Preferably, wiring
resistance of the gate signal line 17a is lower than wiring
resistance of the gate signal line 175. This is because by
making a time constant of the gate signal line 17a sufficiently
short, it is possible to improve accuracy of writing current.
[0580] FIG. 111 isa block diagram of the gate driver circuit
12 according to the present invention.

[0581] Incidentally, the gate driver circuit 12 in FIG. 6 is a
CMOS type which uses both n-channel and p-channel tran-
sistors.

[0582] The gate driver circuit 12 in FIG. 111 uses only
p-channel transistors. Although only four stages are shown in
FIG. 111 for ease of explanation, basically there are formed or
disposed as many unit gate output circuits 1111 as there are
gate signal lines 17.

[0583] Asillustrated in F1G. 111, the gate driver circuits 12
(12a and 12b) according to the present invention comprise
signal terminals: four clock terminals (SCK0, SCK1, SCK2,
and SCK3), one start terminal (data signal SSTA), and two
inverting terminals (DIRA and DIRB which apply signals
180 degrees out of phase with each other) which turn a shift
direction upside down. They also comprise power supply
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terminals, including an L. power supply terminal (VBB) and
H power supply terminal (Vd).

[0584] Since only p-channel transistors are used for the
gate driver circuits 12 in FIG. 111, no level shifter circuit
(circuit used to convert a low voltage logic signal into a high
voltage logic signal) can be incorporated into the gate driver
circuits 12. Thus, a level shifter circuit is placed or formed in
the power supply circuit (IC) 82 shown in F1G. 8 and the like.

[0585] If the pixels 16 are constructed of P-channel tran-
sistors, they will match well with the gate driver circuits 12
which employ P-channel transistors shown in FIG. 111, etc.
The P-channel transistors (the transistors 116 and 11¢ and
transistor 114 in the configuration in FIG. 1) turn on when the
voltage becomes low. On the other hand, the lower voltage
serves as the selection voltage for the gate driver circuits 12 as
well. Gate drivers with P-channel achieve good matching if
the lower level is used as the selection level as can be seen
from a configuration in FIG. 113. This is because the lower
level cannot be maintained for a long time. On the other hand,
the higher voltage can be maintained for a long time.

[0586] Also, by using P-channel for the driver transistors
(transistor 11a in FIG. 1) which supply current to the EL
element 15, it is possible to use a solid electrode made of thin
metal film as the cathode of the EL elements 15. Also, current
can be passed from the anode potential Vdd to the EL ele-
ments 15 in the forward direction. In view of the above
circumstances, it is preferable that the transistors in the pixels
16 and gate driver circuits 12 are P-channel. Thus, the use of
P-channel transistors as the transistors (driver transistors and
switching transistors) in the pixels 16 and gate driver circuits
12 according to the present invention is not merely a design
matter.

[0587] Thelevelshifter (LS) circuit may be formed directly
on the array board 71. That is, N-channel and P-channel
transistors are used for the level shifter (LS) circuit. A logic
signal from a controller (not shown) is boosted by the level
shifter circuit formed directly on the array board 71 so that it
will match the logic level of the gate driver circuits 12 con-
structed from a P-channel transistor. The boosted logic volt-
age is applied to the gate driver circuits 12.

[0588] For ease of explanation, the pixel configuration in
FIG. 1 is employed in the example of the present invention.
However, the technical idea of the present invention which
involves the use of P-channel transistors as selection transis-
tors (transistor 11c in FIG. 1) of pixels 16 and for gate driver
circuits 12 is not limited to the pixel configuration in FIG. 1.
Needless to say, for example, it is also applicable to the
current-mirror pixel configuration illustrated in FIGS. 38 and
50 in the case of current-driven pixel configuration.

[0589] Also, it is applicable to two transistors (selection
transistor is transistor 115 and driver transistor is transistor
11a) such as those illustrated in FIG. 62 in the case of voltage-
driven pixel configuration. Also, needless to say, it is appli-
cable to the pixel configuration which employs four transis-
tors (selection transistors 11¢ and driver transistors 11a) as
illustrated in FIG. 51. The configuration of the gate driver
circuits 12 described with reference to FIGS. 111 and 113 is
also applicable to current-driven pixel configurations. Thus,
the items described above or below are not limited to pixel
configurations and the like.

[0590] Also, the configuration in which p-channel transis-
tors are used as selection transistors of pixels 16 and for gate
driver circuits is not limited to organic EL or other self-
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luminous devices (display panels or display apparatus). For
example, it is also applicable to liquid crystal display panels.
[0591] The inverting terminals (DIRA and DIRB) apply
common signals to all the unit gate output circuits 1111.
[0592] As canbe seen from an equivalent circuit diagram in
FIG. 113, the inverting terminals (DIRA and DIRB) are fed
signals of opposite polarity. To reverse the scan direction of
the shift register, the polarity of the signal applied to the
inverting terminals (DIRA and DIRB) is reversed.

[0593] Incidentally, the circuit configuration in FIG. 111
contains four clock signal lines. Four is the optimum number
according to the present invention. However, this is not
restrictive and the present invention may use less than or more
than four clock signal lines.

[0594] The clock signals (SCK0, SCK1, SCK2, and SCK3)
are fed differently between adjacent unit gate output circuits
1111. For example, in the unit gate output circuit 1111a, OC
is fed by the clock terminal SCKO0 while RST is fed by the
clock terminal SCK2. This is also the case with the unit gate
output circuit 1111¢. However, in the unit gate output circuit
11115 (the unit gate output circuit in the next stage) adjacent
to the unit gate output circuit 1111a, OC is fed by the clock
terminal SCK1 while RST is fed by the clock terminal SCK3.
In this way, every other unit gate output circuit 1111 is fed by
clock terminals in a different manner: OC is fed by SCK0 and
RST is fed by SCK2, OC is fed by SCK1 and RST is fed by
SCK3 in the next stage, OC is fed by SCK0 and RST is fed by
SCK2 in the next stage, and so on.

[0595] FIG. 113 shows a circuit configuration of the unit
gate output circuit 1111, which uses only P-channel transis-
tors. FIG. 114 is a timing chart for use to explain the circuit
configuration of FIG. 113. FIG. 112 is a timing chart of
multiple stages in FIG. 113. Thus, by understanding FIG.
113, itis possible to understand overall operation. Rather than
being explained in text, the operation can be understood with
reference to the timing chart in FIG. 114 in conjunction with
the equivalent circuit diagram in FIG. 113, and thus detailed
description of transistor operation will be omitted.

[0596] When driver circuits are built solely of P-channel
transistors, it is basically difficult to maintain the output volt-
age of the gate signal lines 17 at an H level (Vd voltage in FIG.
113). It 1s also difficult to maintain them at an L level (VBB
voltage in FIG. 113) for a long period of time, but they can be
kept adequately atthe H level for a short period such as during
selection of a pixel row. A signal fed to an IN terminal and the
SCK clock fed to the RST terminal invert the state of nl with
respect to n2. Although n2 and n4 have potentials of the same
polarity, the SCK clock fed to the OC terminal lowers the
potential level of n4 further. In contrast, a Q terminal is kept
at the L level for the same period (a turn-on voltage is output
from the gate signal line 17). A signal outputted to an SQ
terminal or the Q terminal is transferred to the unit gate output
circuit 1111 in the next stage.

[0597] Inthe circuit configuration in FIGS. 111 and 113, by
controlling the IN (INA and INb) terminals and the timings of
signal application to clock terminals, it is possible to two
modes using the same circuit configuration: a mode in which
one gate signal line 17 is selected as shown in F1G. 165(a) and
amode in which two gate signal lines 17 are selected as shown
in FIG. 165(5). In the selection-side gate driver circuit 12a,
FIG. 165(a) shows a drive mode in which pixel rows are
selected one (51a) at a time (normal driving) shifting on a
row-by-row basis. FIG. 165(b) shows a configuration in
which two pixel rows are selected at a time. This drive mode
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corresponds to the driving for simultaneous selection of mul-
tiple pixel rows (51a and 515) described with reference to
FIG. 24 etc. (configuration in which a dummy pixel row is
used). Two adjacent rows are selected at a time shifting on a
row-by-row basis.

[0598] According to the drive method in FIG. 165(5), while
the pixel row (51a) holds final video, the pixel row 515 is
precharged. This makes the pixel 16 easier to write into. That
is, the present invention can switch between two drive modes
by manipulating signals applied to terminals.

[0599] Incidentally, although 165(5) shows a mode in
which adjacent rows of pixels are selected, it is also possible
to select rows of pixels other than adjacent pixel rows as
shown in FIG. 123. In the configuration shown in FIG. 113,
pixel rows are controlled in sets of four. Out of four pixel
rows, it is possible to determine whether to select one pixel
row or two consecutive pixel rows. The number of pixel rows
in each set is restricted by the number of clocks (SCK), which
is four in this case. If eight clocks (SCK)) are used, pixel rows
can be controlled in sets of eight. Thus, as can be seen also
from the configuration in FIG. 113, pixel rows can be selected
as illustrated in FIG. 168.

[0600] InFIG.168(a), one pixel row can be selected from a
set of four pixel rows (whether to select one pixel row or no
pixel row from a set of four pixel rows depends on input state
and shift state of IN data). In FIG. 168(5), two pixel rows can
be selected from a set of four pixel rows (whether to select two
pixel rows or no pixel row from a set of four pixel rows
depends on input state and shift state of IN data).

[0601] According to the present invention, pixel rows equal
in number as a clock count make a set, and one pixel row or
pixel rows no larger in number than half the pixel rows in each
set are selected (for example, two pixel rows (=4/2) are
selected if four pixel rows make a set). Thus, there are always
non-selected pixel rows in each set of pixel rows.

[0602] When one pixel row is selected as shown in FIG.
165(a), the programming current Iw flows through one pixel
16 as illustrated in FIG. 167(a). The programming current Iw
is written into the pixel 16, being divided into two pixel rows
as illustrated in FIG. 167(b). However, this is not restrictive.
For example, the same current may be passed through two
selected pixels (16a and 16b) by applying a current twice as
large as the programming current Iw as illustrated in FIG.
167(b).

[0603] Operation of the selection-side gate driver circuit
12a is shown in FIG. 165. In FIG. 165(a), pixel rows are
selected one at a time by shifting one by one in sync with a
horizontal synchronization signal. In FIG. 165(5), pixel rows
are selected two at a time by shifting one by one in sync with
a horizontal synchronization signal.

[0604] FIG. 168 is an explanatory diagram illustrating
operation of the gate driver circuit 125 which controls the gate
signal lines 175 that turn on and off the EL elements 15. FIG.
168(a) shows a state which results when a turn-on voltage is
applied to the gate signal line 175 of one pixel row in each set
of four pixel rows (hereinafter such a set of pixel rows will be
referred to as a pixel row set). The location of a displayed
pixel row 53 shifts one by one in sync with a horizontal
synchronization signal (HD). Of course, it is free to decide
whether to select one pixel row (apply a turn-off voltage to the
gate signal lines 175 of the other three pixel rows) or no pixel
row (apply a turn-off voltage to the gate signal lines 176 of the
four pixel rows) in the 4-pixel-row set. Since this is config-
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ured into the shift register, the selection is shifted in sync with
a horizontal synchronization signal.

[0605] FIG. 168(5) shows a state which results when a
turn-on voltage is applied to the gate signal lines 175 of two
pixel rows in each 4-pixel-row set. The location of'a displayed
pixel row 53 shifts one by one in sync with a horizontal
synchronization signal (HD). Of course, it is free to decide
whether to select two pixel rows (apply a turn-off voltage to
the gate signal lines 175 of the other two pixel rows) or no
pixel row (apply a turn-off voltage to the gate signal lines 175
of the four pixel rows) in the 4-pixel-row set. Since this is
configured into the shift register, the selection is shifted in
sync with a horizontal synchronization signal.

[0606] FIG. 168(a) shows a state which results when a
turn-on voltage is applied to the gate signal line 175 of one
pixel row in each 4-pixel-row set. FIG. 168(b) shows a state
which results when a turn-on voltage is applied to the gate
signal lines 175 of two pixel rows in each 4-pixel-row set.
However, the present invention is not limited to this configu-
ration (system). For example, a turn-on voltage may be
applied to the gate signal line 175 of one pixel row in each
six-pixel-row set. Alternatively, a turn-on voltage may be
applied to the gate signal lines 175 of two pixel rows in each
eight-pixel-row set. That is, the present invention is not lim-
ited to the drive method in FIG. 168. Also, on/off state may be
varied separately for R, G, and B.

[0607] FIG. 169 shows state of voltage outputted to the gate
signal lines 175 in the drive mode in FIG. 168(a).

[0608] As described earlier, the subscript in the gate signal
line 175( ) indicates a pixel row. Incidentally, for ease of
explanation, pixel rows begin with (1). Also, the numerals in
the top row of the table indicate horizontal scanning period
numbers.

[0609] As illustrated in FIG. 169, the gate signal lines 175
(1) to 175(4) have the same waveforms as the gate signal lines
175(5) to 1756(8). That is, the same operation is performed for
each 4-pixel-row set.

[0610] FIG. 170 shows state of voltage outputted to the gate
signal lines 175 in the drive mode in FIG. 168(). As illus-
trated in F1G. 170, the gate signal lines 175(1) to 175(4) have
the same waveforms as the gate signal lines 175(5) to 175(8).
That is, the same operation is performed for each 4-pixel-row
set.

[0611] According to the example in FIG. 168, the bright-
ness of the display screen 50 can be adjusted at any time by
increasing and decreasing the number of pixels in display
mode. In a QCIF panel, the number of vertical pixels is 220
dots.

[0612] Thus, in FIG. 168(a), 220/4=55 pixel rows can be
displayed.
[0613] That is, in white raster display, maximum brightness

is obtained when 55 pixel rows are displayed. The display
screen can be made darker by decreasing the number of
displayed pixel rows as follows: 55—54—53—52—51— ..
. 5—+4-3-2—1-0. Conversely, the screen can be made
brighter by increasing the number of displayed pixel rows as
follows: . . .
50—51—+52—+53—=54—55. Thus, the brightness can be
adjusted in multiple steps.

[0614] In this brightness adjustment, the brightness of the
screen changes linearly in proportion to the number of dis-
played pixel rows. Besides, gamma characteristics which cor-

0—1-2—-3—->4-5—>
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respond to the brightness do not change (the number of gra-
dations remains constant regardless of whether the screen is
bright or dark).

[0615] Although in the above example, the number of dis-
played pixel rows is changed in increments of 1 to adjust the
brightness of the screen 50, this is not restrictive. It may be
changed as follows: 54—52—-50—48—=46— .
6—4—2—(. Alternatively, it may be changed as follows:
55—+50—45—40—-35—> ... 15—=10—5—0.

[0616] Similarly, in FIG. 168(4), a QCIF panel can display
220/2=110 pixel rows. That is, in white raster display, maxi-
mum brightness is obtained when 110 pixel rows are dis-
played. The display screen can be made darker by decreasing
the number of displayed pixel rows as follows:
110—108—106—104—102— . . . 10—=8—=6—>4—2—0.
Conversely, the screen can be made brighter by increasing the
number of displayed pixel rows as follows:
0—-2—-4—6—8— ... 100—102—104—-106—108—110.
Thus, the brightness can be adjusted in multiple steps.
[0617] Although the number of displayed pixel rows is
changed in increments of 2 to adjust the brightness of the
screen 50, this is not restrictive. It may be changed in incre-
ments of 4 or more than 4. When curtailing displayed pixel
rows to adjust brightness, preferably pixel rows are curtailed
in a distributed manner wherever possible rather than in a
concentrated manner. This is to reduce flickering.

[0618] Brightness can also be adjusted by varying illumi-
nation time per horizontal scanning period instead of using
the number of pixel rows (the pixel rows are illuminated or
non-illuminated approximately over an entire horizontal
scanning period). That is, the brightness of the display screen
is adjusted by illuminating pixel rows for part of one horizon-
tal scanning period (e.g., for ¥4 of 1H or for %16 of 1H).
[0619] This adjustment (control) is performed using a main
clock (MCLK) of the display panel.

[0620] In the case of a QCIF panel, MCLK is approxi-
mately 2.5 MHz.

[0621] This means that 176 clock pulses can be counted in
one horizontal scanning period (1 H). Thus, by counting
MCLK pulses and controlling the duration for which a turn-
on voltage (Vgl) is applied to the gate signal lines 175 based
on the count value, it is possible to turn on and off the EL
elements 15 in each pixel row.

[0622] Specifically, this can be done by controlling the
positions where the clocks (SCK) are set to the low level and
the duration for which the clocks (SCK) are set to the low
level in timing charts in FIGS. 112 and 114. The shorter the
duration for which the clocks (SCK) are set to the low level,
the shorter the duration for which the Q output terminal is set
to the low level (Vgl).

[0623] With the drive method in FIG. 168(a), the durations
for which Vgl (turn-on voltage) occurs symmetrically during
aperiod of 1 H get shorter as illustrated in FIG. 171. In (a) of
FIG. 171, Vgl (turn-on voltage) is outputted for an entire
period of 1 H (however, with the p-channel gate driver circuit
12 shown in FIG. 113, itis not possible to produce a low-level
output over the entire period of 1 H). A period of the Vgh
voltage (turn-off voltage) occurs between 1 H and the next 1
H. However, this is shown in (a) of FIG. 171 for ease of
explanation.

[0624] Similarly, in (b) of FIG. 171, the duration for which
Vgl is outputted to the gate signal lines 174 is shorter than in
(a) by two MCLK pulses. In (c) of FIG. 171, the duration for
which Vgl is outputted to the gate signal lines 175 is shorter
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than in (b) by two MCLK pulses. The rest is the same as
above, and thus description thereof will be omitted.

[0625] With the drive method in FIG. 168(), the durations
for which Vgl (turn-on voltage) occurs symmetrically during
aperiod of 2 Hs get shorter as illustrated in FIG. 172. In (a) of
FIG. 172, Vgl (turn-on voltage) is outputted for an entire
period of 2H (however, with the p-channel gate driver circuit
12 shown in FIG. 113, it is not possible to produce a low-level
output over the entire period of 2 Hs). A period of the Vgh
voltage (turn-off voltage) occurs between 2 Hs and the next 2
Hs. This is similar to the case with FIG. 171.

[0626] Similarly, in (b) of FIG. 172, the duration for which
Vglis outputted to the gate signal lines 17 is shorter than in
(a) by two MCLK pulses in the period of 2 Hs. In (¢) of FIG.
172, the duration for which Vgl is outputted to the gate signal
lines 174 is shorter than in (b) by two MCLK pulses. The rest
is the same as above, and thus description thereof will be
omitted.

[0627] Incidentally, if the clock is adjusted by changing the
configuration of the gate driver circuit 12 somewhat, the
voltage can be applied to the gate signal lines 1751n FIG. 171
for 2 Hs continuously as illustrated in FIG. 173.

[0628] The drive method in FIG. 168 can also achieve
proper movie display. However, whereas both display area 53
and non-display area 52 are continuous in FIG. 13, the display
area 53 in FIG. 168 is not continuous. This is because a
turn-on voltage is applied to one pixel row in each 4-pixel-
row set (FIG. 168(a)) or two consecutive pixel rows in each
4-pixel-row set (FIG. 168(5)). Of course, by changing or
improving the circuit configuration illustrated in FIGS. 113
and 111, it is possible to change or vary displayed pixel rows
in relation to the clocks (SCK). For example, pixel rows can
be displayed by skipping one pixel row. Also, it is possible to
illuminate pixel rows by skipping six pixel rows.

[0629] However, in the case of a driver circuit (shift regis-
ter) which is composed or formed of p-channel transistors,
on-illuminated pixel rows 52 are at least placed (inserted)
among displayed pixel rows 53.

[0630] FIG. 174 shows a drive method which supports
movie display in the case where the gate driver circuit 12 is
composed of p-channel transistors as shown in FIG. 113. As
described earlier, intermittent display is required to prevent
degradation of image display due to blurred moving pictures.
That is, it is necessary to insert black (display a black or
low-brightness display screen). It is necessary to provide
intermittent screen display as CRT display. That is, an arbi-
trary pixel row which displays an image enters black (low-
brightness) display mode after a predetermined period. This
pixel row blinks (image display and non-display (black dis-
play or low-brightness display) alternate). The black display
period should be 4 msec or longer. Alternatively, black dis-
play (low-brightness display) should last %4 of one frame
(field) period or longer. Preferably, black display (low-bright-
ness display) should last %2 of one frame (field) period or
longer.

[0631] This condition depends on persistence of human
vision. That is, images which blink faster than at predeter-
mined intervals appear to illuminate continuously because of
the human vision. This results in blurred moving pictures.
However, when images blink slower than at predetermined
intervals, although they visually appear to be continuous,
inserted non-display (black display) areas become recogniz-
able and the displayed images become discrete (although
nothing looks unusual visually). Consequently, in movie dis-
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play, images become discrete and no image blur occurs. That
is, blurred moving pictures are eliminated.

[0632] In area A in FIG. 174(a), one pixel row out of four
pixel rows are displayed (illuminated). Thus, a pixel row
illuminates once every four horizontal scanning periods (illu-
minates for 1 H every 4 Hs). This period (the time it takes for
a pixel row to turn on, turns off, and turn on again) is 4 msec
or less. Thus, it looks to the human eye as if the images were
displayed continuously (any pixel row almost appears to be
displayed constantly). In area B in FIG. 174(a), black (low-
brightness display) is inserted so that the time required for a
pixel row to be displayed again after it is displayed once will
be 4 msec or more, and preferably 8 msec or more. This makes
images discrete, resulting in proper movie display.

[0633] Incidentally, the term “area A” or “area B” is used
above only for ease of explanation. In FIG. 174, area A is
scanned sequentially in the direction of the arrow (from top to
bottom of the screen). This is similar to electronic beam
scanning in a CRT. That is, images are rewritten in sequence
(For FIG. 174(a), refer to FIG. 175. The pixel rows are
scanned (driven) as shown in FIG. 175(a)—=(b)—(c)—(a).
ForFIG.174(b), refer to FIG. 176. The pixel rows are scanned
(driven) as shown in FIG. 176(a)—(b)—(c)—(a).

[0634] As described above, with the drive method accord-
ing to the present invention, in FIG. 174(a), arbitrary pixel
row is displayed for 1 H in every 4 Hs for a period of 4 msec
(preferably 8 msec) or more out of one field (frame) period,
and remains non-illuminated (black display (black insertion)
or low-brightness display) for the rest of the period (in the
field (frame) period). Thus, although the term “area A” or
“area B” has been used above for ease of explanation, it is
more appropriate to use the term “period A” or “period B”
from a temporal standpoint. Specifically, images are dis-
played continuously in area A (period A) while pixel rows
(the screen 50) are displayed intermittently in area B (period
B). The above items also apply to the example in FIG. 174(5)
as well as to other examples of the present invention.

[0635] InFIG. 174(b), two pixel rows are illuminated con-
tinuously and the next two pixel rows are non-illuminated.
That is, in area A (period A), pixel rows are illuminated for a
period of 2 Hs and non-illuminated for a period of 2 Hs and
this cycle is repeated. In area B (period B), pixel rows remain
non-illuminated for a predetermined period. With the drive
method in FIG. 174(b), continuous display takes place in
appearance in area A and intermittent display takes place in
appearance in area B.

[0636] Thus, when display modes of an arbitrary pixel row
(pixels) is observed, the drive method according to the present
invention alternates two periods: a first period during which
image display and non-display are repeated at least once for a
period of less than 4 msec (or less than % of one frame (field)
period) and a second period during which the pixel row (pix-
els) changes from display mode to non-display mode (black
display or low-brightness display lower than a predetermined
brightness) and enters display mode again after 4 msec or
more (or ¥ of one frame (field) period or more). The above
driving makes it possible to achieve proper image display.
Also it uses a simple configuration of the control circuit (the
gate driver circuit 12 and the like), resulting in reduced costs.
[0637] In FIG. 174, again it is possible to adjust (vary) the
brightness of the screen 50 by varying the number of illumi-
nated pixel rows (the number of displayed pixel rows 53 can
be varied or adjusted as in the case of FIG. 168). Also, by
varying the ratio of a black insertion area (area B in F1G. 174),
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it is possible to achieve an optimum state according to image
display condition. For example, in the case of still pictures, it
is necessary to avoid increasing area B. Increasing area B will
cause flickering. In the case of still pictures, the display area
53 should be scattered in the screen 50. For example, a QCIF
panel has 220 pixel rows. To display a still picture using 55
pixel rows, since 220/55=4, one in every four pixel rows can
be displayed. To display 10 pixel rows out of the 200 pixel
rows, one in every 22 pixel rows (220/10=22) can be dis-
played.

[0638] Incidentally, although one area B (period B) is
shown in FIG. 174, needless to say. this is not restrictive and
area B (period B) may be divided into two or more parts.
[0639] However, in FIG. 174(a), there is only a choice of
whether to illuminate one in every four pixel rows. Thus, it is
not possible to illuminate one in every 22 pixel rows. Conse-
quently, one pixel row is displayed in every five 4-pixel-row
sets (i.e., one in every 20 pixel rows is displayed). In other
words, four 4-pixel-row sets are not illuminated at all and
only one pixel row in a 1-pixel-row set is illuminated. All the
remaining twenty (20) pixel rows are not illuminated (220~
4x5=200). That is, the present invention puts a set of pixel
rows to be manipulated into a unit, groups pixel-row sets into
ablock, and controls, on a block by block basis, the number of
pixel-row sets which contains a pixel row to be illuminated.
The above items also apply to the example in FIG. 174(b) as
well as to other examples of the present invention.

[0640] Conversely, in the case of movie display, black dis-
play should be inserted for at least 4 msec as described with
reference to FIG. 174. Also, by varying the ratio of black
insertion (duration of black display or area ratio of black
display to the display screen), it is possible to change movie
display condition (adjust it to an optimum state). For very fast
movie display (e.g., if images move actively), it is recom-
mended to increase the black insertion area. In so doing,
reduction in brightness due to reduction in the number of
pixels displaying images is compensated for by increasing the
emission brightness of each pixel row. Also, it is recom-
mended to increase the period in which black display contin-
ues. If the ratio of a movie display area to the entire screen is
relatively small or if moving pictures move relatively slowly,
it is recommended to decrease the ratio of black insertion. In
so doing, increase in display brightness due to increase in the
number of illuminated pixel rows 53 can be adjusted easily by
decreasing the emission brightness of each pixel row. This
adjustment can be made by varying the programming current
Iw and the like. Alternatively, the adjustment can be made by
scattering the black insertion period into multiple parts. This
makes it possible to achieve proper image display with
reduced flickering.

[0641] Thus, also in the case of movie display, it is possible
to achieve more optimum image display by varying or adjust-
ing the condition of black insertion. Needless to say, the
above items also apply to examples described below.

[0642] An input image signal is checked for moving pic-
tures (ID detection). If the signal represents moving pictures
or contains many moving pictures, the drive system in FIG.
174 (intermittent display by means of black insertion) is
performed. In the case of still pictures, the drive system in
FIG. 168 is implemented (illuminated pixel rows are placed
being scattered as much as possible). Of course, the drive
system may be changed according to the application of the
display panel or display apparatus of the present invention.
For example, the drive system in FIG. 168 is used for still
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pictures such as those on a computer monitor. The drive
system in FIG. 174 is used for AV applications such as tele-
vision. The drive system can be changed easily using the
SSTA data of the gate driver circuit 125. This can be done
simply by controlling the transistor which turns on and off the
current flowing through the EL elements 15 shown in FIG. 1
and the like.

[0643] Switching between the drive systems in FIGS. 174
and 168 (for moving pictures or still pictures, or for mainly
moving pictures or mainly still pictures) may be either left up
to the user by providing a changeover switch as required or
done by the manufacturer of the display panel according to
the present invention. Also, switching may be done automati-
cally by detecting conditions of ambient environment with a
photosensor and the like. It is also possible to combine a
control signal (changeover signal) with the video signal
received by the present invention, detect the control signal,
and switch display mode (drive system).

[0644] FIG. 177 shows output waveforms of gate signal
lines 174 in the case where the drive system in FIG. 174(a) is
used. With the pixel configuration in FIG. 1, on/off signals
(Vghisaturn-offvoltage and Viglis a turn-on voltage) applied
to the gate signal lines 175 turn on and off the transistors 114,
thereby turning on and off the EL elements 15. In FIG. 177,
the top row contains the horizontal scanning period, where
symbol L represents the number of pixel rows (in the case of
a QCIF panel, L=220 pixel rows). In FIGS. 168 and 174,
again the drive systems according to the present invention are
not limited to the pixel configuration in FIG. 1. Needless to
say, they may also be applied to other pixel configurations
(e.g., FIG. 38). As can be seen from FIG. 177, in period A
(area A), a turn-on voltage (Vgl) is applied to the gate signal
lines 175 for 1 Hin every 4 Hs. In period B (area B), a turn-off
voltage (Vgh) is applied continuously. Thus, current does not
flow through the EL elements 15 during this period.

[0645] The location of each gate signal line 175 to which a
turn-on voltage is applied is scanned every pixel row.

[0646] Incidentally, although ithas been stated in the above
example that pixel rows are scanned one by one, the present
invention is not limited to this. For example, in the case of
interlaced scanning, pixel rows are scanned skipping one
pixel row. That is, even-numbered pixel rows are scanned in
the first field. Odd-numbered pixel rows are scanned in the
second field. When the first field is being rewritten, the images
written into the second field are retained. However, blinking
is caused (or may not be caused). When the second field is
being rewritten, the images written into the first field are
retained. Of course, blinking may be caused as in the example
of FIG. 174.

[0647] In the case of interlaced scanning, one frame con-
sists of two fields, which is normally the case with CRTs.
However, the present invention is not limited to this. For
example, one field may consist of four fields. In that case,
images in the (4N+1)-th pixel rows are rewritten in the first
field (where n is an integer not smaller than 1). Images in the
(4N+2)-th pixel rows are rewritten in the second field. Images
in the (4N+3)-th pixel rows are rewritten in the third field.
Images in the (4N+4)-th pixel rows are rewritten in the final
fourth field. Thus, writing into pixel rows according to the
present invention is not limited to sequential scanning. The
above items also apply to other examples. The interlaced
scanning as referred to herein means typical skip scanning
and is not limited to “2 fields=1 frame.” That is, one frame
may consist of a plurality of fields.
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[0648] Needless to say, the drive system in FIG. 177 or 178
may be used in combination with the drive system described
in FIGS. 171, 172, 173, etc., which involves adjusting the
brightness of the screen 50 by controlling the current flowing
through the EL elements 15 (controlling ON periods), in one
horizontal scanning period (1 H) or two or more horizontal
scanning periods.

[0649] As in the case of FIG. 177, FIG. 178 shows applied
waveforms of gate signal lines 175 in FIG. 174(d). F1G. 178
differs from FIG. 177 in that in period A (area A, see FIG.
168(b)), a turn-on voltage (Vgl) is applied to each gate signal
line 175 for two horizontal scanning periods (2 Hs) and then
a turn-off voltage (Vgh) is applied for 2 Hs. The turn-on
voltage and turn-off voltage are applied alternately. The turn-
off voltage is applied continuously in period B (area B). That
location of each gate signal line 175 to which a turn-on
voltage is applied is scanned every 1 H.

[0650] FIG. 177 shows output waveforms of gate signal
lines 174 in the case where the drive system in FIG. 174(«) is
used. With the pixel configuration in FIG. 1, on/off signals
(Vghisaturn-offvoltage and Vglis a turn-on voltage) applied
to the gate signal lines 175 turn on and off the transistors 114,
thereby turning on and off the EL elements 15. In FIG. 177,
the top row contains the horizontal scanning period, where
symbol L represents the number of pixel rows L (in the case
of a QCIF panel, =220 pixel rows). In FIGS. 168 and 174,
again the drive systems according to the present invention are
not limited to the pixel configuration in FIG. 1. Needless to
say, they also apply to other pixel configurations (e.g., FIGS.
38,43, 51, 62, 63, etc.).

[0651] As in the case of FIG. 177, FIG. 178 shows applied
waveforms of gate signal lines 176 in FIG. 174(d). F1G. 178
differs from FIG. 177 in that in period A (area A, see FIG.
168(b)), a turn-on voltage (Vgl) is applied to each gate signal
line 175 for two horizontal scanning periods (2 Hs) and then
a turn-off voltage (Vgh) is applied for 2 Hs. The turn-on
voltage and turn-off voltage are applied alternately. The turn-
off voltage is applied continuously in period B (area B). That
location of each gate signal line 175 to which a turn-on
voltage is applied is scanned every 1 H. Other items are the
same as or similar to FIG. 177, and thus description thereof
will be omitted.

[0652] Incidentally, in the above example, area A and area
B coexist in the screen 50. That is, area A and area B always
exist during any period in screen display mode (of course, the
location of area A varies). This means that period A and
period B exist in one field (one frame, 1.e., a refresh period of
the screen). However, since black insertion (black display or
low-brightness display) can be used to improve movie dis-
play, the present invention is not limited to the drive system in
FIG. 124. For example, the drive system in FIG. 179 may be
used.

[0653] In FIG. 179, it is assumed for ease of explanation,
that the screen is made up of four display periods (a), (b), (c),
and (d). It is also assumed that one frame consists of four
fields with FIG. 179(a) corresponding to the first field, FIG.
179(b) corresponding to the second field, FIG. 179(c) corre-
sponding to the third field, and FIG. 179(d) corresponding to
the fourth field. In FIG. 179, the display repeats a cycle of
(2)>(b)=(c)>(d).

[0654] In the first field, the even-numbered pixel rows are
selected in sequence to rewrite images as illustrated in FIG.
179(a). When the first field is rewritten, the screen 50 is filled
with black display in sequence from the top as illustrated in
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FIG. 179() (FIG. 179(b) shows the screen 50 filled with
black display). Next, in the third field, images are written into
the odd-numbered pixel rows in sequence from the top of the
screen 50 as illustrated in FIG. 179(c). In other words, odd-
numbered images are displayed in sequence from the top.
Next, in the fourth field, images are put into non-illumination
mode (black display) in sequence from the top of the screen
50 (FIG. 179(d) shows the screen 50 completely in non-
illumination mode).

[0655] Incidentally, the words “images are written” and
“images are displayed” are used in FIGS. 179(a) and (¢), and
basically the present invention is characterized in that images
are displayed (illuminated). Thus, writing an image (running
a program) does not need to be identical with displaying an
image. That is, one may think that in FIGS. 179(a) and (¢), by
controlling the gate signal lines 175, the present invention
controls the current flowing through the EL elements 15, and
thereby puts images into illumination or non-illumination
mode. Thus, it is possible to switch between the state in FIG.
179(a) and state in F1G. 179(d) at once (e.g., in a period of 1
H). For example, this can be done through control of an enable
terminal (on-state and off-state are held in the shift registers
of the gate driver circuit 125 (in FIG. 179(a), the shift register
for the even-numbered pixel rows holds on-state data) and the
states in FIGS. 179(b) and (d) are displayed when the enable
terminal is off and the state in FIG. 179(a) is displayed when
the enable terminal is on). Thus, the displays in FIGS. 179(a)
and 179(c) can be achieved using on-state and off-state of the
gate signal lines 176 (image data is held in the capacitor 19
beforehand in the case of the pixel configurationin FIG. 1, for
example). It has been stated that each of the modes in FIGS.
179(a), (b), (¢), and (d) occurs for one frame period.

[0656] However, the present invention is not limited to
these display modes. To improve at least movie display con-
dition, black insertion mode such as the one shown in FIG.
179(b) or (d) can be run for 4 msec. Thus, in the example of
the present invention, the display modes in FIGS. 179(a) and
(¢) can be brought about not only by scanning the gate signal
lines 175 using the shift register circuits of the gate driver
circuit 126. These modes can be brought about by mutually
connecting odd-numbered gate signal lines 175 (referred to as
an odd-numbered gate signal line group), mutually connect-
ing even-numbered gate signal lines 175 (referred to as an
even-numbered gate signal line group), and applying turn-on
and turn-off voltages alternately to the odd-numbered gate
signal line group and even-numbered gate signal line group.
The display mode in FIG. 179(c) is brought about if a turn-on
voltage is applied to the odd-numbered gate signal line group
and a turn-off voltage is applied to the even-numbered gate
signal line group. The display mode in FIG. 179(a) is brought
about if a turn-on voltage is applied to the even-numbered
gate signal line group and a turn-off voltage is applied to the
odd-numbered gate signal line group. The display modes in
FIGS.179(b) and (d) are brought about if a turn-off voltage is
applied to both odd-numbered gate signal line group and
even-numbered gate signal line group. Each of the modes in
FIGS. 179 (a), (b), (¢), and (d) (especially FIGS. 179(b) and
(d)) should be brought about for 4 msec or longer. The drive
system in FIG. 179 alternates between screen display mode
(FIGS. 179(a) and (c)) and black display mode (black inser-
tion, FIGS. 179(5) and (d)). This makes image display inter-
mittent, improving movie display performance (without
blurred moving pictures).
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[0657] The drive system in the example of FIG. 179
involves displaying images in the odd-numbered pixel rows
or even-numbered pixel rows in the first and third fields and
inserting a black screen (FIGS. 179(5) and (d)) between the
two screens. However, the present invention is not limited to
this. The display mode in FIG. 168 may be brought about in
the first and third fields and black display may be inserted
between the two fields.

[0658] A timing chart for an example described below is
shown in FIG. 180. FIG. 180(a) corresponds to the first field
and FIG. 180(d) corresponds to the second field which is in
black insertion mode. FIG. 180(c) corresponds to the third
field. Incidentally, the fourth field, which is the same as that in
FIG. 180(5), has been omitted. However, the fourth field is not
strictly necessary. One frame may consist of three fields.
Since black screen is inserted in the second field, blurred
moving pictures are reduced greatly. Thus, in FIG. 180, a
cycle of (a)—(b)—(c) 1s repeated.

[0659] InFIG.180(a), images are displayed in FIG. 168(a)
for 1 Hin every four horizontal scanning periods (4 Hs) (a Vgl
voltage (turn-on voltage) is applied to each gate signal line
175 for 1 Hinevery 4 Hs). Next, in the second field, a turn-off
voltage (Vgh) is applied to all the gate signal lines 175. This
can be done at once through control of the enable terminal as
is the case with the previous example. Thus, it is not strictly
necessary to maintain the state in FIG. 180(b) for one field
period. To achieve proper movie display, it is enough to main-
tain the state for 4 msec or longer. However, in FIG. 180(a), if
images are rewritten in sequence from the top of the screen
(not necessarily from the top), images will be skipped. The
state in FIG. 180(b) can be maintained easily by connecting
the plural gate signal lines 1754 in the lump and controlling the
enable terminal as described with reference to FIG. 179.
[0660] In FIG. 180, images are displayed regularly, for
example, by illuminating each pixel row for 1 Hin every 4 Hs.
However, it is sufficient if each pixel row is illuminated (dis-
played) for an equal interval during a unit period (e.g., one
frame, one field, or the like). That is, there is no need for
illumination mode and non-illumination mode to occur regu-
larly.

[0661] FIG. 181 shows an example in which illumination
mode occurs irregularly. A tum-on voltage is applied to the
gate signal line 175(1) in the 1st H, 5th H, 6th H, 9th H, 13th
H, 14th H, and so on. A turn-off voltage is applied during the
other periods. Thus, the turn-on voltage is applied randomly
rather than periodically (although periodically in the long
term). It 1s sufficient if total durations for which a turn-on
voltage is applied during one frame period (unit period) are
approximately equal among different gate signal lines. In this
way, the different pixel rows are illuminated for approxi-
mately equal durations (pixel rows are illuminated (dis-
played) when a turn-on voltage is applied to the gate signal
lines 17b).

[0662] Incidentally, in FIG. 181, the signal waveforms
applied to the gate signal lines 175 are scanned every 1 H. In
this way, by scanning (applying) basic waveforms by shifting
the gate signal lines 175 by 1 H (by predetermined clock
pulses or by a predetermined unit), it is possible to make
brightness uniform over the entire screen. In FIG. 181, need-
less to say, the brightness of the screen can also be controlled
(adjusted) by adjusting the application duration of the turn-on
voltage (Vgl).

[0663] In the above example, the same turn-on/turn-off
voltage patterns are applied to the gate signal lines 175 in each
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frame (unit period). However, according to the present inven-
tion, different pixel rows (pixels) are illuminated (display) or
non-illuminated (non-display) for approximately equal dura-
tions during a predetermined period. Thus, in the drive sys-
tem, where one frame consists of two fields, the signal wave-
forms applied to the first field and second field may vary
among different gate signal lines 175. For example, a turn-on
voltage may be applied to an arbitrary pixel row for a period
of 10 Hs in the first field, and for a period of 20 Hs in the
second field (in a unit period of two fields, a turn-on voltage
is applied for a period of 10 Hs+20 Hs). A turn-on voltage is
also applied to the other pixel rows for a period of 30 Hs.
[0664] An example is shown in FIG. 182. In FIG. 182(a)
(first field), a turn-on voltage is applied to the gate signal line
176 for each pixel row for one horizontal scanning period (1
H) in every four horizontal scanning periods (4 Hs). In FIG.
182(b) (second field), a turn-on voltage is applied to the gate
signal line 17 for each pixel row for 2Hs in every 4 Hs. Thus,
in two fields, a turn-on voltage is applied for (1+2) Hs inevery
(4+4) Hs. However, in a unit period (two fields in FIG. 132),
a turn-on voltage is applied to every gate signal line 175 for
the same period. Thus, every pixel row is displayed at the
same brightness (assuming a white raster display).

[0665] Incidentally, although it has been stated with refer-
ence to FIG. 180 that a turn-on voltage is applied for 1 H in
every 4 Hs, this is not restrictive. For example, a turn-on
voltage may be applied for 1 H in every 8 Hs as illustrated in
FIG. 183. Also, in each field, signal waveforms may be
applied to the gate signal lines 175 perfectly at random rather
than periodically. It is sufficient if the total durations for
which a turn-on voltage is applied during a unit period are
equal among all the gate signal lines 175.

[0666] Although it has been stated in the above example
that the total durations for which a turn-on voltage is applied
during a unit period are equal among all the gate signal lines
175, this does not apply to the following cases.

[0667] Such is the case when a screen 50 (i.e., one display
panel) contains multiple screens 50 which differ in bright-
ness. That is, for example, when the screen 50 consists of a
first screen 50a and second screen 505 which differ in bright-
ness. The two screens 50 can be varied in brightness by
adjusting the programming current Iw, but they can be varied
more easily by scanning the gate signal lines 175 and varying
the illumination (display) period of pixel rows between the
first screen 50a and second screen 505. For example, regard-
ing each pixel row in the first screen 50a, a turn-on voltage is
applied to the gate signal lines 175 for 1 H in every 4 Hs. For
each pixel row in the second screen 505, a turn-on voltage is
applied to the gate signal lines 175 for 1H inevery 8 Hs. In this
way, by varying the application duration of the turn-on volt-
age among different screens, it is possible to adjust screen
brightness and make gamma curves of the screens similar to
each other.

[0668] The power supply circuit (IC) 82 (see FIG. 8) gen-
erates voltages of potentials needed for a turn-on voltage
(selection voltage of pixel 16 transistors) and turn-off voltage
(non-selection voltage of pixel 16 transistors) to be outputted
from the gate driver circuits 12 to the gate signal lines 17.
Consequently, semiconductor processes for the power supply
1C 82 have sufficient voltage resistance.

[0669] Thus, the logic signals can be level-shifted (LS)
conveniently by the power supply IC 82. For this reason, gate
driver circuit 12 control signals outputted from a controller
(not shown) are fed into the power supply IC 82 and level-
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shifted there before it is fed into the gate driver circuits 12
according to the present invention. Source driver circuit 14
control signals outputted from the controller (not shown) are
fed into the source driver circuit 14 and the like according to
the present invention (there is no need for level shifting).
[0670] However, the present invention does not limit all the
transistors formed on the array board 71 to p-channel transis-
tors. By using only p-channel transistors for the gate driver
circuits 12 as described later with reference to FIGS. 111 and
113, it is possible to make the gate driver circuits 12 smaller
than gate driver circuits 12 of CMOS structure. Consequently,
it is possible to reduce bezel width.

[0671] Inthe case ofa 2.2-inch QCIP panel, the width of a
gate driver circuit 12 can be reduced to 600 pm if a 6-um rule
is adopted. The width will be 700 um even including power
wiring of the gate driver circuit 12. If CMOS (n-channel and
p-channel transistors) is used for a similar circuit configura-
tion, the width will be increased to 1.2 mm. Thus, by using
only p-channel transistors for the gate driver circuits 12, it is
possible to achieve a characteristic effect of bezel width
reduction.

[0672] Also, if the pixels 16 are constructed of p-channel
transistors, they will match well with the gate driver circuits
12 which are composed of p-channel transistors. The p-chan-
nel transistors (the transistors 116 and 11¢ and transistor 114
in the pixel configuration in FIG. 1) turn on when the voltage
becomes low (Vgl). On the other hand, the lower voltage
serves as the selection voltage for the gate driver circuits 12 as
well. Gate drivers with p-channel transistors achieve good
matching if the lower level is used as the selection level as can
be seen from a configuration in FIG. 113. This is because the
lower level cannot be maintained for a long time. On the other
hand, the higher voltage (Vgh) can be maintained for a long
time.

[0673] Also, by using p-channel transistors for the driver
transistors (transistor 11a in FIG. 1) which supplies current to
the EL elements 15, it is possible to use a ground electrode
made of thin metal film as the cathode of the EL elements 15.
Also, current can be passed from the anode potential Vdd to
the EL elements 15 in the forward direction. In view of the
above circumstances, it is preferable that the transistors in the
pixels 16 and gate driver circuits 12 are p-channel transistors.
Thus, the use of p-channel transistors as the transistors (driver
transistors 11a and switching transistors 114,115, and 11¢) in
the pixels 16 and as the transistors in the gate driver circuits 12
according to the present invention is not merely a design
matter.

[0674] Thelevel shifter (LS) circuit may be formed directly
on the array board 71. That is, n-channel and p-channel tran-
sistors are used for the level shifter (LS) circuit. A logic signal
from a controller (not shown) is boosted by the level shifter
circuit formed directly onthe board 71 so that it will match the
logic level of the gate driver circuits 12 constructed from a
p-channel transistor. The boosted logic voltage is applied to
the gate driver circuits 12.

[0675] Incidentally, the level shifter circuit may be con-
structed from a semiconductor chip and mounted on the board
71 using COG technology or the like. Also, the source driver
circuit 14 is constructed basically from a semiconductor chip
and mounted on the board 71 using COG technology. How-
ever, the source driver circuit 14 is not limited to being con-
structed from a semiconductor chip, and may be formed
directly on the board 71 using polysilicon technology. If
p-channel transistors are used as the transistors 11a of pixels
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16, programming current flows in the direction from the pix-
els 16 to the source signal lines 18. Thus, n-channel transis-
tors should be used as the constant-current circuit in the
source driver circuit. That is, the source driver circuit 14
should be configured in such a way as to draw the program-
ming current Iw.

[0676] Thus, if the driver transistors 11a of the pixels 16 (in
the case of FIG. 1) are p-channel transistors, the constant-
current circuit (circuit which outputs gradation current) in the
source driver circuit 14 must be n-channel transistors to
ensure that the source driver circuit 14 will draw the program-
ming current Iw. In order to form a source driver circuit 14 on
an array board 71, it is necessary to use both masks (pro-
cesses) for n-channel transistors and masks (processes) for
p-channel transistors. Conceptually speaking, in the display
panel (display apparatus) of the present invention, p-channel
transistors are used for the pixels 16 and gate driver circuits 12
while n-channel transistors are used as the transistors of draw-
ing current sources of the source driver.

[0677] FIG. 8 is a block diagram of signal and voltage
supplies on a display apparatus according to the present
invention or a block diagram ofthe display apparatus. Signals
(power supply wiring, data wiring, etc.) are supplied from the
control IC 81 to a source driver circuit 14a via a flexible board
84.

[0678] InFIG. 8, a control signal for the gate driver circuit
12 is generated by the control IC, level-shifted by the source
driver circuit 14, and applied to the gate driver circuit 12.
Since drive voltage of the source driver circuit 14 is 4 to 8 (V),
the control signal with an amplitude of 3.3 (V) outputted from
the control IC 81 can be converted into a signal with an
amplitude of 5 (V) which can be received by the gate driver
circuit 12. Of course, the signal voltage may be level-shifted
by a controller and supplied to the gate driver circuits 12.

[0679] Preferably, the source driver circuit 14 contains an
image memory. Image data may go through an error diffusion
process or dithering process before being stored in the image
memory.

[0680] InFIG. 8 and the like, what is denoted by reference
numeral 14 has been described as a source driver, but instead
of being a mere driver, it may incorporate a power circuit,
buffer circuit (including a circuit such as a shift register), data
conversion circuit, latch circuit, command decoder, shifting
circuit, address conversion circuit, image memory, etc. Need-
less to say, a three-side free configuration or other configura-
tion, drive system, etc. described with reference to FIG.9 and
the like are also applicable to the configuration described with
reference to FIG. 8 and the like.

[0681] When the display panel is used for information dis-
play apparatus such as a cell phone, it is preferable to mount
(form) the source driver IC (circuit) 14 and gate driver IC
(circuit) 12 on one side of the display panel as shown in FIG.
9 (incidentally, a configuration in which driver ICs (circuits)
are mounted (formed) on one side of a display panel is
referred to as a three-side free configuration (structure). Con-
ventionally, the gate driver IC 12 is mounted on an X side of
a display area and a source driver IC 14 is mounted on a' Y
side). This makes it easy in the design to center the center line
of a display screen 50 on the display apparatus and mount the
driver 1Cs. Using the three-side free configuration, the gate
driver circuit may be produced by high-temperature polysili-
con technology, low-temperature polysilicon technology or
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the like (i.e., at least one of the source driver circuit 14 and
gate driver circuit 12 may be formed directly on the board 71
by polysilicon technology).

[0682] Incidentally, the three-side free configuration
includes not only a configuration in which ICs are placed or
formed directly on the board 71, but also a configuration in
which a film (TCP, TAB, or other technology) with a source
driver IC (circuit) 14 and gate driver IC (circuit) 12 mounted
are pasted on one side (or almost one side) of the board 71.
That is, the three-side free configuration includes configura-
tions and arrangements in which two sides are left free of ICs
and all similar configurations.

[0683] If the gate driver circuit 12 is placed beside the
source driver circuit 14 as shown in FIG. 9, the gate signal line
17 must be formed along the side c.

[0684] Incidentally, the thick solid line in FIG. 9, etc. indi-
cates gate signal lines 17 formed in parallel. Thus, as many
gate signal lines 17 as there are scanning signal lines are
formed in parallel in part b (bottom of the screen) while a
single gate signal line 17 is formed in part a (top of the
screen).

[0685] Spacing between the gate signal lines 17 formed on
the side C is from 5 pm to 12 pm (both inclusive). If it is less
than 5 um, parasitic capacitance will cause noise on adjacent
gate signal lines. It has been shown experimentally that para-
sitic capacitance has significant effects when the spacing is 7
pm or less. Furthermore, when the spacing is less than 5 pm,
beating noise and other image noise appear intensely on the
display screen. In particular, noise generation differs between
the right and left sides of the screen and it is difficult to reduce
the beating noise and other image noise. When the spacing
exceeds 12 pm, bezel width D of the display panel becomes
too large to be practical.

[0686] To reduce the image noise, a ground pattern (con-
ductive pattern which has been fixed at a constant voltage or
set generally at a stable potential) can be placed under or
above the gate signal lines 17. Alternatively, a separate shield
plate (shield foil: a conductive pattern which has been fixed at
a constant voltage or set generally at a stable potential) may
be placed on the gate signal lines 17.

[0687] The gate signal lines 17 on the side ¢ in FIG. 9 may
be formed, using ITO materials. However, to reduce resis-
tance, preferably they are formed by laminating ITO and thin
metal films. Also preferably they are formed of multilayered
metal films. When using an ITO laminate, a titanium film is
formed on the ITO, and a thin aluminum film or aluminum-
molybdenum alloy film is formed on it. Alternatively, a chro-
mium is formed on the ITO. For metal films, thin aluminum
films or chromium films are used. This also applies to other
examples of the present invention.

[0688] Incidentally, although it has been stated with refer-
ence to FIG. 9 and the like that the gate signal lines 17 are
placed on one side of the display area, this is not restrictive
and they may be placed on both sides. For example, the gate
signal line 17a may be placed (formed) on the right side of the
display area 50 while the gate signal line 175 may be placed
(formed) on the left side of the display area 50. This also
applies to other examples.

[0689] Also, the source driver IC 14 and gate driver IC 12
may be integrated into a single chip. Then, it suffices to mount
only one IC chip on the display panel. This also reduces
implementation costs. Furthermore, this makes it possible to
simultaneously generate various voltages for use in the
single-chip driver IC.
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[0690] Inthe configuration shown in FIG. 1 and thelike, the
EL element 15 is connected to the Vdd potential via the
transistor 11a. However, there is a problem that organic EL
elements constituting different colors vary in drive voltage.
For example, when a current 0£0.01 A is delivered per square
centimeter, the terminal voltage of the EL elements for blue
(B) is 5 V while the terminal voltage of the EL elements for
green (G) and red (R) is 9 V. That is, the terminal voltage for
B differs from the terminal voltage for G and R. Thus, the
source-drain voltage (SD voltage) of the transistor 11a for B
differs from that for G and R. Consequently, drain-source
off-leakage current differs among different colors. If off-
leakage current occurs and off-leakage characteristics vary
with the color, flickering occurs with color balance disturbed
and gamma characteristics deviate in correlation with emitted
colors, resulting in complicated display condition.

[0691] To deal with this problem, preferably the potential
of the cathode electrode for one of at least the RGB colors is
different from the potential of the cathode electrode for the
other colors. Alternatively, it is preferable that the Vdd poten-
tial (anode potential) for one of the RGB colors is different
from the Vdd potential for the other colors.

[0692] Needless to say, the terminal voltages of the EL
elements 15 for R, G, and B are identical whenever possible.
Material and structure should be selected in such a way that
the terminal voltages of the EL elements for R, G, and B are
10V or below at least at white peak brightness and in a color
temperature range of 7000 K to 12000 K (both inclusive).
Also, among R, G, and B, the difference between the maxi-
mum terminal voltage and minimum terminal voltage of the
EL elements should be 2.5 V or less. For example, if the
terminal voltage of the EL elements for R is 7 V when maxi-
mum current is passed through the EL elements 15, prefer-
ably the terminal voltage of the EL elements 15 for R, G and
B should be between 7-2.5V (minimum) and 7+2.5 V (maxi-
mum) both inclusive when maximum current is passed
through the EL elements. More preferably. the difference
should be 1.5 v or less.

[0693] Although it has been stated that pixels are of the
three primary colors of R, G, and B, this is not restrictive.
They may be of three colors of cyan, yellow, and magenta.
They may be of two colors of B and yellow or the like. Of
course, they may be monochromatic. Alternatively, they may
be of six colors of R, G, B, cyan, yellow, and magenta or of
five colors of R, G, B, cyan, and magenta. These are natural
colors which provide an expanded color reproduction range,
enabling good display. Besides, the pixels may be of four
colors of R, G, B. and white. Alternatively, they may be of
seven colors of R, G, B, cyan, yellow, magenta, black, and
white. It is also possible to form (build) white light-emitting
pixels over the entire display area 50 and produce the three
primary colors using RGB color filters or the like. Also, a
single pixel may be two-colored such as B and yellow. Thus,
the EL display apparatus according to the present invention is
not limited to those which provide color display using the
three primary colors of R, G, and B.

[0694] Mainly three methods are available to colorize an
organic EL display panel. One of them is a color conversion
method. It suffices to form a single layer of blue as a light-
emitting layer. The remaining green and red colors needed for
full color display can be produced from the blue color through
color conversion. Thus, this method has the advantage of
eliminating the need to paint the R, G, and B colors separately
and prepare organic EL materials for the R, G, and B colors.

Nov. 4, 2010

The color conversion method does not lower vields unlike the
multi-color painting method. Any of the three methods can be
applied to the EL display panel of the present invention.

[0695] Also, in addition to the three primary colors, white
light-emitting pixels may be formed. The white light-emitting
pixels can be created (formed or constructed) by laminating
R, G, and B light-emitting structures. A set of pixels consists
of pixels for the three primary colors RGB and a white light-
emitting pixel 16. Forming the white light-emitting pixels
makes it easier to express peak brightness of white, and thus
possible to implement bright image display.

[0696] Even whenusing a set of pixels for the three primary
colors RGB, it is preferable to vary pixel electrode areas for
the different colors. Of course, an equal area may be used if
luminous efficiencies of the different colors as well as color
purity are well balanced.

[0697] However, if one or more colors are poorly balanced,
preferably the pixel electrodes (light-emitting areas) are
adjusted. The electrode area for each color can be determined
based on current density. That is, when white balance is
adjusted in a color temperature range of 7000 K (Kelvin) to
12000 K (both inclusive), difference between current densi-
ties of different colors should be within +30%. More prefer-
ably, the difference should be within +15%. For example, if
current densities are around 100 A/square meter, all the three
primary colors should have a current density of 70 A/square
meter to 130 A/square meter (both inclusive). More prefer-
ably, all the three primary colors should have a current density
of 85 A/square meter to 115 A/square meter (both inclusive).

[0698] The organic EL element 15 is a self-luminous ele-
ment. When light from this self-luminous element enters a
transistor serving as a switching element, a photoconductive
phenomenon oceurs. The photoconductive phenomenon is a
phenomenon in which leakage (off-leakage) increases due to
photoexcitation when a switching element such as a transistor
is off.

[0699] To deal with this problem, the present invention
forms a shading film under the gate driver circuit 12 (source
driver circuit 14 in some cases) and under the pixel transistor
11. The shading film is formed of thin film of metal such as
chromium and is from 50 nm to 150 nm thick (both inclusive).
A thin film will provide a poor shading effect while a thick
film will cause irregularities, making it difficult to pattern the
transistor 11A1 in an upper layer.

[0700] A smoothing film made of inorganic material, 20 to
100 nm thick (both inclusive), is formed on the light-shielding
film. One of the electrodes of the storage capacitance 19 may
be formed of this layer of the light-shielding film. In that case,
preferably the thickness of the smooth film is minimized to
increase the capacitance value of the storage capacitance. It is
also possible to form the light-shielding film of aluminum,
form a silicon oxide film on the light-shielding film using
anodizing technology, and use the silicon oxide film as a
dielectric film for the storage capacitance 19. Pixel electrodes
ofahighaperture (HA) structure are formed on the smoothing
film.

[0701] In the case of the driver circuit 12 and the like, it is
necessary to reduce penetration of light not only from the
topside, but also from the underside. This is because the
photoconductive phenomenon will cause malfunctions. If
cathode electrodes are made of metal films, the present inven-
tion also forms a cathode electrode on the surface of the driver
12 and the like and uses it as a shading film.
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[0702] An antireflection film is formed on a light-emitting
surface of the board 71. The antireflection film is formed of
thin multilayer film of titanium oxide or magnesium fluoride.
[0703] If a cathode electrode is formed on the driver 12,
electric fields from the cathode electrode may cause driver
malfunctions or place the cathode electrode and driver circuit
in electrical contact. To deal with this problem, the present
invention forms at least one layer of organic EL film, and
preferably two or more layers, on the driver circuit 12 simul-
taneously with the formation of organic EL film on the pixel
electrode. Since the organic EL film is an insulating material,
it isolates the cathode and driver from each other when
formed on the driver.

This solves the above problem.

[0704] Ifa short circuit occurs between terminals of one or
more transistors 11 or between a transistor 11 and signal line
in the pixel, the EL element 15 may become a bright spot
which remains illuminated constantly. The bright spot is visu-
ally conspicuous and must be turned into a black spot (turned
off). The pixel 16 which corresponds to the bright spot is
detected and the capacitor 19 is irradiated with laser light to
cause a short circuit across the capacitor. As a result, the
capacitor 19 can no longer hold electric charges, and thus the
transistor 11a can be stopped from passing current. Thus, the
pixels irradiated with laser light remain non-illuminated in
black display mode.

[0705] Incidentally, it is desirable to remove cathode film
from those portions which will be irradiated with laser light.
This will prevent the terminal electrodes of the capacitor 19
from short-circuiting to the cathode film when the pixels are
irradiated with laser light. Thus, where laser repairs will be
made, the cathode electrode is patterned with holes in
advance.

[0706] Flawsinatransistor 11 in the pixel 16 will affect the
driver IC 14. For example, if a source-drain (SD) short circuit
562 occurs in the driver transistor 11a in FIG. 56, a Vdd
voltage of the panel is applied to the source driver IC 14. Thus,
preferably the power supply voltage of the source driver IC 14
1s kept equal to or higher than the power supply voltage Vdd
of the panel (anode voltage). Preferably, the reference voltage
used by the source driver IC 14 can be adjusted with an
electronic regulator 561.

[0707] As shown in FIG. 56, if an SD short circuit 562
occurs in the transistor 1la, an excessive current flows
through the EL element 15. In other words, the EL element 15
remains illuminated constantly (becomes a bright spot). The
bright spot is conspicuous as a defect. For example, if a
source-drain (SD) short circuit occurs in the transistor 11a in
FIG. 56, current flows constantly from the Vdd voltage to the
EL element 15 (when the transistor 114 is on) regardless of
the magnitude of gate (G) terminal voltage of the transistor
11a. Thus, a bright spot results.

[0708] Ontheotherhand, ifan SD short circuit occurs in the
transistor 11a and if the transistor 11¢ is on, the Vdd voltage
is applied to the source signal line 18 and to the source driver
circuit 14. If the power supply voltage of the source driver
circuit 14 is not higher than Vdd, voltage resistance may be
exceeded, causing the source driver circuit 14 to rupture.
[0709] An SD short circuit of the transistor 11a may go
beyond a point defect and lead to rupture of the source driver
circuit of the panel. Also, the bright spot is conspicuous,
which makes the panel defective. Thus, it is necessary to turn
the bright spot into a black spot by cutting the wiring which
connects between the transistor 11 and EL element 15. For
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that, the source terminal (S) or drain terminal (D) of the
transistor 11a are cut by optical means such as laser light or
the channel of the transistor 11a is destroyed.

[0710] Incidentally, although it has been stated in the above
example that wiring is cut, this is not restrictive in the case of
black display. For example, as also can be seen from FIG. 1,
the power supply Vdd of the transistor 11a may be always
applied to the gate (G) terminal of the transistor 11a. For
example, if the two electrodes of the capacitor 19 are short-
circuited, the Vdd voltage is applied to the gate (G) terminal
of the transistor 11a. Consequently, the transistor 11a is
turned off completely, causing the EL elements 15 to stop
passing current. This can be accomplished easily because the
capacitor electrodes can be short-circuited by irradiating the
capacitor 19 with laser light.

[0711] Also, since Vdd wiring is actually laid under the
pixel electrodes, the display condition of the pixels can be
controlled (corrected) by irradiating the Vdd wiring and pixel
electrodes with laser light.

[0712] For black display of the pixels 16, the EL elements
15 may be degraded. For example, the EL layer 15 is degraded
physically or chemically by being irradiated with laser light
so that it will not emit light (constant black display). The EL
layer 15 can be heated and degraded easily by laser irradia-
tion. The EL layer 15 can be chemically changed easily using
an excimer laser.

[0713] Incidentally, although the pixel configuration in
FIG. 1 is cited in the above example, the present invention is
not limited to this. Needless to say, the approach of opening or
short-circuiting wiring or electrodes using laser light is also
applicable to other current-driven pixel configurations such
as current mirrors or to voltage-driven pixel configurations
such as those illustrated in FIGS. 62 and 51. Thus, the present
invention is not limited by pixel configuration or structure.
[0714] A drive method regarding the pixel structure shown
in FIG. 1 will be described below. As shown in FIG. 1, the gate
signal line 17a conducts when the row remains selected (since
the transistor 11 in FIG. 1 is a P-channel transistor, the gate
signal line 17a conducts when it is in low state) and the gate
signal line 175 conducts when the row remains non-selected.
[0715] Parasitic capacitance (not shown) is present in the
source signal line 18. The parasitic capacitance is caused by
the capacitance at the junction of the source signal line 18 and
gate signal line 17, channel capacitance of the transistors 11
and 11c, etc.

[0716] Thetimetrequired to change the current value ofthe
source signal line 18 is given by t=C-V/I, where C is stray
capacitance, V is a voltage of the source signal line, and I is a
current flowing through the source signal line. Thus, if the
current value can be increased tenfold, the time required to
change the current value can be reduced nearly tenfold. This
also means that the current value can be changed to a prede-
termined value even if the parasitic capacitance of the source
signal line 18 is increased tenfold. Thus, to apply a predeter-
mined current value during a short horizontal scanning
period, it is useful to increase the current value.

[0717] Forexample, a tenfold increase in the output current
from the source driver IC 14 results in a tenfold increase inthe
current programmed into the pixel 16. This results in a tenfold
increase in the emission brightness of the EL element 15 as
well. Thus, to obtain predetermined brightness, a light emis-
sion period is reduced tenfold by reducing the conduction
period (ON time) of the transistor 114 in FIG. 1 tenfold
compared to a conventional conduction period.
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[0718] Thus, in order to charge and discharge the parasitic
capacitance of the source signal line 18 sufficiently and pro-
gram a predetermined current value into the transistor 11a of
the pixel 16, it is necessary to output a relatively large current
from the source driver circuit 14. However, when such a large
current is passed through the source signal line 18, its large
current value is programmed into the pixel and a current
larger than the predetermined current flows through the EL
element 15. For example, if' a 10 times larger current is pro-
grammed, naturally a 10 times larger current flows through
the EL element 15 and the EL element 15 emits 10 times
brighter light. To obtain predetermined emission brightness,
the time during which the current flows through the EL ele-
ment 15 can be reduced tenfold. This way, the parasitic
capacitance can be charged/discharged sufficiently from the
source signal line 18 and the predetermined emission bright-
ness can be obtained.

[0719] Incidentally, although it has been stated that a 10
times larger current value is written into the pixel transistor
11a (more precisely, the terminal voltage of the capacitor 19
is set) and that the conduction period of the EL element 15 is
reduced to Yo, this is only exemplary. As another example,
ten times larger current may be written into the pixel transis-
tor 11a and the ON time of the EL, element 15 may be reduced
to ¥%. On the contrary, a 10 times larger current value may be
written into the pixel transistor 11a and the conduction period
of the EL element 15 may be reduced to %2.

[0720] Itis also possible to set the ON time to 1/1 (keep the
transistor 114 on) for bright image display and set the ON
timeto %10 (turn on the transistor 11d for Y10 of a frame period)
for dark image display. Also, the display may be changed in
real time based on image display data.

[0721] The present invention is characterized in that the
write current into a pixel is set at a value other than a prede-
termined value and that a current is passed through the EL
element 15 intermittently. For ease of explanation, it has been
stated herein that an N times larger current is written into the
pixel transistor 11 and the conduction period of the EL ele-
ment 15 is reduced to 1/N, However, this is not restrictive.
Needless to say, N1 times larger current may be written into
the pixel transistor 11 and the conduction period of the EL
element 15 may be reduced to 1/N2 (N1 and N2 are different
from each other).

[0722] Incidentally, the term “intermittently” does not
mean that the panel drive method according to the present
invention always uses intermit display. A 1/1 display (other
than intermittent display) may be used depending on image
display condition. That is, with the drive method according to
the present invention, image display occasionally involves
intermit display. Intermittent display is a display mode in
which at least two horizontal scanning periods (2 Hs) occur in
one frame period.

[0723] Incidentally, regarding intermittent display, inter-
mittent periods are not necessarily spaced equally. For
example, they may appear at random (provided that the dis-
play period or non-display period makes up a predetermined
value (constant ratio) as a whole). Also, display periods may
vary among R, G, and B. For example, R pixels may be driven
in non-display mode for 5 of one frame period and G and B
pixels may be driven in non-display mode for ¥4 of one frame
period. That is, during an intermittent period, display periods
of R, G, and B or non-display period can be adjusted to a
predetermined value (constant ratio) in such a way as to
obtain an optimum white balance.
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[0724] To facilitate explanation, it is assumed that “1/N”
means reducing IF (one field or one frame) to 1/N. However,
it takes time to select one pixel row and to program current
values (normally, one horizontal scanning period (1 H)) and
error may result depending on scanning conditions. Thus,
what has been described above is strictly for ease of explana-
tion and is not meant to be restrictive. Also, N is not limited to
integers and may be non-integers such as 3.5. For ease of
explanation, it is assumed herein that N represents integers
unless otherwise stated.

[0725] The EL element 15 may be illuminated for 5 of a
period by programming the pixel 16 with an N=10 times
larger current. The EL element 15 illuminates 10/5=2 times
more brightly. On the contrary, it is also possible to program
an N=2 times larger current into the pixel 16 and illuminate
the EL element 15 for %4 of the period. The EL element 15
illuminates 2%4=0.5 time more brightly. In short, the present
invention achieves display other than constant display (1/1,
i.e., non-intermittent drive) by using a current other than an
N=1 time current for current programming. Also, in a broad
sense, the drive system turns off the current supplied to the EL
element 15, at least once during one frame (or one field)
period. Also, the drive system at least achieves intermittent
display by programming the pixel 16 with a current larger
than a predetermined value.

[0726] A problem with an organic (inorganic) EL display is
thatituses a display method basically different from that of an
CRT or other display which presents an image as a set of
displayed lines using an electron gun. That is, the EL display
holds the current (voltage) written into a pixel for 1F (one
field or one frame) period. Thus, a problem is that displaying
moving pictures will result in blurred edges.

[0727] According to the present invention, current is passed
through the EL element 15 only for a period of 1F/N, but
current is not passed during the remaining period (1F (N-1)/
N). Let us consider a situation in which the drive system is
implemented and one point on the screen is observed.
[0728] In this display condition, image data display and
black display (non-illumination) are repeated every 1F. That
is, image data is displayed intermittently (intermittent dis-
play) in the temporal sense. When moving picture data are
displayed intermittently, a good display condition is achieved
without edge blur. In short, movie display close to that of a
CRT can be achieved. Although the present invention imple-
ments intermittent display, the main clock of the circuit does
not differ from conventional ones. Thus, there is no increase
in the power consumption of the circuit.

[0729] In the case of liquid crystal display panels, image
data (voltage) to be subjected to light modulation is held in a
liquid crystal layer. Therefore, for black insertion display, the
data applied to the liquid crystal layer must be rewritten. For
that, the operation clock of the source driver IC 14 must be
speeded up and the image data and black display data must be
applied alternately to the source signal lines 18.

[0730] Thus, to achieve black insertion (intermittent dis-
play such as black display), it is necessary to speed up the
main clock of the circuit. Also, an image memory is needed in
order to elongate a time axis.

[0731] In the pixel configurations of the EL display panel
according to the present invention shown in FIGS. 1, 2, 38,
etc., image data is held in the capacitor 19. Current which
corresponds to the terminal voltage of the capacitor 19 is
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passed through the EL element 15. Thus, the image data is not
held in a light modulating layer unlike in the case of liquid
crystal display panels.

[0732] The present invention controls the current passed
through the EL element 15 by simply turning on and off the
switching transistor 11d, the transistor 11e, and the like. That
is, even if the current Iw flowing through the EL element 15 is
turned off, the image data is held as it is in the capacitor 19.
Thus, when the switching element 114 is turned on the next
time, the current passed through the EL element 15 has the
same value as the current flowing through the EL element 15
the previous time. Even to achieve black insertion (intermit-
tent display such as black display), the present invention does
notneed to speed up the main clock of the circuit. Also, it does
not need to elongate a time axis, and thus requires no image
memory. Besides, the EL element 15 responds quickly,
requiring a short time from application of current to light
emission. Thus, the present invention is suitable for movie
display, and by using intermittent display, it can solve a prob-
lem with conventional data-holding display panels (liquid
crystal display panels, EL display panels, etc.) in displaying
moving pictures.

[0733] Furthermore, in the case of alarge display apparatus
with a large source capacity, source current can be increased
more than tenfold. Generally, if the source current value is
increased N times, the conduction period of the gate signal
line 175 (the transistor 11d) can be set to 1 F/N. This makes it
possible to apply the present invention to television sets as
well as to display apparatus for monitoring.

[0734] Thedrive method according to the present invention
will be described with reference to drawings in more detail
below. The parasitic capacitance of the source signal line 18 is
generated by the coupling capacitance with adjacent source
signal lines 18, buffer output capacitance of the source driver
IC (circuit) 14, cross capacitance between the source signal
line 18 and gate signal line 17, etc. This parasitic capacitance
is normally 10 pF or larger. In the case of voltage driving,
since voltage is applied to the source signal line 18 from the
source driver IC 14 at low impedance, more or less large
parasitic capacitance does not disturb driving.

[0735] However, in the case of current driving, especially
image display at the black level, the pixel capacitor 19 needs
to be programmed with a minute current of 20 nA or less.
Thus, if parasitic capacitance larger than a predetermined
value is generated, the parasitic capacitance cannot be
charged and discharged during the time when one pixel row is
programmed (normally within 1 H, but not limited to 1 H
because two pixel rows may be programmed simulta-
neously). If the parasitic capacitance cannot be charged and
discharged within a period of 1 H, sufficient current cannot be
written into the pixel, resulting in inadequate resolution.
[0736] In the pixel configuration in FIG. 1, the program-
ming current Iw flows through the source signal line 18 dur-
ing current programming as shown in FIG. 3(a). The current
Iw flows through the transistor 11a and voltage is set (pro-
grammed) in the capacitor 19 in such a way as to maintain the
current Tw. At this time, the transistor 11d is open (off).
[0737] During a period when the current flows through the
EL element 15, the transistors 11¢ and 115 turn off and the
transistor 114 turns on as shown in FIG. 3(5). Specifically, a
turn-off voltage (Vgh) is applied to the gate signal line 174,
turning off the transistors 115 and 11¢. On the other hand, a
turn-on voltage (Vgl) is applied to the gate signal line 17,
turning on the transistor 11d.
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[0738] Suppose a current I1 is N times the current which
should normally flow (a predetermined value), the current
flowing through the EL element 15 in FIG. 3(b) is also Iw.
Thus, the EL element 15 emits light 10 times more brightly
that a predetermined value. In other words, as shown in FIG.
12, the larger the magnification N, the higher the display
brightness B of the display panel. Thus, the magnification N
and the brightness are proportional to each other. Conversely,
if the current is reduced to 1/N, the brightness is inversely
proportional to the magnification.

[0739] If the transistor 11d is kept on for a period 1/N the
period during which it is normally kept on (approximately 1
F) and is kept off during the remaining period (N-1)/N, the
average brightness over the 1F equals predetermined bright-
ness. This display condition closely resembles the display
condition under which a CRT is scanning a screen with an
electronic gun. The difference is that the area where images
are displayed is 1/N of the entire screen which illuminates
(where the entire screen is taken as 1) (in a CRT, what illu-
minates is one pixel row—more precisely, one pixel).

[0740] According to the present invention, 1F/N of the
image display area 53 moves from top to bottom of the screen
50 as shown in FIG. 13(5). According to the present invention,
current flows through the EL element 15 only for the period of
1F/N, but current does not flow during the remaining period
(1F-(N-1)/N). Thus, the pixel is displayed intermittently.
However, due to an afterimage, the entire screen appears to be
displayed uniformly to the human eye.

[0741] Incidentally, as shown in FIG. 13, the write pixel
row 51a is non-illuminated 52a. However, this is true only to
the pixel configurations in FIGS. 1, 2, etc. In the pixel con-
figuration of a current mirror shown in FIG. 38, etc., the write
pixel row 51¢ may be illuminated. However, description will
be given herein citing mainly the pixel configuration in FIG.
1 for ease of explanation. A drive method which involves
driving a pixel intermittently by programming it with a cur-
rent larger than the predetermined drive current Iw shown in
FIGS. 13, 16, etc. is referred to as N-fold pulse driving.
[0742] In this display condition, image data display and
black display (non-illumination) are repeated every 1F. That
is, image data is displayed at intervals (intermittently) in the
temporal sense. Liquid crystal display panels (EL display
panels other than that of the present invention), which hold
data in pixels for a period of 1F, cannot keep up with changes
in image data during movie display, resulting is blurred mov-
ing pictures (edge blur of images). Since the present invention
displays images intermittently, it can achieve a good display
condition without edge blur of images. In short, movie dis-
play close to that of a CRT can be achieved.

[0743] A timing chart is illustrated in FIG. 14. The pixel
configuration referred to in the present invention and the like
is the one shown in FIG. 1 unless otherwise stated. However,
needless to say, since the pixel configurations in FIGS. 38, 63,
64, 65, etc. can also achieve intermittent display, the present
invention is not limited to FIG. 1.

[0744] As can be seen from FIG. 14, in each selected pixel
row (the selection period is designated as 1 H), when a turn-on
voltage (Vgl) is applied to the gate signal line 17a (see FIG.
14(a)), a turn-off voltage (Vgh) is applied to the gate signal
line 175 (see FIG. 14(b)). During this period, current does not
flow through the EL element 15 (non-illumination mode). In
anon-selected pixel row, a turn-on voltage (Vgl) is applied to
the gate signal line 175 and a turn-off voltage (Vgh) is applied
to the gate signal line 17a. During this period, current flows
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through the EL element 15 (illumination mode). In the illu-
mination mode, the EL element 15 illuminates at a brightness
(N‘B) N times the predetermined brightness and the illumi-
nation period is 1F/N. Thus, the average display brightness of
the display panel over 1F is given by (N-B)x(1/N)=B (the
predetermined brightness).

[0745] Incidentally, although the above description seem-
ingly concerns white display, the brightness is reduced to %o
in black display as well. Thus, even if excessive brightness
develops in image display, it is also reduced to 1o, resulting
in a proper image display.

[0746] FIG. 15 shows an example in which the operation in
FIG. 14 is applied to each pixel row (it illustrates signal
waveforms of the gate signal lines 17a and 175 for pixels).
The turn-off voltage of gate signal line is denoted by Vgh
(high level) while waveforms of the turn-on voltage are
denoted by Vgl (low level). The subscripts such as (1) and (2)
indicate selected pixel row numbers.

[0747] InFIG. 15, a gate signal line 17a(1) is selected (Vgl
voltage) and a programming current flows through the source
signal line 18 in the direction from the transistor 114 in the
selected pixel row to the source driver circuit 14. Incidentally,
the direction in which the programming current flows varies
with the pixel configuration. Ifthe driver transistor 11a of the
pixel 16 is a p-channel transistor, the programming current Iw
flows form the pixel 16 to the source driver circuit 14. If the
driver transistor 11a of the pixel 16 is an n-channel transistor,
the programming current Iw flows form the source driver
circuit 16 to the pixel 14.

[0748] The programming current is N times larger than a
predetermined value (for ease of explanation, it is assumed
that N=10. Of course, since the predetermined value is a data
current foruse to display images, it is not a fixed value unless
in the case of white raster display). The magnitude of the
current programmed into each pixel 16 varies with the display
condition of natural images. Therefore, the capacitor 19 is
programmed so that a 10 times larger current will flow
through the transistor 11a. When the pixel row (1) is selected,
in the pixel configuration shown in FIG. 1, a turn-off voltage
(Vgh)is applied to the gate signal line 175(1) and current does
not flow through the EL element 15.

[0749] After 1 H, a gate signal line 17a(2) is selected (Vgl
voltage) and a programming current flows through the source
signal line 18 in the direction from the transistor 114 in the
selected pixel row to the source driver circuit 14. The pro-
gramming current is N times larger than a predetermined
value (for ease of explanation, it is assumed that N=10).
Therefore, the capacitor 19 is programmed so that 10 times
larger current will flow through the transistor 11a.

[0750] When the pixel row (2) is selected, in the pixel
configuration shown in FIG. 1, a turn-off voltage (Vgh) is
applied to the gate signal line 175(2) and current does not flow
through the EL element 15. However, since a turn-off voltage
(Vgh) is applied to the gate signal line 17a(1) and a turn-on
voltage (Vgl) is applied to the gate signal line 175(1) of the
pixel row (1), the EL element 15 illuminates.

[0751] After the next 1 H, a gate signal line 17a(3) is
selected, a turn-off voltage (Vigh) is applied to the gate signal
line 1756(3), and current does not flow through the EL element
15 in the pixel row (3). However, since a turn-off voltage
(Vgh) is applied to the gate signal lines 17a(1) and (2) and a
turn-on voltage (Vgl) is applied to the gate signal lines 175(1)
and (2) in the pixel rows (1) and (2), the EL element 15
illuminates.
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[0752] Through the above operation, images are displayed
in sync with a synchronization signal of 1 H. However, with
the drive method in FIG. 15, a 10 times larger current flows
through the EL element 15. Thus, the display screen 50 is 10
times brighter. Of course, it goes without saying that for
display at a predetermined brightness in this state, the pro-
gramming current can be reduced to %o (by controlling the
programming current rather than reducing the intermittent
period to Yio).

[0753] However, a 10 times smaller current will cause a
shortage of write current due to parasitic capacitance and the
like.

[0754] To solve this problem, the basic idea of the present
invention is to use an N times larger current for programming,
insert a black screen 52 (intermittent display), and thereby
obtain a predetermined brightness.

[0755] Incidentally, the drive method according to the
present invention causes a current larger than a predetermined
current to flow through the EL element 15, and thereby
charges and discharges the parasitic capacitance of the source
signal line 18 sufficiently. That is, there is no need to pass an
N times larger current through the EL element 15. For
example, it is conceivable to form a current path in parallel
with the EL element 15 (form a dummy EL element and use
ashield film to prevent the dummy EL element from emitting
light) and divide the flow of current between the EL element
15 and the dummy EL element.

[0756] For example, when a signal current is 0.2 pA, a
programming current is set to 2.2 pA and the current of 2.2 LA
is passed through the transistor 11a. Then, the signal current
of 0.2 pA may be passed through the EL element 15 and 2 pA
may be passed through the dummy EL element, for example
(see FIG. 136). That is, the dummy pixel row 281 in FIG. 27
remains selected constantly. Incidentally, the dummy pixel
row is either kept from emitting light or hidden from view by
a shield film or the like even if it emits light.

[0757] With the above configuration, by increasing the cur-
rent passed through the source signal line 18 N times, it is
possible to pass an N times larger current through the driver
transistor 11a and pass a current sufficiently smaller than the
N times larger current through the EL element 15. As shown
in FIG. 5, this method allows the entire display area 50 to be
used as the image display area 53 without a non-display area
52.

[0758] FIG. 13(a) shows writing into the display image 50.
In FIG. 13(a), reference numeral 51a denotes a write pixel
row. A programming current is supplied to the source signal
line 18 from the source driver IC 14. In FIG. 13 and the like,
there is one pixel row into which current is written during a
period of 1 H, but this is not restrictive. The period may be 0.5
Hor2 Hs.

[0759] Also, although ithas been stated thata programming
current is written into the source signal line 18, the present
invention is not limited to current programming. The present
invention may also use voltage programming (FIG. 62, etc.)
which writes voltage into the source signal line 18. For
example, a possible voltage drive method programs pixels 16
by applying a voltage higher than needed for a predetermined
brightness to the source signal lines 18 and then obtains the
predetermined brightness using intermittent display.

[0760] In FIG. 13(a), when the gate signal line 17a is
selected, the current to be passed through the source signal
line 18 is programmed into the transistor 11a. At this time, a
turn-off voltage is applied to the gate signal line 175, and
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current does not flow through the EL element 15. This is
because when the transistor 114 is on the EL element 15, a
capacitance component of the EL element 15 is visible from
the source signal line 18 and the capacitance prevents suffi-
cient current from being programmed into the capacitor 19.
Thus, to take the configuration shown in FIG. 1 as an
example, the pixel row into which current is written is a
non-illuminated area 52 as shown in FIG. 13(5).

[0761] Suppose an N times larger current is used for pro-
gramming (it is assumed that N=10 as described above), the
screen becomes 10 times brighter. Thus, 90% of the display
area 50 can be constituted of the non-illuminated area 52.
Thus, for example, if the number of horizontal scanning lines
in the screen display area is 220 (S=220) in compliance with
QCIF, 22 horizontal scanning lines can compose a display
area 53 while 220-22=198 horizontal scanning lines can
compose a non-display area 52. Generally speaking, if the
number of horizontal scanning lines (number of pixel rows) is
denoted by S, S/N of the entire area constitutes a display area
53, which is illuminated N times more brightly. Then, the
display area 53 is scanned in the vertical direction of the
screen. Thus, S(N-1)/N of the entire area is a non-illuminated
area 52. The non-illuminated area presents a black display (is
non-luminous). Also, the non-luminous area 52 is produced
by turning off the transistor 11d. Incidentally, although it has
been stated that the display area 53 is illuminated N times
more brightly, naturally the display area 53 is adjusted to the
value of N by brightness adjustment and gamma adjustment.
[0762] In the above example, if a 10 times larger current is
used for programming, the screen becomes 10 times brighter
and 90% of the display area 50 can be constituted of the
non-illuminated area 52. However, this does not necessarily
mean that R, G, and B pixels constitute the non-illuminated
area 52 in the same proportion. For example, % of the R
pixels, ¥ of the G pixels, and Yo of the B pixels may consti-
tute the non-illuminated area 52 with different colors making
up different proportions.

[0763] Ttispossible to allow the non-illuminated area 52 (or
illuminated area 53) to be adjusted separately among R, G,
and B. For that, it is necessary to provide separate gate signal
lines 175 for R, G, and B. However, allowing R, G, and B to
be adjusted separately makes it possible to adjust white bal-
ance, making it easy to adjust color balance for each gradation
(see FIG. 41).

[0764] As shown in FIG. 13(b), pixel rows including the
write pixel row 51a compose a non-illuminated area 52 while
an area of S/N (1F/N in the temporal sense) above the write
pixel row 51a compose a display area 53 (when write scans
are performed from top to bottom of the screen. When the
screen is scanned from bottom to top, the areas change
places). Regarding the display condition of the screen, a strip
of the display area 53 moves from top to bottom of the screen.
[0765] In FIG. 13, one display area 53 moves from top to
bottom of the screen. Atalow frame rate, the movement of the
display area 53 is recognized visually. It tends to be recog-
nized easily especially when a user closes his/her eves or
moves his/her head up and down.

[0766] To deal with this problem, the display area 53 can be
divided into a plurality of parts as shown in FIG. 16. If the
total area of the divided display area is S(N-1)/N, the bright-
ness is equal to the brightness in FIG. 13 (where, S is an
effective display area 50 of the display panel). Incidentally,
there is no need to divide the display area 523 equally. For
example, the display area may be divided into a display area
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53a with an area of 1, display area 535 with an area of 2,
display area 53¢ with an area of 1, and display area 534 with
an area of 4. Also, the divided display areas do not need to be
exactly equal in size to divided non-display areas 52.

[0767] Needless to say, it is also possible to make the aver-
agesize of the display area 53 over a few frames (fields) equal
to a target size. For example, to make the size of the display
area 53 equal to S/10, a possible drive method involves setting
the size of the display area 53 to $/10 in the first frame (field),
setting the size of the display area 53 to S/20 in the second
frame (field), setting the size of the display area 53 to /20 in
the third frame (field), and setting the size of the display area
53 to S/5 in the fourth frame (field) to obtain the desired
display area (display brightness) of S/10 when averaged over
the four frames (fields). Also, the average display area over a
few frames (fields) may be made equal among the RGB colors
for a period of L. However, preferably, the few frames (fields)
as referred to above do not exceed four frames (fields). Oth-
erwise, flickering may occur depending on displayed images.
[0768] Incidentally, one frame or one field as referred to
herein may be regarded to be synonymous with an image
refresh period of the pixels 16 or the period required for the
screen 50 to be scanned from top to bottom (from bottom to
top).

[0769] Also, the average display area over a few frames
(fields) may be made different among the RGB colors for a
period of L to achieve an appropriate white balance. This
drive method is effective especially when emission efficiency
varies among R, G, and B. Also, the number K of divisions
may be varied among R, G, and B. G, in particular, is visually
conspicuous, and thus it is useful to increase the number of
divisions of G over R and B.

[0770] Incidentally, it has been stated in the above example
for ease of explanation that the display area 53 is divided.

[0771] However, dividing an area is tantamount to dividing
a period (time). Thus, in FIG. 1, since the ON time of the
transistor 11d is divided, dividing an area is tantamount to
dividing a period (time).

[0772] Dividing the display area 53 reduces flickering of
the screen. Thus, a flicker-free good image display can be
achieved. Incidentally, the display area 53 may be divided
more finely. However, the more finely the display area 53 is
divided, the poorer the movie display performance becomes.
Also, the frame rate of image display can be lowered, result-
ing in reduced power consumption. For example, if the non-
display area 52 is undivided, flickering occurs when the frame
rate falls below 45 Hz. However, if the non-display area 52 is
divided into six or more parts, flickering does not occur until
the frame rate falls below 20 Hz.

[0773] FIG. 17 shows voltage waveforms of gate signal
lines 17 and emission brightness of the EL element. As can be
seen from FIG. 17, a period (1F/N) during which the gate
signal line 175 1s set to Vgl is divided into a plurality of parts
(K parts). That is, a period of 1F/(K-N) during which the gate
signal line 175 1s set to Vgl repeats K times. If the period of 1
F/(K*N) is repeated K times, the total of illumination periods
53 is 1 F/N. This reduces flickering and implements image
display at a low frame rate.

[0774] Preferably, the number of divisions is variable. For
example, when the user presses a brightness adjustment
switch or turns a brightness adjustment knob, the value of K
may be changed in response. Also, the user may be allowed to
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adjust brightness. Alternatively, the value of K may be
changed manually or automatically depending on images or
data to be displayed.

[0775] Also, the number of divisions may be changed
according to condition of image data. If the image data is
moving pictures, by leaving the non-illuminated area 52 undi-
vided, it is possible to avoid blurred moving pictures. In the
case of moving pictures, since images change constantly,
flickering does not occur even if the frame rate is lowered. If
the image data is still pictures, by dividing the non-illumi-
nated area 52 into multiple parts, it is possible to avoid flick-
ering even at a low frame rate. Thus, by judging in real time
whether the image data is moving pictures or still pictures and
controlling the number of divisions of the non-illuminated
area 52 based on the result of judgment, it is possible to
achieve high quality display without blurred moving pictures
at low power consumption.

[0776] If the timing of a change from a state in which a
turn-on voltage (Vgl) is applied to the gate signal line 17a to
a state in which a turn-off voltage (Vigh) is applied coincides
with the timing of a change from a state in which a turn-off
voltage (Vgh) is applied to the gate signal line 175 to a state
in which a turn-on voltage (Vgl) is applied, variations tend to
occur in retained images. This is believed to be due to dis-
charge or leakage of the voltage programmed in the capacitor
19, which 1n turn is caused by difference in on/off timing of
the transistors 115and 114 depending on their characteristics.
[0777] To deal with this problem, preferably a write pixel
row 51 is sandwiched by non-display areas 52 as illustrated in
FIG. 66. It is preferable to program the write pixel row with
current (voltage), apply a turn-on voltage to the gate signal
line 175 of the pixel row after one horizontal scanning period,
and thereby pass current through the EL element 15. Prefer-
ably, a turn-off voltage is applied to the gate signal line 176 of
each pixel row at least 3 psec after applying a turn-on voltage
to the gate signal line 17a which selects the pixel row. Pref-
erably, the pixel rows before and after the write pixel rows 51
are included in the non-display area 52 as illustrated in FIG.
66 if there is no restriction on the timing to pass current
through the EL element 15.

[0778] FIG. 67 is an explanatory diagram illustrating the
above drive method. FIG. 67 assumes the pixel configuration
in FIG. 1 for ease of explanation.

[0779] In FIG. 67(a), a turn-on voltage (Vgl) is applied to
the gate signal line 17a for one horizontal scanning period (1
H). At the point when a turn-on voltage is removed and a
turn-off voltage is applied to the gate signal line 17q, a turn-
off voltage continues to be applied to the gate signal line 175.
A turn-on voltage (Vgl) is applied to the gate signal line 175
after alapse of time A as illustrated in FIG. 67(a). Preferably,
the period A is 1 psec or longer. More preferably, the period A
is 3 psec or longer.

[0780] By continuing to apply a turn-off voltage to the gate
signal line 175 while a turn-on voltage is applied to the gate
signal line 17a and applying a turn-on voltage to the gate
signal line 175 when a turn-off voltage is applied to the gate
signal line 17a in place of the turn-on voltage and the tran-
sistors 115 and 11¢ of the pixel 16 in FIG. 1 are turned off
completely as shown in FIG. 67(a), it is possible to reduce
variations in the current programmed into the pixels 16 and
achieve proper image display.

[0781] In FIG. 67(b), a turn-on voltage (Vgl) is applied to
the gate signal line 174 for a period shorter than one horizon-
tal scanning period (1 H). At the point when a turn-on voltage
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is removed and a turn-off voltage is applied to the gate signal
line 17a, a turn-off voltage continues to be applied to the gate
signal line 17b. A turm-on voltage (Vgl) is applied to the gate
signal line 175 after a lapse of time C as illustrated in FIG.
67(b). Preferably, the period C is 1 usec or longer. More
preferably, the period C is 3 psec or longer.

[0782] By continuing to apply a turn-off voltage to the gate
signal line 175 while a turn-on voltage is applied to the gate
signal line 17a and applying a turn-on voltage to the gate
signal line 17b when a turn-off voltage is applied to the gate
signal line 17a in place of the turn-on voltage and the tran-
sistors 115 and 11¢ of the pixel 16 in FIG. 1 are turned off
completely as shown in FIG. 67(b), it is possible to reduce
variations in the current programmed into the pixels 16 and
achieve proper image display.

[0783] In FIG. 67(c), a turn-on voltage (Vgl) is applied to
the gate signal line 17a for one horizontal scanning period (1
H). At the point when a turn-on voltage is removed and a
turn-off voltage is applied to the gate signal line 174, a turn-
off voltage continues to be applied to the gate signal line 175.

[0784] Furthermore, a turn-off voltage is applied to the gate
signal line 175 for 1 H after a turn-on voltage (Vgl) is applied
to the gate signal line 17a.

[0785] By continuing to apply a turn-off voltage to the gate
signal line 175 while a turn-on voltage is applied to the gate
signal line 17a and applying a turn-on voltage to the gate
signal line 17b when a turn-off voltage is applied to the gate
signal line 17a in place of the turn-on voltage and the tran-
sistors 115 and 11¢ of the pixel 16 in FIG. 1 are turned off
completely as shown in FIG. 67(c), it is possible to reduce
variations in the current programmed into the pixels 16 and
achieve proper image display.

[0786] Incidentally, although the above example has been
described by citing the pixel configuration in FIG. 1 and the
like, needless to say, the above example is also applicable to
the pixel configurations shown in FIGS. 63, 64, 65, etc.

[0787] Also, although it has been stated with reference to
FIG. 17 and the like that a period during which the gate signal
line 175 is set to Vgl (the period of 1 F/N during which the
transistor 11d is on in the case of FIG. 1) is divided into a
plurality of parts (the number of divisions is K) and that a
period of 1 F/(K*N) during which the gate signal line 175 is
set to Vgl is repeated K times, this is not restrictive. A period
of 1 F/(K*N) may be repeated L. (L=K) times. In other words,
the present invention displays the display screen 50 by con-
trolling the period (time) during which current is passed
through the EL elements 15. Thus, the idea of repeating the 1
F/(K*N) period L (L=K) times is included in the technical
idea of the present invention. Also, it is not strictly necessary
to divide a period into equal parts. Also, the control method of
L, period of L, and cycle of L may be varied among R, G, and
B

[0788] By varying the value of L, the brightness of the
display screen 50 can be changed digitally. For example, there
is a 50% change of brightness (contrast) between L=2 and
L=3. By changing the period of L sequentially, it is possible to
adjust the brightness of the screen 50 linearly in proportion to
the period of L. Even if the brightness is adjusted, the number
of gradations is maintained. Incidentally, the period of L is not
limited to integral multiples of one horizontal scanning
period (1 H). Needless to say, 5/2 Hs or a period shorter than
1 H such as ¥ H or % H may be used for operations and
control.
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[0789] 1In the example described above, the display screen
50 is turned on and off (illuminated and non-illuminated) as
the current delivered to the EL element 15 is switched on and
off. Thatis, approximately equal current is passed through the
transistor 11a multiple times using electric charges held in the
capacitor 19. The present invention is not limited to this. For
example, the display screen 50 may be turned on and off
(illuminated and non-illuminated) by charging and discharg-
ing the capacitor 19 (See embodiments shown in FIGS. 32,
33,53, 54 etc.).

[0790] FIG. 18 shows voltage waveforms applied to gate
signal lines 17 to achieve the image display condition shown
in FIG. 16. FIG. 18 differs from FIG. 15 in the operation of the
gate signal line 175 (in the operation of the transistor 11d in
FIGS. 1, 2, 64, and 65; or operation of the switch 631 in FIG.
63. Although the switch 631 is not controlled via the gate
signal line 175, those skilled in the art can easily perform
on/off control of the switch 631, and thus description thereof
will be omitted.) The gate signal line 17 is turned on and off
(Vgl and Vgh) as many times as there are screen divisions.
FIG. 18 is the same as FIG. 15 in other respects, and thus
description thereof will be omitted.

[0791] Since black display on EL display apparatus corre-
sponds to complete non-illumination, contrast does not lower
unlike in the case of intermittent display on liquid crystal
display panels. Also, with the configurations in FIG. 1, inter-
mittent display can be achieved by simply turning on and off
the transistor 11d. With the configurations in FIGS. 38, and
51, intermittent display can be achieved by simply turning on
and offthe transistor element 11e. In this way, the same image
display canbe reproduced even ifthe pixel 16 is turned on and
off one or more times because image data is stored in the
capacitor 19 (the number of gradations is infinite because
analog values are used). That is, the image data is held in each
pixel 16 for a period of 1F (until the image data is rewritten in
the next frame). Whether to deliver a current which corre-
sponds to the stored image data to the EL element 15 is
controlled by controlling the transistors 11d and 11e or the
switch 631.

[0792] The drive method described above is not limited to a
current-driven type and can be applied to a voltage-driven
type as well. That is, in a configuration in which the current
passed through the EL element 15 is stored in each pixel,
intermittent driving is implemented by switching on and off
the current path between the driver transistor 11 and EL
element 15. Needless to say, intermittent driving can be
implemented, for example, through control of the transistor
11d in FIG. 43 or transistor 11e in FIG. 51.

[0793] Itisimportantto maintain the terminal voltage of the
capacitor 19 programmed with current or voltage. This is
because any change (charge/discharge) the terminal voltage
of the capacitor 19 during one field (frame) period causes
changes in the screen brightness, resulting in flickering at
lower frame rates. The current passed through the EL element
15 by the transistor 11@ must be higher than 65%. More
specifically, if the initial current written into the pixel 16 and
passed through the EL element 15 is taken as 100%, the
current passed through the EL element 15 just before it is
written into the pixel 16 in the next frame (field) must not fall
below 65%. The capacitance of the capacitor 19 and turn-off
characteristics of the voltage-holding transistor 115 are deter-
mined in such a way as to satisfy the above conditions.
[0794] With the pixel configuration shown in FIG. 1, etc.,
there is no difference in the number of transistors 11 in a
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single pixel between when an intermittent display is created
and when an intermittent display is not created. That is, by
controlling the transistor 114, proper current programming is
achieved with the pixel configuration left as it is by removing
the effect of parasitic capacitance of the source signal line 18.
Besides, movie display close to that of a CRT is achieved.
[0795] Also, since the operation clock of the gate driver
circuit 12 is significantly slower than the operation clock of
the source driver circuit 14, there is no need to upgrade the
main clock of the circuit (the same clock can be applied to
either of the cases where intermittent operation is done or
not.) Besides, the value of N or K can be changed easily. This
can be achieved simply through on/off control of the transis-
tor 116 and the like.

[0796] Incidentally, the image display direction (image
writing direction) may be from top to bottom of the screen in
the first field (frame), and from bottom to top of the screen in
the second field (frame). That is, an upward direction and
downward direction may be repeated alternately. By switch-
ing the scanning direction in this way, it is possible to reduce
flickering even at a low frame rate.

[0797] Alternatively, itis possible to use a downward direc-
tion in the first field (frame), turn the entire screen into black
display (non-display) once, and use an upward direction in
the second field (frame). It is also possible to turn the entire
screen into black display (non-display) once. It is also pos-
sible to turn the entire screen into black display (non-display)
once, and then rewrite images from top to bottom of the
screen. That is, the entire screen is turned into black display
after rewriting and displaying images. Turning the entire
screen into black display in this way improves movie display
performance.

[0798] In the description of the drive method according to
the present invention, it is stated for ease of explanation that
the writing direction on the screen is from top to bottom or
from bottom to top. However, the present invention is not
limited to this. It is also possible to fix the writing direction on
the screen to a top-to-bottom direction or bottom-to-top
direction and move the non-display area 52 from top to bot-
tom in the first field (frame), and from bottom to top in the
second field (frame). Alternatively, it is possible to divide a
frame into three fields and assign the first field to R, the
second field to G, and the third field to B so that three fields
compose asingle frame. It is also possible to display R, G, and
B in turns by switching among them every horizontal scan-
ning period (1 H) (see FIGS. 75 to 82, etc.). The items men-
tioned above also apply to other examples of the present
invention. Needless to say, the above items similarly apply to
other examples of the present invention.

[0799] The non-display area 52 need not be totally non-
illuminated. Weak light emission or dim image display will
not be a problem in practical use. That is, non-display area
(non-illuminated area) 52 should be regarded to be an area
which has a lower display brightness than the image display
area 53. It hasbeen shown analytically thatif the brightness of
the non-display area 52 is set at or below 5 the brightness of
the display area 53, proper image display can be achieved
without lowering movie display performance. In the pixel
configuration in FIG. 1 and the like, brightness of ¥ or below
can be achieved by increasing the turn-on voltage (Vgl) ofthe
transistor 114 in such a way that the transistor 114 will not
turn on completely. Also, the non-display area 52 may be an
area which does not display one or two colors out of R, G, and
B.
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[0800] If the brightness of the display area 53 is kept at a
predetermined value, the larger the display area 53, the
brighter the display screen 50. For example, when the bright-
ness of the image display area 53 is 100 (nt), if the percentage
of the display screen 50 accounted for by the display area 53
changes from 10% to 20%, the brightness of the screen is
doubled. Thus, by varying the proportion of the display area
53 in the entire screen 50, it is possible to vary the display
brightness of the screen. The present invention provides a
system which controls image display by controlling the size
of the display area 53 with respect to the display 50.

[0801] The size of the display area 53 can be specified
freely by controlling data pulses (ST2) sent to the shift reg-
ister circuit 61 (See FIG. 6). Also, by varying the input timing
and period of the data pulses, it is possible to switch between
the display condition shown in FIG. 16 and display condition
shown in FIG. 13 (the size of the non-display area 52 is made
different between FIG. 13 and FIG. 16 for ease of explana-
tion). If the sizes of the non-display areas 52 are made equal,
the same brightness can be obtained (provided the same ref-
erence current are applied to the source driver IC (described
later)). Increasing the number of data pulses in one 1 F period
thereby extending the display area 53 makes the screen 50
brighter and decreasing it makes the screen 50 dimmer. Also,
continuous application of the data pulses brings on the dis-
play condition shown in FIG. 13 while intermittent input of
the data pulses brings on the display condition shown in FIG.
16. Thus, the brightness of image display can be controlled
easily by simply controlling the data pulses applied to the
shift registers 61.

[0802] FIG. 19(a) shows a brightness adjustment scheme
used when the display area 53 is continuous as in FIG. 13. The
display brightness of the screen 50 in FIG. 19(al) is the
brightest, the display brightness of the screen 50 in FIG.
19(a2) is the second brightest, and display brightness of the
screen 50 in FIG. 19(a3) is the dimmest. Changes from FIG.
19(a1) to FIG. 19(a3) (or vice versa) can be achieved easily
by controlling the shift register circuit 61 and the like of the
gate driver circuit 12 as described above. In this case, there is
no need to vary the Vdd voltage (anode voltage, or the like) in
FIG. 1. There is no need to vary the magnitude of the pro-
gramming current or programming voltage outputted from
the source driver circuit 14, either. That is, the brightness of
the screen 50 can be varied without changing the power
supply voltage or video signal.

[0803] Also, in the process of change from FIG. 19(al) to
FIG. 19(a3), the gamma characteristics of the screen do not
change at all. Thus, the contrast and gradation characteristics
of the display screen are maintained regardless of the bright-
ness of the screen 50. This is an effective feature of the present
invention.

[0804] In brightness adjustment of a conventional screen,
low brightness of the screen 50 results in poor gradation
performance. That is, even if 64 gradations can be displayed
in a high-brightness display, less than half the gradations can
be displayed in a low-brightness display. In contrast, the drive
method according to the present invention does not depend on
the display brightness of the screen and can display up to 64
gradations, which is the highest.

[0805] FIG. 19(b) shows a brightness adjustment scheme
used when the display areas 53 are scattered as in F1G. 16. The
display brightness of the screen 50 in FIG. 19(b1) is the
brightest, the display brightness of the screen 50 in FIG.
19(b2) is the second brightest, and display brightness of the
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screen 50 in FIG. 19(53) is the dimmest. Changes from FIG.
19(h1) to FIG. 19(b3) (or vice versa) can be achieved easily
by controlling the shift register circuit 61 of the gate driver
circuit 12 and the like as described above. By scattering the
display areas 53 as shown in FIG. 19(b), it is possible to
eliminate flickering even at a low frame rate.

[0806] To eliminate flickering at an even lower frame rate,
the display areas 53 can be scattered more finely as shown in
FIG. 19(c). However, this lowers movie display performance.
Thus, the drive method in FIG. 19(a) is suitable for moving
pictures. The drive method in FIG. 19(c) is suitable when it is
desired to reduce power consumption by displaying still pic-
tures. Switching from FIG. 19(a) to FI1G. 19(c) can be done
easily by controlling the shift register circuit 61.

[0807] Although non-display areas 52 are formed at equal
intervals in FIG. 19, this is not restrictive. Needless to say, it
is also possible to form a continuous display area 53 in half
the area of the screen 50, and alternate display areas 53 and
non-display areas 52 atequal intervals in the rest of the screen
50 as shown in FI1G. 19(c1).

[0808] FIG. 20 illustrates another example of the drive
method according to the present invention. FIG. 20 shows a
system which selects multiple pixel rows simultaneously,
charges and discharges parasitic capacitance and the like of
the source signal line 18 using the programming current
which drives the multiple pixel rows, and thereby alleviate
shortages of write current greatly. Since a plurality of pixel
rows are selected simultaneously, drive current per pixel can
be reduced.

[0809] Thus, it is possible to reduce the current flowing
through the EL element 15. For ease of explanation, it is
assumed, for example that N=10 and that the number M of
pixel rows selected simultaneously is 5 (the current passed
through the source signal line 18 is increased tenfold. Since
five pixel rows are selected simultaneously, 1/5 of the pro-
gramming current flows through each pixel).

[0810] According to the invention described with reference
to FIG. 20, M pixel rows are selected simultaneously. A
current N times larger than a predetermined current is applied
to the source signal line 18 from the source driver IC 14. A
current N/M times larger than the current passed through the
EL element 15 is programmed into each pixel. To illuminate
the EL element 15 at a predetermined emission brightness,
current is passed through the EL element 15 for a duration of
M/N the duration of one frame (one field) This makes it
possible to charge and discharge parasitic capacitance of the
source signal line 18 sufficiently, resulting in a sufficient
resolution at the predetermined emission brightness.

[0811] Incidentally, although in the description of the drive
method according to the present invention, it is stated for ease
of explanation that a current N times larger than a predeter-
mined current is passed through the source signal line, this is
not restrictive. The present invention is characterized in that a
signal (current or voltage) outputted from the source driver
circuit 14 is divided into multiple parts, which are applied to
pixel rows selected simultaneously (it is all right if they are
selected not exactly at the same time). Ifthe driver transistors
11a in the pixels 16 selected simultaneously and connected to
the same source signal line 18 have uniform characteristics,
the current outputted from the source driver circuit 14 and
divided by the number M of pixel rows selected simulta-
neously is programmed into the pixels 16.

[0812] That is, current is passed through the EL elements
15 only for a period equal to M/N of one frame (one field), but
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current is not passed during the remaining period (1 F (N=1)
M/N). In this display condition, image data display and black
display (non-illumination) are repeated every 1 F. That is,
image data is displayed intermittently in the temporal sense
(intermittent display). Thus, a good display condition is
achieved without edge blur. Also, since the source signal line
18 is driven by an N times larger current, it is not affected by
parasitic capacitance. Thus, this method can accommodate
high-resolution display panels.

[0813] Incidentally, it has been stated in the above example
for ease of explanation that M pixel rows are selected simul-
taneously and that an N times larger current is outputted from
the source driver circuit 14. However, the present invention is
not limited to this. It is also possible to select M pixel rows
simultaneously and output the original current as itis from the
source driver circuit 14. In that case, the present invention is
implemented with the brightness of the display screen 50
reduced. Of course, the brightness of the screen 50 can be
increased if 2 times, 2.5 times, or 5.25 times larger current is
outputted from the source driver circuit 14.

[0814] Although it has been stated in the above example for
ease of explanation that M pixel rows are selected simulta-
neously and that each pixel 16 is illuminated for a period of
M/N, the present invention is not limited to this. It is also
possible to select M pixel rows simultaneously and output
M/10 times, M/5 times, or M/2.5 times larger current from the
source driver circuit 14. That is, the display period can be set
freely independent of N. Increasing the display period
increases the brightness of the screen 50 and decreasing the
display period decreases the brightness of the screen 50. That
is, the present invention which selects M pixel rows simulta-
neously can also control or adjust the brightness of the screen
50 easily by controlling the display period.

[0815] FIG. 21 is an explanatory diagram illustrating drive
waveforms which implement the drive method shown in FIG.
20. In the voltage waveforms of the gate signal lines 17, the
turn-off voltage is Vigh (H level) and turn-on voltage is Vgl (L
level). The subscripts to signal lines (such as (1), (2), and (3))
indicate pixel row numbers. Incidentally, a QCIF panel has
220 pixel rows and a VGA panel has 480 pixel rows.

[0816] In FIG. 21, a gate signal line 17a(1) is selected (a
Vgl voltage is applied to the gate signal line 17a of the pixel
row (1)) and a programming current flows through the source
signal line 18 in the direction from the transistor 114 in the
selected pixel row to the source driver circuit 14 (in the case
of FIG. 1). For ease of explanation, it is assumed here that the
write pixel row 51a is the (1)-th pixel row in FIG. 20.
[0817] The programming current flowing through the
source signal line 18 is N times larger than a predetermined
value (for ease of explanation, it is assumed that N=10. Of
course, since the predetermined value is a data current for use
to display images, it is not a fixed value unless in the case of
white raster display or the like. The current value to be pro-
grammed in each pixel 16 by the image data varies. It is also
assumed that five pixel rows are selected simultaneously
(M=5). Therefore, ideally the capacitor 19 of one pixel is
programmed so that a twice (N/M=10/5=2) larger current will
flow through the transistor 11a.

[0818] When the write pixel row is the (1)-th pixel row, the
gate signal lines 17a of pixel rows (1), (2), (3), (4), and (5) are
selected as shown in FIG. 21. That is, the switching transistors
114 and the transistors 11¢ in the pixel rows (1), (2), (3), (4),
and (5) are on. Also, the programming current flows through
the driver transistors 11a of pixel rows (1), (2), (3), (4), and
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(5). As can be seen from FIG. 21, in the 5th H, a turn-on
voltage is applied to the gate signal lines 17a of the pixel rows
(1),(2), (3), (4), and (5) while a turn-off voltage is applied to
the gate signal lines 175 of the pixel rows (1), (2), (3), (4), and
(5). Thus, the switching transistors 114 in the pixel rows (1),
(2), (3), (4), and (5) are off and current does not flow through
the EL elements 15 in the corresponding pixel rows. That is,
the EL elements 15 are in non-illumination mode 52.

[0819] Incidentally, it has been stated for ease of explana-
tion that when a selection voltage is applied to the gate signal
lines 17a of pixel rows (pixel rows (1), (2), (3), (4), and (5) in
the above description), a turn-off voltage is applied to the gate
signallines 17b and the transistors 11d of the pixel rows (pixel
rows (1), (2), (3), (4), and (5)) are turned off. However, as
illustrated in FIG. 20, it goes without saying that the transis-
tors 114 of pixel rows other than the selected pixel rows may
be turned off. In FIG. 20, the transistors 114 in a wide range
including the write pixel rows 51 are turned off to form a
non-display area 52. Needless to say, the non-display area
may be scattered or undivided as described with reference to
FIG. 19.

[0820] According to the present invention, in the pixel con-
figurations in FIGS. 1, 2, etc., it is important to cut off the
current paths for the EL elements 15 when finally holding the
programming current in the pixels at least in the pixel rows
being programmed with current. However, in the case of
current-mirror pixel configurations in FIG. 38, the above
items are not restrictions.

[0821] According to the present invention, it is important
that one or all of the pixel rows selected simultaneously (with
a turn-on voltage applied to the gate signal lines 17a) to write
image data are put into non-display mode. This is because
putting one or more pixel rows into display mode lowers the
resolution of displayed images.

[0822] Ideally, the transistors 11a in the five pixels deliver
a current of Twx2 each to the source signal line 18 (i.e., a
current of [x2xN=Iwx2x5=Iwx10 flows through the source
signal line 18. Thus, if a predetermined voltage Iw flows when
the N-fold pulse driving according to the present invention is
not used, a current 10 times larger than Iw flows through the
source signal line 18).

[0823] Through the above operation (drive method), the
capacitor 19 of each pixel row (1), (2), (3), (4) and (5) is
programmed with a twice larger programming current. For
ease of understanding, it is assumed hete that the transistors
11a have equal characteristics (Vt and S value).

[0824] Since five pixel rows are selected simultaneously
(K=5), five driver transistors 11a operate. That is, 10/5=2
times larger current flows through the transistor 11a per pixel.
The total programming current of the transistors 11a of the
five pixels 16 flows through the source signal line 18.

For example, if a current written into the write pixel row 51a
is Iw, a current equal to Iwx10 is passed through the source
signal line 18. The write pixel rows 515 (the pixel rows (2),
(3), (4), and (5) when the pixel row (1) is being programmed
with current) into which image data is written later than the
write pixel row (1) are auxiliary pixel rows used to increase
the amount of current delivered to the source signal line 18.
However, there is no problem because regular image data is
written into the write pixel rows 515 later (see FIG. 20. It is
assumed that 51a in FIG. 20 corresponds to the pixel row (1)
while 515 corresponds to the pixel rows (2), (3), (4), and (5)).
[0825] Thus, the four pixel rows 515 provide the same
display as the pixel row 51a during a period of 1 H. Conse-
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quently, at least the write pixel row 51a and the pixel rows 515
selected to increase current are put into non-display mode 52
(see FIG. 20(b)). Needless to say, however, in the current-
mirror pixel configuration in FIG. 38 or other pixel configu-
rations for voltage programming, the pixel row 51a may be in
display mode.

[0826] After 1 H, the gate signal line 17a(1) becomes dese-
lected and a turn-on voltage (Vgl) is applied to the gate signal
line 176 in FIG. 21. See the waveforms of the gate signal lines
in the 6th H. At the same time, the gate signal line 17a(6) is
selected (a Vgl voltage is applied) and programming current
flows through the source signal line 18 in the direction from
the transistor 11a in the selected pixel row (6) to the source
driver circuit 14, Through this operation, regularimage data is
held in the pixel row (1). That is, the programming current for
the pixel row (1) is determined definitely and a programming
current flows through the pixel row (6).

[0827] After the next 1 H. the gate signal line 17¢(2)
becomes deselected and a turn-on voltage (Vgl) is applied to
the gate signal line 175 of the pixel row (2) (see the 7th H in
FIG. 21). At the same time, the gate signal line 17a(7) is
selected (a Vgl voltage is applied) and a programming current
flows through the source signal line 18 in the direction from
the transistor 11a in the selected pixel row (7) to the source
driver circuit 14. Through this operation, regularimage data is
held in the pixel row (2). The entire screen 50 is redrawn as it
is scanned by shifting pixel rows one by one through the
above operations.

[0828] With the drive method in FIG. 20, since each pixel is
programmed with a twice larger current (voltage), ideally the
emission brightness of the EL element 15 is two times higher
(however, the figure “two” here is only according to one
example). Thus, the brightness of the display screen is twice
higher than a predetermined value. To equalize this brightness
with the predetermined brightness, an area which includes the
write pixel rows 51 and which is half as large as the display
screen 50 can be turned into a non-display area 52 as illus-
trated in F1G. 16.

[0829] As is the case with FIG. 13, when one display area
53 moves from top to bottom of the screen as shown in FIG.
20, the movement of the display area 53 is recognized visually
if a low frame rate is used. It tends to be recognized easily
especially when the user closes his/her eyes or moves his/her
head up and down. To deal with this problem, the display area
53 can be divided into a plurality of parts as illustrated in FIG.
22 (the number of divisions is K).

[0830] FIG. 23 shows voltage waveforms applied to gate
signal lines 17. FIG. 21 differs from FIG. 23 basically in the
operation of the gate signal lines 175. The gate signal line 175
is turned on and off (Vgl and Vigh) as many times as there are
screen divisions. The rest is almost the same as FIG. 21 or can
be known by analogy, and thus description thereof will be
omitted.

[0831] As described above, dividing the display area 53
reduces flickering of the screen.

[0832] Thus, a flicker-free good image display can be
achieved. Incidentally, the display area 53 may be divided
more finely. The more finely the display area 53 is divided, the
less flickering occurs. Since the EL element 15 is highly
responsive, even if it is turned on and off at intervals shorter
than 5 psec, there is no lowering of the display brightness.
[0833] With the drive method according to the present
invention, the EL element 15 can be turned on and off by
turning on and off a signal applied to the gate signal line 175.
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Thus, a clock frequency can be controlled using a low fre-
quency on the order of KHz. Also, it does not need an image
memory or the like in order to insert a black screen (insert a
non-display area 52). Thus, the drive circuit or method
according to the present invention can be implemented at low
Costs.

[0834] FIG. 24 shows a case in which two pixel rows are
selected simultaneously. It was found that on a display panel
formed by low-temperature polysilicon technology, a method
in which two pixel rows were selected simultaneously pro-
vided image display with out any problem on a practical level.
Probably this is because driver transistors 11a in adjacent
pixels had very similar characteristics. In laser annealing,
good results were obtained when laser stripes were irradiated
in parallel with the source signal line 18 (see FIG. 7 and the
explanation thereof).

[0835] This is because that part of a semiconductor film
which is annealed simultaneously has uniform characteris-
tics. That is, the semiconductor film is created uniformly
within an irradiation range of laser stripes and the Vt, mobil-
ity, and S value of the transistors which use the semiconductor
film are almost uniform. Thus, if a striped laser shot is moved
in parallel with the source signal line 18 (see F1G. 7), pixels (a
pixel column, i.e., pixels arranged vertically on the screen)
along the source signal line 18 take on almost equal charac-
teristics. Therefore, if a plurality of pixel rows are turned on
simultaneously for current programming, the current
obtained by dividing the programming current by the number
of selected pixels are programmed almost uniformly into the
pixels This makes it possible to program a current close to a
target value and achieve uniform display. Thus, it is possible
to achieve proper image display using an array board 71 built
along the direction of a laser shot and the drive method
described with reference to FIG. 24 and the like.

[0836] As described above, if the direction ofa laser shot is
made to coincide approximately with the direction of the
source signal line 18, the characteristics of the pixel transis-
tors 11a arranged vertically become almost uniform. This
makes it possible to program pixels accurately with a target
voltage, and thus achieve proper image display (even if the
characteristics of the pixel transistors 11a arranged horizon-
tally are not uniform). The above operation is performed in
sync with 1 H (one horizontal scanning period) by shifting
selected pixel rows one by one or by shifting two or more
selected pixel rows at once.

[0837] Incidentally, according to the present invention, the
direction of the laser shot does not always need to be parallel
with the direction of the source signal line 18. This is because
even if the laser shot is directed at angles to the source signal
line 18, pixel transistors 11a placed along one source signal
line 18 can be made to take on almost equal characteristics.
Thus, directing a laser shot in parallel with the source signal
line 18 means bringing a pixel vertically adjacent to an arbi-
trary pixel along the source signal line 18 into a laser irradia-
tion range. Besides, a source signal line 18 generally consti-
tutes wiring which transmits programming current or voltage
used as a video signal.

[0838] Incidentally, in the examples of the present inven-
tion a write pixel row is shifted every 1 H, but this is not
restrictive. Pixel rows may be shifted every 2 Hs. Also, more
than two pixel rows may be shifted at a time. Also, pixel rows
may be shifted at desired time intervals. The shifting interval
may be varied according to locations on the screen. For
example, the shifting interval may be decreased in the middle
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of the screen, and increased at the top and bottom of the
screen. Also, the shifting interval may be varied on a frame-
by-frame basis.

[0839] Also, itisnotstrictly necessary to select consecutive
pixel rows. For example, every second pixel row may be
selected. Specifically, a possible drive method involves
selecting the first and third pixel rows in the first horizontal
scanning period, the second and fourth pixel rows in the
second horizontal scanning period, the third and fifth pixel
rows in the third horizontal scanning period, and the fourth
and sixth pixel rows in the fourth horizontal scanning period.
[0840] Of course, a drive method which involves selecting
the first, third, and fifth pixel rows in the first horizontal
scanning period also belongs to the technical category of the
present invention. Also, one in every few pixel rows may be
selected.

[0841] Incidentally, the combination of the direction of a
laser shot and selection of multiple pixel rows is not limited to
the pixel configurations in FIGS. 1,2, 32, 63, 64, 65, etc., but,
needless to say, it is also applicable to other current-driven
pixel configurations such as the current-mirror pixel configu-
rations in FIGS. 38, 42, 50, etc. Also, it can be applied to
voltage-driven pixel configurations in FIGS. 43, 51, 54, 62,
etc. This is because as long as transistors in upper and lower
parts of the pixel have equal characteristics, voltage program-
ming can be performed properly using the voltage value
applied to the same source signal line 18.

[0842] As described above, the drive method according to
the present invention in FIG. 21 selects five pixel rows simul-
taneously. FIGS. 24 and 25 show an example of the drive
method which selects two pixel rows simultaneously. In FIG.
24, when the write pixel row is the (1)-th pixel row, the gate
signal lines 17a(1) and (2) are selected (see FIG. 25). That is,
the switching transistors 114 and the transistors 11¢ in the
pixel rows (1) and (2) are on. Also, when a turn-on voltage is
applied to the gate signal lines 17a, a turn-off voltage is
applied to the gate signal lines 175.

[0843] Thus, inthe 1stand 2nd Hs, the switching transistors
11d in the pixel rows (1) and (2) are off and current does not
flow through the EL elements 15 in the corresponding pixel
rows. That is, the EL elements 15 are in non-illumination
mode 52. Incidentally, in FIG. 24, the display area 53 is
divided into five parts to reduce flickering.

[0844] Ideally, the transistors 11a in the two pixel rows
deliver a current of Iwx5 each to the source signal line 18
(when N=10. Since K=2, a current of TwxKx5=Iwx10 flows
through the source signal line 18). Then, a 5 times larger
current is programmed to the capacitor 19 of each pixel 16
and held.

[0845] Since two pixel rows are selected simultaneously
(K=2), two driver transistors 11a operate. That is, 10/2=5
times larger current flows through the transistor 11a per pixel.
The total programming current of the two transistors 11a
flows through the source signal line 18.

[0846] For example, if the current written into the write
pixel row 51« is 1d, a current of Iwx10 is passed through the
source signal line 18. There is no problem because regular
image data is written into the write pixel row 515 later. The
pixel row 515 provides the same display as the pixel row 51a
during a period of 1 H. Consequently, at least the write pixel
row 51a and the pixel row 515 selected to increase current are
in non-display mode 52.

[0847] After the next 1 H, the gate signal line 17a(1)
becomes deselected and a turn-on voltage (Vgl) is applied to
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the gate signal line 175. At the same time, the gate signal line
17a(3) is selected (Vgl voltage) and a programming current
flows through the source signal line 18 in the direction from
the transistor 11a in the selected pixel row (3) to the source
driver circuit 14. Through this operation, regular image data is
held in the pixel row (1).

[0848] After the next 1 H, the gate signal line 17a(2)
becomes deselected and a turn-on voltage (Vgl) is applied to
the gate signal line 17b. At the same time, the gate signal line
17a(4) is selected (Vgl voltage) and a programming current
flows through the source signal line 18 in the direction from
the transistor 11a in the selected pixel row (4) to the source
driver circuit 14. Through this operation, regular image data is
held in the pixel row (2). The entire screen is redrawn as it is
scanned by shifting pixel rows one by one through the above
operations (of course, two or more pixel rows may be shifted
simultaneously. For example, in the case of pseudo-interlaced
driving, two pixel rows will be shifted at a time. Also, from the
viewpoint of image display, the same image may be written
into two or more pixel rows).

[0849] As in the case of FIG. 16, with the drive method in
FIG. 24, since each pixel is programmed with a five times
larger current (voltage), ideally the emission brightness of the
EL element 15 is five times higher. Thus, the brightness of the
display area 53 is five times higher than a predetermined
value. To equalize this brightness with the predetermined
brightness, an area which includes the write pixel rows 51 and
which is ' the display screen 50 can be turned into a non-
display area 52.

[0850] As shown in FIG. 27, two write pixel rows 51 (51a
and 51b) are selected in sequence from the upper side to the
lower side of the screen 50 (see also FIG. 26. Pixel rows 16a
and 165 are selected in FIG. 26). However, at the bottom of
the screen, there does not exist 514 although the write pixel
row 5la exists. That is, there is only one pixel row to be
selected. Thus, the current applied to the source signal line 18
1s all written into the write pixel row 51a. Consequently, twice
as large a current as usual is written into the write pixel row
Sla.

[0851] To deal with this problem, the present invention
forms (places) a dummy pixel row 281 at the bottom of the
screen 50, as shown in FIG. 27(5). Thus, after the pixel row at
the bottom of the screen 50 is selected, the final pixel row of
the screen 50 and the dummy pixel row 281 are selected.
Consequently, a prescribed current is written into the write
pixel row in FIG. 27(5). Incidentally, although the dummy
pixel row 281 is illustrated as being adjacent to the top end or
bottom end of the display area 50, this is not restrictive. It may
be formed at a location away from the display area 50.
Besides, the dummy pixel row 281 does not need to contain a
switching transistor 114 or EL, element 15 such as those
shown in FIG. 1. This reduces the size of the dummy pixel row
281, which results in shortening the frame length of the panel.
[0852] FIG. 28 shows a mechanism of how the state shown
in FIG. 27(b) takes place. As can be seen from FIG. 28, after
the pixel 16¢ at the bottom of the screen 50 is selected, the
final pixel row 281 of the screen 50 is selected. The dummy
pixel row 281 is placed outside the display area 50. That is, the
dummy pixel row 281 does not illuminate, is not illuminated,
or is hidden even if illuminated. For example, contact holes
between the pixel electrode and transistor 11 are eliminated,
no EL element 15 is formed on the dummy pixel row, or the
like. An EL element 15, transistor 114, and gate signal line
175 are illustrated in the dummy pixel row 281 in FIG. 28, but
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they are not necessary for driving. No EL element 15, tran-
sistor 11d, or gate signal line 175 is formed in a dummy pixel
row 281 of a display panel actually developed according to
the present invention. However, it is preferable to form a pixel
electrode. This is to provide against a situation in which there
would be a difference in parasitic capacitance between the
dummy pixel and other pixels 16, resulting in a difference in
retained programming current.

[0853] Although it has been stated with reference to FIG.
27 that the dummy pixel (row) 281 is provided (formed or
placed) at the bottom of the screen 50, this is not restrictive.
For example, the screen is scanned from bottom to top as
shown in FIG. 29(a). In the case of inverse scanning, a
dummy pixel row 281 should also be formed at the top of the
screen 50 as shown in FIG. 29(b). That is, dummy pixel rows
281 are formed (placed) both at the top and bottom of the
screen 50. This configuration accommodates inverse scan-
ning of the screen as well.

[0854] Two pixel rows are selected simultaneously in the
exampledescribed above. The present invention is not limited
to this. For example, five pixel rows may be selected simul-
taneously (see FIG. 23). When five pixel rows are selected
simultaneously, four dummy pixel rows 281 should be
formed. FI1G. 134 is an explanatory diagram illustrating an
example. FIG. 134 is an explanatory diagram illustrating a
configuration of a lower part of the screen 50. This example
relates to simultaneous writing of five pixel rows. Four
dummy pixel rows 281 have been formed or placed. The
dummy pixel rows 281 donot contain an EL element 15 or the
like. The dummy pixel rows 281 contain only pixel transistors
(transistors 11a, 115, and 11¢), capacitors 19, and other com-
ponents which pass programming current. Of course, it goes
without saying that gate signal lines 175, EL elements 15, and
the like may be formed.

[0855] Inview ofthe above, the required number of dummy
pixel rows 281 equals the number M of pixel rows selected
simultaneously minus 1. For example, if five pixel rows are
selected simultaneously, required number of dummy pixel
rows is 5-1=4. If ten pixel rows are selected simultaneously,
required number of dummy pixel rows is 10-1=9.

[0856] FIG. 135 is an explanatory diagram illustrating
placement locations of dummy pixel rows in the case where
the dummy pixel rows 281 are formed. Basically, assuming
inversion driving, dummy pixel rows 281 are placed at the top
and bottom of the screen 50.

[0857] FIG. 135(a) shows formation locations of dummy
pixel rows 281 for driving with simultaneous selection of two
pixel rows (M=2). FIG. 135(b) shows formation locations of
dummy pixel rows 281 for driving with simultaneous selec-
tion of three pixel rows (M=3). FIG. 135(c) shows formation
locations of dummy pixel rows 281 for driving with simulta-
neous selection of four pixel rows (M=4). FIG. 135(d) shows
formation locations of dummy pixel rows 281 for driving with
simultaneous selection of five pixel rows (M=5). Incidentally,
if four dummy pixel rows 281 are selected as shown in FIG.
135, driving with simultaneous selection of two to five pixel
rows is available.

[0858] In the above example of a drive method, different
image data is held for each pixel row. Needless to say, the
required number of pixel rows is doubled if the same image
data is held in two pixel rows. That is, if two pixel rows are
selected at a time to scan, twice as many dummy pixel rows
are required. Thus, the required number of dummy pixel rows
is given by the number M of pixel rows selected simulta-

Nov. 4, 2010

neously minus 1, all multiplied by the number of pixel rows
into which the same image data is written.

[0859] In the above example of a drive method, adjacent
pixel rows are selected simultaneously. However, the drive
system according to the present invention is not limited to
this.

[0860] FIGS. 136 and 137 show an example of another
drive method (drive system) according to the present inven-
tion. FIG. 136 shows an example of the drive method which
involves simultaneous selection of two pixel rows. In FIG.
136, a dummy pixel row 281 is formed at the bottom of the
screen 50 as in the case of FIG. 135.

[0861] Inadrive method whichinvolves selecting two pixel
rows simultaneously, the dummy pixel row 281 formed at the
bottom must always be selected. That is, the transistors 115
and 11¢ of the dummy pixel row 281 which select the dummy
pixel row 281 always remain on.

[0862] FIG. 136(a) shows a state in which the top of the
screen 50 is scanned (programmed with current). FIG. 136(5)
shows a state in which the center of the screen 50 is scanned
(programmed with current). FIG. 136(c) shows a state in
which the bottom of the screen 50 is scanned (programmed
with current). In any of the above cases, the dummy pixel row
281 is selected together. Thus, two pixel rows—the dummy
pixel row 281 and the pixel row to be programmed with
current—are selected simultaneously and an image is written
into them.

[0863] With the drive method in FIG. 136, pixel rows in the
display area 50 are selected one by one together with the
dummy pixel row 281 at a fixed location. Then, currents from
the dummy pixel row 281 and selected pixel row are supplied
to the source driver IC (circuit) 14 (see FIG. 137). If FIG.
137(a) shows a driving state at a certain time point, FIG.
137(b) shows state one horizontal scanning period later.

[0864] Incidentally, in FIG. 136, the dummy pixel row 281
delivers the same current as the pixel rows 51 selected one
after another to the source signal line 18. However, the present
invention is not limited to this. The dummy pixel row 281 may
deliver a larger current than the pixel rows 51 selected one
after another. For example, it may deliver 2 times or 3.5 times
larger current.

[0865] The magnification of the current delivered by the
dummy pixel row 281 to the source signal line 18 can be set
by specifying the channel width W and channel length L of
the driver transistor 11a of the dummy pixel row 281 in
design. Increasing W increases the drive current passed
through the source signal line 18 and decreasing W decreases
the drive current passed through the source signal line 18.
Thus, if W/L of the driver transistor 11a of the dummy pixel
row 281 is made larger than W/L of the driver transistor 11a
of the pixel 16 in the display area 50, the drive current of the
dummy pixel row 281 can be made larger than the drive
current of the display area 50. Needless to say, it is preferable
to make the drive current of the dummy pixel row 281 larger.
[0866] Incidentally, although with the drive method in FIG.
136, the pixel rows to be programmed with current are
selected one by one, the present invention is not limited to
this. For example, two or more pixel rows may be selected
simultaneously as illustrated in FIG. 24.

[0867] With the pixel configuration in FIG. 136, since the
dummy pixel row 281 is always selected, variations in the
dummy pixel row 281 can be reduced, resulting in uniform
image display. Incidentally, when reversing the scan direction
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of images, preferably a dummy pixel row 281 is formed at the
top of the screen 50 in FIG. 136.

[0868] In the above example, scanning begins with the
same pixel row number in every field or frame. NTSC and the
like supports interlaced driving. In interlaced driving, one
frame consists of two fields and odd-numbered pixel rows are
scanned in the first field and even-numbered pixel rows are
scanned in the second field.

[0869] In an example in FIG. 133, FIG. 133(a) shows a
method of driving the first field and FIG. 133(5) shows a
method of driving the second field. The drive method here
employs driving with simultaneous selection of two pixel
rows described with reference to FIG. 24.

[0870] In the first field, two pixel rows are selected simul-
taneously beginning with the first pixel row and subsequent
pixel rows are selected by shifting position. This process is
similar to the one described with reference to FIG. 24 and the
like, and thus detailed description thereof will be unneces-
sary.

[0871] In the second field, two pixel rows are selected
simultaneously beginning with the second pixel row and sub-
sequent pixel rows are selected by shifting position. The point
is that the scanning begins with the second pixel row rather
than the first pixel row. With interlaced driving, odd-num-
bered pixel rows are scanned in the first field and even-
numbered pixel rows are scanned in the second field. That is,
the start position of scanning differs between the first field and
second field. Needless to say, a dummy pixel row 281 such as
the one described with reference to FIG. 134 and the like may
be formed.

[0872] Thedrive method according to the present invention
is not limited to simultaneous selection of multiple pixel
rows. For example, the speed of writing into pixel rows may
be doubled. That is, pixel rows are selected one by one and
images on the selected pixel rows are rewritten (see FIG. 13).
The same image data is written into adjacent pixel rows. For
example, in the first field, the same image is written into the
first and second pixel rows. Similarly, the same image is
written into the third and fourth pixel rows and the same
image is written into the fifth and sixth pixel rows. The above
operation is repeated until the 479th and 480th pixel rows to
finish writing images into the first field.

[0873] In the second field, the same image is written into
the second and third pixel rows. Similarly, the same image is
written into the fourth and fifth pixel rows and the same image
is written into the sixth and seventh pixel rows. The above
operation is repeated until the 478th and 479th pixel rows or
the 480th and 481st pixel rows to finish writing images into
the second field.

[0874] The simultaneous selection of multiple pixel rows is
not limited to simultaneous selection of two pixel rows. Need-
less to say, for example, odd-numbered pixel rows (1,3, 5, 7,
9,...,479) may be scanned in the first field and even-
numbered pixel rows (2,4, 6, 8, 10, . .., 480) may be scanned
in the second field. The even-numbered pixel rows in the first
field may be either non-illuminated or scanned in sequence as
non-display areas 52, as illustrated in FIG. 24. Also, the
odd-numbered pixel rows in the second field may be either
non-illuminated or scanned in sequence as non-display areas
52, as illustrated in FIG. 24.

[0875] In FIGS. 15 and 21 and the like, pixel rows are
selected one by one, being shifted by one pixel row in sync
with a horizontal synchronization signal. However, the
present invention is not limited to this and it goes without
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saying that pixel rows may be selected being shifted by two or
more pixel rows. The dummy pixel row configuration or
dummy pixel row driving according to the present invention
uses one or more dummy pixel rows. Of course, it is prefer-
able to use the dummy pixel row driving and N-fold pulse
driving in combination.

[0876] Now, interlaced driving according to the present
invention will be described below in more detail. FIG. 127
shows a configuration of the display panel according to the
present invention which performs the interlaced driving. In
FIG. 127, the gate signal lines 17a of odd-numbered pixel
rows are connected to a gate driver circuit 12a1. The gate
signal lines 17a of even-numbered pixel rows are connected
to a gate driver circuit 12¢2. On the other hand, the gate signal
lines 175 of the odd-numbered pixel rows are connected to a
gate driver circuit 1251. The gate signal lines 176 of the
even-numbered pixel rows are connected to a gate driver
circuit 1262.

[0877] Thus, through operation (control) of the gate driver
circuit 1241, image data in the odd-numbered pixel rows are
rewritten in sequence. In the odd-numbered pixel rows, illu-
mination and non-illumination of the EL elements are con-
trolled through operation (control) of the gate driver circuit
1251. Also, through operation (control) of the gate driver
circuit 1242, image data in the even-numbered pixel rows are
rewritten in sequence. In the even-numbered pixel rows, illu-
mination and non-illumination of the EL elements are con-
trolled through operation (control) of the gate driver circuit
1252.

[0878] FIG. 128(a) shows operating state in the first field of
the display panel. FIG. 128(b) shows operating state in the
second field of the display panel. In FIG. 128, the oblique
hatching which marks the gate driver circuits 12 indicates that
the gate driver circuits 12 are not taking part in data scanning
operation. Specifically, in the first field in FIG. 128(a), the
gate driver circuit 12a1 is operating for write control of pro-
gramming current and the gate driver circuit 1252 is operating
for illumination control of the EL elements 15. In the second
field in FIG. 128(b), the gate driver circuit 1242 is operating
for write control of programming current and the gate driver
circuit 1251 is operating for illumination control of the EL
elements 15. The above operations are repeated within the
frame.

[0879] FIG. 129 shows image display status in the first
field. FIG. 129(a) illustrates write pixel rows (locations of
odd-numbered pixel rows programmed with current (volt-
age)). The location of the write pixel row is shifted in
sequence: FIG. 129(al)—(a2)—(a3). In the first field, odd-
numbered pixel rows are rewritten in sequence (image data in
the even-numbered pixel rows are retained). FIG. 129()
illustrates display status of odd-numbered pixel rows. Inci-
dentally, FIG. 129(b) illustrates only odd-numbered pixel
rows. Even-numbered pixel rows are illustrated in FIG. 129
(¢). As can be seen from FIG. 129(b), the EL elements 15 of
the pixels in the odd-numbered pixel rows are non-illumi-
nated. On the other hand, the even-numbered pixel rows are
scanned in both display area 53 and non-display area 52 as
shown in FIG. 129(c) (N-fold pulse driving).

[0880] FIG. 130 shows image display status in the second
field. FIG. 130(a) illustrates write pixel rows (locations of
odd-numbered pixel rows programmed with current (volt-
age)). The location of the write pixel row is shifted in
sequence: FIG. 130(al)—(a2)—(a3). In the second field,
even-numbered pixel rows are rewritten in sequence (image
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data in the odd-numbered pixel rows are retained). FIG. 130
(b) illustrates display status of odd-numbered pixel rows.
Incidentally, FIG. 130(b) illustrates only odd-numbered pixel
rows. Even-numbered pixel rows are illustrated in FIG. 130
(¢). As can be seen from FIG. 130(b), the EL elements 15 of
the pixels in the even-numbered pixel rows are non-illumi-
nated. On the other hand, the odd-numbered pixel rows are
scanned in both display area 53 and non-display area 52 as
shown in FIG. 130(c) (N-fold pulse driving).

[0881] In this way, interlaced driving can be implemented
easily on an EL display panel. Also, N-fold pulse driving
eliminates shortages of write current and blurred moving
pictures. Besides, current (voltage) programming and illumi-
nation of EL elements 15 can be controlled easily and circuits
can be implemented easily.

[0882] Incidentally, the drive method according to the
present invention is not limited to those shown in FIGS. 129
and 130. For example, a drive method shown in FIG. 131 is
also available. In FIGS. 129 and 130, the odd-numbered pixel
rows or even-numbered pixel rows being programmed with
current (voltage) belong to a non-display area 52 (non-illu-
mination or black display). The example in FIG. 131 involves
synchronizing the gate driver circuits 1251 and 1252 which
control illumination of the EL elements 15. Needless to say,
however, the write pixel row 51 being programmed with
current (voltage) belongs to a non-display area (there is no
need for this in the case of the current-mirror pixel configu-
ration in FIG. 38). In FIG. 131, since illumination control is
common to the odd-numbered pixel rows and even-numbered
pixel rows, there is no need to provide two gate driver circuits
1251 and 1252. One gate driver circuit 125 alone can perform
illumination control.

[0883] The drive method in FIG. 131 uses the same illumi-
nation control for both odd-numbered pixel rows and even-
numbered pixel rows. However, the present invention is not
limited to this. FIG. 132 shows an example in which illumi-
nation control is varied between odd-numbered pixel rows
and even-numbered pixel rows. In FIG. 132, in particular, the
illumination mode (display area 53 and non-display area 52)
of odd-numbered pixel rows and illumination mode of even-
numbered pixel rows have opposite patterns. Thus, the dis-
play area 53 and non-display area 52 have the same size.
Of course, this is not restrictive.

[0884] In the above example, pixel rows are programmed
with current (voltage) one by one. However, the drive method
according to the present invention is not limited to this. Need-
less to say, two pixel rows (a plurality of pixel rows) may be
programmed with current (voltage) simultaneously as shown
in FIG. 133. Also, in FIGS. 130 and 129, it is not strictly
necessary that all the pixel rows in the odd-numbered pixel
rows or even-numbered pixel rows should be non-illumi-
nated. Needless to say, the pixel rows may be driven as shown
in FIG. 66 and the like.

[0885] Inthe drive method which selects two or more pixel
rows at a time, the larger the number of pixel rows selected
simultaneously, the more difficult it becomes to absorb varia-
tions in the characteristics of the transistors 11a. However, the
current programmed into one pixel increases with decreases
in the number of pixel rows selected, resulting in a large
current flowing through the EL element 15, which in turn
makes the EL element 15 prone to degradation.

[0886] FIG. 30 shows how to solve this problem. The basic
concept behind FIG. 30 is to use a method of selecting a
plurality of pixel rows simultaneously during 2 H (Y2 of a
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horizontal scanning period) as described with reference to
FIGS. 22 and 29 and to use a method of selecting one pixel
row in the latter Y2 H (%5 of the horizontal scanning period) as
described with reference to FIGS. 5 and 13. This combination
makes it possible to absorb variations in the characteristics of
the transistors 11a and achieve high speed and uniform sur-
faces.

[0887] Referring to FIG. 30, for ease of understanding, it is
assumed that five pixel rows are selected simultaneously in
the first period and that one pixel row is selected in the second
period. First, as shown in FIG. 30(al), in the first period (first
14 H), five pixel rows are selected simultaneously. This opera-
tion has been described with reference to FIG. 22, and thus
description thereof will be omitted. As an example, it is
assumed that the current passed through the source signal line
18 is 25 times as large as a predetermined value. Thus, the
transistor 11a in the pixel 16 (in the pixel configuration in
FIG. 1) is programmed with a five times larger current (25/5
pixel rows=5). Since the current is 25 times larger, the para-
sitic capacitance generated in the source signal line 18 and the
like is charged and discharged in an extremely short period.
Consequently, the potential of the source signal line 18
reaches a target potential in a short period of time and the
terminal voltage of the capacitor 19 of each pixel 16 is pro-
grammed to pass a 25 times larger current. The 25 times larger
current is applied in the first /2 H (V2 of the horizontal scan-
ning period).

[0888] Naturally, since the same image data is written into
the five write pixel rows, the transistors 114 in the five write
pixel rows are turned off in order not to display the image.
Thus, the display condition is as shown in FIG. 30(a2).
[0889] In the next '~ H period, one pixel is selected for
current (voltage) programming. The condition is as shown in
FIG. 30(b1). Current (voltage) programming is performed so
as to pass a five times larger current through the write pixel
row 51a as in the first period. Equal current is passed in FIG.
30(al) and F1G. 30(51) to reach a target current more quickly
by decreasing the changes in the terminal voltage of the
programmed capacitor 19.

[0890] Specifically, in FIG. 30(al), current is passed
through a plurality of pixels, approaching an approximate
target value quickly. In this first stage, since a plurality of
transistors 11a are programmed, variations in the transistors
cause error with respect to the target value. In the second
stage, only a pixel row whete data will be written and held is
selected and complete programming is performed by chang-
ing the value of current from the approximate target value to
a predetermined target value.

[0891] Incidentally, scanning of the non-illuminated area
52 from top to bottom of the screen and scanning of the write
pixel rows 51a from top to bottom of the screen are performed
in the same manner as in examples in FIG. 13 and the like, and
thus description thereof will be omitted.

[0892] FIG. 31 shows drive waveforms used to implement
the drive method shown in FIG. 30. As can be seen from FIG.
31, 1 H (one horizontal scanning period) consists of two
phases. An ISEL signal is used to switch between the two
phases. The ISEL signal is illustrated in FI1G. 31.

[0893] First, the ISEL signal will be described. The driver
circuit 14 which performs operations shown in FIG. 30 com-
prises a current output circuit A and current output circuit B.
Each of the current output circuits consists of a D/A circuit
which converts 8-bit gradation data from digital to analog, an
operation amplifier, etc. In the example in FIG. 30, the current
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output circuit A is configured to output 25 times larger cur-
rent. On the other hand, the current output circuit B is con-
figured to output 5 times larger current. Outputs from the
current output circuit A and current output circuit B are con-
trolled by a switch circuit formed (placed) in a current output
section through the ISEL signals and are applied to the source
signal line 18. Such current output circuits are placed on each
source signal line 18.

[0894] When the ISEL signal is low, the current output
circuit A which outputs 25 times larger current is selected and
current from the source signal line 18 is absorbed by the
source driver IC 14 (more precisely, the current is absorbed by
the current output circuit A formed in the source driver IC 14).
The magnification (such as x25 or x5) of the current from the
current output circuits can be adjusted easily using a plurality
of resisters and an analog switch.

[0895] Asshown in FIG. 30, when the write pixel row is the
(1)-th pixel row (see the 1H column in FIG. 31), the gate
signal lines 17a(1), (2), (3). (4), and (5) are selected (in the
case of configuration shown in FIG. 1). That is, the switching
transistors 115 and the transistors 11¢ in the pixel rows (1),
(2), (3), 4), and (5) are on. Besides, since ISEL is low, the
current output circuit A which outputs 25 times larger current
is selected and connected to the source signal line 18. Also, a
turn-off voltage (Vigh) is applied to the gate signal line 175.
Thus, the switching transistors 11d in the pixel rows (1), (2),
(3), (4), and (5) are off and current does not flow through the
EL elements 15 in the corresponding pixel rows. That is, the
EL elements 15 are in non-illumination mode 52.

[0896] Ideally, the transistors 11a in the five pixels deliver
a current of Iwx2 each to the source signal line 18. Then, the
capacitor 19 of each pixel 16 is programmed with a five times
larger current. For ease of understanding, it is assumed here
that the transistors have equal characteristics (Vtand S value).
[0897] Since five pixel rows are selected simultaneously
(K=95), five driver transistors 11a operate. That is, 25/5=5
times larger current flows through the transistor 11a per pixel.
The total programming current of the five transistors 11a
flows through the source signal line 18. For example, if the
current written into the write pixel row 51a by a conventional
drive method is Iw, a current of Iwx25 is passed through the
source signal line 18. The write pixel rows 515 into which
image data is written later than the write pixel row (1) are
auxiliary pixel rows used to increase the amount of current
delivered to the source signal line 18. However, there is no
problem because regular image data is written into the write
pixel rows 515 later.

[0898] Thus, the pixel rows 515 provide the same display as
the pixel row 51a during a period of 1 H. Consequently, at
least the write pixel row 51a and the pixel rows 515 selected
to increase current are in non-display mode 52.

[0899] Inthe next %2 H period (%2 ofthe horizontal scanning
period), only the write pixel row 51a is selected. That is, only
the (1)-th pixel row is selected. As can be seen from FIG. 31,
a turn-on voltage (Vgl) is applied only to the gate signal line
17a(1) and a turn-off voltage (Vigh) is applied to the gate
signal lines 17a(2), (3), (4), and (5). Thus, the transistor 11a
in the pixel row (1) is in operation (supplying current to the
source signal line 18), but the switching transistors 115 and
the transistors 11c in the pixel rows (2). (3), (4), and (5) are
off. That is, they are non-selected. Besides, since ISEL is
high, the current output circuit B which outputs 5 times larger
current is selected and connected to the source signal line 18.
Also, a turn-off voltage (Vigh) is applied to the gate signal line
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17b, which is in the same state as during the first ¥ H. Thus,
the switching transistors 11dinthe pixel rows (1), (2), (3), (4),
and (5) are off and current does not flow through the EL
elements 15 in the corresponding pixel rows. That is, the EL
elements 15 are in non-illumination mode 52.

[0900] Thus, each transistor 11a in the pixel row (1) deliver
a current of Iwx5 to the source signal line 18. Then, the
capacitor 19 in pixel row (1) is programmed with a 5 times
larger current.

[0901] In the next horizontal scanning period, the write
pixel row shifts by one. That is, the pixel row (2) becomes the
current write pixel row. During the first 142 H period, when the
write pixel row is the (2)-th pixel row, the gate signal lines
17a(2), (3), (4), and (5) and (6) are selected. That is, the
switching transistors 116 and the transistors 11¢ in the pixel
rows (2), (3), (4), (5), and (6) are on. Besides, since ISEL is
low, the current output circuit A which outputs 25 times larger
current is selected and connected to the source signal line 18.
Also, a turn-off voltage (Vgh) is applied to the gate signal line
1756. Thus, the switching transistors 114 in the pixel rows (2),
(3), (@), (5), and (6) are off and current does not flow through
the EL elements 15 in the corresponding pixel rows. That is,
the EL elements 15 are in non-illumination mode 52. On the
other hand, since Vgl voltage is applied to the gate signal line
1756(1) of the pixel row (1), the transistor 11dis onand the EL
element 15 in the pixel row (1) illuminates.

[0902] Since five pixel rows are selected simultaneously
(K=5), five driver transistors 11a operate. That is, 25/5=5
times larger current flows through the transistor 11a per pixel.
The total programming current of the five transistors 11a
flows through the source signal line 18.

[0903] Inthenext ' H period (%2 ofthe horizontal scanning
period), only the write pixel row 51a is selected. That is, only
the (2)-th pixel row is selected. As can be seen from FIG. 31,
a turn-on voltage (Vel) is applied only to the gate signal line
17a(2) and a turn-off voltage (Vgh) is applied to the gate
signal lines 17a (3), (4), (5), and (6). Thus, the transistors 11a
in the pixel rows (1) and (2) are in operation (the pixel row (1)
supplies current to the EL element 15 and the pixel row (2)
supplies current to the source signal line 18), but the switch-
ing transistors 115 and the transistors 11¢ in the pixel rows
(3), (4), (5), and (6) are off. That is, they are non-selected.
Besides, since ISEL is high, the current output circuit B which
outputs 5 times larger current is selected and the current
output circuit B is connected to the source signal line 18. Also,
a turn-off voltage (Vgh) is applied to the gate signal line 175,
which is in the same state as during the first %2 H. Thus, the
switching transistors 11d in the pixel rows (2), (3), (4), (5),
and (6) are off and current does not flow through the EL
elements 15 in the corresponding pixel rows. That is, the EL
elements 15 are in non-illumination mode 52.

[0904] Thus, each transistor 11a in the pixel row (1) deliver
a current of Iwx5 to the source signal line 18. Then, the
capacitor 19 in pixel row (1) is programmed with a 5 times
larger current. The entire screen is drawn as the above opera-
tions are performed in sequence.

[0905] The drive method described with reference to FIG.
30 selects G pixel rows (G is 2 or larger) in the first period and
does programming in such a way as to pass N times larger
current through each pixel row. In the second period, the drive
method selects B pixel rows (B is smaller than G, but not
smaller than 1) and does programming in such a way as to
pass an N times larger current through the pixels.
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[0906] Another scheme is also available. It selects G pixel
rows (G is 2 or larger) in the first period and does program-
ming in such a way that the total current in all the pixel rows
will be an N times larger current. In the second period, this
scheme selects B pixel rows (B is smaller than G, but not
smaller than 1) and does programming in such a way that the
total current in the selected pixel rows (the current in the one
pixel row ifone pixel row is selected) will be an N times larger
current. For example, in FIG. 30(al), five pixel rows are
selected simultaneously and a twice larger current is passed
through the transistor 11a in each pixel. Thus, 5x2=10 times
larger current flows through the source signal line 18. In the
second period, one pixel row is selected in FIG. 30(21). A 10
times larger current is passed through the transistor 11¢ in this
pixel.

[0907] Incidentally, although a plurality of pixel rows are
selected simultaneously in a period of ¥ H and a single pixel
row 1is selected in a period of ¥4 H in FIG. 31, this is not
restrictive. A plurality of pixel rows may be selected simul-
taneously in a period of ¥4 H and a single pixel row may be
selected in a period of ¥ H. Also, the sum of the period in
which a plurality of pixel rows are selected simultaneously
and the period in which a single pixel row is selected is not
limited to 1H. For example, the total period may be 2Hs or 1.5
Hs.

[0908] InFIG. 30, itis also possible to select two pixel rows
simultaneously in the second period after selecting five pixel
rows simultaneously in the first %2 H. This can also achieve a
practically acceptable image display.

[0909] In FIG. 30, pixel rows are selected in two stages—
five pixel rows are selected simultaneously in the first 12 H
period and a single pixel row is selected in the second Y2 H
period, but this is not restrictive. For example, it is also pos-
sible to select five pixel rows simultaneously in the first stage,
select two of the five pixel rows in the second stage, and
finally select one pixel row in the third stage. In short, image
data may be written into pixel rows in two or more stages.
[0910] In the example described above, pixel rows are
selected one by one and programmed with current, or two or
more pixel rows are selected at a time and programmed with
current. However, the present invention is not limited to this.
It is also possible to use a combination of the two methods
according to image data: the method of selecting pixel rows
one by one and programming them with current and the
method of selecting two or more pixel rows at a time and
programming them with current.

[0911] FIG. 126 combines a drive system which selects
pixel rows one by one and a drive method which selects
multiple pixel rows one by one. In the case where multiple
pixel rows are selected at a time, it is assumed for ease of
understanding that two pixel rows are selected simulta-
neously as illustrated in FIG. 126(¢2). Thus, one dummy
pixel row 281 each is formed at the top and bottom of the
screen. The drive system which selects pixel rows one by one
does not need to use dummy pixel rows.

[0912] Incidentally, for ease ofunderstanding, itis assumed
that the source driver IC 14 in FIG. 126(a1) (one pixel row is
selected) and FIG. 126(a2) (two pixel rows are selected)
output equal currents. Thus, the drive system which selects
two pixel rows at a time as shown in FIG. 126(a2) provides
half the screen brightness compared to the drive system which
selects pixel rows one by one as shown in FIG. 126(al). To
provide equal screen brightness, the duty ratio in FIG. 126
(a2) can be doubled (e.g., if the duty ratio in FIG. 126(al) is
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1/2, the duty ratio in FIG. 126(a2) can be set to 1/1=1/2x2).
Also, the magnitude of the reference current inputted in the
source driver IC 14 can be varied twice as much. Alterna-
tively, the programming current can be doubled.

[0913] FIG. 126(al) shows a typical drive method accord-
ing to the present invention. If input video signals are non-
interlaced (progressive) signals, the drive system in FIG.
126(al) is used. If input video signals are interlaced signals,
the drive system in FIG. 126(a2) is used. Also, if video signals
have low image resolution, the drive system in FIG. 126(a2)
is used. It is also possible to use the drive method in FIG.
126(a2) for moving pictures and the drive method in FIG.
126(al) for still pictures. The drive method in FIG. 126(al)
and drive method in FIG. 126(a2) can be switched easily by
controlling the start pulse supplied to the gate driver circuit
12.

[0914] A problem is that the drive system which selects two
pixel rows at a time as shown in FIG. 126(a2) provides half
the screen brightness compared to the drive system which
selects pixel rows one by one (FIG. 126(al)). To provide
equal screen brightness, the duty ratio in FIG. 126(a2) can be
doubled (e.g., if the duty ratio in FIG. 126(a1) is 1/2, the duty
ratio in FIG. 126(a2) can be set to 1/1=1/2x2). That is, the
proportions of the non-display area 52 and display area 53 in
FIG. 126(b) can be varied.

[0915] The proportions of the non-display area 52 and dis-
play area 53 can be varied easily by controlling the start pulse
supplied to the gate driver circuit 12. That is, the drive mode
in FIG. 126(5) can be varied according the display mode in
FIGS. 126(a1) and 126(a2).

[0916] Incidentally, FIG. 126(a2) shows a drive method
which drives two pixels at a time sequentially. However, there
is no need to select adjacent pixel rows and two nonadjacent
pixel rows may be selected for sequential scanning as shown
in FIG. 123.

[0917] The N-fold pulse driving method according to the
present invention mentioned above uses the same waveform
for the gate signal lines 175 of different pixel rows and applies
current by shifting the pixel rows at 1 H intervals. The use of
such scanning makes it possible to shift illuminating pixel
rows in sequence with the illumination duration of the EL
elements 15 fixed to 1F/N. It is easy to shift pixel rows in this
way while using the same waveform for the gate signal lines
176 of the pixel rows. It can be done by simply controlling
data ST1 and ST2 applied to the shift register circuits 61a and
615 in FIG. 6. For example, if Vgl is output to the gate signal
line 175 when input ST1 is low and Vgh is output to the gate
signal line 175 when input ST1 is high, ST2 applied to the
shift register circuit 615 can be set low for a period of 1F/N
and set high for the remaining period. Then, inputted ST2 can
be shifted using a clock CLK2 synchronized with 1 H.

[0918] Incidentally, the EL elements 15 must be turned on
and off at intervals of 0.5 msec or longer. Short intervals will
lead to insufficient black display due to persistence of vision,
resulting in blurred images and making it look as if the reso-
lution has lowered. This also represents a display state of a
data holding display. However, increasing the on/off intervals
to 100 msec will cause flickering. Thus, the on/off intervals of
the EL elements must be not shorter than 0.5 msec and not
longer than 100 msec. More preferably, the on/off intervals
should be from 2 msec to 30 msec (both inclusive). Even more
preferably, the on/off intervals should be from 3 msec to 20
msec (both inclusive).
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[0919] As also described above, an undivided black screen
152 achieves good movie display, but makes flickering of the
screen more noticeable. Thus, it is desirable to divide the
black insert into multiple parts. However, too many divisions
will cause moving pictures to blur. The number of divisions
should be from 1 to 8 (both inclusive). More preferably, it
should be from 1 to 5 (both inclusive).

[0920] Incidentally, it is preferable that the number of divi-
sions of'a black screen can be varied between still pictures and
moving pictures. When N=4, 75% is occupied by a black
screen (non-display area 52) and 25% is occupied by image
display (display area 53). When the number of divisions is 1,
astrip of black display (non-display area 52) which makes up
75% is scanned vertically. When the number of divisions is 3,
three blocks are scanned, where each block consists of ablack
screen which makes up 25% and a display screen which
makes up 25/3 percent. The number of divisions is increased
for still pictures and decreased for moving pictures. The
switching can be done either automatically according to input
images (detection of moving pictures) or manually by the
user. Alternatively, the switching can be done according to
input contents such as video on the display apparatus.
[0921] Forexample, oncell phones, which use still pictures
for wallpapers and input screens, the number of divisions
should be 10 or more (in extreme cases, the display may be
turned on and off every 1 H). When displaying moving pic-
tures in NTSC format, the number of divisions should be from
1to 5 (bothinclusive). Preferably, the number of divisions can
be switched in three or more steps; for example, 0, 2, 4, 8, 16
divisions, and so on. Preferably, the number of divisions can
be varied from 0 to half the number of displayed scanning
lines. Preferably, the number of divisions can be changed in
real time according to contents of image data. It is also pos-
sible to allow the user to change the number of divisions with
a changeover switch or the like. It is also possible to allow the
number of divisions to be changed in real time according to
the brightness of extraneous light.

[0922] Preferably, the ratio of the black screen to the entire
display screen should be from 0.2 to 0.9 (from 1.2 to 9 in
terms of N)) both inclusive when the area of the entire screen
is taken as 1. More preferably, the ratio should be from 0.25 to
0.6 (from 1.25 to 6 in terms of N) both inclusive. If the ratio
i 0.20 or less, movie display is not improved much. When the
ratio is 0.9 or more, the display part becomes bright and its
vertical movements become liable to be recognized visually.
[0923] Also, preferably, the number of frames per second is
from 10 to 100 (10 Hz to 100 Hz) both inclusive. More
preferably, it is from 12 to 65 (12 Hz to 65 Hz) both inclusive.
When the number of frames is small, flickering of the screen
becomes conspicuous while too large a number of frames
makes writing from the source driver circuit 14 and the like
difficult, resulting in deterioration of resolution.

[0924] In any case, the present invention allows the bright-
ness of images to be varied by controlling the gate signal lines
17. However, needless to say, the brightness of images may be
varied by varying the current (voltage) applied to the source
signal lines 18. Tt goes without saying that the two methods
described above (FIGS. 33 and 35 and the like) may be used
in combination: the method of controlling the gate signal
lines 17 and the method of varying the current (voltage)
applied to the source signal lines 18.

[0925] Needless to say, the above items also apply to the
pixel configurations for current programming in FIG. 38 and
the like as well as to the pixel configurations for voltage
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programming in FIGS. 43, 51, 54, and the like. This can be
accomplished through on/off control of the transistor 11d in
FIG. 38, transistor 11d in FIG. 43, and transistor 11¢ in FIG.
51. This can also be accomplished by switching the connec-
tion terminal of the changeover switch 631 in FIG. 63. In this
way, by turning on and off the wiring which delivers current
to the EL elements 15, the N-fold pulse driving according to
the present invention can be implemented easily.

[0926] Also, the gate signal line 175 may be set to Vgl fora
period of 1F/N anytime during the period of 1F (not limited to
1F. Any unit time will do). This is because a predetermined
brightness is obtained by turning off the EL element 15 for a
predetermined period out of a unit time. However, it is pref-
erable to set the gate signal line 175 to Vgl and illuminate the
EL element 15 immediately after the current programming
period (1 H). This will reduce the effect of retention charac-
teristics of the capacitor 19 in FIG. 1.

[0927] Also, preferably the number of screen divisions is
configured to be variable. For example, when the user presses
a brightness adjustment switch or turns a brightness adjust-
ment knob, the value of K, which is the number of divisions,
may be changed in response. Alternatively, the value of K
may be changed manually or automatically depending on
images or data to be displayed.

[0928] Inthis way, the mechanism for changing the value of
K (the number of divisions of the image display part 53) can
be implemented easily. This can be achieved by simply mak-
ing the time to change ST (when to set ST low during 1F)
adjustable or variable.

[0929] Incidentally, although it has been stated with refer-
ence to FIG. 16 and the like that a period (1F/N) during which
the gate signal line 175 1s set to Vgl is divided into a plurality
of parts (K parts) and that a period of 1F/(K/N) during which
the gate signal line 175 is setto Vgl repeats K times, this is not
restrictive. A period of 1F/(K/N) may be repeated L (L=K)
times. In other words, the present invention displays the
image 50 by controlling the period (time) during which cur-
rent is passed through the EL element 15. Thus, the idea of
repeating the 1F/(K/N) period L (I=K) times is included in
the technical idea of the present invention. Also, by varying
the value of L, the brightness of the image 50 can be changed
digitally. For example, there is a 50% change of brightness
(contrast) between [.=2 and [L.=3. The control described here
is also applicable to other examples of the present invention
(of course, it is applicable to what is described later herein).
These are also included in the N-fold pulse driving according
to the present invention.

[0930] The above examples involve placing (forming) the
transistor 114 serving as a switching element between the EL
element 15 and driver transistor 11¢ and turning on and offthe
screen 50 by controlling the transistor 11d. This drive method
eliminates shortages of write current in black display condi-
tion during current programming and thereby achieves proper
resolution or black display. That is, in current programming,
it is important to achieve proper black display. The drive
method described next achieves proper black display by
resetting the driver transistor 11e. This example will be
described below with reference to FI1G. 32.

[0931] The pixel configuration in FIG. 32 is basically the
same as the one shown in FIG. 1. With the pixel configuration
in FIG. 32, a programmed Iw current flows through the EL
element 15, illuminating the EL, element 15. By being pro-
grammed, the driver transistor 114 retains a capability to pass
current. The drive system shown in FIG. 32 resets (turns off)
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the transistor 11a using this capability to pass current. Here-
inafter, this drive system will be referred to as reset driving.
[0932] To implement reset driving using the pixel configu-
ration shown in FIG. 1, the transistors 114 and 11¢ must be
able to be switched on and off independently of each other.
Specifically, as illustrated in FIG. 32, it is necessary to be able
to independently control the gate signal line 11a (gate signal
line WR) used for on/off control of the transistor 1154 and the
gate signal line 11¢ (gate signal line EL) used for on/off
control of the transistor 11¢. The gate signal lines 11a and 11¢
can be controlled using two independent shift registers 61 as
illustrated in FIG. 6.

[0933] Preferably, the drive voltage should be varied
between the gate signal line WR and the gate signal line EL.
The amplitude value (difference between turn-on voltage and
turn-off voltage) of the gate signal line WR should be smaller
than the amplitude value of the gate signal line EL. Basically,
too large an amplitude value of the gate signal line will
increase penetration voltage between the gate signal line and
pixel, resulting in an insufficient black level. The amplitude of
the gate signal line WR can be controlled by controlling the
time when the potential of the source signal line 18 is not
applied (oris applied (during selection)) to the pixel 16. Since
changes in the potential of the source signal line 18 are small,
the amplitude value of the gate signal line WR can be made
small. On the other hand, the gate signal line EL is used for
on/off control of EL. Thus, its amplitude value becomes large.
For this, output voltage is varied between the shift register
circuits 61a and 615. If the pixel is constructed of P-channel
transistors, approximately equal Vgh (turn-off voltage) is
used for the shift register circuits 61a and 615 while Vgl
(turn-on voltage) of the shift register circuit 61a is made lower
than Vgl (turn-on voltage) of the shift register circuit 614.
[0934] Reset driving will be described below with refer-
ence to FIG. 33. FIG. 33 is a diagram illustrating a principle
of reset driving. First, as illustrated in FIG. 33(a), the transis-
tors 11¢ and 114 are turned off and the transistor 115 is turned
on. As aresult, the drain (D) terminal and gate (G) terminal of
the driver transistor 11a are short-circuited, allowing a cur-
rent Ib to flow. Generally, the transistor 11a has been pro-
grammed with current in the previous field (frame) and
capable of flowing the current. In this state, as the transistor
114 is turned off and the transistor 114 is turned on, the drive
current Ib flows through the gate (G) terminal of the transistor
11a. Consequently, the gate (G) terminal and drain (D) ter-
minal of the transistor 11a have the same potential, resetting
the transistor 11a (to a state in which no current flows).
[0935] The reset mode (in which no current flows) of the
transistor 11a is equivalent to a state in which an offset volt-
age is held in voltage offset canceling mode described with
reference to FIG. 51 and the like. That is, in the state in FIG.
33(a), the offset voltage is held between the terminals of the
capacitor 19. The offset voltage varies with the characteristics
of the transistor 11a. Thus, in FIG. 33(a), a state in which the
transistor 11a does not pass current is maintained in the
capacitor 19 in each pixel (i.e., the transistor 11a passes a
black display current close to zero).

[0936] Incidentally, before the operationin FIG. 33(a), it is
preferable to tum off the transistors 115 and 11¢, turn on the
transistor 11d, and pass current through the driver transistor
11a. Preferably, this operation should be done in 2 minimum
time. Otherwise, there is a fear that a current will flow through
the EL element 15, illuminating the EL element 15, and
thereby lowering display contrast. Preferably, the operating
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time here is from 0.1% to 10% of 1 H (one horizontal scan-
ning period) both inclusive. More preferably, it is from 0.2%
to 2% or from 0.2 psec to 5 psec (both inclusive). Also, this
operation (the operation to be performed before the operation
in FIG. 33(a)) may be performed on all the pixels 16 of the
screen at once. This operation will lower the drain (D) termi-
nal voltage of the driver transistor 11e, making it possible to
pass the current Ib smoothly in the state shown in FIG. 33(a).
Incidentally, the above items also apply to other reset driving
according to the present invention.

[0937] As theoperation time of FIG. 33(a) becomes longer,
alarger Ib current tends to flow, reducing the terminal voltage
of the capacitor 19. Thus, the operation time of FIG. 33(a)
should be fixed. It has been shown experimentally and ana-
Iytically that preferably the operation time in FIG. 33(a) is
from 1 H to 5 Hs (both inclusive). Preferably, this period
should be varied among R, G, and B pixels. This is because
EL material varies among different colors and rising voltage
varies among different EL. materials. Optimum periods suit-
able for EL. materials should be specified separately for the R,
G, and B pixels. Although it has been stated that the period
should be from 1 H to 5 Hs (both inclusive) in this example,
it goes without saying that the period may be 5 Hs or longer in
the case of a drive system which mainly concerns black inser-
tion (writing of a black screen). Incidentally, the longer the
period, the better the black display condition of pixels.
[0938] A state shown in FIG. 33(b) occurs during a period
of 1 H to 5 Hs (both inclusive) after the state in FIG. 33(a).
FIG. 33(b) shows a state in which the transistors 11c and 116
are on and the transistor 11d is off. This is a state in which
current programming is being performed, as described ear-
lier. Specifically, a programming current Iw is output (or
absorbed) from the source driver circuit 14 and passed
through the driver transistor 11a. The potential of the gate (G)
terminal of the driver transistor 114 is set so that the program-
ming current [w flows (the set potential is held in the capacitor
19).

[0939] If the programming current Iw is 0 A, the transistor
11a is held in the state in FIG. 33(a) in which it does not pass
current, and thus a proper black display is achieved. Also,
when performing current programming for white display in
FIG. 33(b), the current programming is started from offset
voltage of completely black display even if there are varia-
tions in the characteristics of driver transistors in pixels. Thus,
the time required to reach a target current value becomes
uniform according to gradations. This eliminates gradation
etrors due to variations in the characteristics of the transistors
11a, making it possible to achieve proper image display.
[0940] After the programming in FIG. 33(5), the transistors
115 and 11¢ are turned off in sequence and the transistor 114
is turned on to deliver the programming current Iw (=le) to the
EL element 15 from the driver transistor 11a. and thereby
illuminate the EL element 15. What is shown in FIG. 33(c)
has already been described with reference to FIG. 1 and the
like, and thus detailed description thereof will be omitted.
[0941] The drive system (reset driving) described with ref-
erence to FIG. 33 consists of a first operation of disconnecting
the driver transistor 11a from the EL element 15 (so that no
current flows) and shorting between the drain (D) terminal
and gate (G3) terminal of the driver transistor (or between the
source (S) terminal and gate (G) terminal, or generally speak-
ing, between two terminals including the gate (G) terminal of
the driver transistor) and a second operation of programming
the driver transistor with current (voltage) after the first opera-
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tion. At least the second operation is performed after the first
operation. Incidentally, for reset driving, the transistors 115
and 11¢ must be able to be controlled independently as shown
in FIG. 32.

[0942] In image display mode (if instantaneous changes
can be observed), the pixel row to be programmed with cur-
rent is reset (black display mode) and is programmed with
current after 1 H (also in black display mode because the
transistor 114 is off). Next, current is supplied to the EL
element 15 and the pixel row illuminates at a predetermined
brightness (at the programmed current). That is, the pixel row
of black display moves from top to bottom of the screen and
it should look as if the image were rewritten at the location
where the pixel row passed by. Incidentally, although it has
been stated that current programming is performed 1 H after
areset, this period may be approximately 5 Hs or shorter. This
is because it takes a relatively long time for the reset in FIG.
33(a) to be completed. If this period is 5 Hs, five pixel rows
will be displayed in black (six pixel rows including the pixel
row going through current programming).

[0943] Also, the number of pixel rows which are reset at a
time is not limited to one, and two or more pixel rows may be
reset at a time. It is also possible to reset and scan two or more
pixel rows at a time by overlapping some of them. For
example, if four pixel rows are reset at a time, pixel rows (1),
(2),(3), and (4) are reset in the first horizontal scanning period
(1 unit), pixel rows (3), (4), (5), and (6) are reset in the second
horizontal scanning period, pixelrows (5), (6), (7),and (8) are
reset in the third horizontal scanning period, and pixel rows
(1), (8), (9), and (10) are reset in the fourth horizontal scan-
ning period. Incidentally the drive operations in FIGS. 33(4)
and 33(c) are naturally carried out in sync with the drive
operation in FIG. 33(a).

[0944] Needless to say, the drive operation in (b) and (c) of
FIG. 33 may be performed after resetting all the pixels in the
screen simultaneously or during scanning. Also, it goes with-
out saying that pixel rows may be reset (at intervals of one or
more pixel rows) in interlaced driving mode (scanning at
intervals of one or more pixel rows). Also, pixel rows may be
reset at random. The reset driving according to the present
invention involves operating pixel rows (i.e., controlling the
vertical direction of the screen). However, the concept of reset
driving does not limit control directions to the pixel row
direction. For example, it goes without saying that reset driv-
ing may be performed in the direction of pixel columns.

[0945] It has been stated that FIG. 32 shows a pixel con-
figuration for reset driving. However, by controlling the gate
signal line 17a and gate signal line 17¢ independently, it is
possible to reduce variations in image data programmed with
current. A drive method for such control will be described
below.

[0946] First, description will be given of why variations
oceur in image data programmed with current in the pixel
configuration in FIG. 1. With the pixel configuration in FIG.
1, the transistors 1156 and 11¢ are tumed on or off simulta-
neously by voltage applied to the gate signal line 17a. Actu-
ally, however, there could be subtle difference in characteris-
tics between the transistor 115 and transistor 11¢ and there
may be cases in which the transistor 115 and transistor 11¢ do
not turn on or off simultaneously. For example, if a turn-on
voltage and turn-off voltage are applied to the gate signal line
17a successively, the transistor 115 may turn off later than the
transistor 11c.
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[0947] Ifthe transistor 11c turns off with the transistor 1156
on, the state illustrated in FIG. 33(a) occurs. That is, reset
mode occurs. Consequently, a current Ib flows, causing the
capacitor 19 to charge or discharge. The state of charge or
discharge is affected by variations in pixel 16 transistors. If
the transistor 115 turns off earlier than the transistor 11¢, the
capacitor 19 is not charged or discharged. If the transistor 115
turns off later than the transistor 11c, the capacitor 19 is
charged or discharged. Error occurs in the voltage held by the
capacitor 19 depending on the duration of charge or dis-
charge.

[0948] To solve this problem, a turn-off voltage is applied
to the gate signal line 174 after a turn-on voltage (the transis-
tor 115 turns off by the application of the turn-off voltage),
and then a turn-off voltage is applied to the gate signal line
17¢ after a turn-on voltage (the transistor 11¢ turns off by the
application of the turn-off voltage). That is, after program-
ming the pixel 16 with current (during the programming, a
turn-on voltage is applied to the gate signal lines 17 and 17¢,
keeping the transistors 115 and 11¢ on), a turn-off voltage is
applied to the gate signal line 174, and after a predetermined
period of time, a turn-off voltage is applied to the gate signal
line 17¢. Through the above operation, appropriate current
programming can be achieved, eliminating the state in FIG.
33(a). The operation, control, etc. of the transistor 114 are the
same as in FIG. 1 and the like, and thus description thereof
will be omitted.

[0949] Incidentally, the predetermined period of time here
is between 0.1 and 10 psec (both inclusive). Alternatively, it is
between Y1000 and Y10 of 1 H (both inclusive). If this period is
too short, it is not possible to achieve proper current (voltage)
programming, resulting in variations in the holding voltage of
the capacitor 19. If it is too long, the duration of current
(voltage) programming is reduced, resulting in insufficient
writing. A drive method which controls the on/off timing of
the voltage-holding transistor 115 and the on/off timing of the
transistor 11¢ which writes current (voltage) into the driver
transistor 11a is referred to as atime-controlled drive method.
[0950] The time-controlled method is not limited to the
pixel configuration in FI1G. 32, but it is also applicable to the
pixel configuration in FIG. 38 and the like. In FIG. 32, the
transistor 114 is the voltage-holding transistor. The transistor
11c is the transistor which writes current (voltage) into the
driver transistor 11a. The transistor 11d can perform on/off
control by means of the turn-on and turn-off voltages applied
to the gate signal line 1742. The transistor 11c¢ can perform
on/off control by means of the turn-on and turn-off voltages
applied to the gate signal line 17al. After programming the
pixel 16 with current (during the programming, a turn-on
voltage is applied to the gate signal lines 1741 and 1742,
keeping the transistors 115 and 11¢ on), a turn-off voltage is
applied to the gate signal line 1742, and after a predetermined
period of time, a turn-off voltage is applied to the gate signal
line 17a1. Through the above operation, appropriate current
(voltage) programming can be achieved. The operation, con-
trol, etc. of the transistor 11e are the same as in FIG. 1 and the
like, and thus description thereof will be omitted.

[0951] Incidentally, the reset driving in FIG. 33 and the
time-control driving method in FIG. 32 can achieve better
image display if combined with the N-fold pulse driving
according to the present invention or with interlaced driving.
Particularly, the configuration in FIG. 22 can easily imple-
ment intermittent N/K-fold pulse driving (this driving method
provides two or more illuminated areas in a screen and can be
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implemented easily by turning on and off the transistor 11d by
controlling the gate signal line 175: this has been described
earlier), and thus can achieve proper image display without
flickering. This is an excellent feature of the configuration in
FIG. 22 or its modifications.

[0952] Needless to say, more excellent image display can
be achieved by combining with areverse bias driving method,
a precharge driving method, a penetration voltage driving
method, or the like described later. Thus, it goes without
saying that reset driving can be performed in combination
with other examples according to the present invention. The
matters concerning combinations of drive systems also apply
to other examples of the present invention.

[0953] FIG. 34 is a block diagram of a display apparatus
which implement reset driving. The gate driver circuit 12a
controls the gate signal line 174 and gate signal line 175 in
FIG. 32. By the application of on/off voltages to the gate
signal line 17a, the transistor 115 is turned on and off. Also,
by the application of on/off voltages to the gate signal line
17, the transistor 11d is turned on and off. The gate driver
circuit 125 controls the gate signal line 17¢ in FIG. 32. By the
application of on/off voltages to the gate signal line 17¢, the
transistor 11c is turned on and off.

[0954] Thus, the gate signal line 17a is controlled by the
gate driver circuit 12a while the gate signal line 17¢ is con-
trolled by the gate driver circuit 125. This makes it possible to
freely specify the time to turn on the transistor 115 and reset
the driver transistor 11a as well as the time to turn on the
transistor 11¢ and program the driver transistor 11a with
current. Other parts of the configuration are the same as or
similar to those described in FIG. 6, etc., and thus description
thereof will be omitted. Incidentally, the gate driver circuits
12 are formed using polysilicon technology. Also, needless to
say, the gate driver circuits 12a and 125 may be integrated into
a single unit.

[0955] FIG. 35 is a timing chart of reset driving. While a
turn-on voltage is applied to the gate signal line 17a to turn on
the transistor 115 and reset the driver transistor 11a, a turn-off
voltage is applied to the gate signal line 175 to keep the
transistor 11d off. This creates the state shown in FIG. 32(a).
A current Ib flows during this period.

[0956] For example, looking at the pixel row (1), in the 1st
H, a turn-off voltage is applied to the gate signal line 17¢, a
turn-on voltage is applied to the gate signal line 17a, and a
turn-off voltage is applied to the gate signal line 175. Conse-
quently, in the 1st H, the pixel row (1) is in reset mode with the
transistor 11d off and with no current flowing through the EL
element 15.

[0957] Inthe 2nd H, a turn-on voltage is applied to the gate
signal line 17¢, a turn-on voltage is applied to the gate signal
line 17a, and a turn-off voltage is applied to the gate signal
line 17b. Consequently, in the 2nd H, the pixel row (1) is in
current programming mode with the transistor 11d off and
with no current flowing through the EL element 15.

[0958] Inthe 3rd H, a turn-off voltage is applied to the gate
signal line 17¢, a turn-off voltage is applied to the gate signal
line 17a, and a turn-on voltage is applied to the gate signal line
17b. Consequently, in the 3rd H, the pixel row (1) is in image
display mode with the transistor 114 on and with current
flowing through the EL element 15.

[0959] Thus, the capacitor 19 is reset for 1H (one horizontal
scanning period). Consequently, the gate terminal G of the
transistor 11a has a voltage close to the anode voltage Vdd.
Consequently, the transistor 11a is cut off (reset mode). Since

Nov. 4, 2010

the capacitor 19 is reset once to program currents, it is pos-
sible to achieve accurate current programming. While the
capacitor 19 is reset, the pixel is in non-display mode (even if
the transistor 114 1s on). This state is close to a state in which
black screen is inserted. Thus, by continuing the reset state for
a certain period or longer, it is possible to eliminate blurred
moving pictures.

[0960] Although in the timing chart shown in FIG. 35, the
reset time is 2 Hs (when a turn-on voltage is applied to the gate
signal line 174 and the transistor 115 is turned on), this is not
restrictive. (However, out of 2 Hs, 1 H is a programming
period.) The reset time may be 2 Hs or longer. Ifa reset can be
performed very quickly, the reset time may be less than 1 H.
[0961] The duration of the reset period can be changed
easily using a DATA (ST) pulse period inputted in the gate
driver circuit 12. For example, if DATA inputted in an ST
terminal is set high for a period of 2 Hs, the reset period
outputted for each gate signal line 17a is 2 Hs. Similarly, if
DATA inputted in the ST terminal is set high for a period of 5
Hs, the reset period outputted for each gate signal line 17a is
5 Hs.

[0962] After a reset period of 1 H, a turn-on voltage is
applied to the gate signal line 17¢(1) of the pixel row (1). As
the transistor 11¢ turns on, the programming current Iw
applied to the source signal line 18 is written into the driver
transistor 11q via the transistor 11c.

[0963] After current programming, a turn-off voltage is
applied to the gate signal line 17¢ of the pixel row (1), the
transistor 11c is turned off, and the pixel disconnected from
the source signal line. At the same time, a turn-off voltage is
also applied to the gate signal line 174 and the driver transistor
11a exits the reset mode (incidentally, the use of the term
“current-programming mode” is more appropriate than the
term “reset mode” to refer to this period). On the other hand,
a turn-on voltage is applied to the gate signal line 175, the
transistor 114 is turned on, and the current programmed into
the driver transistor 11a flows through the EL element 15.
What has been said about the pixel row (1) similarly applies
to the pixel row (2) and subsequent pixel rows. Also, their
operation is obvious from FIG. 35. Thus, description of (2)
and subsequent pixel rows will be omitted.

[0964] In FIG. 35, the reset period has been 1 H. FIG. 36
shows an example in which the reset period is 5 Hs. The
duration of the reset period can be changed easily using the
DATA (ST) pulse period inputted in the gate driver circuit12.
FIG. 36 shows an example in which DATA inputted in the ST1
terminal of the gate driver circuit 12a is set high for a period
of 5 Hs and the reset period outputted for each gate signal line
17a is 5 Hs. The longer the reset period, the more completely
the reset is performed, resulting in a proper black display.
Also, blurred moving pictures can be reduced. Other opera-
tions and the like in FIG. 36 are the same as in FIG. 35, and
thus description thereof will be omitted.

[0965] Display brightness is decreased commensurately
with the length of the reset period. However, by using a
programming current N times larger than a predetermined
value as in the case of N-fold pulse driving, it is possible to
prevent screen brightness from dropping. Thus, reset driving
is an embodiment of N-fold pulse driving.

[0966] InFIG. 36, the reset period has been 5 Hs. Besides,
the reset mode is continuous. However, the reset mode need
not necessarily be continuous. For example, the signal out-
putted from each gate signal line 174 may be turned on and off
every 1 H. Such on/off operation can be achieved easily by
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operating an enable circuit (not shown) formed in the output
stage of the shift register or controlling the DATA (ST) pulses
inputted in the gate driver circuit 12.

[0967] In the circuit configuration shown in FIG. 34, the
gate driver circuit 12a requires at least two shift register
circuits (one for the gate signal line 174, the other for the gate
signal line 170). This presents a problem of an increased
circuit scale of the gate driver circuit 12a. FI1G. 37 shows an
example in which the gate driver circuit 12¢ has only one shift
register. A timing chart of output signals resulting from opera-
tion of the circuitin FIG. 37 is shown in FIG. 35. Note that the
gate signal lines 17 coming out of the gate driver circuits 12a
and 124 are denoted by different symbols between FIGS. 35
and 37.

[0968] As can be seen from the fact that an OR circuit 371
in FIG. 37 has been added, the output from each gate signal
line 174 is logically added to the output from the preceding
stage of the shift register circuit 61a and a turn-on voltage or
turn-off voltage is outputted to the gate signal line 17a
depending on this result.

[0969] Incidentally, the pixel configuration in FIG. 32 is
assumed here for ease of explanation and it is assumed that a
turn-on voltage is outputted to the gate signal line 174 when
the output from the OR circuit 371 is high (positive logic).

[0970] InFIG. 37, the gate signal line 174 outputs a turn-on
voltage for a period of 2 Hs. On the other hand, the gate signal
line 17¢ outputs the output of the shift register circuit 61a as
it is. Thus, a turn-on voltage is applied for a period of 1 H.

[0971] For example, if the shift register circuit 61a outputs
a high-level signal second, a turn-on voltage is output to the
gate signal lines 17¢ of the pixel 16(1), which now is in a state
of being programmed with current (voltage). At the same
time, a turn-on voltage is also output to the gate signal lines
17a of the pixel 16(2), turning on the transistor 115 of the
pixel 16(2) and resetting the driver transistor 11a of the pixel
16(2).

[0972] Similarly, if the shift register circuit 61a outputs a
high-level signal third, a turn-on voltage is output to the gate
signal lines 17¢ of the pixel 16(2), which now is in a state of
being programmed with current (voltage). At the same time,
a turn-on voltage is also output to the gate signal lines 17a of
the pixel 16(3), turning on the transistor 115 of the pixel 16(3)
and resetting the driver transistor 11a of the pixel 16(3). Thus,
the gate signal lines 17a outputs turn-on voltages for a period
of 2 Hs, and the gate signal lines 17¢ receive a turn-on voltage
for a period of 1 H.

[0973] Inprogramming mode, since the transistors 115 and
11c¢ turn on simultaneously (FIG. 33(d)), if the transistor 11¢
turns off before the transistor 115 during transition to non-
programming mode (FIG. 33(c¢), the reset mode in FIG. 33(b)
occurs. To prevent this situation, the transistor 11¢ must be
turned off after the transistor 114. For that, a turn-on voltage
needs to be applied to the gate signal line 174 earlier than the
gate signal line 17¢.

[0974] Theabove example concerns the pixel configuration
in FIG. 32 (basically, in FIG. 1). However, the present inven-
tion is not limited to this. For example, it is also applicable to
current-mirror pixel configurations such as the one shown in
FIG. 38. Incidentally, in FIG. 38, by turning on and off the
transistor 11e, N-fold pulse driving illustrated in FIGS. 13,
15, etc. can be implemented. FIG. 39 is an explanatory dia-
gram illustrating an example employing the current-mirror
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pixel configuration shown in FIG. 38. Reset driving in the
current-mirror pixel configuration will be described below
with reference to FIG. 39.

[0975] As shown in FIG. 39(a), the transistors 11c and 11e
are turned off and the transistor 114 is turned on. Then, the
drain (D) terminal and gate (G) terminal of the current-pro-
gramming transistor 11a are short-circuited and a current Ib
flows between them as shown in the figure. Generally, the
transistor 115 has been programmed with current in the pre-
vious field (frame) and is capable of passing current (this is
natural because the gate potential is held in the capacitor 19
for a period of 1F and image is displayed. However, current
does not flow during a completely black display). In this state,
as the transistor 11e is turned off and the transistor 114 is
turned on, the drive current Ib flows through the gate (G)
terminal of the transistor 11a (gate (G) terminal and the drain
(D) terminal are short-circuited). Consequently, the gate (G)
terminal and drain (D) terminal of the transistor 11a have the
same potential, resetting the transistor 11a (to a state in which
no current flows). Since the driver transistor 115 shares a
common gate (G) terminal with the current-programming
transistor 11a, the driver transistor 115 is also reset.

[0976] The reset mode (in which no current flows) of the
transistors 11a and 115 is equivalent to a state in which a
offset voltage is held in voltage offset canceling mode
described with reference to FIG. 51 and the like. Thatis, inthe
state in FIG. 39(a), the offset voltage is held between the
terminals of the capacitor 19 (the offset voltage is a starting
voltage at which a current starts to flow: when a voltage equal
to or larger than the starting voltage is applied, a current flows
through the transistor 11). The offset voltage varies with the
characteristics of the transistors 11a and 114. Thus, in FIG.
39(a), a state in which the transistors 11a and 115 do not pass
current is maintained in the capacitor 19 in each pixel (the
transistors 11a and 115 pass a black display current close to
7ero, 1.e., they have been reset to the starting voltage at which
a current starts to flow).

[0977] InFIG. 39(a). as the reset period becomes longer, a
larger Ib current tends to flow, reducing the terminal voltage
of the capacitor 19, as in the case of FIG. 33(a). Thus, the
operation time in FIG. 39(a) should be fixed. It has been
shown experimentally and analytically that preferably the
operation time in FIG. 39(a) is from 1 H to 10 Hs (ten
horizontal scanning periods) both inclusive. More preferably,
it should be from 1 H to 5 Hs or from 20 psec to 2 msec (both
inclusive). This also applies to the drive system in FIGS. 33
and 34.

[0978] Asinthecase of FIG.33(a), if the reset mode in FIG.
39(a) is synchronized with the current-programming mode in
FIG. 39(b), there is no problem because the period from the
reset mode in FIG. 39(a) to the current-programming mode in
FIG. 39(b) is fixed (constant). That is, preferably the period
from thereset mode in FIG. 33(a) or F1G. 39(a) to the current-
programming mode in FIG. 33(b) or FIG. 39(5) should be
from 1 H to 10 Hs (ten horizontal scanning periods) both
inclusive. More preferably, it should be from 1 H to 5 Hs or
from 20 psec to 2 msec (both inclusive). If this period is short,
the driver transistors 11a are not reset completely. If it is too
long, the driver transistor 11 is turned off completely, which
means that much time is required for current programming.
Also, the brightness of the screen 50 is decreased. This is not
necessarily true if black insertion is made (non-display area
52 is generated) as shown in FIG. 13 because the black inser-
tion (non-display area 52) is used for N-fold pulse driving.
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[0979] After the state in FIG. 39(a), a state shown in FIG.
39(b) occurs. FIG. 39(b) shows a state in which the transistors
11c and 114 are turned on and the transistor 11e is turned off.
This is a state in which current programming is being pet-
formed. Specifically, a programming current Tw is output
(absorbed) from the source driver circuit 14 and passed
through the current programming transistor 11a. The poten-
tial of the gate (G) terminal of the driver transistor 11a is set
in the capacitor 19 so that the programming current Iw will
flow.

[0980] If the programming current Iw is 0 A (black dis-
play), the transistor 115 is held in the state in FIG. 39(a) in
which it does not pass current, and thus proper black display
is achieved. Also, when performing current programming for
white display in FIG. 39(b), the current programming is
started from offset voltage of completely black display even if
there are variations in the characteristics of driver transistors
in pixels (the offset voltage is a starting voltage at which a
current specified according to the characteristics of each
driver transistor starts to flow). Thus, the time required to
reach a target current value becomes uniform according to
gradations. This eliminates gradation errors due to variations
in the characteristics of the transistor 11a or 115, making it
possible to achieve proper image display.

[0981] After the current programming in FIG. 39(5), the
transistors 11c and 114 are turned off in sequence and the
transistor 11e is turned on to deliver the programming current
Iw (=le) to the EL element 15 from the driver transistor 115,
and thereby illuminate the EL element 15. What is shown in
FIG. 39(c) has already been described, and thus detailed
description thereof will be omitted.

[0982] The drive system (reset driving) described with ref-
erence to FIGS. 33 and 39 consists of a first operation of
disconnecting the driver transistor 11a or 115 from the EL
element 15 (using the transistor 11e or 11d so that no current
flows) and shorting between the drain (D) terminal and gate
(G)terminal of the driver transistor (or between the source (S)
terminal and gate (G) terminal, or generally speaking,
between two terminals including the gate (G) terminal of the
driver transistor) and a second operation of programming the
driver transistor with current (voltage) after the first opera-
tion. At least the second operation is performed after the first
operation.

[0983] Incidentally, the operation of disconnecting the
driver transistor 11a or 115 from the EL element 15 in the first
operation is not absolutely necessary. The drain (D) terminal
and gate (G) terminal of the driver transistor are short-cir-
cuited in the first operation without disconnecting the driver
transistor 11a or 115 from the EL element 15, nothing more
than some variations in reset mode may result. Whether to
omit disconnection should be determined by considering the
characteristics of the transistors in the constructed array.
[0984] The current-mirror pixel configuration in FIG. 39
provides a drive method which resets the current-program-
ming transistor 11a, and consequently resets the driver tran-
sistor 115.

[0985] With the current-mirror pixel configuration in FIG.
39, it is not always necessary to disconnect the driver transis-
tor 115 from the EL element 15 in reset mode. Thus, the
following operations are performed: a first operation of short-
ing between the drain (D) terminal and gate (G) terminal of
the current-programming transistor a (or between the source
(S) terminal and gate (G) terminal, or generally speaking,
between two terminals including the gate (G) terminal of the
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current-programming transistor or between two terminals
including the gate (G) terminal of the driver transistor) and a
second operation of programming the current-programming
transistor with current (voltage) after the first operation. At
least the second operation is performed after the first opera-
tion.

[0986] In image display mode (if instantaneous changes
can be observed), the pixel row to be programmed with cur-
rent is reset (black display mode) and is programmed with
current after a predetermined H. The pixel row of black dis-
play moves from top to bottom of the screen and it should look
as if the image were rewritten at the location where the pixel
row passed by.

[0987] Although the above example has been described
mainly in relation to pixel configuration for current program-
ming, the reset driving according to the present invention can
also be applied to pixel configuration for voltage program-
ming. FIG. 43 is an explanatory diagram illustrating a pixel
configuration (panel configuration) according to the present
invention used to perform reset driving in a pixel configura-
tion for voltage programming.

[0988] In the configuration shown in FIG. 43, a transistor
11e which resets a driver transistor 11a has been formed.
When a turn-on voltage is applied to a gate signal line 17¢, the
transistor 11e turns on, causing a short circuit between the
gate (G) terminal and drain (D) terminal of the driver transis-
tor 11a. Also a transistor 114 which cuts off a current path
between the EL element 15 and driver transistor 11a has been
formed. The reset driving according to the present invention
in a pixel configuration for voltage programming will be
described below with reference to F1G. 44 (FIG. 43 shows a
pixel configuration for voltage programming.).

[0989] As illustrated in FIG. 44(a), the transistors 116 and
11d are turned off and the transistor 11e is turned on. The
drain (D) terminal and gate (G) terminal of the driver transis-
tor 11a are short-circuited and a current Ib flows as shown in
the figure. Consequently, the gate (G) terminal and drain (D)
terminal of the transistor 11a have the same potential, reset-
ting the transistor 11a (to a state in which no current flows).
Before resetting the transistor 114, the transistor 11dis turned
on, the transistor 1le is turned off, and current is passed
through the transistor 11 in sync with an HD synchroniza-
tion signal as described with reference to FIG. 33 or 39. Then
the operation shown in FIG. 44(a) is performed. It is not
strictly necessary that the resetting is synchronized with the
HD signal.

[0990] The reset mode (in which no current flows) of the
transistors 11a and 115 is equivalent to a state in which a
offset voltage is held in voltage offset canceling mode
described with reference to FIG. 41 and the like. Thatis, inthe
state in FIG. 44(a), the offset voltage (reset voltage) is held
between the terminals of the capacitor 19. This reset voltage
varies with the characteristics of the driving transistors 11a.
Thus, in FIG. 44(a), a state in which the driving transistors
11a and 115 do not pass current is maintained in the capacitor
19 in each pixel (the transistors 11a and 115 pass a black
display current close to zero, i.c., they have been reset to the
starting voltage at which a current starts to flow).

[0991] Incidentally, in the pixel configuration for voltage
programming, as the reset period becomes longer, a larger Ib
current tends to flow, reducing the terminal voltage of the
capacitor 19, as in the case of pixel configuration for current
programming. Thus, the operation time in FIG. 44(a) should
be fixed. Preferably, the operation time should be from 0.2 H



US 2010/0277401 Al

to 5 Hs (five horizontal scanning periods) both inclusive.
More preferably, it should be from 0.5 H to 4 Hs or from 2
psec to 400 psec (both inclusive).

[0992] Besides, it is preferable that the gate signal line 17¢
should be shared with the gate signal line 174 in a preceding
stage. That is the gate signal line 17e should be shorted to the
gate signal line 17a in the pixel row in the preceding stage.
This configuration is referred to as a preceding-stage gate
control system. Incidentally, the stage-stage gate control sys-
tem uses waveforms of gate signal lines of a pixel row
selected one or more Hs before the pixel row of interest. Thus,
this system is not limited to the previous pixel row. For
example, the driver transistor 11a of the pixel row of interest
may be reset using the waveforms of gate signal lines two
pixel rows ahead.

[0993] The stage-stage gate control system will be
described more concretely. Suppose, the pixel row of interest
is the (N)-th pixel row whose gate signal lines are 17¢(N) and
17a(N). The preceding pixel row selected 1 H before is
assumed to be the (N-1)-th pixel row whose gate signal lines
are 17e(N-1) and 17a(N-1). The pixel row selected 1 H after
the pixel row of interest is assumed to be the (N+1)-th pixel
row whose gate signal lines are 17¢(N+1) and 17a(N+1).
[0994] In the (N-1)-th H-period, as a turn-on voltage is
applied to the gate signal line 17a(N-1) of the (N-1)-th pixel
row, a turn-on voltage is also applied to the gate signal line
17¢(N) of the (N)-th pixel row. This is because the gate signal
line 17e(N) and the gate signal line 17a(N-1) of the pixel row
in the preceding stage are shorted. Consequently, the pixel
transistor 116(N-1) in the (N-1)-th pixel row is turned on and
the voltage applied to the source signal line 18 is written into
the gate (G) terminal of the driver transistor 11a(N-1). At the
same time, the pixel transistor 11e(N) in the (N)-th pixel row
is turned on, the gate (G) terminal and drain (D) terminal of
the driver transistor 11a(N) are shorted, and the driver tran-
sistor 11a(N) is reset.

[0995] In the (N)-th H-period which follows the (N-1)-th
H-period, as a turn-on voltage is applied to the gate signal line
17a(N) of the (N)-th pixel row, a turn-on voltage is also
applied to the gate signal line 17e(N+1) of the (N+1)-th pixel
row. Consequently, the pixel transistor 115(N) in the (N)-th
pixel row is turned on and the voltage applied to the source
signal line 18 is written into the gate (G) terminal of the driver
transistor 11a(N). At the same time, the pixel transistor 11e
(N+1) in the (N+1)-th pixel row is turned on, the gate (G)
terminal and drain (D) terminal of the driver transistor 11a
(N+1)are shorted, and the driver transistor 11a(N+1) is reset.

[0996] Similarly, in the (N+1)-th period which follows the
(N)-th H-period, as a turn-on voltage is applied to the gate
signal line 17a(N+1) of the (N+1)-th pixel row, a turn-on
voltage is also applied to the gate signal line 17e(N+2) of the
(N+2)-th pixel row. Consequently, the pixel transistor 1154
(N+1) in the (N+1)-th pixel row is turned on and the voltage
applied to the source signal line 18 is written into the gate (G)
terminal of the driver transistor 11a(N+1). At the same time,
the pixel transistor 11e(N+2) in the (N+2)-th pixel row is
turned on, the gate (G) terminal and drain (D) terminal of the
driver transistor 11a(N+2) are shorted, and the driver transis-
tor 11a(N+2) is reset.

[0997] According to the above-described stage-stage gate
control system of the present invention, the driver transistor
11a is reset for a period of 1 H, and then voltage (current)
programming is performed.
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[0998] Asinthecase of FIG.33(a), if the reset mode in FIG.
44(a) is synchronized with the voltage-programming mode in
FIG. 44(b), there is no problem because the period from the
reset mode in FIG. 44(a) to the current-programming mode in
FIG. 44(b) is fixed (constant). If this period is short, the driver
transistors 11 are not reset completely. If it is too long, the
driver transistor 11a is turned off completely, which means
that much time is required for current programming. Also, the
brightness of the screen 50 is decreased.

[0999] After the state in FIG. 44(a), a state shown in FIG.
44(b) occurs. FIG. 44(b) shows a state in which the transistor
115 is turned onand the transistors 11e and 11d are turned off.
This state in FIG. 44(b), is a state in which voltage program-
ming is being performed. Specifically, a programming volt-
age is output from the source driver circuit 14 and written into
the gate () terminal of the driver transistor 11a (the potential
of the gate (G) terminal of the driver transistor 11a s setin the
capacitor 19). Incidentally, in the case of voltage program-
ming, it is not always necessary to turn off the transistor 114
during voltage programming. Besides, the transistor 11e is
not necessary if there is no need to combine with the N-fold
driving shown in FIG. 13. 15, or the like or perform intermit-
tent N/K-fold pulse driving (this driving method provides two
or more illuminated areas in a screen and can be implemented
easily by turning on and off the transistor 11e). Since this has
been described earlier, description thereof will be omitted.
[1000] When performing voltage programming for white
display using the configuration shown in FIG. 43 or drive
method shown in FIG. 44, the voltage programming is started
from offset voltage of completely black display even if there
are variations in the characteristics of driver transistors in
pixels (the offset voltage is a starting voltage at which a
current specified according to the characteristics of each
driver transistor starts to flow). Thus, the time required to
reach a target current value becomes uniform according to
gradations. This eliminates gradation errors due to variations
in the characteristics of the transistor 11a, making it possible
to achieve proper image display.

[1001] After the voltage programming in FIG. 44(5), the
transistor 114 is turned off and the transistor 114 is turned on
to deliver the programming current to the EL element 15 from
the driver transistor 11a, and thereby illuminate the EL ele-
ment 15, as shown in FIG. 44(c).

[1002] As described above, the reset driving according to
the present invention using the voltage programming shown
in FIG. 43 consists of a first operation of turning on the
transistor 114, turning off the transistor 11e, and passing
current through the transistor 11a in sync with the HD syn-
chronization signal; a second operation of disconnecting the
transistor 11a from the EL element 15 and shorting between
the drain (D) terminal and gate (G) terminal of the driver
transistor 11a (or between the source (S) terminal and gate
(G) terminal, or generally speaking, between two terminals
including the gate (G) terminal of the driver transistor); and a
third operation of programming the driver transistor 11a with
voltage after the above operations.

[1003] Inthe above example, the transistor 114 is turned on
and off to control the current delivered from the driver tran-
sistor 11a (in the case of configuration shown in FIG. 1) to the
EL element 15. To turn on and off the transistor 114, the gate
signal line 176 needs to be scanned, for which the shift reg-
ister circuit 61 (the gate driver circuit 12) is required. How-
ever, shift register circuits 61 are large in scale and the use of
a shift register circuit 61 for the gate signal line 175 makes it
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impossible to reduce bezel width. A system described with
reference to FIG. 40 solves this problem.

[1004] Incidentally, although the pixel configuration for
current programming illustrated in FIG. 1 and the like is
mainly described herein by way of examples, the present
invention is not limited to this and it goes without saying that
the present invention can also be applied to other configura-
tion for current programming (current-mirror pixel configu-
ration) described with reference to FIG. 38 and the like.
[1005] Also, the technical concept of turning on and off
elements as a block can also be applied to the pixel configu-
ration for voltage programming in FIG. 41 and the like.
According to the invention, since this method passes current
through the EL elements 15 intermittently, it can be used in
combination with a method (described with reference to FIG.
50, etc.) which applies a reverse bias voltage. Thus, the
present invention can be performed in combination with other
examples.

[1006] FIG. 40 shows an example of a block driving sys-
tem. Forease of understanding, itis assumed that a gate driver
circuit 12 is formed directly on an array board 71 or that a
silicon chip, gate driver IC 12, is mounted on an array board
71. Source driver circuits 14 and source signal lines 18 are
omitted to avoid complicating the drawing.

[1007] InFIG. 40, gate signal lines 17 are connected to the
gate driver circuit 12. On the other hand, gate signal lines 175
are connected to illumination control lines 401. In FIG. 40,
four gate signal lines 174 are connected to one illumination
control line 401.

[1008] Incidentally, although four gate signal lines 175 are
grouped into a block here, this is not restrictive and it goes
without saying that more than four gate signal lines 175 may
be grouped into a block. Generally, it is preferable to divide
the display area 50 into five or more parts. More preferably,
the screen 50 should be divided into ten or more parts. Even
more preferably, the screen 50 should be divided into twenty
or more parts. A small number of divisions will make flick-
ering conspicuous. Too large a number of divisions will
increase the number of illumination control lines 401, making
it difficult to lay out the illumination control lines 401.
[1009] Thus, in the case of a QCIF display panel, which has
220 vertical scanning lines, at least 220/5=44 or more lines
should be grouped into a block. More preferably, 220/10=22
or more lines should be grouped into a block. However, if
odd-numbered rows and even-numbered rows are grouped
into two different blocks, there is not much flickering even at
a low frame rate, and thus the two blocks are sufficient,
[1010] Intheexample showninFIG. 40, thecurrent flowing
through the EL elements 15 are turned on and off on a block-
by-block basis by the application of either a turn-on voltage
(VgD) or turn-off voltage (Vgh) to illumination control lines
401a, 4015, 401c, 4014, . . ., 401 in sequence.

[1011] Incidentally, in the example in FIG. 40, the gate
signal lines 175 do not intersect the illumination control lines
401. Thus, there can be no defect in which a gate signal line
175 would become short-circuited with an illumination con-
trol line 401. Also, since there is no capacitive coupling
between gate signal lines 17 and illumination control lines
401, capacitive load is very small when the gate signal lines
175 are viewed from the illumination control lines 401. This
makes it easy to drive the illumination control lines 401.
[1012] The gate driver circuit 12 is connected with the gate
signal lines 17a. When a turn-on voltage is applied to gate
signal lines 174, the appropriate pixel rows are selected and
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the transistors 115 and 11c¢ in the selected pixel rows are
turned on. Then, currents (voltage) applied to the source
signal lines 18 are programmed into the capacitors 19 in the
pixels. On the other hand, the gate signal lines 17 are con-
nected with the gate (G) terminals of the transistors 11d in the
pixels. Thus, when a turn-on voltage (Vgl) is applied to the
illumination control lines 401, current paths are formed
between the driver transistors 11a and EL elements 15. When
a turn-off voltage (Vgh) is applied, the anode terminals of the
EL elements 15 are opened.

[1013] Preferably, control timing of turn-on/turn-off volt-
ages applied to the illumination control lines 401 and a pixel
row selection voltage (Vgl) outputted to the gate signal lines
17a by the gate driver circuit 12 are synchronized with one
horizontal scanning clock (1H). However, this is not restric-
tive.

[1014] The signals applied to the illumination control lines
401 simply turn on and off the current delivered to the EL
elements 15. They do not need to be synchronized with image
data outputted from the source driver circuits 14. This is
because the signals applied to the illumination control lines
401 are intended to control the current programmed into the
capacitors 19 in the pixels 16. Thus, they do not always need
to be synchronized with the pixel row selection signal. Even
when they are synchronized, the clock is not limited to a 1-H
signal and may be a 4-H or ¥4-H signal.

[1015] Evenin the case of the current-mirror pixel configu-
ration shown in FIG. 38, the transistors 11e can be turned on
and off if the gate signal lines 175 are connected to the
illumination control lines 401. Thus, block driving can be
implemented.

[1016] Incidentally, in FIG. 32, by connecting the gate sig-
nal lines 174 to the illumination control lines 401 and per-
forming resets, it is possible to implement block driving. In
other words, the block driving according to the present inven-
tion is a drive method which puts a plurality of pixel rows in
non-illumination (black display) mode simultaneously using
one control line.

[1017] Inthe above example, one selection gate signal line
is placed (formed) per pixel row. The present invention is not
limited to this and a selection gate signal line may be placed
(formed) for two or more pixel rows.

[1018] FIG. 41 shows such an example. Incidentally, for
ease of explanation, the pixel configuration in FIG. 1 is
employed mainly. InFIG. 41, the gate signal line 17a for pixel
row selection selects three pixels (16R, 16G, and 16B) simul-
taneously. Reference character R is intended to indicate
something related to a red pixel, reference character G indi-
cates something related to a green pixel, and reference char-
acter B indicates something related to a blue pixel.

[1019] Thus, when the gate signal line 17a is selected, the
pixels 16R, 16G, and 16B are selected and get ready to write
data. The pixel 16R writes data into a capacitor 19R via a
source signal line 18R, the pixel 16G writes data into a capaci-
tor 19G via a source signal line 18G, and the pixel 16B writes
data into a capacitor 19B via a source signal line 18B.
[1020] The transistor 11d of the pixel 16R is connected toa
gate signal line 175R, the transistor 11d of the pixel 16G is
connected to a gate signal line 175G, and the transistor 114 of
the pixel 16B is connected to a gate signal line 176B. Thus, an
EL element 15R of the pixel 16R, EL element 15G ofthe pixel
16G, and EL element 15B of the pixel 16B can be turned on
and off separately. Illumination times and illumination peri-
ods of the EL element 15R, EL element 15G, and EL element
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15B can be controlled separately by controlling the gate sig-
nal line 175R, gate signal line 176G, and gate signal line
175B.

[1021] To implement this operation, in the configuration in
FIG. 6, it is appropriate to form (place) four shift register
circuits: a shift register circuit 61 which scans the gate signal
line 174, shift register circuit 61 which scans the gate signal
line 175R, shift register circuit 61 which scans the gate signal
line 176G, and shift register circuit 61 which scans the gate
signal line 175B.

[1022] Incidentally, although it has been stated that a cur-
rent N times larger than a predetermined current is passed
through the source signal line 18 and that a current N times
larger than a predetermined current is passed through the EL
element 15 for a period of 1/N, this cannot be implemented in
practice. Actually, signal pulses applied to the gate signal line
17 penetrate into the capacitor 19, making it impossible to set
a desired voltage value (current value) on the capacitor 19.
Generally, a voltage value (current value) lower than a desired
voltage value (current value) 1s set on the capacitor 19. For
example, even if 10 times larger current value is meant to be
set, only approximately 5 times larger current value is set on
the capacitor 19. For example, even if N=10is specified, N=5
times larger current actually flows through the EL element 15.
Thus, this method sets an N times larger current value to pass
a current proportional or corresponding to the N-fold value
through the EL element 15. Alternatively, this drive method
applies a current larger than a desired value to the EL element
15 in a pulsed manner.

[1023] This method performs current (voltage) program-
ming so as to obtain desired emission brightness of the EL
element by passing a current larger than a desired value inter-
mittently through the driver transistor 11a (in the case of FIG.
1) (i.e., a current which will give brightness higher than the
desired brightness if passed through the EL element 15 con-
tinuously).

[1024] Incidentally, a compensation circuit which employs
the penetration to the capacitor 19 is installed in the source
driver circuit 14. This will be described later.

[1025] Preferably, N-channel transistors are used as the
switching transistors 1156 and 11¢, ete. in FIG. 1 and the like.
This will reduce penetration voltage reaching the capacitor
19. Also, since off-leakage of the capacitor 19 is reduced, this
method can be applied to a 10-Hz or lower frame rate.
[1026] Depending on pixel configuration, if the penetration
voltage tends to increase the current flowing through the EL
element 15, white peak voltage will increase, increasing pet-
ceived contrast in image display. This provides for a good
image display.

[1027] Conversely, it is also useful to use P-channel tran-
sistors as the switching transistors 115 and 11¢ in FIG. 1 to
cause penetration, and thereby obtain a proper black display.
When the P-channel transistor 115 turns off, the voltage goes
high (Vgh), shifting the terminal voltage of the capacitor 19
slightly to the Vdd side. Consequently, the voltage at the gate
(G) terminal of the transistor 11a rises, resulting in more
intense black display. Also, the current used for first gradation
display can be increased (a certain base current can be deliv-
ered up until gradation 1), and thus shortages of write current
can be eased during current programming.

[1028] Besides, it is useful to increase penetration voltage
by intentionally forming a capacitor 196 between the gate
signal line 174 and the gate (G) terminal of the transistor 11a
(see FIG. 42(a)). Preferably, the capacitance of the capacitor
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195 is between Y50 and Y10 (both inclusive) of the capacitance
of a normal capacitor 19a. More preferably, it is between Yo
and ¥is (both inclusive). Alternatively, it should be from 1 to
10 times (both inclusive) the source-gate (or source-drain
(SD) or gate-drain (GD)) capacitance of the transistor 115.
More preferably, itis from 2 to 6 times (both inclusive) the SG
capacitance. Incidentally, the capacitor 195 may be formed or
placed between one terminal of the capacitor 19a (gate (G)
terminal of the transistor 11a) and source (S) terminal of the
transistor 114. In that case, the capacitance and the like have
the same values as those described above.

[1029] Let Cb (pF) denote the capacitance of the penetra-
tion-voltage generating capacitor 194, let Ca (pF) denote the
capacitance of the capacitor 194, let Vw denote the gate (G)
terminal voltage of the transistor 11a in the case of white peak
current (during white raster display at the maximum display
brightness), and let Vb denote the gate (G) terminal voltage in
the case of black display current (basically when the current
is 0, i.e., during black display), preferably the following rela-
tionship is satisfied.

Cal(200CH)= Vw-VbI=Ca/(8Ch)

Incidentally, [Vw-Vbl is the absolute value of the difference
in the terminal voltage of the driver transistor between white
display and black display (i.e., a variable voltage range).

[1030] More preferably the following relationship is satis-
fied.

Cai(100Ch)= Vw-VbI=Cai(10Ch)
[1031] The transistor 115 should be a p-channel transistor

and should have at least two gates. Preferably, it has three or
more gates. More preferably, it has four or more gates.
Capacitors with a capacitance of 1 to 10 times the source-gate
(SD or gate-drain (GD)) capacitance of the transistor 115
(when activated) are placed or formed in series.

[1032] Incidentally, the above items apply not only to the
pixel configuration in FIG. 1, but also to other pixel configu-
rations. For example, in the current-mirror pixel configura-
tion in FIG. 42(b), a penetration-voltage generating capacitor
is formed or placed between the gate signal line 17a or 17b
and gate (G) terminal of the transistor 11a. The switching
transistor 11¢ should be an n-channel transistor and should
have two or more gates. Alternatively, switching transistors
11c¢ and 114 should be p-channel transistors and should have
three or more gates.

[1033] In the voltage-programming pixel configuration in
41, a penetration-voltage generating capacitor 19¢ is formed
or placed between the gate signal line 17¢ and gate (G) ter-
minal of the driver transistor 11a. The switching transistor
11c¢ should have three or more gates. The penetration-voltage
generating capacitor 19¢ may be formed or placed between
the drain (D) terminal of the transistor 11¢ (on the side of the
capacitor 195) and the gate signal line 17a. Also, the penetra-
tion-voltage generating capacitor 19¢ may be formed or
placed between the gate () terminal of the transistor 11a and
the gate signal line 17a. The penetration-voltage generating
capacitor 19¢ may be formed or placed between the drain (D)
terminal of the transistor 11¢ (on the side of the capacitor 196)
and the gate signal line 17¢.

[1034] Let Cadenote the capacitance of the charge-holding
capacitor 194, let Cc denote the source-gate capacitance (the
capacitance of any penetration-voltage generating capacitor
is added) of the switching transistor 11¢ or 11d, let Vgh
denote a high voltage signal applied to the gate signal line,
and let Vgl denote a low voltage signal applied to the gate
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signal line, proper black display can be achieved if the fol-
lowing relationship is satisfied.

0.05 (V)=(Vgh-Vgl)x(Ce/Ca)=0.8 (V)

[1035]
fied.

More preferably the following relationship is satis-

0.1 (V)E(Vgh-Vghx(Cc/Ca)=0.5 (V)

[1036] The above items also apply to the pixel configura-
tions in FIG. 43 and the like. In the voltage-programming
pixel configuration in FIG. 43, the penetration-voltage gen-
erating capacitor 1956 is formed or placed between the gate
(G) terminal of the transistor 11a and the gate signal line 17a.
[1037] Incidentally, the penetration-voltage generating
capacitor 1954 is formed by the source wiring and gate wiring
of the transistor. However, since the capacitor 195 is formed
by increasing the source width of the transistor 11 and lapping
the source wiring over the gate signal line 17, there may be
cases in which the capacitor 195 is not separated clearly from
the transistor in a practical sense.

[1038] The approach of constructing a penetration-voltage
generating capacitor 195 in appearance by making the
switching transistors 115 and 11c¢ (in the configuration in
FIG. 1) larger than necessary also belongs to the present
invention.

[1039] The switching transistors 115 and 11c¢ are often
formed in such a way as to satisfy a relationship: channel
width W/channel length [L=6/6 um. Increasing the W amounts
to constructing a penetration-voltage generating capacitor
194. For example, the ratio of W to L is configured to be
between 2:1 and 20:1 (both inclusive). Preferably, the ratio of
W to L is between 3:1 and 10:1 (both inclusive).

[1040] Preferably, the size (capacitance) of the penetration-
voltage generating capacitors 195 is varied among R, G, and
B, which make pixels modulated. This is because drive cur-
rent varies among the EL elements 15 of R, G, and B as well
as because cutoff voltage varies with the EL element 15,
varying the voltage (current) programmed into the gate (G)
terminal of the driver transistor 11a¢ among the EL elements
15. For example, if a capacitor 195R for the R pixelis 0.02 pF,
capacitors 196G and 196B for the other colors (G and B
pixels) should be 0.025 pF. Also, if the capacitor 195R for the
R pixel is 0.02 pF, the capacitor 196G for the G pixel should
be 0.03 pF and the capacitor 196B for the B pixel should be
0.025 pF, for example. By varying the capacitance of the
capacitors 195 among the R, G, and B pixels in this way, it is
possible to adjust offset drive current separately for R, G, and
B. This makes it possible to optimize black display levels for
R, G, and B.

[1041] It has been described that the capacitance of the
penetration-voltage generating capacitors 195 is varied, but
the penetration voltage is determined relatively depending on
relationship between the capacitance of the charge-holding
capacitor 19a and capacitance of the penetration-voltage gen-
erating capacitor 194. Thus, it is not strictly necessary to vary
the capacitors 195 among the R, G, and B pixels.

[1042] That is, the capacitance of the charge-holding
capacitors 19a may be varied. For example, if the capacitor
11aR for the R pixel is 1.0 pF, the capacitor 11aG for the G
pixel may be 1.2 pF and the capacitor 115B for the B pixel
may be 0.9 pF. At this time, the capacitance of the penetration-
voltage generating capacitors 195 should be common among
R, G, and B. Thus, according to the present invention, the
capacitance ratio between the charge-holding capacitors 194
and penetration-voltage generating capacitors 195 s varied at
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least for one of the RGB colors. Incidentally, both the capaci-
tance ofthe charge-holding capacitors 194 and capacitance of
the penetration-voltage generating capacitors 195 may be
varied among the R, G, and B pixels.

[1043] Also, the capacitance of the penetration-voltage
generating capacitors 195 may be varied between the left and
right of the screen 50. In the case of pixels 16 located close to
the gate drivers 12, since they are placed on the signal supply
side, gate signals rise quickly (because of a high through-
rate), resulting in a high penetration voltage. Pixels placed
(formed) at the ends of the gate signal lines 17 have blunt
waveforms (because the gate signal lines 17 have capaci-
tance). This is because gate signals rise slowly (because of a
low through-rate), resulting in a low penetration voltage.
Thus, the penetration-voltage generating capacitors 195 of
the pixels 16 close to the side of connection with the gate
drivers 12 should be downsized. Also, capacitors 195 at the
ends of the gate signal lines 17 should be enlarged.

[1044] For example, the capacitance of the capacitors is
varied by approximately 10% between the left and right of the
screet.

[1045] The penetration voltage generated depends on the
capacitance ratio between the charge-holding capacitors 19
and penetration-voltage generating capacitors 195. Thus,
although it has been stated that the capacitance of the pen-
etration-voltage generating capacitors 195 are varied
between the left and right of the screen, this is not restrictive.
It is also possible to keep the capacitance of the penetration-
voltage generating capacitors 195 constant between the left
and right ofthe screen and vary the capacitance of the charge-
holding capacitors 19a between the left and right of the
screen. Needless to say, it is also possible to vary both the
capacitance of the penetration-voltage generating capacitors
195 and capacitance of the charge-holding capacitors 19a
between the left and right of the screen.

[1046] One of the problems with the N-fold pulse driving
according to the present invention is that the current applied to
the EL elements 15 is N times larger than the current applied
conventionally although instantaneously. Large current may
shorten the life of EL elements. To solve this problem, it is
useful to apply a reverse bias voltage Vm to the EL elements
15.

[1047] Inthe above example, RGB image data is rewritten
within a field (frame). The RGB data may be rewritten
sequentially. The term “sequentially” means rewriting R
image data in the first field, G image data in the second field,
and B image data in the third field assuming that one frame
consists of three fields. This drive method is referred to as
sequential driving.

[1048] Needless to say, sequential driving may be used in
combination with another drive method according to the
present invention such as N-fold pulse driving or reset driv-
ing. Display panels employing a combination of drive meth-
ods according to the present invention or display apparatus
employing such a display panel are also included in the
present invention.

[1049] FIG. 75 is an explanatory diagram illustrating a
display panel which performs sequential driving. A source
driver circuit 14 outputs R, G, and B data to connection
terminals 996 by switching among them. Thus, the source
driver circuit 14 only needs 5 as many output terminals as in
FIG. 48.

[1050] Signals outputted from the source driver circuit 14
to the connection terminals 996 are allocated to 18R, 18G,
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and 18B by an output switching circuit 751. The output
switching circuit 751 is formed directly on an array board 71
by polysilicon technology. Alternatively, it may be formed
with silicon chips and mounted on the array board 71 by COG
technology. Also, the output switching circuit 751 may be
incorporated into the source driver circuit 14 as a sub-circuit
of the source driver circuit 14.

[1051] If a changeover switch 752 is connected to an R
terminal, the output signal from the source driver circuit 14 is
applied to the source signal line 18R. If the changeover switch
752 is connected to a G terminal, the output signal from the
source driver circuit 14 is applied to the source signal line
18G. If the changeover switch 752 is connected to a B termi-
nal, the output signal from the source driver circuit 14 is
applied to the source signal line 18B.

[1052] Incidentally, in the configuration in FIG. 76, when
the changeover switch 752 is connected to the R terminal, the
G terminal and B terminal of the changeover switch are open.
Thus, the current entering the source signal lines 18G and
18B is 0 A. Consequently, the pixels 16 connected to the
source signal lines 18G and 18B provide a black display.
[1053] When the changeover switch 752 is connected to the
G terminal, the R terminal and B terminal of the changeover
switch are open. Thus, the current entering the source signal
lines 18R and 18B is 0 A. Consequently, the pixels 16 con-
nected to the source signal lines 18R and 18B provide a black
display.

[1054] In the configuration in FIG. 76, when the
changeover switch 752 is connected to the B terminal, the R
terminal and G terminal of the changeover switch are open.
Thus, the current entering the source signal lines 18R and
18G is 0 A. Consequently, the pixels 16 connected to the
source signal lines 18R and 18G provide a black display.
[1055] Basically, if one frame consists of three fields, R
image data is written in sequence into the pixels 16 in the
display area 50 in the first field. In the second field, G image
data is written in sequence into the pixels 16 in the display
area 50. In the third field, B image data is written in sequence
into the pixels 16 in the display area 50.

[1056] Thus, R data—G data—B data—R data— . . . are
rewritten in sequence in the appropriate fields to implement
sequential driving. Description of how N-fold pulse driving is
performed by turning on and off the switching transistor 114
as shown in FIG. 1 has been given with reference to FIGS. 5,
13, 16, etc. Needless to say, such a drive method can be
combined with sequential driving.

[1057] In the above example, it has been stated that when
image data is written into the R pixel 16, black data is written
into the G pixel and B pixel, that when image data is written
into the G pixel 16, black data is written into the R pixel and
B pixel, and that when image data is written into the B pixel
16, black data is written into the R pixel and G pixel. The
present invention is not limited to this.

[1058] For example, when image data is written into the R
pixel 16, the G pixel and B pixel may retain the image data
rewritten in the previous field. This can make the screen 50
brighter. When image data is written into the G pixel 16, the
R pixel and B pixel may retain the image data rewritten in the
previous field. When image data is written into the B pixel 16,
the G pixel and R pixel may retain the image data rewritten in
the previous field.

[1059] Inorder to retain image data in pixels other than the
color pixel being rewritten, the gate signal line 174 can be
controlled separately for the R, G, and B pixels. For example,
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as illustrated in FIG. 75, a gate signal line 174R can be
designated as a signal line which turns on and off the transis-
tors 115 and 11¢ of the R pixel, a gate signal line 17aG can be
designated as a signal line which turns on and off the transis-
tors 115and 11¢ ofthe G pixel, and a gate signal line 17¢B can
be designated as a signal line which turns on and off the
transistors 115 and 11¢ of the B pixel. On the other hand, the
gate signal line 17b can be designated as a signal line which
commonly turns on and off the transistors 11d of the R, G, and
B pixels.

[1060] With the above configuration, when the source
driver circuit 14 outputs R image data and the changeover
switch 752 is set to an R contact, a turn-on voltage can be
applied to the gate signal line 17aR and a turn-off voltage can
be applied to the gate signal lines aG and aB. Thus, the R
image data can be written into the R pixel 16 and the G pixel
16 and R pixel 16 can retain the image data of the previous
field.

[1061] When the source driver circuit 14 outputs G image
data in the second field and the changeover switch 752 is set
to a G contact, a turn-on voltage can be applied to the gate
signal line 174G and a turn-off voltage can be applied to the
gate signal lines aR and aB. Thus, the G image data can be
written into the G pixel 16 and the R pixel 16 and B pixel 16
can retain the image data of the previous field.

[1062] When the source driver circuit 14 outputs B image
data in the third field and the changeover switch 752 is set to
a B contact, a turn-on voltage can be applied to the gate signal
line 174B and a turn-off voltage can be applied to the gate
signal line aR and aG. Thus, the B image data can be written
into the B pixel 16 and the R pixel 16 and G pixel 16 can retain
the image data of the previous field.

[1063] In the example shown in FIG. 75, the gate signal
lines 174 are placed (formed) in such a way as to turns on and
off the transistors 115 of the R, G, and B pixels 16 separately.
However, the present invention is not limited to this. For
example, a gate signal line 17a common to the R, G, and B
pixels 16 may be formed of placed as illustrated in FIG. 76.

[1064] In relation to the configuration in FIG. 75 and the
like, it has been stated that when the R source signal line is
selected by the changeover switch 752, the G and B source
signal lines are open. However, the open state is an electri-
cally floating state and is not desirable.

[1065] FIG. 76 shows a configuration in which measures
are taken to eliminate such floating state. A terminal a of a
changeover switch 752 of an output switching circuit 751 is
connected to a Vaa voltage (voltage for black display). A
terminal b is connected to an output terminal of the source
driver circuit 14. The changeover switch 752 is installed for
each of the R, G, and B pixels.

[1066] In the state shown in FIG. 76, a changeover switch
752R is connected to a Vaa terminal. Thus, the Vaa voltage
(voltage for black display) is applied to the source signal line
18R. A changeover switch 752G is connected to a Vaa termi-
nal. Thus, the Vaa voltage (voltage for black display) is
applied to the source signal line 18G. A changeover switch
752B is connected to the output terminal of the source driver
circuit 14. Thus, a B image signal is applied to the source
signal line 18B.

[1067] Inthe above state, the B pixel is being rewritten and
a black display voltage is applied to the R pixel and G pixel.
As the changeover switches 752 are controlled in the above
manner, an image composed of the pixels 16 are rewritten.
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Incidentally, control of the gate signal lines 175 is the same as
in the examples described above, and thus detailed descrip-
tion thereof will be omitted.

[1068] Inthe above example, the R pixel 16 is rewritten in
the first field, the G pixel 16 is rewritten in the second field,
and the B pixel 16 is rewritten in the third field. That is, the
color of the pixel rewritten changes every field. The present
invention is not limited to this. The color of the pixel rewritten
may be changed every horizontal scanning period (1 H). For
example, a possible drive method involves rewriting the R
pixel in the first H, the G pixel in the second H, the B pixel in
the third H, the R pixel in the fourth H, and so on. Of course,
the color of the pixel rewritten may be changed every two
horizontal scanning periods or every %5 field.

[1069] FIG. 77 shows an example, in which the color of the
pixel rewritten changes every 1 H. Incidentally, in FIGS. 77 to
79, the oblique hatching indicates that the pixels 16 either
retain image data from the previous field instead of being
rewritten or are displayed in black. Of course, the black
display of the pixels and retention of image data from the
previous field may be repeated alternately.

[1070] Needless to say, in the drive system in FIGS. 75 to
79, itis also possible to use the N-fold pulsedriving in FIG. 13
or simultaneous M-row driving. FIGS. 75 to 79, and the like,
show writing of pixels 16. Although illumination control of
the EL elements 15 is not described, it goes without saying
that this example can be used in combination with examples
described earlier or later.

[1071] One frame need not necessarily consist of three
fields and may consist of two fields or four or more fields. In
one example illustrated herein, one frame consists of two
fields and the R and G pixels out of the three primary RGB
colorsare rewritten in the first field and the B pixel is rewritten
in the second field. In another example illustrated herein, one
frame consists of four fields and the R pixel out of the three
primary RGB colors is rewritten in the first field, the G pixel
is rewritten in the second field, and the B pixel is rewritten in
the third and fourth field. In these sequences, white balance
can be achieved more efficiently if the luminous efficiencies
of the R, G, and B EL elements 15 are taken into consider-
ation.

[1072] Inthe above example, the R pixel 16 is rewritten in
the first field, the G pixel 16 is rewritten in the second field,
and the B pixel 16 is rewritten in the third field. That is, the
color of the pixel rewritten changes every field.

[1073] According to the example shown in FIG. 77, in the
first field, an R pixel is rewritten in the first H, a G pixel is
rewritten in the second H, a B pixel is rewritten in the third H,
an R pixel is rewritten in the fourth H, and so on. Of course,
the color of the pixel rewritten may be changed every two or
more horizontal scanning periods or every ¥4 field.

[1074] According to the example shown in FIG. 77, in the
first field, an R pixel is rewritten in the first H, a G pixel is
rewritten in the second H, a B pixel is rewritten in the third H,
and an R pixel is rewritten in the fourth H. In the second field,
a Gpixel is rewritten in the first H, a B pixel is rewritten in the
second H, an R pixel is rewritten in the third H, and a G pixel
is rewritten in the fourth H. In the third field, a B pixel is
rewritten in the first H, an R pixel is rewritten in the second H,
a G pixel is rewritten in the third H, and a B pixel is rewritten
in the fourth H.
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[1075] Thus, by rewriting the R, G, and B pixels in each
field arbitrarily or with some regularity, it is possible to pre-
vent separation among the R, G, and B colors. Also, flickering
is reduced.

[1076] InFIG. 78, a plurality of pixel 16 colors are rewrit-
ten every 1 H. In FIG. 77, in the first field, the pixel 16
rewritten in the first H is an R pixel, the pixel 16 rewritten in
the second H is a G pixel, the pixel 16 rewritten in the third H
is a B pixel, the pixel 16 rewritten in the fourth His an R pixel.
[1077] InFIG. 78, positions of the different-colored pixels
rewritten are changed every 1 H. By assigning R, G, and B
pixels to different fields (needless to say, this may be done
with some regularity) and rewriting them in sequence, it is
possible to prevent separation among the R, G, and B colors
as well as to reduce flickering,

[1078] Incidentally, even in the example in FIG. 78, the R,
G, and B pixels should have the same illumination time or
luminous intensity in each picture element, which is a set of
R, G, and B pixels. Needless to say, this is also done in the
examples in FIGS. 76, 77, and the like to avoid color irregu-
larities.

[1079] As shown in FIG. 78, in order to rewrite pixels of
different colors in each H (three colors—R, G, and B—are
rewritten in the first H in the first field in FIG. 78), in F1G. 75,
the source driver circuit 14 can be configured to output image
signals of arbitrary colors (or colors determined with some
regularity) to the terminals and the changeover switches 752
can be configured to connect to the R, G, and B contacts
arbitrarily (or with some regularity).

[1080] The panel in an example in FIG. 79 has W (white)
pixels 16W in addition to the three primary colors RGB. By
forming or placing pixels 16W, it is possible to achieve peak
brightness of colors propetly as well as to achieve a high
brightness-display. FIG. 79(a) shows an example in which R,
G, B, and W pixels 16 are formed in each pixel row. FIG.
79(b) shows an example in which R, G, B, and W pixels are
placed in turns in different pixel rows.

[1081] Needless to say, the drive method in FIG. 79 can
incorporate the drive methods in FIGS. 77, 78, etc. Also, it
goes without saying that N-fold pulse driving, simultaneous
M-row driving, etc. can be incorporated. These matters can
easily be implemented by those skilled in the art based on this
specification, and thus description thereof will be omitted.
[1082] Incidentally, for ease of explanation, it is assumed
that the display panel according to the present invention has
the three primary colors RGB, but this is not restrictive. The
display panel may have cyan, yellow, and magenta inaddition
to R, G, and B, or it may have any one of R, G, and B or any
two of R, G, and B.

[1083] Also, although it has been stated that the sequential
driving system handles R, G, and B in each field, it goes
without saying that the present invention is not limited to this.
Besides, the examples in FIGS. 75 to 79 illustrate how image
data is written into pixels 16. They do not illustrate (although,
of course, they are related to) a method of displaying images
by operating the transistors 114 and passing current through
the EL elements 15 unlike in FIG. 1. In the configuration
shown in FIG. 1, current is passed through the EL elements 15
by controlling the transistors 11d.

[1084] Also, the drive methods in FIGS. 77, 78, etc. can
display RGB images in sequence by controlling the transis-
tors 11d (in the case of FIG. 1). For example, in FIG. 80(a), an
R display area 53R, G display area 53G, and B display area
53B are scanned from top to bottom (or from bottom to top)
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of the screen during one frame (one field) period. The remain-
ing area becomes a non-display area 52. That is, intermittent
driving is performed.

[1085] FIG. 80(b) shows an example in which a plurality of
RGB display areas 53 are generated during one field (one
frame) period. This drive method is analogous to the one
shown in FIG. 16. Thus, it will require no explanation. In FIG.
80(b), by dividing the display area 53, it is possible to elimi-
nate flickering even at a lower frame rate.

[1086] FIG. 81(a) shows a case in which R, G, and B
display areas 53 have different sizes (needless to say, the size
of adisplay area 53 is proportional to its illumination period).
In FIG. 81(a), the R display area 53R and G display area 53G
have the same size. The B display area 53B has a larger size
than the G display area 53G. In an organic EL display panel,
B often has a low light emission efficiency. By making the B
display area 53B larger than the display areas 53 of other
colors as shown in FIG. 81(a), it is possible to achieve a white
balance efficiently.

[1087] FIG. 81(b) shows an example in which there are a
plurality of B display periods 53B (53B1 and 53B2) during
one field (one frame) period. Whereas FIG. 81(a) shows a
method of varying the size of one B display area 53B to allow
the white balance to be adjusted properly, FIG. 81(b) shows a
method of displaying multiple B display areas 53B having the
same surface area to achieve a proper white balance.

[1088] The drive system according to the present invention
is not limited to either FIG. 81(a) or FIG. 81(5). Itis intended
to generate R, G, and B display areas 53 and create an inter-
mittent display, and thereby correct blurred moving pictures
and insufficient writing into the pixels 16. With the drive
methodin FIG. 16, independent display areas 53 for R, G, and
B are not generated. R, G, and B are displayed simultaneously
(it should be stated that a W display area 53 is presented).
Incidentally, it goes without saying that FIG. 81(a) and FIG.
81(b) may be combined. For example, it is possible to com-
bine the drive method of using display areas 53 of different
sizes for R, G, and B in FIG. 81(a) with the drive method of
generating multiple display areas 53 for R, G, or B in FIG.
81(b).

[1089] Incidentally, the drive method in FIGS. 80 and 81 is
not limited to the drive methods in FIGS. 75 to 79 according
to the present invention. Needless to say, with a configuration
in which the currents flowing through the EL elements 15 (EL
elements 15R, EL elements 15G, and EL elements 15B) are
controlled separately for R, G, and B as shown in FIG. 41, the
drive method in FIGS. 80 and 81 can be implemented easily.
By applying turn-on/turn-off voltages to the gate signal line
174R, it is possible to turn on and off the R pixel 16R. By
applying turn-on/turn-off voltages to the gate signal line
174G, it is possible to turn on and off the G pixel 16G. By
applying turn-on/turn-off voltages to the gate signal line
174B, it is possible to turn on and off the B pixel 16B.
[1090] The above driving can be implemented by forming
or placing a gate driver circuit 126R which controls the gate
signalline 17bR, a gate driver circuit 125G which controls the
gate signal line 175G, and a gate driver circuit 126B which
controls the gate signal line 176B, as illustrated in F1G. 82. By
driving the gate driver circuits 126R, 125G, and 1256B in FIG.
82 by the method described in FIG. 6 or the like, the drive
method in FIGS. 80 and 81 can be implemented. Of course, it
goes without saying that the drive methods in FIG. 16 and the
like can be implemented using the configuration of the dis-
play panel in FIG. 82.
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[1091] Also, with the configuration shown in FIGS. 75 to
78, the drive method in FIGS. 80 and 81 can be implemented
using a gate signal line 175 common to the R, G, and B pixels
without using a gate signal line 176R which controls the EL
elements 15R, a gate signal line 176G which controls the EL
elements 15G, and a gate signal line 176B which controls the
EL elements 15B as long as black image data can be written
into pixels 16 other than the pixels 16 whose image data is
rewritten.

[1092] Inthe EL element 15, electrons are injected into an
electron transport layer from the negative pole (cathode)
while at the same time positive holes are injected into a
positive hole transport layer from the positive pole (anode).
The injected electrons and positive holes move to the opposite
pole under the influence of applied electric fields. In so doing,
electrons and positive holes are trapped in an organic layer,
and carriers are accumulated due to difference in energy
levels on boundaries of a light-emitting layer.

[1093] Itisknown that accumulation of space charges inthe
organic layer causes molecules to be oxidized or reduced,
producing unstable radical anion molecules or radical cation
molecules, which in turn degrade membrane quality, result-
ing in reduced brightness and increased drive voltage during
constant-current driving. To prevent this, device structure is
changed and reverse voltage is applied, for example.

[1094] Application of a reverse bias voltage means appli-
cation of a reverse current, and thus injected electrons and
positive holes are drawn to the negative and positive poles,
respectively. This makes it possible to cancel formation of
space charge in the organic layer and reduce electro-chemical
degradation, thereby prolonging the life.

[1095] FIG. 45 shows reverse bias voltage Vm versus
changes in terminal voltage of the EL element 15. The termi-
nal voltage results when a rated current is applied to the EL
element 15. In FIG. 45, the current density of the current
passed through the EL element 15 is 100 A per square meter.
The trend in FIG. 45 shows little difference from the trend
observed when the current density is 50 to 100 A per square
meter. Thus, it is presumed that this method can be applied to
a wide range of current density.

[1096] The vertical axis represents the ratio of the terminal
voltage after 2500 hours to the initial terminal voltage of the
EL element 15. For example, if the terminal voltage is 8V and
10V, respectively, when a current with a current density of
100 A per square meter is applied at time 0 (zero) and after
2500 hours, the terminal voltage ratio is 10/8=1.25.

[1097] The horizontal axis represents the ratio of the prod-
uct of the reverse bias voltage Vm and its application duration
tl in a period to a rated terminal voltage V0. For example, if
the reverse bias voltage Vm is applied at 60 Hz (60 Hz has no
particular meaning) for % (half) a period, then t1=0.5. Fur-
ther, 12 is the application duration of the rated terminal volt-
age. Also, if the terminal voltage (rated terminal voltage) is 8
V when a current with a current density of 100 A per square
meter is applied at time 0 (zero) and if the reverse bias voltage
Vm is -8V, then Ireverse bias voltagextll/(rated terminal
voltagext2)=I-8 (V)x0.51/(8 (V)x0.5)=1.0.

[1098] InFIG. 45, the terminal voltage ratio stops to change
when Ireverse bias voltagext1|/(rated terminal voltagext2) is
1.0 or larger (no change to the initial rated terminal voltage).
Consequently, the application of the reverse bias voltage Vm
works well. However, the terminal voltage ratio tends to
increase when Ireverse bias voltagextll/(rated terminal volt-
agext2) is 1.75 or larger. Thus, the reverse bias voltage Vm
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and the application duration rate t1 (or 2 or the ratio between
tl and t2) should be determined in such a way as to make
Ireverse bias voltagext1l/(rated terminal voltagext2) equal to
or larger than 1.0. Preferably, the reverse bias voltage Vm and
the application duration rate t1 should be determined in such
a way as to make |reverse bias voltagextl|/(rated terminal
voltagext2) equal to or smaller than 1.75.

[1099] However, for bias driving, the reverse bias Vm and
rated current should be applied alternately. To equalize aver-
age brightness of samples A and B over a unit time as shown
in FIG. 46 by the application of the reverse bias voltage Vm,
it is necessary to pass a larger current instantaneously than
when no reverse bias voltage is applied. Consequently, the
application of the reverse bias voltage Vm (sample A in FIG.
46) also increases the terminal voltage of the EL element 15.
[1100] However, in FIG. 45, even with the drive method
which involves applying the reverse bias voltage, the rated
terminal voltage V0 should satisfy the average brightness
(i.e., illuminate the EL element 15). (According to examples
cited herein, such a terminal voltage is obtained when a cur-
rent with a current density of 200 A per square meter is
applied. However, since the duty ratio is 1/2 the average
brightness over one cycle is equal to the brightness at a current
density of 200 A per square meter.)

[1101] The above description assumes white raster display
(maximum voltage is applied to all the EL elements 15 in the
screen). However, video display on an EL display apparatus is
provided as gradation display of natural images. Thus, it is not
that a white peak current (a current which flows during maxi-
mum white display, or a current with an average current
density of 100 A per square meter according to the examples
described herein) always flows through the EL elements 15.
[1102] Generally, in the case of video display, the current
applied to (passed through) each EL element 15 is approxi-
mately 0.2 of a white peak current (a current which flows at a
rated terminal voltage, or a current with a current density of
100 A per square meter according to examples cited herein).
[1103] Therefore, for video display in the example in FIG.
45, the value of the horizontal axis should be multiplied by
0.2. Thus, the reverse bias voltage Vm and the application
durationrate t1 (or t2 or the ratio between t1 and t2) should be
determined in such a way as to make Ireverse bias voltagex
t11/(rated terminal voltagext2) equal to 0.2 or larger. Prefer-
ably, the reverse bias voltage Vm and the application duration
ratet1 should be determined in such a way as to make Ireverse
bias voltagextll/(rated terminal voltagext2) equal to 0.35
(=1.75%0.2) or smaller.

[1104] That is, on the horizontal axis (Ireverse bias volt-
agextll/(rated terminal voltagext2)) in FIG. 45, the value of
1.0 should be changed to 0.2. Thus, if video is displayed on
the display panel (probably this is normally the case and white
raster is not likely to be displayed constantly), the reverse bias
voltage Vm should be applied for a predetermined time t1 in
such a way as to make [reverse bias voltagext1|/(rated termi-
nal voltagext2) equal to 0.2 or larger. Even if the value of
lreverse bias voltagextll/(rated terminal voltagext2) is
increased, the terminal voltage ratio does not increase greatly
as shown in FIG. 45. Thus, an upper limit should be set to
make [reverse bias voltagextll/(rated terminal voltagext2)
equal to 1.75 or smaller by allowing for white raster display.
[1105] Basically, according to the present invention, a
reverse bias voltage Vm (current) is applied during periods in
which current does not flow through the EL element 15.
However, this is not restrictive. For example, a reverse bias
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voltage Vm (current) may be applied forcibly when current
flows through the EL element 15. In that case, however, the
current will stop flowing through the EL element 15 as a
result, bringing about non-illumination mode (black display
mode). Also, although description herein is focused on appli-
cation of a reverse bias voltage Vm in a current-programming
pixel configuration, this is not restrictive.

[1106] In a pixel configuration for reverse bias driving, an
N-channel transistor 11g is used as shown in FIG. 47. Of
course, this may be a P-channel transistor.

[1107] InFIG. 47, as the voltage applied to a gate potential
control line 473 is set higher than the voltage applied to a
reverse bias line 471, the transistor 11g (N) turns on and the
reverse bias voltage Vm is applied to the anode electrode of
the EL element 15.

[1108] Inthe pixel configuration in FIG. 47 and the like, the
gate potential control line 473 may be operated constantly at
a fixed potential. For example, in F1G. 47, when voltage Vk is
0 (V), the potential of the gate potential control line 473 is set
to 0 (V) orhigher (preferably, 2V or higher). Incidentally, this
potential is denoted by Vsg. In this state, as the potential of the
reverse bias line 471 is set to the reverse bias voltage Vm (0V
or lower, and preferably -5V or lower than Vk), the transistor
11g (N) turns on and the reverse bias voltage Vm is applied to
the anode electrode of the EL element 15. As the voltage of
the reverse bias line 471 s set higher than the voltage applied
to the gate potential control line 473 (i.e., the gate (G) termi-
nal voltage of the transistor 11g), the transistor 11g stays off
and the reverse bias voltage Vm is not applied to the anode
electrode of the EL element 15. Of course, it goes without
saying that in this state, the reverse bias line 471 may be put
into a high-impedance state (such as an open state).

[1109] Also, a gate driver circuit 12¢ may be formed or
placed separately to control the reverse bias line 471 as illus-
trated in FIG. 48. The gate driver circuit 12¢ operates by
shifting in sequence as in the case ofthe gate driver circuit 12a
and the location of application of the reverse bias voltage is
shifted in sync with the shift operation.

[1110] Thedrive method described above makes it possible
to apply the reverse bias voltage Vm to the EL element 15 by
varying only the potential of the reverse bias line 471 with the
gate (G) terminal of the transistor 11g set at a fixed potential.
This makes it easy to control the application of the reverse
bias voltage Vm. Also, the voltage applied between the source
(S) terminal and gate (G) terminal of the transistor 11g can be
decreased. This similarly applies when the transistor 11g is a
p-channel transistor.

[1111] Thereversebias voltage Vm is applied when current
is not passed through the EL element 15. This can be done by
turning on the transistor 11g when the transistor 11d is off.
That is, the reverse of on/off logic of the transistor 11d can be
applied to the gate potential control line 473. For example, in
FIG. 47, the gate (G) terminal of the transistors 114 and 11g
can be connected to the gate signal line 175. Since the tran-
sistor 11d is a P-channel transistor and the transistor 11g is an
N-channel transistor, they turn on and off in the opposite
mannet.

[1112] FIG. 49 is a timing chart of reverse bias driving. In
the chart, the subscripts such as (1) and (2) indicate pixel row
numbers. It is assumed for ease of explanation that (1) indi-
cates the first pixel row while (2) indicates the second pixel
row, but this is not restrictive. It is also possible to consider
that (1) indicates the N-th pixel row while (2) indicates the
(N+1)-th pixel row. The same applies to other examples
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except for some special cases. Although examples in FIG. 49
and the like are described by citing the pixel configuration in
FIG. 1 and the like, this is not restrictive. They are also
applicable, for example, to the pixel configurations in FIGS.
41, 38, etc.

[1113] When a turn-on voltage (Vgl) is applied to the gate
signal line 17a (1) in the first pixel row, a turn-off voltage
(Vgh)is applied to the gate signal line 175 (1) in the first pixel
row. Thus, the transistor 114 is off and current does not flow
through the EL element 15.

[1114] A voltage Vsl (which turns on the transistor 11g) is
applied to a reverse bias line 471(1). Thus, the transistor 114
is on and a reverse bias voltage is applied to the EL element
15. The reverse bias voltage is applied a predetermined period
(V200 of 1H or longer; or 0.5 psec) after the turn-off voltage
(Vgh) is applied to the gate signal line 175. The reverse bias
voltage is turned off a predetermined period (Y200 of 1 H or
longer; or 0.5 psec) before the turn-on voltage (Vgl) is applied
to the gate signal line 17b. This is done in order to prevent the
transistors 11d and 11g from turning on simultaneously.
[1115] Inthe next 1 H (horizontal scanning period), a turn-
offvoltage (Vgh) is applied to the gate signal line 17a, and the
second pixel row is selected. That is, a turn-on voltage is
applied to a gate signal line 175(2). On the other hand, a
turn-on voltage (Vgl) is applied to the gate signal line 175, the
transistor 114 is turned on, and a current from the transistor
11a flows through the EL element 15, causing the EL element
15 to emit light. Also, a turn-off voltage (Vgh)is applied to the
reverse bias line471(1) stopping the reverse bias voltage from
being applied to the EL elements 15 in the first pixel row (1).
The voltage Vsl (reverse bias voltage) is applied to a reverse
bias line 471(2) in the second pixel row.

[1116] Astheabove operations are repeated in sequence the
images on the entire screen is rewritten. In the above example,
a reverse bias voltage is applied while the pixels are being
programmed. However, the circuit configuration in FIG. 48 is
not limited to this. It is obvious that a reverse bias voltage may
be applied to a plurality of pixel rows continuously. It is also
obvious that the reverse bias driving may be used in combi-
nation with block driving (see FI1G. 40), N-fold pulse driving,
reset driving, or dummy pixel driving.

[1117] Reverse bias voltage can be applied not only during
image display. The reverse bias voltage may be applied for a
predetermined period after the EL display apparatus is turned
off.

[1118] Although the above example has been described
with reference to the pixel configuration in FIG. 1, it goes
without saying that the use of reverse bias voltage is also
applicable to the pixel configurations in FIGS. 38 and 41 and
the like. For example, FIG. 50 shows a pixel configuration for
current programming.

[1119] FIG. 50 shows a pixel configuration of a current
mirror. The transistor 11¢ is a pixel selection element. As a
turn-on voltage is applied to a gate signal line 1741, the
transistor 11¢ turns on. The transistor 11d is a switching
element which is equipped with a reset function as well as a
function to short-circuit the drain (D) terminal and gate (G)
terminal of the transistor 11a. The transistor 114 turns on
when a turn-on voltage is applied to a gate signal line 17a2.
[1120] Thetransistor 11d turns on 1 H (horizontal scanning
period, i.e., one pixel row) or more before the given pixel is
selected. Preferably, it turns on at least 3 Hs before. In that
case, the transistor 114 turns on 3 Hs before selection of the
pixel, short-circuiting the gate (G) terminal and drain (D)
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terminal of the transistor 11a. Consequently, the transistor
11a is turned off. Thus, the current stops flowing through the
transistor 115 and the EL element 15 is turned off.

[1121] When the EL element 15 is not illuminated, the
transistor 11g turns on, applying a reverse bias voltage to the
EL element 15. Thus, the reverse bias voltage is applied while
the transistor 114 is on. Consequently, the transistor 114 and
transistor 11g turn on simultaneously in logical terms.
[1122] The voltage Vsg is applied continuously to the gate
(G) terminal of the transistor 11g. The transistor 11g turns on
when a reverse bias voltage sufficiently smaller than the volt-
age Vsg is applied to the reverse bias line 471.

[1123] Subsequently. when there comes a horizontal scan-
ning period in which a video signal is applied to (written into)
the pixel, a turn-on voltage is applied to a gate signal line
1741, turning on the transistor 11c. Thus, a video signal
voltage outputted from the source driver circuit 14 to the
source signal line 18 is applied to the capacitor 19 (the tran-
sistor 11d remains on).

[1124] When the transistor 114 is turned on, the pixel is put
into black display mode. The longer the conduction period of
the transistor 114 in one field (one frame) period, the larger
the proportion of the black display period. Thus, the bright-
ness during a display period needs to be increased to obtain a
desired average brightness over one field (one frame) in spite
of the black display period. That is, the current to be passed
through the EL element 15 during the display period needs to
be increased. This operation is based on the N-fold pulse
driving according to the present invention. Thus, an operation
characteristic of the present invention is implemented by a
combination of the N-fold pulse driving and driving which
involves creating a black display by turning on the transistor
11d. Also, a configuration (method) characteristic of the
present invention involves applying a reverse bias voltage to
the EL element 15 when the EL element 15 is not illuminated.
[1125] Although in the above example, a reverse bias volt-
age is applied when pixels are not illuminated during image
display, the configuration in which a reverse bias voltage is
applied is not limited to this. There is no need to form a
reverse-biasing transistor 11g in each pixel as long as a
reverse bias voltage is applied when no image is displayed.
The phrase “not illuminated” means a configuration in which
a reverse bias voltage is applied after or before using the
display panel.

[1126] Forexample, in the pixel configuration in FIG. 1, the
pixel 16 is selected (the transistors 115 and 11c¢ are turned on)
and a low voltage V0 (e.g., GND voltage) which the source
driver IC (circuit) 14 can output is outputted from the source
driver IC and applied to the drain (D) terminal of the driver
transistor 11a. If the transistor 11d is turned on as well in this
state, the voltage V0 is applied to the anode terminal of the EL
element. At the same time, if a voltage Vm lower than the
voltage VO by 5to 15V is applied to the cathode Vk of the EL
element 15, a reverse bias voltage is applied to the EL element
15. Also, if a voltage lower than the voltage VO by 0 to -5V
is applied as the Vdd voltage, the transistor 11 is turned off.
Thus, by outputting a voltage from the source driver circuit 14
and thereby controlling the gate signal line 17, it is possible to
apply a reverse bias voltage to the EL element 15.

[1127] The N-fold pulse driving allows a predetermined
current (programmed current (at a voltage held in the capaci-
tor 19)) to be passed through the EL element 15 again during
one field (one frame) period even after a black display is
created once. With the configuration in FIG. 50, however,
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once the transistor 11d turns on, since the capacitor 19 is
discharged (or its charge is reduced), it is not possible to pass
a predetermined current (programmed current) through the
EL element 15. However, this configuration features ease of
circuit operation.

[1128] Incidentally, although the above example uses a
pixel configuration for current programming, the present
invention is not limited to this and is applicable to other
current-based pixel configurations such as those shown in
FIGS. 38 and 50. It is also applicable to a pixel configuration
for voltage programming such as the one shown in FIGS. 51,
54, and 62.

[1129] FIG. 51 shows pixel configurations for voltage pro-
gramming. The transistor 115 acts as a selection switching
element while the transistor 11¢ acts as a driver transistor
which applies current to the EL element 15. This configura-
tion contains a transistor (switching element) 11g which
applies a reverse bias voltage to the anode of the EL element
15.

[1130] With the pixel configuration in FIG. 51, the current
to be passed through the EL element 15 is applied to the
source signal line 18. Then, it is applied to the gate (G)
terminal of the transistor 11a as the transistor 115 is selected.

[1131] To describe the configuration in FIG. 51, basic
operation will be described first with reference to FIG. 52.
The pixel configuration in FIG. 51 is of a voltage offset
canceling type and operates in four stages: initialization
operation, reset operation, programming operation, and light-
emitting operation.

[1132] The initialization operation is performed after a
horizontal synchronization signal (HD) is provided. A turn-
on voltage is applied to the gate signal line 175, turning on the
transistor 11g. Besides, a turn-on voltage is also applied to the
gate signal line 174, turning on the transistor 11¢. At this time,
avoltage Vdd is applied to the source signal line 18. Thus, the
voltage Vdd is applied to a terminal a of the capacitor 195. In
this state, the driver transistor 11a turns on and a small current
flows through the EL element 15. This current makes the
voltage on the drain (D) terminal of the driver transistor 11a
larger in absolute value than at least the voltage at an operat-
ing point of the driver transistor 11a.

[1133] Next, the reset operation is performed. A turn-off
voltage is applied to the gate signal line 175, turning off the
transistor 11e. On the other hand, a turn-on voltage is applied
to the gate signal line 17¢ for a period of T1, turning on the
transistor 114. The period T1 corresponds to a reset period. A
turn-on voltage is applied to the gate signal line 174 continu-
ously fora period of 1 H. Preferably, the period T1 is between
20% and 90% (both inclusive) of 1 H or between 20 psec and
160 psec (both inclusive). Preferably, a capacitance ratio
Ca/Cb between a capacitor 1956 (Cb) and capacitor 19a (Ca) is
between 1/6 and 2/1 (both inclusive).

[1134] During a reset period, the transistor 115 turns on,
short-circuiting the gate (G) terminal and drain (D) terminal
of the driver transistor 11a. Thus, the voltages at the gate (G)
terminal and drain (D) terminal of the transistor 11a become
equal, putting the transistor 11a in an offset mode (reset
mode: a state in which no current flows). In the reset mode, the
voltage at the gate (G3) terminal of the transistor 1la
approaches a starting voltage at which a current starts to flow.
A gate voltage which maintains the reset mode is held at a
terminal b of the capacitor 195. Thus, the capacitor 19 holds
an offset voltage (reset voltage).
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[1135] 1In a next programming mode, a turn-off voltage is
applied to the gate signal line 17¢, turning off the transistor
115. On the other hand, DATA voltage is applied to the source
signal line 18 for a period of Td. Thus, the sum of the DATA
voltage and offset voltage (reset voltage) is applied to the gate
(G) terminal of the driver transistor 11a. This allows the
driver transistor 11a to pass a programmed current.

[1136] After the programming period, a turn-off voltage is
applied to the gate signal line 17q, turning off the transistor
11c and cutting off the driver transistor 11a from the source
signal line 18. Besides, a turn-off voltage is also applied to the
gate signal line 17¢, turning off the transistor 115, which
remains off for a period of 1F. On the other hand, a turn-on
voltage and turn-off voltage are applied to the gate signal line
175 periodically, as required. Thus, if combined with N-fold
pulse driving in FIGS. 13, 15, etc. or with interlaced driving,
this method can achieve even better image display. This
method can also be combined with reverse bias driving. Thus,
the drive system according to the present invention is not
limited to current-driven pixel configurations such as the one
shown in FIG. 1, but it is also applicable to voltage-program-
ming pixel configurations.

[1137] With the drive system in FIG. 52, in reset mode, the
capacitor 19 holds a starting current voltage (offset voltage,
reset voltage) of the transistor 11a. Thus, the darkest black
display is created when the reset voltage is being applied to
the gate (G) terminal of the driver transistor 11a. However,
coupling between the source signal line 18 and pixel 16,
penetration voltage to the capacitor 19, or punch-through ofa
transistor causes excessive brightness (reduced contrast)
resulting in a whitish screen. Therefore, the drive method
described with reference to FIG. 53 cannot achieve high
display contrast.

[1138] To apply the reverse bias voltage Vm to the EL
element 15, it is necessary to turn off the transistor 11a. To
turn off the transistor 11a, the drain terminal and gate (G)
terminal of the transistor 11¢ can be short-circuited. This
configuration will be described with reference to FIG. 53
later.

[1139] Alternatively, it is possible to apply the Vdd voltage
or a voltage which turns off the transistor 11a to the source
signalline 18, turn on the transistor 115, and apply the voltage
to the gate (G) terminal of the transistor 11a. This voltage
turns off the transistor 11a (or makes it pass almost no current
(almost off: the transistor 11a is in a high-impedance state)).
Subsequently, the transistor 11g is turned on and a reverse
bias voltage is applied to the EL element 15. The reverse bias
voltage Vm may be applied to all the pixels simultaneously.
Specifically, a voltage which almost turmns off the transistors
11a is applied to the source signal lines 18 and the transistors
115 in all the pixel rows are turned on. Consequently, the
transistors 11a are turned off. Then, the transistors 11g are
turned on and a reverse bias voltage is applied to the EL
elements 15. Then, video signals are applied to one after
another of the pixel rows to display images on the display
apparatus.

[1140] Next, reset driving in the pixel configuration in FIG.
51 will be described. FIG. 53 shows an example. As shown in
FIG. 53, the gate signal line 17a connected to the gate (G)
terminal of the transistor 11¢ in a pixel 16« is also connected
to the gate (G) terminal of the reset transistor 115 in a pixel
165 in the next stage. Similarly, the gate signal line 17a
connected to the gate () terminal of the transistor 11¢ in the
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pixel 165 s also connected to the gate (G) terminal ofthe reset
transistor 115 in a pixel 16¢ in the next stage.

[1141] Thus, when a turn-on voltage is applied to the gate
signal line 17a connected to the gate (G) terminal of the
transistor 11¢ in the pixel 164, the pixel 16a enters voltage
programming mode, the reset transistor 115 of the pixel 165
in the next stage turns on, and the driver transistor 11a of the
pixel 164 s reset. Similarly, when a turn-on voltage is applied
to the gate signal line 174 connected to the gate (G) terminal
of the transistor 11c¢ in the pixel 165, the pixel 165 enters
current programming mode, the reset transistor 115 of the
pixel 16¢ in the next stage turns on, and the driver transistor
11a of the pixel 16¢ is reset. Thus, reset driving by way of a
preceding-stage gate control system can be implemented eas-
ily. Also, the number of leads from a gate signal line per pixel
can be reduced.

[1142] More detailed description will be provided. Sup-
pose voltage is applied to gate signal lines 17 as shown in FIG.
53(a). Specifically, a turn-on voltage is applied to the gate
signal line 17a of the pixel 16a and a turn-off voltage is
applied to the gate signal lines 17a of other pixels 16. Also, a
turn-off voltage is applied to the gate signal lines 175 of the
pixels 16a and 165 while a turn-on voltage is applied to the
gate signal lines 175 of the pixels 16¢ and 16d.

[1143] Inthis state, the pixel 16a is in voltage programming
mode and is not illuminated, the pixel 165 is in reset mode and
not illuminated, the pixel 16¢ is pending current program-
ming and is illuminated, and the pixel 164 is pending current
programming and is illuminated.

[1144] After 1 H, data in a shift register 61 circuit of the
controlling gate driver circuit 12 is shifted one bit to enter a
state shown in FIG. 53(d). In FIG. 53(b), the pixel 16a is
pending current programming and is illuminated, the pixel
164 is current programming mode and is not illuminated, the
pixel 16¢ is in reset mode and is not illuminated, and the pixel
16d is pending programming and is illuminated.

[1145] Thus, it can be seen that the voltage applied to the
gate signal line 17a of each pixel resets the driver transistor
11a of the pixel in the next stage to perform voltage program-
ming in the next horizontal scanning period sequentially.

[1146] The pixel configuration for voltage programming in
FIG. 43 can also implement preceding-stage gate control.
FIG. 54 shows an example in which a connection method of
a preceding-stage gate control system is used for the pixel
configuration in FIG. 43.

[1147] InFIG. 54, the gate signal line 17a connected to the
gate (G3) terminal of the transistor 115 in the pixel 164 is
connected to the gate (G) terminal of the reset transistor 11e
in the pixel 164 in the next stage. Similarly, the gate signal line
17a connected to the gate (G) terminal of the transistor 115 in
the pixel 164 is connected to the gate (G) terminal of the reset
transistor 11e in the pixel 16¢ in the next stage.

[1148] Thus, when a turn-on voltage is applied to the gate
signal line 17a connected to the gate (G) terminal of the
transistor 115 in the pixel 16a, the pixel 16a enters voltage
programming mode, the reset transistor 11e of the pixel 165
in the next stage turns on, and the driver transistor 11a of the
pixel 164 is reset. Similarly, when a turn-on voltage is applied
to the gate signal line 17a connected to the gate (G) terminal
of the transistor 115 in the pixel 165, the pixel 165 enters
current programming mode, the reset transistor 11e of the
pixel 16¢ in the next stage turns on, and the driver transistor
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11a of the pixel 16¢ is reset. Thus, reset driving by way of a
preceding-stage gate control system can be implemented eas-
ily.

[1149] More detailed description will be provided. Sup-
pose voltage is applied to gate signal lines 17 as shown in FIG.
55(a). Specifically, a turn-on voltage is applied to the gate
signal line 17a of the pixel 16a and a turn-off voltage is
applied to the gate signal lines 17a of other pixels 16. It is
assumed that all the transistors 11g for reverse biasing are off.
[1150] Inthisstate, the pixel 16a is in voltage programming
mode, the pixel 165 is in reset mode, the pixel 16¢ is pending
current programming, and the pixel 164 is pending current
programming.

[1151] After 1 H, data in the shift register 61 circuit of the
controlling gate driver circuit 12 is shifted one bit to enter a
state shown in FIG. 55(b). In FIG. 55(b), the pixel 16a is
pending current programming, the pixel 165 is in current
programming mode, the pixel 16¢ is in reset mode, and the
pixel 164 is pending programming.

[1152] Thus, it can be seen that the voltage applied to the
previous stage for the gate signal line 17a of each pixel resets
the driver transistor 11a of the pixel in the next stage to
perform voltage programming in the next horizontal scanning
period sequentially.

[1153] For completely black display in current driving, the
driver transistors 11 of the pixels are programmed with 0
current. That is, the source driver circuit 14 delivers no cur-
rent. When no current is delivered, parasitic capacitance
caused in the source signal line 18 cannot be discharged and
the potential of the source signal line 18 cannot be varied.
Consequently, the gate potential of the driver transistors also
remains unchanged and the potential in the previous frame
(field) (1 F) remains accumulated in the capacitor 19. For
example, if the previous frame contains white display, the
white display is retained even if the current frame contains
completely black display.

[1154] To solve this problem, according to the present
invention, a black level voltage is written into the source
signal line 18 at the beginning of one horizontal scanning
period (1 H) before the current to be programmed is output to
the source signal line 18. For example, if image data consists
of the Oth to 7th gradations close to black level, a black level
voltage is written only during a certain period at the beginning
of one horizontal scanning period to reduce the load of current
programming and make up for insufficient writing. Inciden-
tally, completely black display corresponds to the Oth grada-
tion and white display corresponds to the 63rd gradation (in
the case of 64-gradation display).

[1155] Preferably, gradations for which precharging is per-
formed should be limited to a black display region.

[1156] Specifically, precharging is performed by selecting
gradations in a black region (low brightness region, in which
only a small (weak) write current flows in the case of current
driving) from write image data (selective precharging).
[1157] Ifprecharging is performed over the entire range of
gradations, brightness lowers (a target brightness is not
reached) in a white display region.

[1158] Also, vertical streaks may be displayed in some
cases.
[1159] Preferably, selective precharging is performed for %

of all the gradations beginning with the Oth gradation (e.g., in
the case of 64 gradations, image data is written after precharg-
ing for the Oth to 7th gradations). More preferably, selective
precharging is performed for Vis of all the gradations begin-
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ning with the Oth gradation (e.g., in the case of 64 gradations,
image data is written after precharging for the Oth to 3rd
gradations).

[1160] A method which performs precharging by detecting
only the Oth gradation is also effective in enhancing contrast,
especially in black display. It achieves an extremely good
black display. The problem is that the screen appears whitish
in hue when the entire screen displays the 1st and second
gradations. Thus, selective precharging is performed in a
predetermined range: ' of all the gradations beginning with
the Oth gradation.

[1161] Incidentally, it is also useful to vary the precharge
voltage and gradation range among R, G, and B because
emission start voltage and emission brightness of EL display
elements 15 vary among R, G, and B. For example, selective
precharging is performed for % of all the gradations begin-
ning with the Oth gradation (e.g., in the case of 64 gradations,
image data is written after precharging for the Oth to 7th
gradations) in the case of R. In the case of other colors (G and
B), selective precharging is performed for ¥is of all the gra-
dations beginning with the Oth gradation (e.g., in the case of
64 gradations, image data is written after precharging for the
Oth to 3rd gradations). Regarding the precharge voltage, if 7V
is written into the source signal lines 18 forR, 7.5V is written
into the source signal lines 18 for the other colors (G and B).
Optimum precharge voltage often varies with the production
lot of the EL display panel. Thus, preferably precharge volt-
age is adjustable with an external regulator or the like. Such a
regulator circuit can be also implemented easily using an
electronic regulator circuit.

[1162] A charge-holding capacitor 19 has been formed in
the pixel 16. If 10% or more of the electric charges held in the
capacitor 19 is discharged during one field (one frame)
period, black display mode cannot be maintained. Regarding
image display condition, pixels which contain transistors 11
with poor turn-off characteristics produce bright spots (re-
ferred to as off-leakage bright spots). Thus, it is necessary to
use transistors with good turn-off characteristics, especially
in the case of the transistor 115 in FIG. 1.

[1163] Tosolve this problem, the present invention turns off
active transistors 11d for a short period of time by operating
the gate signal lines 175. This drive method can reduce off-
leakage bright spots even if the voltage-holding transistors
114 have poor turn-off characteristics. Also, by varying the
OFF period of the voltage-holding transistors 114, it is pos-
sible to control the extent to which off-leakage bright spots
are reduced.

[1164] As illustrated in FIG. 115(a), off-leakage bright
spots are believed to occur as the electric charges held in the
capacitor 19 leak via the transistor 115. This is because basi-
cally the potential at point A is low when the transistor 11d is
on. Thus, if the transistor 11d remains on for a long period of
time, the capacitor 19 is discharged rapidly, causing off-
leakage bright spots. When a display area 53 and non-display
area 52 repeat at short intervals as shown in FIG. 16, if the
non-display area 52 has a larger proportion as shown in FIG.
13, no off-leakage bright spot occurs. However, if the display
area 53 continues for a long time as shown in FIG. 5, off-
leakage bright spots occur.

[1165] Also, the drive method for a display panel according
to the present invention displays images by switching among
the conditions in FIGS. 5, 13, and 16 according to contents of
imagedata. Thus, the display condition in FIG. 5 can continue
depending on contents of image display. If the condition in
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FIG. 5 occurs, the drive method described below is effective.
That is, there is no need to always carry out the method
described in the example below. It can be carried out when the
transistor 114 remains on for a certain period.

[1166] When the transistor 11d tums off, the potential at
point A rises at least once. Consequently, as illustrated in FIG.
115(b), current flows from point A to point B, recharging the
capacitor 19. Thus, no off-leakage bright spot occurs.
[1167] That is, as the transistor 114 is turned on and off, the
capacitor 19 is charged.

[1168] Incidentally, the above description is derived from
theoretical considerations of a phenomenon. Thus, there
might be mistaken understanding. However, it is true that the
use of the drive method according to the present invention in
an actual panel is effective in reducing off-leakage bright
Spots.

[1169] In the pixel configuration in FIG. 1 (FIG. 115), the
driver transistor 11a and switching transistor 114 are p-chan-
nel transistors. Thus, when the transistor 114 is on, the tran-
sistor 115 leaks. On the other hand, when the transistor 114
turns off, the potential at point A rises, reducing leakage of
electric charges or recharging the capacitor. Thus, if the tran-
sistor 11d is an n-channel transistor, electric charges leak
from the capacitor 19 when the transistor 114 is off and the
capacitor 19 is recharged when the transistor 114 is on. Inci-
dentally, if the driver transistor is an n-channel transistor,
off-leakage bright spots do not occur, but brightness increases
further in white display. Needless to say, the present invention
can deal with this situation as well.

[1170] Now, a concept of “duty” will be introduced for ease
of explanation. The term “duty” according to the present
invention differs from a term “duty” used in relation to STN
liquid crystal display panels. A duty ratio of 1/1 according to
the present invention means a drive mode in which current
flows through the EL elements 15 for a period of one field
(one frame). That is, the duty ratio of 1/1 means a state in
which the non-display area 52 takes up 0% of the display
screen 50. Actually, however, since the pixel rows being pro-
grammed with current (voltage) are in non-display mode, the
duty ratio of 1/1 in a strict sense cannot occur in the pixel
configurationin FIG. 1. However, since there are 200 or more
pixel rows in a display panel, a non-display area of one pixel
row or so is within tolerances. On the other hand a duty ratio
0f 0/1 means a state in which no current flows through the EL
elements 15 for a period of one field (one frame). That is, the
duty ratio of 0/1 means a state in which the non-display area
52 takes up 100% of the display screen 50. In the following
description, it is assumed that there are 220 pixel rows in the
EL display panel.

[1171] Forexample, a duty ratio of 220/220 is reduced to a
duty ratio of 1/1. Also, a duty ratio of 55/220 is reduced to a
duty ratio of 1/4. When the duty ratio is 1/4, 3/4 of the screen
is taken up by a non-display area 52. Thus, in N-fold pulse
driving, a target (predetermined) display brightness can be
obtained when N=4. A duty ratio of 110/220 is reduced to a
duty ratio of 1/2. When the duty ratio is 1/2, 50% ofthe screen
is taken up by a non-display area 52. Thus, in N-fold pulse
driving, a predetermined display brightness can be obtained
when N=2.

[1172] In the description of the display panel according to
the present invention, it is assumed that the pixel rows to be
programmed with current are selected by the gate signal line
17a (in the case of FIG. 1). The output from the gate driver
circuit 12a which controls the gate signal line 17a is referred
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to as a WR-side selection signal line. Also, it is assumed that
EL elements 15 are selected by the gate signal line 175 (in the
case of FIG. 1). The output from the gate driver circuit 125
which controls the gate signal line 175 is referred to as a gate
signal line 17B (EL-side selection signal line).

[1173] The gate driver circuits 12 are fed a start pulse,
which is shifted as holding data in sequence within a shift
register. Based on the holding data in the shift register of the
gate driver circuit 12a, it is determined whether to output a
turn-on voltage (Vgl) or turn-off voltage (Vgh) to the WR-
side selection signal line. An OEV1 circuit (not shown) which
turns off output forcibly is formed or placed in an output stage
of the gate driver circuit 12a. When the OEV1 circuit is low,
a WR-side selection signal which is an output of the gate
driver circuit 12« is outputted as it is to the gate signal line
17a. The above relationship is illustrated logically in FIG.
116(a). Incidentally, the turn-on voltage is set at logic level L
(0) and the turn-off voltage is set at logic level H (1).

[1174] That is, when the gate driver circuit 12a outputs a
turn-off voltage, the turn-off voltage is applied to the gate
signal line 17a. When the gate driver circuit 12a outputs a
turn-on voltage (logic low), it is ORed with the output of the
OEV1 circuit by the OR circuit and the result is outputted to
the gate signal line 17a. That is, when the OEVI circuit is
high, the turn-off voltage (Vgh) is outputted to the gate driver
signal line 17a.

[1175] Based on holding data in a shift register of the gate
driver circuit 125, it is determined whether to output a turn-on
voltage (Vgl) or turn-off voltage (Vgh) to the gate signal line
17B (EL-side selection signal line). An OEV2 circuit (not
shown) which turns off output forcibly is formed or placed in
an output stage of the gate driver circuit 125. When the OEV2
circuit is low, an output of the gate driver circuit 125 is
outputted as it is to the gate signal line 175. The above rela-
tionship is illustrated logically in FIG. 116(a). Incidentally,
the turn-on voltage 1s set at logic level L (0) and the turn-off
voltage is set at logic level H (1).

[1176] That is, when the gate driver circuit 12 outputs a
turn-off voltage (an EL-side selection signal is a turn-off
voltage), the turn-off voltage is applied to the gate signal line
175. When the gate driver circuit 126 outputs a turn-on volt-
age (logic low), it is ORed with the output of the OEV?2 circuit
by the OR circuit and the result is outputted to the gate signal
line 17b. That is, when an input signal is high, the OEV2
circuit outputs the turn-off voltage (Vigh) to the gate driver
signal line 17b. Thus, even if the EL-side selection signal
from the OEV2 circuit is a turn-on voltage, the turn-off volt-
age (Vgh) is outputted forcibly to the gate signal line 175.
Incidentally, if an input to the OEV?2 circuit is low, the EL-
side selection signal is outputted directly to the gate signal
line 175.

[1177] In the example described below, to deal with off-
leakage bright spots, the states in FIG. 115 are created by
operating the OEV2 circuit. Specifically, even if the gate
signal line 17B (EL-side selection signal line) continues to
output a turn-on voltage, logic high is inputted in the OEV2
circuit periodically to turn off the transistor 114. By forcibly
turning offthe transistor 11d in this way, it is possible to solve
the problem of off-leakage bright spots.

[1178] FIG. 116 shows an example of a drive method
according to the present invention. Since the OEV1 circuit is
low, pixel rows are selected one by one and programmed with
current (voltage) based on the output from the gate driver
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circuit 12a. Thus, the signal used to select the pixel rows is
identical with a pixel-side selection signal.

The gate driver circuit 126 (EL-side selection signal line)
applies logic high to the OEV?2 circuit every horizontal scan-
ning period (1 H) by operating the OEV2 circuit as illustrated
in FIG. 116, and thereby applies a turn-off voltage forcibly to
the gate signal line 17B (EL-side selection signal line). Thus,
even if the gate driver circuit 125 always outputs a turn-on
voltage (Vgl), aturn-off voltage is outputted to the gate signal
line 1754 for a certain period every 1 H due to a signal from the
OEV?2 circuit. The application of the turn-off voltage by the
OEV2 circuit reduces discharge from the capacitor 19 (see
FIG. 115), and thereby reduces off-leakage bright spots.
[1179] FIG. 116 illustrates changes in output voltage to the
gate signal line 17a caused by OEV1 and changes in output
voltage to the gate signal line 175 caused by OEV2. Regard-
ing the gate signal line 17a, since OEV1 is always low, the
waveform of the WR-side selection signal line becomes the
waveform of the gate signal line 174 directly. Regarding the
gate signal line 175, since OEV2 alternates between high and
low, the output of the gate signal line 17B (EL-side selection
signal line) is ORed with the output of the OEV?2 circuit to
produce a waveform to be applied to the gate signal line 175.
Thus, referring to F1G. 116, a turn-off voltage is applied to the
gate signalline 175 fora period equal to the sum (A+B) of an
interval (indicated by A) during which the higher voltage is
applied to the OEV?2 circuit and an interval (indicated by B)
during which a turn-off voltage is applied to the EL selection
signalline. Also, a turn-off voltage is applied to the gate signal
line 175 during a period in which the higher voltage is applied
to the OEV?2 circuit.

[1180] By operating the OEV2 circuit, it is possible to
control the illumination period of the EL elements 15. Thus,
the brightness of the screen 50 can be varied through the
control of the OEV2 circuit. That is, the OEV?2 circuit has the
effect of reducing off-leakage bright spots and controlling the
screen brightness.

[1181] InFIG. 117, a turn-on voltage is constantly applied
to the gate signal line 17B (EL-side selection signal line) (this
corresponds to a duty ratio of 1/1 in conventional drive meth-
ods). With the pixel configuration in FIG. 1, however, when a
turn-on voltage is applied to the WR-side selection signal
line, a turn-off voltage must be applied to the gate signal line
17B (EL-side selection signal line). Consequently, when a
turn-on voltage is applied to the gate signal line 17a, a turn-off
voltage is applied to the gate signal line 175.

[1182] Driving with a duty ratio of 1/1 causes off-leakage
bright spots. This is because the transistor 115 leaks due to a
high inter-channel (SD) voltage of the transistor 115. As
illustrated in FIG. 117, if OEV2 is kept high for a predeter-
mined period during 1 H, a turn-off voltage is applied to the
gate signal line 175. Consequently, the transistor 11d turns on
and off creating the states in FIG. 115. When the transistor
114 turns off, the inter-channel (SD) voltage of the transistor
115 is decreased and the state in FIG. 115(b) is created. This
reduces leakage from the transistor 115 and either eliminates
or greatly reduces off-leakage bright spots.

[1183] Incidentally, although it has been stated with refer-
ence to FIG. 117 that the OEV2 circuit is operated every 1 H,
this is not restrictive. Needless to say, for example, the tran-
sistor 114 may be turned on and off every 2 Hs or more as
illustrated in FI1G. 118. Of course, the transistor 11d may be
turned on and off for a predetermined period once in every 3
Hs or more by controlling the OEV2 circuit. Needless to say,
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the present invention is also applicable to cases in which two
pixel rows are selected at a time by the application of a
turn-off voltage to a gate signal line 175 which covers two
pixel rows (see FIG. 24, etc.).

[1184] FIG. 119 shows a case in which a turn-on voltage
and turn-off voltage are applied to the gate signal line 175
periodically. A turn-on voltage and tumn-off voltage are
applied periodically to the gate signal line 175 rather than a
turn-on voltage is applied continuously. Even when a turn-on
voltage and turn-off voltage are applied to the gate signal line
175, off-leakage bright spots may occur if a turn-on voltage
continues to be applied for a certain period or more. Again, by
operating the OEV2 circuit, a turn-off voltage is applied to the
gate signal line 175 at predetermined intervals. Consequently,
the transistor 11d is turned off periodically. This reduces
leakage from the transistor 115 and either eliminates or
greatly reduces off-leakage bright spots.

[1185] Ithas been stated with reference to FIGS. 117, 118,
etc. that a turn-off voltage is applied to the gate signal line 175
periodically by setting OEV2 to high at the beginning or end
of 1 H. However, the present invention is not limited to this.
For example, as illustrated in FIG. 120, a turn-off voltage may
be applied to the gate signal line 175 in the middle of 1 H.
[1186] Thus, by applying a turn-off voltage to the gate
signal line 174, it is possible to reduce off-leakage bright
spots. However, if the turn-off voltage applied to the gate
signal line 175 is too short, it is not effective in reducing
off-leakage bright spots. FIG. 121 illustrates relationship
between the duration during which a turn-off voltage or turn-
on voltage is applied to the gate signal line 175 and effects on
reduction of off-leakage bright spots.

[1187] Off-leakage bright spots occur in black display. Off-
leakage bright spots increase black illuminance (illuminance
obtained by measuring the display screen of the display panel
with an illuminance meter) (excessive brightness resulting in
a whitish screen). FIG. 121(¢) shows a voltage waveform
applied to a gate signal line 175. The application duration of
aturn-off voltage is denoted by C and one cycle of the applied
turn-off voltage is denoted by S. Incidentally, although it is
assumed here that the cycle S corresponds to a period of 1 H,
this is not restrictive.

[1188] InFIG. 121, when C/8 is 0.02 or less, black illumi-
nance is high (there are many off-leakage bright spots), but
when C/S approaches 0.02, the black illuminance approaches
0 (there is no off-leakage bright spot). If 1 H=S=100 usec,
then C/8=0.02, that is, C/S becomes 0.02 psec. Thus, when 1
H=100 psec, off-leakage bright spots can be eliminated by
applying a turn-off voltage to the gate signal line 175 for a
period equal to approximately 2% of 1 H even if the duty ratio
is 1/1.

[1189] Referring to FIG. 122, asignal waveform of the gate
signal line 17h(A) is obtained when the drive method accord-
ing to the present invention is not used. A signal waveform of
the gate signal line 175(B) is obtained when a turn-on voltage
and turn-off voltage are applied by operating the OEV?2 cir-
cuitbased on the drive method according to the present inven-
tion.

[1190] Inthe above example, the OEV2 circuit is controlled
over an entire field (frame) period without using duty ratio
control. However, the present invention is not limited to this.
OEV?2 circuit control may be performed based on image data
only when the duty ratio is 1/1. Alternatively, OEV2 circuit
control may be performed when a certain condition—e.g., a
duty ratio of 1/1—continues for a certain period.
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[1191] 1t has been shown analytically that preferably the
OEV?2 circuit is operated when the duty ratio is between 1/1
and 1/2 (both inclusive), and more preferably when the duty
ratio is between 1/1 and 3/4 (both inclusive). It is also pref-
erable to perform OEV?2 circuit control when the duty ratio
remains to be between 1/1 and 1/2 (both inclusive) for a
period of 10 frames (fields).

[1192] Also, screen brightness can be adjusted by operating
OEV2. Increasing the duration during which OEV?2 is high
decreases screen brightness. Decreasing the duration during
which OEV2 is high increases screen brightness. The method
of adjusting (changing) screen brightness through operation
of OEV2 is a major feature of the drive method according to
the present invention.

[1193] In the above example, off-leakage bright spots are
reduced by the application of a turn-off voltage to the gate
signal lines 17b. However, this is applicable only when pixels
are composed of p-channel transistors as with the pixel con-
figuration in FIG. 1. If pixels are composed of n-channel
transistors, a turn-on voltage is applied to the gate signal lines
17b. As described above, the present invention reduces off-
leakage bright spots by providing periods in which a higher
voltage is applied to point A than the voltage applied to the
capacitor 19 (point B) as illustrated in FIG. 115 rather than by
applying a turn-on voltage and turn-off voltage to the gate
signal lines 17b. Also, it reduces off-leakage by providing
periods in which the inter-channel voltage (SD voltage) of the
holding transistor 115 is decreased.

[1194] Themethods in FIGS. 116 to 122 reduce off-leakage
bright spots, by applying a turn-off voltage to the gate signal
line 17 periodically through the operation of OEV2. How-
ever, the drive method according to the present invention is
not limited to this. A turn-off voltage may be applied to the
gate signal line 175 at predetermined intervals through opera-
tion of the gate driver circuit 125 without operating the OEV2
circuit.

[1195] FIG. 123 shows an example. In FIG. 123, a non-
display area 52 consisting of one pixel row is generated at
predetermined intervals and is scanned. With the pixel con-
figuration in FIG. 1, the non-display area 52 as well as the gate
signal lines 17 are not limited to a single pixel row and may
cover two or more pixel rows in generating the non-display
area 52.

[1196] 1In FIG. 123, the non-display area 52 moves as
shown by FIG. 123(a)—123(5)—123(c). Preferably, the non-
display area 52 repeats four or more times in one field (one
frame) as illustrated in FIG. 124.

[1197] Incidentally, in the example in FIGS. 123 and 124,
the period during which a turn-off voltage is applied to the
gate signal line 175 is not limited to 1 H. This period may be
shorter than 1 H, as exemplified by period E in FIG. 125.
[1198] The above example prevents off-leakage bright
spots by applying a turn-off voltage for a predetermined
period through operation of the OEV?2 circuit when a turn-on
voltage continues to be applied to the gate signal line 175 (the
gate signal line 176 in FIG. 1) for a certain period.

[1199] As a measure against off-leakage bright spots in
pixel 16 design, the turn-off characteristics of the transistor
115 can be improved. This can be done, for example, by
placing a plurality of transistors 115 in series as illustrated in
FIG. 150. It has been shown analytically that preferably three
or more transistors 115 are placed or formed in series. More
preferably, five or more transistors are placed or formed in
series as illustrated in FI1G. 150.
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[1200] Incidentally, although examples in FIGS. 115 to 126
have been described by citing the pixel configuration in FIG.
1, this is not restrictive. The drive method described with
reference to FIG. 115 and the like prevents leakage of electric
charges from the capacitor 19. Thus, it is applicable to any
pixel configuration that contains a capacitor 19 and holding
transistor 115 as in FIG. 1.

[1201] The pixel configuration in FIG. 38, for example,
also contains a capacitor 19 and holding transistor 11d. Thus,
effect of the drive method according to the present invention
can also be achieved with the pixel configuration in FIG. 38
by controlling the transistor 11e. Similarly, the pixel configu-
ration in FIG. 43 also contains a capacitor 19 and holding
transistor 11e. Thus, the effect of the present invention can be
achieved by operating the transistor 11d.

[1202] The pixel configuration in FIG. 51 also contains a
capacitor 19a and holding transistor 115. Thus, the effect of
the present invention can be achieved by operating the tran-
sistor 11e. This similarly applies to FIG. 50 and the like.
Furthermore, this similarly applies to the pixel configuration
in FIG. 63. The pixel configuration in FIG. 63 also contains a
capacitor 19 and holding transistor 115. Therefore, by oper-
ating the switch 631 and affecting the transistor element 115
via the EL element 15, it is possible to enhance holding effect
as a result. Thus, the effect of the present invention can be
achieved.

[1203] A problem with the pixel configuration in FIG. 1,
FIG. 38, or the like is that the amplitude of the gate signal line
17a causes changes to the electric charges in the capacitor 19,
making it impossible to obtain predetermined gradations.
Description will be given citing the pixel configuration in
FIG. 1 for ease of explanation. FIG. 138 illustrates changes in
the potential of pixels 16 in the case of conventional current
programming with the pixel configuration in FIG. 1.

[1204] Referring to FIG. 138, Gate Signal Line 17a(1) rep-
resents a signal waveform of the gate signal line 17a of a pixel
(1). Gate Signal Line 17a(2) represents a signal waveform of
the gate signal line 17a of a pixel (2) next to the pixel (1). Gate
Signal Line 17a(3) represents a signal waveform of the gate
signal line 17a of a pixel (3) next to the pixel (2). Source
Signal Line 18 represents a voltage (current) waveform
applied to the source signal line. The pixel potential illustrates
a capacitor potential of the pixel (2) (voltage waveform of the
gate terminal G of the driver transistor 11a). The gate signal
lines 17a  are scanned in the  order
()=Q)=B)>@=() ... ()= ...

[1205] With the pixel configuration in FIG. 1 (although not
limited to the pixel configuration in F1G. 1), parasitic capaci-
tance 1381 is produced between the gate G and source S
terminals of the transistor 115. When the gate signal line 17a
changes from Vgh (turn-off voltage) to Vgl (turn-on voltage)
or from Vgl to Vgh, the voltage change is transmitted to the
gate G terminal of the transistor 11a (capacitor 19 terminal)
via the parasitic capacitance 1381. The potential change at the
gate terminal of the driver transistor 11a causes the current
value (voltage value) programmed into the driver transistor
11a to deviate from a predetermined value. The deviation
from the predetermined value depends on a capacitance ratio
between the parasitic capacitance 1381 and capacitor 19. The
deviation from the predetermined value decreases with
decreases in the capacitance of the parasitic capacitance 1381
or with increases in the capacitance of the capacitor 19.
[1206] Noteworthy are changes in the pixel potential at
points A and B. At point A, the gate signal line 17a(2) changes
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from Vgh to Vgl. At point B, the gate signal line 17a(2)
changes from Vgl to Vgh (see Pixel Potential in FI1G. 138).
[1207] At point A, with a change in the potential of the gate
signal line 17a from Vgh (turn-off voltage) to Vgl (turn-on
voltage), the potential at the gate terminal G of the driver
transistor 11a falls. However, since the transistors 116 and
11c are on, the potential (current) of the source signal line 18
is written into the pixel 16 and the capacitor 19 is charged
(discharged). As the capacitor 19 is charged (discharged), the
driver transistor 11a is programmed to pass a predetermined
current (the pixel potential becomes equal to voltage Vb).
Since pixel design is such that programming is completed
within a period of 1 H, the driver transistor 11a passes the
predetermined current at point C.

[1208] At point B, the potential of the gate signal line 174
changes from Vgl (turn-on voltage) to Vigh (turn-off voltage).
With this voltage change, the potential at the gate terminal G
of the driver transistor 11a rises (the pixel potential becomes
equal to voltage Vc). When the potential of the gate signal line
17a changes to Vgh (turn-off voltage), the transistors 115 and
11c turn off, cutting off the capacitor 19 terminal from the
source signal line 18 and consequently holding the voltage
Ve.

[1209] Thus, although the pixel potential which causes pro-
gramming current to flow equals the voltage Vb, the pixel
potential actually held equals the voltage Ve.

[1210] Consequently, the programming current flowing
through the EL element 15 has a value different from the
desired one.

[1211] A drive method which solves this problem will be
described with reference to FIG. 139. Howevet, the drive
method in FIG. 138 not necessarily presents a problem. First,
reasons for that will be described.

[1212] Inrelation to the driver transistor 11a, the potential
of the gate signal line 17a changes from Vgl (turn-on voltage)
to Vgh (turn-off voltage) and this state is maintained for one
frame (field) period. As the gate signal line 17a changes from
Vgl (turn-on voltage) to Vgh (turn-off voltage), the potential
of the driver transistor 114 shifts to the anode voltage Vdd.
[1213] Since the driver transistor 11a is a p-channel tran-
sistor, the shift to the anode voltage Vdd works to prevent
current flow. Current programming method has a problem of
small programming current during black display as described
earlier herein. To deal with this problem the present invention
uses N-fold pulse driving and the like. In FIG. 138, however,
the pixel potential is finally shifted to, and held at, the black
side, making it possible to achieve proper black display.
[1214] The present invention can achieve the above effect
through a synergy of the following: each pixel driver transis-
tor 11a is a p-channel transistor, the anode voltage is higher
than the cathode voltage, the current applied to the source
signal line 18 is passed through the driver transistor 11a ofthe
pixel 16 when the WR-side selection signal line (the gate
signal line 17a) is low (Vgl), and the pixel 16 is cut off from
the source signal line 18 when the WR-side selection signal
line (the gate signal line 17a) is high (Vgh). Thus, it is impor-
tant to use p-channel transistors as the transistors 115 and 11¢
(see FIG. 1). Also, as described with reference to FIG. 111,
the synergy is enhanced if p-channel transistors are used for
the gate driver circuits 12.

[1215] Also, for proper current programming, it is impor-
tant to use p-channel transistors for the transistors 114 which
cut off the paths to the EL elements 15. Furthermore, the
synergy is further enhanced by the fact that the gate terminal
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G of the switching transistor 11d is held high (Vgh) for a
certain period (at least 2 Hs) by N-fold pulse driving, main-
taining the drain terminal D of the driver transistor 11a at a
relatively high voltage because leakage from the transistor
1154 is reduced. Thus, a combination of the configuration in
FIG. 1and the system in FIG. 138 or the like is a configuration
characteristic of the present invention.

[1216] Next, the drive method in FIG. 139 will be
described.

Incidentally, as described earlier herein, the OEV1 circuit is
formed in the output stage of the gate driver circuit 12a (see
FIG. 116, etc.), and a Vgh voltage is applied to the gate signal
line 17a when a high-level signal is applied to the OEV1
circuit. By the application of the Vigh voltage, the transistors
116 and 11c¢ are turned off (in the case of the pixel configu-
ration in FIG. 1 or the like).

[1217] The OEV1 circuit, to which the higher voltage is
applied once in every 1 H, outputs Vgh (turn-off voltage) to
the gate signal line 17a. However, non-selected gate signal
lines 17a go through no output change because no turn-off
voltage (Vgh) is outputted to them 174 from the beginning In
the case of a selected gate signal line 174, to which a turn-on
voltage (Vgl) is applied, a Vgh (turn-off voltage) period is
inserted by the application of the higher voltage to the OEV1
circuit.

[1218] As the higher voltageis applied to the OEV 1 circuit,
a turn-off voltage (Vgh) is applied to all the gate signal lines
17a. The source driver circuit 14 absorbs programming cur-
rent from the source signal line (in the case of the pixel
configuration in FIG. 1) and supplies programming current to
the source signal line 18 via the anode terminal Vdd of the
selected pixel 16, driver transistor 11a, and switching tran-
sistor 11¢. Thus, if all the gate signal lines 17a turn off while
the source driver circuit 14 is absorbing programming cur-
rent, there is no longer a supply route for the programming
current. Consequently, the source driver circuit 14 absorbs
electric charges from the parasitic capacitance of the source
signal line 18 and the potential of the source signal line 18
falls with time.

[1219] A problem with the drive method in FIG. 138 is that
when the gate signal line 17a changes from on to off, its
voltage penetrates to the capacitor 19 due to the parasitic
capacitance 1381 (penetration voltage) and is held at a level
higher than a predetermined voltage.

[1220] Itis possible to hold a voltage approximately equal
to the predetermined voltage in the capacitor 19 by lowering
the potential of the source signal line 18 through control of the
OEV1 circuit, and thereby compensating for the penetration
voltage due to the parasitic capacitance 1381. The drive
method in FIG. 139 is based on this principle.

[1221] As canbe seen from FIG. 139, through control of the
OEV1 circuit, a period t1 in which a turn-off voltage is
applied is inserted in a period (1 H) during which a selection
voltage (turn-on voltage: Vgl) is applied to the gate signal line
17a (t1 corresponds to a period during which the higher
voltage is applied to the OEV1 circuit). The period t1 is
referred to as a gate-open period. The gate-open period ends
earlier than the end of 1 H by a period of t2. Also, the
gate-open period starts later than the start of 1 H by a period
of t3. Thus, a period of 1 H=t3+t1+t2.

[1222] Referring to FIG. 139, Gate Signal Line 174(1) rep-
resents a voltage waveform of the gate signal line 17a of a
pixel (1). Gate Signal Line 17a(2) represents a voltage wave-
form of the gate signal line 174 of a pixel (2) next to the pixel
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(1). Gate Signal Line 17a(3) represents a voltage waveform of
the gate signal line 17a of a pixel (3) next to the pixel (2).
Source Signal Line 18 represents a voltage (current) wave-
form applied to the source signal line.

[1223] The pixel potential illustrates a capacitor potential
of the pixel (3) (voltage waveform of the gate terminal G of
the driver transistor 11a). The gate signal lines 17a are
scanned in the order: (1)—=(2)—=(3)—=4)—=5)— ... (1)—
@Q)—....

[1224] Description will be given assuming that the pixel
potential is the potential of the pixel (3) and citing the pixel
configuration in FIG. 1. In the 1st H and 2nd H, the pixel
potential (3) retains the potential from the previous field
(frame). In the 3rd H, a turn-on voltage (Vgl) is applied to the
gate signal line 17a(3), and the transistors 115 and 11¢ of the
pixel row (3) turn on.

[1225] AtpointAinFIG. 139, with a change in the potential
of the gate signal line 17a from Vgh (turn-off voltage) to Vgl
(turn-on voltage), the potential at the gate terminal of the
driver transistor 11a falls. However, since the transistors 115
and 11c¢ are on, the potential (current) of the source signal line
18 is written into the pixel 16 and the capacitor 19 is charged
(discharged). As the capacitor 19 is charged (discharged), the
driver transistor 11a is programmed to pass a predetermined
current (the pixel potential becomes equal to voltage Vb).
Since pixel design is such that programming is completed
within a period of 1 H, the driver transistor 11a passes the
predetermined current at point C.

[1226] At point B, the writing of the programming current
into the pixel is completed and the pixel potential becomes
equal to voltage Va (it is assumed that the voltage Va is a target
voltage. See F1G. 142(a)). At point C, the potential of the gate
signal line 17a changes from Vgl (turn-on voltage) to Vgh
(turn-off voltage). With this voltage change, the potential at
the gate terminal of the driver transistor 11a rises (the pixel
potential (3) becomes equal to voltage Vd due to penetration
voltage). When the potential of the gate signal line 17a
changes to Vgh (turn-off voltage), the transistors 11 and 11¢
turn off, cutting off the capacitor 19 terminal from the source
signal line 18 and consequently holding the pixel potential at
the voltage Vd for the gate-open period t1.

[1227] During the gate-open period tl, the potential of the
source signal line 18 falls because the source driver circuit 14
continues to absorb the programming current and after alapse
of the period t1, it becomes equal to the voltage Ve as shown
under Source Signal Line Potential (see FIG. 142(5)). Next,
during the period (2, a turn-on voltage is applied to the gate
signal line 17a(3) again, and the transistors 115 and 11¢ turn
on. As the transistors 115 and 11¢ are on, the potential of the
source signal line 18 is written into the capacitor 19 of the
pixel. Consequently, the pixel potential (3) becomes equal to
the voltage Ve. In the period t2, the current-programming
mode is entered again and the pixel potential (3) changes to
Vb. However, the period t2 is short, only enough for voltage
programming, and thus the amount of change from voltage
Ve to voltage Vb is slight (the period t2 is set so that the
amount of change will be slight. It has been shown analyti-
cally that the period t2 should be set between 0.5 and 5 psec
(both inclusive)). On the other hand, itis appropriate to set the
period t1 between 0.5 and 10 psec (both inclusive).

[1228] At point E, the potential of the gate signal line 174
(3) changes from Vgl (turn-on voltage) to Vgh (turn-off volt-
age). With this voltage change, the potential at the gate ter-
minal of the driver transistor 11a rises (the pixel potential
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becomes equal to the voltage Va). When the potential of the
gate signal line 17a changes to Vgh (turn-off voltage), the
transistors 115 and 11¢ turn off, cutting off the capacitor 19
terminal from the source signal line 18 and consequently
holding the voltage Va. Thus, the pixel potential (3) which
causes programming current to flow is held at the voltage Va
(this means that penetration voltage has been compensated
for).

[1229] Thedrive methodin FIG. 139 is characterized in that
it can adjust an amount of compensation for penetration volt-
age according to video signal data (programming current).
The magnitude of penetration voltage basically depends on
the potential difference between Vgh and Vgl, parasitic
capacitance 1381, and capacitance of the capacitor 19 (al-
though there are some differences due to the gate terminal
voltage of the driver transistor 11a). Therefore, the magnitude
of penetration voltage is a fixed value. If the duration during
which the higher voltage is applied to the OEV1 circuit is also
constant, when the programming current is intended for black
display, the amount of current absorbed by the source driver
circuit 14 is small. Thus, when the image data written into
pixels is intended for black display, the potential drop in the
source signal line 18 is also small. When the programming
current is intended for white display, the amount of current
absorbed by the source driver circuit 14 is large. Thus, when
the image data written into pixels is intended for white dis-
play, the potential drop in the source signal line 18 is large.
[1230] On the other hand, the penetration voltage caused by
the gate signal line 17a is a fixed value. Thus, when the
programming current written into pixels carries black display
data, only a small amount of compensation is made for pen-
etration voltage through control of the OEV1 circuit. The
penetration voltage caused by the gate signal line 17a
becomes predominant. This provides more complete black
display. In black display, which is characterized by a low
luminosity factor, there is no problem even if penetration
voltage causes a large deviation from a predetermined value.
[1231] When the programming current written into pixels
carries white display data, a large amount of compensation is
made for penetration voltage through control of the OEV1
circuit. This is because the potential of the source signal line
18 drops in a short time when the OEV1 circuit is high. Thus,
by controlling the duration during which the OEV1 circuit is
high so that the voltage drop caused through the control of the
OEV1 circuit and the penetration voltage caused by the gate
signal line 17a will be equal in magnitude, it is possible to
eliminate the effect of the penetration voltage completely.
Consequently, in white display, penetration voltage can be
compensated for completely. For white display, which is
characterized by a high luminosity factor, a drive method
which cancels out penetration voltage works well.

[1232] Thus, the drive method according to the present
invention can adjust the amount of compensation for penetra-
tion voltage according to image display data.

[1233] Incidentally, the duration during which the OEV1
circuit is high may be varied according to image display data.
A possible method involves, for example, summing up image
display data, determining screen brightness from the sum,
and controlling the duration during which the OEV1 circuit is
high based on the determined screen brightness.

[1234] Incidentally, the amount of compensation for pen-
etration voltage can be changed if the gate-open period t1 and
period t2 are made adjustable. This makes it possible to opti-
mize the amount of compensation for penetration voltage
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according to characteristics of the panel. However, the period
t2 does not need to be established exactly.

[1235] Although it has been stated in the example in FIG.
139 that the gate-open period t1 is provided when the gate
signal line 17a is selected through the control of the OEV1
circuit. However, the present invention is not limited to this. It
is also possible to determine for each horizontal scanning
period or each pixel row whether to provide a gate-open
period t1 or not for driving.

[1236] For example, a conceivable drive method involves
not providing a gate-open period when the image data of a
pixel row consists almost entirely of black display data, pro-
viding a gate-open period when the image data of a pixel row
consists almost entirely of white display data, and providing
a gate-open period longer than usual when the image data of
a pixel row consists entirely of white display data.

[1237] FIG. 140 is an explanatory diagram illustrating a
drive method according to the present invention. No gate-
open period is provided in the 1st H and 5th H. A gate-open
period is provided in the 2nd H to 4th H, and consequently
there are potential drops in the source signal line 18.

[1238] There s a correlation between the gate-open period
t1 (B in FIG. 141(a)) and current programming period (in
FIG. 141(a)). In a graph in FIG. 141(3), the vertical axis
represents difference (%) from a predetermined brightness.
However, numerals are expressed in absolute terms. The dif-
ference from a predetermined brightness is the difference in
percentage terms (%) between a target brightness and actual
brightness affected by penetration voltage and the like during
current programming. As can also be seen from F1G. 141(5),
the error almost reaches a minimum when B/A is 0.02 or
above (where B=tl, A=1 H, and C=2 psec). Therefore, pref-
erably, B/A is 0.02 or above. However, if B is too large,
current programming time is reduced, resulting in insufficient
writing. Thus, preferably B/A is not larger than 0.3.

[1239] By switching among modes of B/A, itis possible to
adjust the effect of panel penetration voltage (where B is the
duration during which the OEV1 circuit is high, that is, the
duration during which a selected gate signal line 17a is off
while A is 1 H (one horizontal scanning period)). Preferably,
B/A is varied according to gradations (see FIG. 145). Genet-
ally, it is preferable to decrease B/A for low gradations (black
display=gradations 1, 2, 3, . . . ) and increase B/A for high
gradations (white display=gradations 62, 63, 64, . . .). Pref-
erably, approximately four modes of B/A are provided to
switch among them according to image scenes, contents, etc.
[1240] FIG. 145 shows MODE1, MODE2, MODE3, and
MODE4. MODE1 corresponds to B=0 (i.e., the OEV1 circuit
remains low and the selected gate signal line 17a remains off).
MODE2 corresponds to B=0 on a low-gradation side (i.e., the
OEV1 circuit remains low and the selected gate signal line
17a remains on) and B/A=0.05 H on a high-gradation side.
MODES3 corresponds to B/A=0.05 over all the gradations.
MODE4 is a mode in which the value of B/A is varied accord-
ing to gradations.

[1241] Also, the mode may be switched by selecting the
value of B according to the average gradation level of image
data in each pixel row. Also, OEV1 control may be changed
above a certain gradation. It is also possible to stop using
OEV1 below a certain gradation level.

[1242] The above example involves controlling the OEV1
circuit of the gate driver circuit 12, thereby changing the
potential of the source signal line 18, and thereby dealing with
effects of penetration voltage and the like. FIG. 143 shows
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how square waves are applied to source signal lines 18 from
outside to deal with effects of penetration voltage and the like.

[1243] In FIG. 143, a capacitor driver 1431 generates
square waves (referred to as source coupling signals. See FIG.
144.), which are applied by coupling capacitors 1434 to the
source signal lines 18. One end of each coupling capacitor
1434 is connected to a capacitor signal line 1433. The square
waves are applied to the capacitor signal line 1433. The
source coupling signals are applied to the source signal lines
in sync with horizontal synchronization signals.

[1244] For ease of explanation, description will be given
with a focus on pixel potential (2). In the 3rd H, a turn-on
voltage is applied to the gate signal line 17a(2). Upon the
application of the turn-on voltage, the transistors 116and 11¢
of the pixel (2) turn on and the current applied to the source
signal line 18 is applied to the driver transistor 11a (point A).
At point B, the source coupling signal applied to the capacitor
signal line 1433 changes from Vsl to Vsh.

[1245] Consequently, the source coupling signal couples
(penetrates) to the source signal line 18, causing the pixel
potential (2) to leap to the voltage Va. However, this leap is
cancelled out by the programming current in a short period of
time and the pixel potential (2) reaches a target potential Vb at
point C at the latest.

[1246] At point C, the source coupling signal applied to the
capacitor signal line 1433 changes from Vsh to Vsl. Conse-
quently, the source coupling signal couples (penetrates)to the
source signal line 18, causing the pixel potential (2) to fall to
the voltage V. At point C, since a turn-on voltage is applied
to the gate signal line 17a(2), the voltage V¢ is changed by the
programming current. However, the voltage Ve changes little
if the time between point C and point D is short.

[1247] At point D, since the voltage applied to the gate
signal line 17a(2) changes from turn-on voltage to turn-off
voltage, the pixel (2) potential shifts to the voltage Vb due to
penetration voltage. Consequently, the target voltage Vb is
held in the pixel 16. Thus, by coupling the source coupling
signal to the source signal line 18, it is possible to compensate
for penetration voltage. Needless to say, by varying the ampli-
tude of the source coupling signal, it is possible to adjust a
compensation ratio of the penetration voltage.

[1248] FIG. 139 above shows how the potential of the
source signal line 18 is changed by controlling OEV1. How-
ever, the potential of the source signal line 18 can also be
changed using the source driver circuit 14 side. As illustrated
in FIG. 147, the source driver circuit 14 has an analog switch
752 formed or placed between a terminal 1471 connected to
the source signal line 18 and a current output circuit 1461 (see
FIG. 146). Parasitic capacitance 1472 is produced in the
source driver circuit 14 as well.

[1249] With the switch 752 closed, the programming cur-
rent Iw flows into the current output circuit 1461 as illustrated
in FIG. 147(a). When the switch 752 opens (see F1G. 147(b)),
the current output circuit 1461, which is a constant-current
circuit, absorbs the programming current Iw continuously.
Consequently, the electric charges in the parasitic capacitance
1472 is absorbed, lowering the potential of internal wiring
1473. In this state, if the switch 752 is turned on (see FIG.
147(c)), the programming current Iw branches into the para-
sitic capacitance 1472 to charge it and current output circuit.
This lowers the potential of the source signal line 18. If the
situations of the potential drops in the source signal line 18 are
applied to the situations at point C to point D in FIG. 139, the
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lowered potential of the source signal line 18 can be written
into the pixel 16 as in the case of FIG. 139.

[1250] FIG. 143 above shows a configuration in which a
signal is applied to the source signal line 18 via the capacitor
signal line 1433 to compensate for penetration voltage. FIG.
151 shows a configuration in which penetration voltage is
compensated for in each pixel row.

[1251] InFIG. 151, one end of the capacitor 19 is connected
to the driver transistor 11a and the other end is connected toa
common signal line 1511. The common signal line 1511 is a
signal line shared by one pixel row. The common signal line
1511 is connected to a common driver circuit 1512.

[1252] Asillustrated in FIG. 152, the common driver circuit
1512 outputs a square wave signal and applies it to each
common signal line 1511. The other part of the configuration
is the same as that shown in FIG. 1, and thus description
thereof will be omitted.

[1253] Referring to FIG. 152, Gate Signal Line 17a(1) rep-
resents a voltage waveform of the gate signal line 17a of a
pixel (1). Gate Signal Line 17a(2) represents a voltage wave-
form of the gate signal line 17a of a pixel (2) next to the pixel
(1). Gate Signal Line 17a(3) represents a voltage waveform of
the gate signal line 174 of a pixel (3) next to the pixel (2).
[1254] Common Signal Line (1) represents a voltage wave-
form of the common signal line 1511 of the pixel (1). Simi-
larly, Common Signal Line (2) represents a voltage waveform
of the common signal line 1511 of the pixel (2) and Common
Signal Line (3) represents a voltage waveform of the common
signal line 1511 of the pixel (3).

[1255] Source Signal Line 18 represents a voltage (current)
waveform applied to the source signal line. The pixel poten-
tial (2) illustrates a capacitor potential of the pixel (2) (voltage
waveform of the gate terminal G of the driver transistor 11a).
The gate signal lines 17a are scanned in the order: (1)—(2)
—=(3)—=(4)—=(5)— ... (1)=(2)—. ... The common signal
lines 1511 are also scanned in the order: (1)—(2)—(3)—(4)
—=(5)—...(1)=(2)—....For case of explanation, descrip-
tion will be given with a focus on the pixel potential of the
pixel (2) (the potential at the gate terminal G of the driver
transistor 11a). First, image data of all the fields is held in the
pixel 16.

[1256] At point A, with a change in the potential of the gate
signal line 17a from Vgh (turn-off voltage) to Vgl (turn-on
voltage), the potential at the gate terminal G of the driver
transistor 11a falls (Va—Vc). Since the transistors 115 and
11c are on, the potential (current) of the source signal line 18
is written into the pixel 16 and the capacitor 19 begins to
charge (discharge). Incidentally, the potential of the common
signal line 1511 is assumed to be Vcl at the start of 1 H
(Vel<Veh).

[1257] After a period of Ta from the start of 1 H, the poten-
tial of the common signal line 1511 changes from Vel to Vch
(see point B in FIG. 152). Needless to say, however, the above
operation may be performed at the start of 1 H. The change in
the potential of the common signal line 1511 causes the
potential (pixel potential(2)) of the capacitor 19 to shift to
voltage Ve. Since the transistors 115 and 11¢ are on, the
potential (current) of the source signal line 18 is written into
the pixel 16, the capacitor 19 is charged (discharged), and at
point C at the end of 1 H, the target voltage Vb is written into
the pixel 16. Incidentally, the time Ta may be O sec. (at the
start of 1 H). Preferably, the time Ta is set to between 0 and 15
of 1 H (both inclusive). This is because extending the time Ta
decreases the current programming period itself.
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[1258] At point C, the potential of the gate signal line 17a
changes from Vgl (turn-on voltage) to Vgh (turn-off voltage).
This voltage change acts as penetration voltage and changes
the pixel potential (2) via parasitic capacitance 1381.

With this change in the potential, the pixel potential (2)
becomes equal to voltage Vd. At point C, when the potential
of the gate signal line 174 changes to Vgh (turn-off voltage),
the transistors 115 and 11¢ turn off, cutting off the capacitor
19 terminal from the source signal line 18 and consequently
holding the voltage Vd.

[1259] After a lapse of Tb from the completion of 1 H
(selection period of pixel (2)), the potential of the common
signal line 1511 changes from Vch to Vel (see point D in FIG.
152).

[1260] The change in the potential of the common signal
line 1511 causes the potential (pixel potential(2)) of the
capacitor 19 to shift to the target voltage Vb. Through the
above operation, the capacitor 19 holds the voltage Vb so that
a predetermined current based on image data flows through
the driver transistor 11a.

[1261] As can be seen from the above operation, the pen-
etration voltage caused by the parasitic capacitance 1381 and
the like is compensated for by the application of a signal to the
common signal line 1511. This compensation allows accurate
current programming of the pixels 16. Incidentally, it has
been stated that the potential of the common signal line 1511
changes from Vch to Vel after a lapse of Tb from the comple-
tionof 1 H.

However, Tb may be either 0 sec. (immediately upon termi-
nation of 1 H) or 1 H or longer.

[1262] In this way, the drive method according to the
present invention changes the potential of the common signal
line from Vel to Vch within a pixel selection period (if the
potential is changed before the selection period, there is no
problem because current programming is performed within
the selection period). Thus, the potential of the common
signal line can be changed from V¢l to Veh before the current
programming of the given pixel is finished. After the pixel
selection period (or immediately upon termination of the
selection period), the drive method changes the potential of
the common signal line from Vch to Vel.

[1263] Incidentally, the amplitudes (Vch and Vcl) of the
common signal line 1511 are configured to be changeable by
a regulator of a voltage generator circuit (not shown). The
configuration and operation of the common driver circuit
1512 is the same as or similar to those of the gate driver circuit
12, and thus description thereof will be omitted. Also, the
other part of the operation is the same as that shown in FIG.
139, and thus description thereof will be omitted.

[1264] FIGS. 151 and 152 above show a system which
compensates for penetration voltage by the operation of the
common signal lines. FIG. 153 shows a configuration in
which penetration voltage is compensated for by the opera-
tion of the gate signal line 174 in the preceding stage of a pixel
without using a common driver circuit 1512.

[1265] InFIG. 153, oneend ofthe capacitor 19 is connected
to the driver transistor 11a and the other end is connected to
the gate signal line 174 in the preceding stage (the last pixel
selected). The electrode at one end of the capacitor 19 is the
gate signal line 17a. The other part of the configuration is the
same as that shown in FIGS. 1, 151, etc.

[1266] Referring to FIG. 154, Gate Signal Line 17a(1) rep-
resents a voltage waveform of the gate signal line 174 of a
pixel (1). Gate Signal Line 17a(2) represents a voltage wave-
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form of the gate signal line 174 of a pixel (2) next to the pixel
(1). Gate Signal Line 17a(3) represents a voltage waveform of
the gate signal line 174 of a pixel (3) next to the pixel (2).

[1267] Source Signal Line 18 represents a voltage (current)
waveform applied to the source signal line. The pixel poten-
tial (2)illustrates a capacitor potential of the pixel (2) (voltage
waveform of the gate terminal G of the driver transistor 11a).
The gate signal lines 17« are scanned in the order: (1)—(2)
—-3)=»A)—=0B)—...OH)=2Q)—....

[1268] For ease of explanation, description will be given
with a focus on the pixel potential of the pixel (2) (the poten-
tial at the gate terminal G of the driver transistor 11a). First,
image data of all the fields is held in the pixel 16. In the
example in FIG. 153, the gate drive circuit 124 applies one
turn-on voltage (Vgl) and two turn-off voltages (Vgh2 and
Vghl) to the gate signal lines 17¢. Assuming that the turn-off
voltage Vgh2>the turn-off voltage Vghl, the following con-
dition is satisfied: 0.02 (V)<Vgh2-Vghl<0.4 (V).

[1269] At point A, with a change in the potential of the gate
signal line 17a(1) in the preceding stage from Vgh1 (turn-off
voltage) to Vgl (turn-on voltage), the potential of the capaci-
tor 19 of the pixel (2) changes (the pixel potential changes
from Ve to Vd). Consequently, the potential at the gate termi-
nal G of the driver transistor 11a falls.

[1270] At point B, with a change in the potential of the gate
signal line 17a of the pixel (2) from Vgh1 (turn-off voltage) to
Vgl (turn-on voltage), the pixel potential changes. Since the
transistors 115 and 11¢ are on, the potential (current) of the
source signal line 18 is written into the pixel 16 and the
capacitor 19 begins to charge (discharge). Within a selection
period of 1 H, the target voltage Vb is reached.

[1271] Through the above operation, the capacitor 19 is set
such that a predetermined current based on image data flows
through the driver transistor 11a.

[1272] At point C, the potential of the gate signal line
17a(2) changes from Vgl (turn-on voltage) to Vgh2 (turn-off
voltage). This voltage change acts as penetration voltage and
changes the pixel potential (2) via parasitic capacitance 1381.
With this change in the potential, the pixel potential (2)
becomes equal to voltage Ve. At point C, when the potential
of the gate signal line 17a changes to Vgh (turn-off voltage),
the transistors 115 and 11¢ turm off, cutting off the capacitor
19 terminal from the source signal line 18 and consequently
holding the voltage Vc.

[1273] After a lapse of 1 H (point D in FIG. 154) from the
completion of 1 H (selection period of pixel (2)), the potential
of the gate signal line 17a(2) changes from Vgh2 to Vgh1 (see
point D in FIG. 152). The change in the potential of the gate
signal line 17a(2) causes the potential (pixel potential(2)) of
the capacitor 19 to shift to the target voltage Vb. Through the
above operation, the capacitor 19 holds the voltage Vb so that
a predetermined current based on image data flows through
the driver transistor 11a.

[1274] As can be seen from the above operation, the pen-
etration voltage caused by the parasitic capacitance 1381 and
the like is compensated for by the application of three volt-
ages (Vghl, Vgh2, and Vgl) to the gate signal lines 17a. This
compensation allows accurate current programming of the
pixels 16. Incidentally, although it has been stated that the
potential of the gate signal line 17a(2) changes from Vgh2 to
Vghl after a lapse of 1 H (point D in FIG. 154) from the
selection period, this is not restrictive. For example, the
potential may be changed after a lapse of time Ta within 1 H



US 2010/0277401 Al

(see point D in FIG. 155) as illustrated in FIG. 155. Alterna-
tively, it may be changed after a lapse of 1 H or more.
[1275] Although in FIG. 153, the gate signal line 17a in the
previous stage is used as the terminal electrode of the capaci-
tor 19 in the subsequent stage, the present invention is not
limited to this. As illustrated in FIG. 156, the gate signal line
17a in a stage before the previous stage may be used as the
electrode of the capacitor 19. A timing chart for this is shown
in FIG. 157.

[1276] At point A, with a change in the potential of the gate
signal line 17a(1) in the stage before the preceding stage from
Vghl (turn-off voltage) to Vgl (turn-on voltage), the potential
ofthe capacitor 19 of the pixel (3) changes (the pixel potential
changes from Va to Ve). Consequently, the potential at the
gate terminal G of the driver transistor 11a falls.

[1277] At point B, with a change in the potential of the gate
signal line 17a(1) in the stage before the preceding stage from
Vgl (turn-on voltage) to Vgh2 (turn-off voltage), the potential
ofthe capacitor 19 of the pixel (3) changes (the pixel potential
changes from Ve to Va). Consequently, the potential at the
gate terminal G of the driver transistor 11a rises.

[1278] At point C, with a change in the potential of the gate
signal line 17a(3) from Vghl (turn-off voltage) to Vgl (turn-
on voltage), the potential of the capacitor 19 of the pixel (3)
changes. Since the transistors 115 and 11¢ are on, the poten-
tial (current) of the source signal line 18 is written into the
pixel 16 and the capacitor 19 begins to charge (discharge).
Within a selection period of 1 H, the target voltage Ve is
reached.

[1279] Through the above operation, the capacitor 19 is set
such that a predetermined current based on image data flows
through the driver transistor 11a.

[1280] At point D, the potential of the gate signal line
17a(3) changes from Vgl (turn-on voltage) to Vgh2 (turn-off
voltage). This voltage change acts as penetration voltage and
changes the pixel potential (3) via parasitic capacitance 1381.
With this change in the potential, the pixel potential (3)
becomes equal to voltage Vb. At point C, when the potential
of the gate signal line 174 changes to Vgh (turn-off voltage),
the transistors 115 and 11¢ turn off, cutting off the capacitor
19 terminal from the source signal line 18 and consequently
holding the voltage Vb.

[1281] After a lapse of 1 H (point D in FIG. 157) from the
completion of 1 H (selection period of pixel (3)), the potential
of the gate signal line 17a(3) changes from Vgh2 to Vgh1 (see
point D in FIG. 157). With the change in the potential of the
gate signal line 17a(3), the potential (the pixel potential (3))
of the capacitor 19 shifts to the target voltage Vc. Through the
above operation, the capacitor 19 holds the voltage V¢ so that
a predetermined current based on image data flows through
the driver transistor 11a.

[1282] As can be seen from the above operation, the pen-
etration voltage caused by the parasitic capacitance 1381 and
the like is compensated for by the application of three volt-
ages (Vghl, Vgh2, and Vgl) to the gate signal lines 17a. This
compensation allows accurate current programming of the
pixels 16.

[1283] The above example compensates for the effect of
penetration voltage through improvement or invention of a
drive system. Penetration voltage can also be suppressed
using pixel 16 configuration. In FIG. 148, a p-channel tran-
sistor 11hp and n-channel transistor 11bn are used in place of
the p-channel switching transistor 115 in FIG. 1. They con-
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stitute an analog switch. An inverter 1481 is placed to turn on
the p-channel transistor 115p and n-channel transistor 115r
simultaneously.

[1284] As the transistor 115 is composed of the p-channel
transistor and n-channel transistor as illustrated in FIG. 148,
voltages applied to the two transistors by the gate signal line
17a cancel each other. This makes it possible to reduce poten-
tial shift due to penetration voltage greatly. Needless to say, as
illustrated in FIG. 149, this effect can also be achieved if the
transistor 115% and the like are configured by diodes.

[1285] Thus, by using the pixel configuration shown in
FIGS. 148, 149, or the like, it is possible to compensates for
the effect of penetration voltage. Also, when this method is
used in combination with the method described with refer-
ence to FIG. 139 or the like, it is possible to compensate for
penetration voltage and achieve uniform image display due to
synergism.

[1286] The above example has been described with a focus
on the gate signal lines 17a (WR-side selection signal lines).
Now, a drive method of gate signal lines 176 (EL-side selec-
tion signal lines) will be described additionally. The gate
signal lines 175 (EL-side selection signal lines) are signal
lines which control the current passed through EL elements
15. In F1G. 63, however, the current passing through the EL
element 15 is controlled by turning on and off the switch 631.
[1287] Thus, the control method ofthe gate signal lines 175
(EL-side selection signal lines) described below additionally
can be restated as a method of controlling the timing or time
to pass current through the EL elements 15. For ease of
explanation, a gate signal line 175 (EL-side selection signal
line) will be cited as an example in the following description.
Needless to say, the items described below apply to all the
drive systems according to the present invention.

[1288] Ithas been stated with reference to FIGS. 15, 18,21,
etc. that the gate signal line 175 (EL-side selection signal line)
applies a turn-on voltage (Vgl) and turn-off voltage (Vgh)
every horizontal scanning period (1 H). However, in the case
of a constant current, light emission quantity of the EL ele-
ments 15 is proportional to the duration of the current. Thus
the duration is not limited to 1 H.

[1289] FIG. 158 shows Y4-duty driving. A turn-on voltage is
applied to the gate signal line 175 (EL-side selection signal
line) every 4 Hs and the locations to which the turn-on voltage
is applied are scanned in sync with a horizontal synchroniza-
tion signal (HD). Thus, the unit length of a conduction period
is 1 H.

[1290] However, the present invention is not limited to this.
The duration of the conduction period may be less than 1 H
(*2Hin FIG. 161) as shown in FIG. 161 or it may be equal to
or less than 1 H. In short, the unit length of the conduction
period is not limited to 1 Hand a unit length other than 1 Hcan
be generated easily using the OEV2 circuit formed or placed
in the output stage of the gate driver circuit 125 (circuit which
controls the gate signal line 17b). The OEV2 circuit is similar
to the OEV1 circuit described earlier, and thus description
thereof will be omitted.

[1291] InFIG. 159, the conduction period of the gate signal
line 175 (EL-side selection signal line) does not have a umt
length of 1 H. A turn-on voltage little shorter than 1 H is
applied to the gate signal lines 175 (EL-side selection signal
lines) in odd-numbered pixel rows. A turn-on voltage is
applied to the gate signal lines 175 (EL-side selection signal
lines) in even-numbered pixel rows for a very short period.
The duration T1 of the turn-on voltage applied to the gate
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signal lines 175 (EL-side selection signal lines) in odd-num-
bered pixel rows plus the duration T2 of the turn-on voltage
applied to the gate signal lines 175 (EL-side selection signal
lines) in even-numbered pixel rows is designed to be 1 H.
FIG. 159 shows a state of the first field.

[1292] In the second field which follows the first field, a
turn-on voltage little shorter than 1 H is applied to the gate
signal lines 175 (EL-side selection signal lines) in even-num-
bered pixel rows. A turn-on voltage is applied to the gate
signal lines 175 (EL-side selection signal lines) in odd-num-
bered pixel rows for a very short period. The duration T1 of
the turn-on voltage applied to the gate signal lines 175 (EL-
side selection signal lines) in even-numbered pixel rows plus
the duration T2 of the turn-on voltage applied to the gate
signal lines 175 (EL-side selection signal lines) in odd-num-
bered pixel rows is designed to be 1 H.

[1293] The sum duration of turn-on voltage applications to
gate signal lines 175 in a plurality of pixel rows may be
designed to be constant. Alternatively, the illumination time
of each EL element 15 in each pixel row in each field may be
designed to be constant.

[1294] FIG. 160 shows a case in which the conduction
period of the gate signal line 175 (EL-side selection signal
line) is 1.5 Hs. The rise and fall of the gate signal line 175 at
point A are designed to overlap. The gate signal line 175
(EL-side selection signal line) and source signal line 18 are
coupled. Thus, any change in a waveform of the gate signal
line 176 (EL-side selection signal line) penetrates to the
source signal line 18. Consequently, any potential fluctuation
in the source signal line 18 lowers accuracy of current (volt-
age) programming, causing irregularities in the characteris-
tics of the driver transistors 11a to appear in the display.
[1295] Referring to FIG. 160, at point A, the voltage
applied to the gate signal line 17B (EL-side selection signal
line) (1) changes from turn-on voltage (Vgl) to turn-off volt-
age (Vgh). The voltage applied to the gate signal line 17B
(EL-side selection signal line) (2) changes from turn-off volt-
age (Vgh) to turn-on voltage (Vgl). Thus, at point A, the
signal waveform of the gate signal line 17B (EL-side selec-
tion signal line) (1) and the signal waveform of the gate signal
line 17B (EL-side selection signal line) (2) cancel out each
other. Consequently, even if the gate signal line 17B (EL-side
selection signal line) and source signal line 18 are coupled,
changes in the waveform of'the gate signal line 175 (EL-side
selection signal line) do not penetrate to the source signal line
18. This improves the accuracy of current (voltage) program-
ming, resulting in a uniform image display.

[1296] Incidentally, in the example in FIG. 160, the con-
duction period is 1.5 Hs. However, the present invention is not
limited to this. Needless to say, the duration of application of
the turn-on voltage may be 1 H or less as illustrated in FIG.
162.

[1297] By adjusting the duration of application of the turn-
on voltage to the gate signal line 17B (EL-side selection
signal line), it is possible to adjust the brightness of the
display screen 50 linearly. This can be done easily through
control of the OEV2 circuit. Referring to FIG. 163, for
example, display brightness in FIG. 163(5) is lower than in
FIG. 163(a). Also, display brightness in FIG. 163(c) is lower
than in FIG. 163(5).

[1298] As shown in FIG. 164, multiple sets of turn-on volt-
age and turn-off voltage may be applied in a period of 1 H.
FIG. 164(a) shows an example in which six sets are applied.
FIG. 164(b) shows an example in which three sets are applied.
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FIG. 164(c) shows an example in which one set is applied. In
FIG. 164, display brightness is lower in FIG. 164(5) than in
FIG. 164(a). It is lower in FIG. 164(c) than in FIG. 164(5).
Thus, by controlling the number of conduction periods, dis-
play brightness can be adjusted (controlled) easily.

[1299] Also, it is possible to allow selection from different
drive modes: a drive mode for controlling non-display areas
52 and display areas 53 regularly as illustrated in FI1G. 98(a),
adrive mode for controlling non-display areas 52 and display
areas 53 randomly as illustrated in FIG. 98(c), and a drive
mode for repeating a non-display area 52 and display area 53
every other frame (field) as illustrated in FIG. 98(5). It is also
possible to switch among modes in FIGS. 98(a), 98(5), and
98(c) under user control or according to image data.

[1300] FIG. 184 is a block diagram showing a current-
driven source driver IC (circuit) 14 according to one example
of the present invention. FIG. 184 shows a multi-stage current
mirror circuit comprising three-stage current sources (1841,
1842, 1843).

[1301] InFIG. 184, the current value of the current source
1841 in the first stage is copied by the current minor circuit to
N current sources 1842 in the second stage (where N is an
arbitrary integer). The current values of the second-stage
current sources 1842 are copied by the current mirror circuit
to M current sources 1843 in the third stage (where M is an
arbitrary integer). Consequently, this configuration causes the
current value of the first-stage current source 1841 to be
copied to NxM third-stage current sources 1843.

[1302] Forexample, whendriving the source signal lines 18
with one source driver IC 14, there are 176 outputs (because
the source signal lines require a total of 176 outputs for R, G,
and B). Here it is assumed that N=16 and M=11. Thus,
16x11=176 and the 176 outputs can be covered. In this way,
by using a multiple of 8 or 16 for N or M, it becomes easier to
lay out and design the current sources of the driver IC.
[1303] The current-driven source driver IC (circuit) 14
employing the multi-stage current mirror circuit according to
the present invention can absorb variations in transistor char-
acteristics because it has the second-stage current sources
1842 in between instead of copying the current value of the
first-stage current source 1841 directly to NxM third-stage
current sources 1843 using the current mirror circuit.

[1304] In particular, the present invention is characterized
in that a first-stage current mirror circuit (current source
1841) and second-stage current mirror circuits (current
sources 1842) are placed close to each other. If a first-stage
current source 1841 are connected with third-stage current
sources 1843 (i.e,, in the case of two-stage current mirror
circuit), the second-stage current sources 1843 connected to
the first-stage current source are large in number, making it
impossible to place the first-stage current source 1841 and
third-stage current sources 1843 close to each other.

[1305] The source driver circuit 14 according to the present
invention copies the current value of the first-stage current
mirror circuit (current source 1841) to the second-stage cur-
rent mirror circuits (current sources 1842), and the current
values of the second-stage current mirror circuits (current
sources 1842) to the third-stage current mirror circuits (cur-
rent sources 1842). With this configuration, the second-stage
current mirror circuits (current sources 1842) connected to
the first-stage current mirror circuit (current source 1841) are
small in number. Thus, the first-stage current mirror circuit
(current source 1841) and second-stage current mirror cir-
cuits (current sources 1842) can be placed close to each other.
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[1306] If transistors composing the current mirror circuits
can be placed close to each other, naturally variations in the
transistors are reduced, and so are variations in current values.
[1307] Thenumber of the third-stage current mirror circuits
(current sources 1843) connected to the second-stage current
mirror circuits (current sources 1842) are reduced as well.
Consequently, the second-stage current mirror circuits (cur-
rent sources 1842) and third-stage current mirror circuits
(current sources 1843) can be placed close to each other.
[1308] That is, transistors in current receiving parts of the
first-stage current mirror circuit (current source 1841), sec-
ond-stage current mirror circuits (current sources 1842), and
third-stage current mirror circuits (current sources 1843) can
be placed close to each other on the whole. In this way,
transistors composing the current mirror circuits can be
placed close to each other, reducing variations in the transis-
tors and greatly reducing variations in current signals from
output terminals (high precision).

[1309] In the present invention, the terms “current sources
1841, 1842, and 1843 and “current mirror circuits” are used
interchangeably. That is, current sources are a basic construct
of the present invention and the current sources are embodied
into current mirror circuits.

[1310] FIG. 185 is a structural drawing of a more concrete
source driver IC (circuit) 14. Itillustrates part of third current
sources 1843. This is an output part connected to one source
signal line 18. It is composed of multiple current mirror
circuits (unit transistors 484 (1 unit)) of the same size as a
current mirror configuration in the final stage. Their number
is bit-weighted according to the data size of image data.
[1311] Incidentally, the transistors composing the source
driver IC (circuit) 14 according to the present invention are
not limited to a MOS type and may be a bipolar type. Also,
they are not limited to silicon semiconductors and may be
gallium arsenide semiconductors. Also, they may be germa-
nium semiconductors. Alternatively, they may be formed
directly on a substrate using low-temperature polysilicon
technology, other polysilicon technology, or amorphous sili-
con technology.

[1312] FIG.185illustrates an example of the present inven-
tion which handles 6-bit digital input. Six bits are the sixth
power of two, and thus provide a 64-gradation display. This
source driver IC 14, when mounted on an array board, pro-
vides 64 gradations each ofred (R), green (G), and blue (B),
meaning 64x64x64=approximately 260,000 colors.

[1313] Sixty-four (64) gradations require 1 DO0-bit unit
transistor 1854, two D1-bit unit transistors 1854, four D2-bit
unit transistors 1854, eight D3-bit unit transistors 1854, six-
teen D4-bit unit transistors 1854, and thirty-two D5-bit unit
transistors 1854 for a total of 63 unit transistors 1854. Thus,
the present invention produces one output using as many unit
transistors 1854 as the number of gradations (64 gradations in
thisexample) minus 1. Incidentally, even if one unit transistor
is divided into a plurality of sub-unit transistors, this simply
means thata unit transistor is divided into sub-unit transistors,
and makes no difference in the fact that the present invention
uses as many unit transistors as the number of gradations
minus 1.

[1314] In FIG. 185, DO represents LSB input and DS rep-
resents MSB input. When a D0 input terminal is high (posi-
tive logic), a switch 1851a is closed (the switch 1851« is an
on/off means and may be constructed of a single transistor or
may be an analog switch consisting of a P-channel transistor
and N-channel transistor. Then, current flows to a current
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source (single-unit) 1854 composing a current mirror. The
current flows through internal wiring 1853 in the IC 14. Since
the internal wiring 1853 is connected to the source signal line
18 via a terminal electrode of the IC 14, the current flowing
through internal wiring 1853 provides a programming current
for the pixels 16.

[1315] For example, when a D1 input terminal is high
(positive logic), a switch 18515 is closed. Then, current flows
to two current sources (single-unit) 1854 composing a current
mirror. The current flows through the internal wiring 1853 in
the IC 14. Since the internal wiring 1853 is connected to the
source signal line 18 via a terminal electrode of the IC 14, the
current flowing through internal wiring 1853 provides a pro-
gramming current for the pixels 16.

[1316] The same applies to the other switches 1851. When
a D2 input terminal is high (positive logic), a switch 1851c¢ is
closed. Then, current flows to four current sources (single-
unit) 1854 composing a current mirror. When a D5 input
terminal is high (positive logic), a switch 1851/ is closed.
Then, current flows to 32 (thirty-two) current sources (single-
unit) 1854 composing a current mirror.

[1317] In this way, based on external data (DO to DS5),
current flows to the corresponding current sources (single-
unit). That is, current flows to 0 to 63 current sources (single-
unit) depending on the data.

[1318] Incidentally, for ease of explanation, it is assumed
that there are 63 current sources for a 6-bit configuration, but
this is not restrictive. In the case of 8-bit configuration, 255
unit transistors 1854 can be formed (placed). For a 4-bit
configuration, 15 unit transistors 1854 can be formed
(placed). The transistors 1854 constituting the unit current
sources have a channel width W and channel length L. The
use of equal transistors makes it possible to construct output
stages with small variations.

[1319] Besides, not all the unit transistors 1854 need to pass
equal current. For example, individual unit transistors 1854
may be weighted. For example a current output circuit may be
constructed using a mixture of single-unit unit transistors
1854, double-sized unit transistors 1854, quadruple-sized
unit transistors 1854, etc. However, if unit transistors 1854 are
weighted, the weighted current sources may not provide the
right proportions, resulting in variations. Thus, even when
using weighting, it is preferable to construct each current
source from transistors each of which corresponds to a single-
unit current source.

[1320] The unit transistor 1854 should be equal to or larger
than a certain size. The smaller the transistor size, the larger
the variations in output current. The size of a transistor 1854
is given by the channel length L multiplied by the channel
width W. For example, if W=3 um and =4 pm, the size of the
unit transistor 1854 constituting a unit current source is
WxL=12 square um. It is believed that crystal boundary con-
ditions of silicon wafers have something to do with the fact
that a smaller transistor size results in larger variations. Thus,
variations in output current of transistors are small when each
transistor is formed across a plurality of crystal boundaries.
[1321] Preferably, the unit transistor 1854 is an n-channel
transistor. P-channel unit transistors have 1.5 times as large
variations in output current as n-channel unit transistors.
[1322] Sinceit is preferable that the unit transistors 1854 of
the source driver IC 14 are n-channel transistors, the source
driver IC 14 draws programming current from the pixels 16.
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Thus, the driver transistors 11« of the pixels 16 are p-channel
transistors. The switching transistor 114 in FIG. 1 is also a
p-channel transistor.

[1323] Thus, the configuration in which the unit transistor
1854 in the output stage of the source driver IC (circuit) 14 is
an n-channel transistor and the driver transistor 11a of the
pixel 16 is a p-channel transistor is characteristic of the
present invention. Incidentally, it is preferable that all the
transistors 11 (transistors 11a, 116, 11¢, and 11d) composing
the pixel 16 are p-channel transistors. Since this can eliminate
the process of forming n-channel transistors, it is possible to
achieve low costs and high yields.

[1324] Incidentally, although it has been stated that the unit
transistor 1854 is formed in the IC 14, this is not restrictive.
The source driver circuit 14 may be formed by low-tempera-
ture polysilicon technology. In that case again, it is preferable
that the unit transistors 1854 in the source driver circuit 14 are
n-channel transistors.

[1325] P-channel transistors are used as the transistors 11
of pixels 16 and for the gate driver circuits 12. This makes it
possible to reduce the cost of the board 71. However, in the
source driver circuit 14, the unit transistors 1854 must be
n-channel transistors. Thus, the source driver circuit 14 can-
not be formed directly on a board 71. Thus, the source driver
circuit 14 is made of a silicon chip and the like separately and
mounted on the board 71. In short, the present invention is
configured to mount the source driver IC 14 (means of out-
putting programming current as video signals) externally.
[1326] If the gate driver circuits 12 are constructed from
p-channel transistors, it becomes easy to hold (maintain) the
turn-off voltage (Vgh). As the driver transistors 11a, 114, and
11c¢ of the pixels 16 can be held readily at the turn-off poten-
tial, the gate driver circuits 12 match well, and achieve syn-
ergy, with the pixel configuration according to the present
invention consisting of p-channel transistors. Incidentally,
although it has been stated that the source driver circuit 14 is
made of a silicon chip, this is not restrictive. For example, a
large number of source driver circuits may be formed on a
glass substrate simultaneously using low-temperature poly-
silicon technology or the like, cut off into chips, and mounted
on a board 71. Incidentally, although it has been stated that a
source driver circuit is mounted on a board 71, this is not
restrictive. Any form may be adopted as long as the output
terminals of the source driver circuit 14 are connected to the
source signal lines 18 on the board 71. For example, the
source driver circuit 14 may be connected to the source signal
lines 18 using TAB technology. By forming a source driver
circuit 14 on a silicon chip separately, it is possible to reduce
variations in output current and achieve proper image display
as well as to reduce costs.

[1327] Theconfiguration in which p-channel transistors are
used as selection transistors of pixels 16 and for gate driver
circuits is not limited to organic EL or other self-luminous
devices (display panels or display apparatus). For example, it
is also applicable to liquid crystal display devices and FEDs
(field emission displays).

[1328] Ifthe switching transistors 11»and 11¢ of a pixel 16
are p-channel transistors, the pixel 16 becomes selected at
Vgh, and becomes deselected at Vgl. As described earlier,
when the gate signal line 17a changes from on (Vgl) to off
(Vgh), voltage penetrates (penetration voltage). If the driver
transistor 11a of the pixel 16 is a p-channel transistor, the
penetration voltage more tightly restricts the flow of current
through the transistor 11a in black display mode. This makes
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it possible to achieve a proper black display. The problem
with the current-driven system is that it is difficult to achieve
a black display.

[1329] According to the present invention, if p-channel
transistors are used for the gate driver circuits 12, the turn-on
voltage corresponds to Vgh. Thus, the gate driver circuits 12
match well with the pixels 16 constructed from p-channel
transistors. Also, to improve black display, it is important that
the programming current Iw flows from the anode voltage
Vdd to the unit transistors 1854 of the source driver circuit 14
via the driver transistors 11« and source signal lines 18, as is
the case with the pixel 16 configuration shown in FIGS. 1 and
2. Thus, a good synergistic effect can be produced if p-chan-
nel transistors are used for the gate driver circuits 12 and
pixels 16, the source driver circuit 14 is mounted on the
substrate, and n-channel transistors are used as the unit tran-
sistors 1854 of the source driver circuit 14. Besides, unit
transistors 1854 formed of n-channel transistors have smaller
variations in output current than unit transistors 1854 formed
of p-channel transistors. N-channel unit transistors 1854 have
1/1.5 to ¥4 as large variations in output current as p-channel
unit transistors 1854 when they have the same area (W-L). For
this reason, it is preferable that n-channel transistors are used
as the unit transistors 1854 of the source driver IC 14.
[1330] FIG. 186 is an exemplary circuit diagram showing
176 outputs (NxM=176) of a three-stage current mirror cir-
cuit. In FIG. 186, the current source 1841 constituted of the
first-stage current mirror circuit is referred to as a parent
current source, the current sources 1842 constituted of the
second-stage current mirror circuits are referred to as child
current sources, and the current sources 1843 constituted of
the third-stage current mirror circuits are referred to as grand-
child current sources. The use of an integral multiple for the
third-stage current mirror circuits which are the final-stage
current mirror circuits makes it possible to minimize varia-
tions in the 176 outputs and produce high-accuracy current
outputs.

[1331] Incidentally, dense placement means placing the
first current source 1841 and the second current sources 1842
(the current or voltage output and current or voltage input) at
least within a distance of 8 mm. More preferably, they are
placed within 5 mm. It has been shown analytically that when
placed at this density, the current sources can fit into a silicon
chip with little difference in transistor characteristics (Vt and
mobility (i)). Similarly, the second current sources 1842 and
third current sources 1843 (the current output and current
input) are placed at least within a distance of 8 mm. More
preferably, they are placed within 5 mm. Needless to say, the
aboveitems also apply to other examples of the present inven-
tion.

[1332] The current or voltage output and current or voltage
input mean the following relationships. In the case of voltage-
based delivery shown in FIG. 187, the transistor 1841 (the
output) of the (I)-th current source and the transistor 18424
(the input) of the (I+1)-th current source are placed close to
each other. In the case of current-based delivery shown in
FIG. 188, the transistor 1841a (the output) of the (I)-th current
source and the transistor 18425 (the input) of the (I+1)-th
current source are placed close to each other.

[1333] Incidentally, although it is assumed in FIGS. 186,
187, etc. that there is one transistor 1841, this is notrestrictive.
For example, it is also possible to form a plurality of small
sub-transistors 1841 and connect the source or drain termi-
nals of the sub-transistors with the register 491 to form a unit
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transistor 1854. By connecting the plurality of small sub-
transistors in parallel, it is possible to reduce variations of the
unit transistor 1854.

[1334] Similarly, although it is assumed that there is one
transistor 1842a, this is not restrictive. For example, it is also
possible to form a plurality of small sub-transistors 1842a and
connect the gate terminals of the transistors 1842a with the
gate terminal of the transistor 1841. By connecting the plu-
rality of small transistors 18424 in parallel, it is possible to
reduce variations of the transistor 1842a.

[1335] Thus, according to the present invention, the follow-
ing configurations can be illustrated: a configuration in which
one transistor 1841 is connected with a plurality of transistors
18424, aconfiguration in which a plurality of transistors 1841
are connected with one transistor 18424, and a configuration
in which a plurality of transistors 1841 are connected with a
plurality of transistors 1842a. These examples will be
described in more detail below.

[1336] The above items also apply to a configuration of
transistors 1843a and 18435 in FIG. 189. Possible configu-
rations include a configuration in which one transistor 1843a
is connected with a plurality of transistors 18435, a configu-
ration in which a plurality of transistors 1843« are connected
with one transistor 184356, and a configuration in which a
plurality of transistors 18434 are connected with a plurality of
transistors 18435. By connecting the plurality of small tran-
sistors 1843 in parallel, it is possible to reduce variations of
the transistor 1843.

[1337] The above items also apply to relationship between
transistors 1842a and 18425 in FIG. 189. Also, preferably a
plurality of transistors 18435 are used in FIG. 185.

[1338] Although it has been stated that the source driver IC
14 consists of a silicon chip, this is not restrictive. The source
driver IC 14 may be constructed of another semiconductor
chip formed on a gallium substrate or germanium substrate.
Also, the unit transistor 1854 may be a bipolar transistor,
CMOS transistor, FET, Bi-CMOS transistor, or DMOS tran-
sistor. However, in terms of reducing variations in the output
of the unit transistor 1854, preferably a CMOS transistor is
used for the unit transistor 1854.

[1339] Preferably, the unit transistor 1854 is an N-channel
transistor. The unit transistor consisting of a P-channel tran-
sistor has 1.5 times larger output variations than the unit
transistor consisting of an N-channel transistor.

[1340] Since it is preferable that the unit transistor 1854 of
the source driver IC 14 is an N-channel transistor, the pro-
gramming current of the source driver IC 14 is a current
drawn from the pixel 16. Thus, the driver transistor 11a of the
pixel 16 is a P-channel transistor. The switching transistor
114 in FIG. 1 is also a P-channel transistor.

0657-d

[1341] Thus, the configuration in which the unit transistor
1854 in the output stage of the source driver IC (circuit) 14 is
an N-channel transistor and the driver transistor 11a of the
pixel 16 is a P-channel transistor is characteristic of the
present invention. Incidentally, it is preferable that all the
transistors (transistors 11a, 115, 11¢, and 11d) composing the
pixel 16 are P-channel transistors. This eliminates the process
of forming N-channel transistors, resulting in low costs and
high yields.

[1342] Incidentally, although it has been stated that the unit
transistor 1854 is formed in the IC 14, this is not restrictive.
The source driver circuit 14 may be formed by low-tempera-
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ture polysilicon technology. In that case again, it is preferable
that the unit transistors 1854 in the source driver circuit 14 are
N-channel transistors.

[1343] FIG. 188 shows an example of configuration for
current-based delivery. FIG. 187 also shows an example of
configuration for current-based delivery. FIGS. 187 and 188
are similar in terms of circuit diagrams and differ in layout
configuration, i.e., wiring layout. In FIG. 187, reference
numeral 1841 denotes a first-stage n-channel current source
transistor, 1842a denotes a second-stage n-channel current
source transistor, and 18424 denotes a second-stage p-chan-
nel current source transistor.

[1344] In FIG. 188, reference numeral 1841a denotes a
first-stage N-channel current source transistor, 1842a denotes
a second-stage N-channel current source transistor, and
18425 denotes a second-stage P-channel current source tran-
sistor.

[1345] In FIG. 187, the gate voltage of the first-stage cur-
rent source consisting of a variable register 491 (used to vary
current) and the N-channel transistor 1841 is delivered to the
gate of the N-channel transistor 1842a of the second-stage
current source. Thus, this is a layout configuration of a volt-
age-based delivery type.

[1346] In FIG. 188, the gate voltage of the first-stage cur-
rent source consisting of a variable register 491 and the
N-channel transistor 1841« is applied to the gate of the
N-channel transistor 1842a of the adjacent second-stage cur-
rent source, and consequently the value of the current flowing
through the transistor is delivered to the P-channel transistor
18425 of the second-stage current source. Thus, this is a
layout configuration of a current-based delivery type.

[1347] Incidentally, although this example of the present
invention focuses on relationship between the first current
source and second current source for ease of explanation or
understanding, this is not restrictive and it goes without say-
ing that this example also applies (can be applied) to relation-
ship between the second current source and third current
source as well as relationship between other current sources.
[1348] In the layout configuration of the current mirror
circuit of the voltage-based delivery type shown in FIG. 187,
the N-channel transistor 1841 of the first-stage current source
and the N-channel transistor 1842« of the second-stage cur-
rent source composing the current mirror circuit are separated
(or liable to get separated, to be precise), and thus the two
transistors tend to differ in characteristics. Consequently, the
current value of the first-stage current source is not transmit-
ted correctly to the second-stage current source and there can
be variations.

[1349] Incontrast, inthe layout configuration of the current
mirror circuit of the current-based delivery type shown in
FIG. 188, the N-channel transistor 1841a of the first-stage
current source and the N-channel transistor 1842a of the
second-stage current source composing the current mirror
circuit are located adjacent to each other (easy to place adja-
cent to each other), and thus the two transistors hardly differ
in characteristics. Consequently, the current value of the first-
stage current source is transmitted correctly to the second-
stage current source and there can be little variations.

[1350] In view of the above circumstances, it is preferable
to use a layout configuration of the current-based delivery
type instead of the voltage-based delivery type for the circuit
configuration of the multi-stage current mirror circuit accord-
ing to the present invention (the source driver IC (circuit) 14
of the current-based delivery type according to the present



US 2010/0277401 Al

invention) in terms of reduced variations. Needless to say the
above example can be applied to other examples of the
present invention.

[1351] Incidentally, although delivery from the first-stage
current source to the second-stage current source has been
cited for the sake of explanation, the same applies to delivery
from the second-stage current source to the third-stage cur-
rent source, delivery from the third-stage current source to the
fourth-stage current source, and so on. Also, it goes without
saying that the present invention may adopt a single-stage
current source configuration.

[1352] FIG. 189 shows a current-based delivery version of
three-stage current mirror circuit (three-stage current source)
shown in FIG. 186 (which, therefore shows a circuit configu-
ration of a voltage-based delivery type).

[1353] InFIG. 189, areference current is created first by the
variable register 491 and N-channel transistor 1841. Inciden-
tally, although it is stated that the reference current is adjusted
by the variable register 491, actually the source voltage of the
transistor 1841 is set and regulated by an electronic regulator
formed (or placed) in the source driver IC (circuit) 14. Alter-
natively, the reference current is adjusted by directly supply-
ing the source terminal of the transistor 1841 with current
outputted from a current-type electronic regulator consisting
of a large number of unit transistors (single-unit) 1854 as
shown in FIG. 185.

[1354] The gate voltage of the first-stage current source
constituted of the transistor 1841 is applied to the gate of the
N-channel transistor 1842a of the adjacent second-stage cur-
rent source, and the current consequently flowing through the
transistor is delivered to the P-channel transistor 18425 of the
second-stage current source. Also, the gate voltage of the
P-channel transistor 18425 of the second-stage current source
is applied to the gate of the N-channel transistor 1843a of the
adjacent third-stage current source, and the current conse-
quently flowing through the transistor is delivered to the
N-channel transistor 18435 of the third-stage current source.
A large number of N-channel unit transistors 1854 are formed
(placed) at the gate of the N-channel transistor 18435 of the
third-stage current source according to the required bit count
as illustrated in FIG. 185.

[1355] Thedisplay panel according to the present invention
will be described below. In the display panel according to the
present invention, pixels and the gate driver circuits 12 are
formed using polysilicon technology. The source driver cit-
cuit 14 is constructed from an IC chip fabricated from a
silicon wafer, Thus, the source driver circuit 14 is a source
driver IC. The source driver IC 14 is mounted on the array
board 71 using COG technology. Thus, there is a space under
the source driver IC 14. Anode wiring is formed in this space
(on a surface of the array board).

[1356] As illustrated in FIG. 83, anode lines 832 are wired
from an anode connection terminal and the anode lines 832
formed on both sides of the source driver IC are connected
electrically by means of an anode coupling line 835 formed
under the 1C 14.

[1357] A commonanode line 833 is formed orplaced on the
output side of the IC 14. Anode wires 834 branch off from the
common anode line 833. There are 528 (=176xRGB) anode
wires 834 in a QCIF panel. The voltage Vdd (anode voltage)
illustrated in FIG. 1 and the like is supplied via the anode
wires 834.

A current of up to 200 pA flows through one anode wire 834
if the EL elements 15 are made of low molecular weight-
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material. Therefore, a current of approximately 100 mA (200
LAX528) flows through the common anode line 833.

[1358] To reduce voltage drops in the common anode line
833 to within 0.2 V, it is necessary to reduce the resistance
value of the largest current path to 2€2 or less (assuming that
a current of 100 mA flows).

[1359] The anode coupling line 835 is formed (placed)
under the IC chip 14. Needless to say, its line width should be
as thick as possible to reduce resistance. Besides, preferably
the anode coupling line 835 is provided with a light shielding
fanction. This is intended to prevent malfunctions caused by
a photoconductive phenomenon in the source driver IC 14,
which in turn would be caused by light emitted by EL ele-
ments 15. Needless to say, if the anode coupling line 835 is
formed of a metal material to a required film thickness, it will
have a light shielding function.

[1360] Ifthe anode coupling line 835 cannot be made thick
enough or is made of transparent material such as ITO, light-
absorbing film or light-reflecting film is stacked in a single or
multiple layers under the IC chip 14 and on the anode cou-
pling line 835 (basically, on the surface of the array board 71).
The anode coupling line 835 does not need to shield light
perfectly.

[1361] It may have openings. Also, it may have diffraction
effect or scattering effect. Also, light-shielding film consist-
ing of multilayer optical interference film may be formed or
placed by stacking on the anode coupling line 835.

[1362] Of course, a reflector plate (sheet) or light-absorb-
ing plate (sheet) made of a metal foil, plate, or sheet may be
placed, inserted or formed in the space between the array
board 71 and IC chip 14. Needless to say, itis also possible to
place, insert or form a reflector plate (sheet) or light-absorh-
ing plate (sheet) made of a foil, plate or sheet of organic or
inorganic material rather than a metal foil.

[1363] Alternatively, light-absorbing material or light-re-
flecting material in a gel or liquid state may be inserted or
formed in the space between the array board 71 and IC chip
14.

[1364] Preferably, light-absorbing material or light-reflect-
ing material in the gel or liquid state are solidified by heating
or by exposure to light. Incidentally, it is assumed for ease of
explanation that the anode coupling line 835 is made of a
light-shielding film (light-reflecting film).

[1365] The anode coupling line 835 is formed on the sur-
face of the array board 71 (not limited to the surface). The idea
of a light-shielding film or light-reflecting film can be satis-
fied if light does not reach the rear surface of the IC chip 14.
Thus, needless to say, the anode coupling line 835 and the like
may be formed on an inner surface or inner layer of the array
board 71. Alternatively, the anode coupling line 835 (an
arrangement or structure which functions as a reflecting film
or light-shielding film) may be formed on the rear surface of
the array board 71 as long as it can prevent or reduce entrance
of light into the IC 14.

[1366] Although it has been stated with reference to FIG.
83 and the like that the light-shielding film and the like are
formed on the array board 71, this is not restrictive and the
light-shielding film and the like may be formed directly on the
rear surface of the IC chip 14. In that case, an insulating film
(not shown) is formed on the rear surface of the IC chip 14 and
the light-shielding film, reflecting film, or the like is formed
on the insulating film.

[1367] When forming the source driver circuit 14 directly
onthe array board 71 (driver construction by low-temperature
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polysilicon technology, high-temperature polysilicon tech-
nology, solid-phase growth technology, or amorphous silicon
technology), the source driver circuit 14 can be formed
(placed) on the light-shielding film, light-absorbing film, or
reflecting film which is formed on the array board 71.
[1368] A large number of transistor elements, such as cur-
rent output circuit 1461, which pass minute current are
formed on the IC chip 14 (in FIG. 146). When light enters
transistor elements which pass minute current, a photocon-
duction phenomenon and the like occur, making values of
output current (programming current Iw), etc. abnormal
(causing variations, and the like). In the case of organic EL or
other self-luminous elements, in particular, light produced by
the EL elements 15 is reflected diffusely within the array
board 71, causing intense light to be radiated from places
other than the display area 50. The radiated light, upon enter-
ing the circuit forming section 1461 of the IC chip 14, causes
the photoconduction phenomenon. Thus, measures against
the photoconduction phenomenon are measures peculiar to
EL display devices.

[1369] To deal with this problem, the present invention
constructs the anode coupling line 835 on the array board 71
and uses it as a light-shielding film. The formation area of the
anode coupling line 835 covers the circuit forming section
1461 as illustrated in FIG. 83. By forming the light-shielding
film (anode coupling line 835) in this way, it is possible to
prevent the photoconduction phenomenon completely. As the
screen is refreshed, current flows through EL power lines
such as the anode coupling line 835, in particular, causing
some changes to their potential. However, since the potential
changes little by little every horizontal scanning period, it can
be regarded as ground potential (meaning that there is virtu-
ally no change in the potential). Thus, the anode coupling line
835 performs not only a light-shielding function, but also an
electric shielding function.

[1370] To reduce voltage drops in the common anode lines
833 and anode wires 834, it is recommended to form a com-
mon anode line 8334 on the upper side of the display screen
50, form a common anode line 8335 on the lower side of the
display screen 50, and short-circuit the anode wires 834 at the
top and bottom, as illustrated in FIG. 84.

[1371] Itisalso preferable to place source driver circuits 14
at the top and bottom ofthe screen 50 as illustrated in F1G. 85.
Also, as illustrated in FIG. 86, it is possible to divide the
display screen 50 into a display screen 50a and display screen
505 and drive the display screen 50a with a source driver
circuit 14a, and the display screen 505 with a source driver
circuit 14b.

[1372] In the case of organic EL or other self-luminous
elements, light produced by the EL elements 15 is reflected
diffusely within the array board 71, causing intense light to be
radiated from places other than the display area 50. To prevent
or reduce the diffusely reflected light, it is preferable that
light-absorbing films 1011 are formed in ineffective areas
which do not pass light effective for image display. The light-
absorbing films are formed on an outer surface of a sealing lid
85, inner surface of the sealing lid 85, side face of the array
board 71, area on the board other than the image display area
(light-absorbing film 10115), etc. Incidentally, instead of
light-absorbing films, light-absorbing sheets or light-absorb-
ing walls may be installed. Besides, the concept of light
absorption also includes schemes or structures which diverge
light by scattering it. In a broader sense, it also includes
schemes or structures which confine light through reflection.
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[1373] Possible materials for light-absorbing films include,
for example, organic material such as acrylic resin containing
carbon, organic resin with a black pigment dispersed in it, and
gelatin or casein colored with a black acidic dye as with a
color filter. Besides, they also include a fluorine-based pig-
ment which singly develops a black color as well as green and
red pigments which develop a black color when mixed. Fur-
thermore, they also include PrMnO3 film formed by sputter-
ing, phthalocyanine film formed by plasma polymerization,
etc.

[1374] FIG. 94 is a block diagram of the power supply
circuit according to the present invention. Reference numeral
942 denotes a control circuit, which controls the midpoint
potential of resistances 945q and 9456 and outputs a gate
signal ofatransistor 946. A power supply Vpcis applied to the
primary side of a transformer 941 and primary current is
transmitted to the secondary side under on/off control of the
transistor 946. Reference numeral 943 denotes a rectifying
diode and 944 denotes a smoothing capacitor.

[1375] Anode voltage Vdd has its output voltage adjusted to
a resistor 945b. Vss denotes cathode voltage. One of two
voltages can be output selectively as the cathode voltage Vss
asillustrated in FIG. 95. A switch 951 is used for the selection.
In FIG. 95, -9 (V) is selected by the switch 951.

[1376] Theswitch 951 is operated according to output from
a temperature sensor 952. When panel temperature is low,
-9(V)is selected as the voltage Vss. When the panel tempera-
ture is equal to or higher than a certain level, —6(V) is selected.

[1377] This is because EL elements 15 have temperature
dependence and terminal voltage of the EL elements 15
becomes higher on a low temperature side. Incidentally,
although it has been stated with reference to FIG. 95 that one
of two voltages is selected as Vss (the cathode voltage), this is
not restrictive and the voltage Vss may be selected from three
voltages. The above items similarly apply to Vdd.

[1378] By allowing a voltage to be selected from a plurality
of voltages based on panel temperature as shown in FIG. 95,
it is possible to reduce power consumption of the panel. This
is because the voltage Vss can be lowered when the tempera-
ture is equal to or lower than a certain level. Normally, the
lower Vss (==6(V)) can be used. Incidentally, the switch 951
may be configured as illustrated in FIG. 96. A plurality of
voltages Vss can be generated easily by using intermediate
taps of a transformer 941 in FIG. 96. This similarly applies to
the anode voltage Vdd.

[1379] FIG. 97 is an explanatory diagram illustrating
potential setting. The source driver IC 14 is based on GND.
The power supply for the source driver IC 14 s Vce. Vee may
be brought to coincide with the anode voltage (Vdd). Accord-
ing to the present invention, Vee<Vdd from the viewpoint of
power consumption.

[1380] Theturn-offvoltage Vgh of the gate driver circuit 12
is set to equal to or higher than the voltage Vdd. Preferably,
Vdd+0.5 (V)<Vgh<Vdd+2.5 (V) is satisfied. The turn-on
voltage Vgl may be brought to coincide with Vss, but prefer-
ably Vss (V)<Vgl<-0.5 (V) is satisfied. The voltage settings
above are important when the pixel configuration in FIG. 1 1s
used.

[1381] Although organic EL display apparatus are
described herein, the display panels used for the organic EL
display apparatus are not limited to organic EL display pan-
els. For example, as illustrated in FIG. 99, a display apparatus
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may be composed of an organic EL display panel used as a
main display panel and a liquid crystal display panel 9991
used as a sub display panel.

[1382] FIG. 100 is a constructional diagram of an EL dis-
play panel which employs an array board 71a for main dis-
play and an array board 715 for sub display. A desiccant 107
is placed (sealed) between the array board 71a and array
board 715 (see FIG. 101).

[1383] Reference numeral 1001 denotes connector resin
such as ACF. A signal from source driver circuit 14 is trans-
mitted to the source signal line 18 on the array board 715 via
the source signal line 18 on the array board 71a and the
connector resin 1001.

[1384] Reference numeral 1004 denotes a polarizing plate
or circular polarizing plate. A dispersing agent 1003 is placed
or formed between the polarizing plates 1004 and array
boards 71. The dispersing agent 1003 also functions as an
adhesive which bonds the polarizing plates 1004 and array
boards 71 together. The dispersing agent 1003 may be, for
example, an acrylic adhesive containing fine-powdered tita-
nium oxide or an acrylic adhesive containing fine-powdered
calcium carbonate The dispersing agent 1003 improves the
efficiency of extracting light produced by the EL elements 15.
[1385] FIG. 101 shows a configuration in which a glass ring
1011 is placed between the array board 71a and array board
175. The use of the glass ring 1011 makes it possible to set the
distance between the array board 71a and array board 175
freely.

[1386] FIG. 102 is a constructional diagram of a panel
module according to the present invention. A flexible board
1021 has a function to transmit signals inputted in a connector
terminal 1023 to the source driver IC 14 and gate driver
circuits 12. Reference numeral 1022 denotes a control IC.
[1387] The control IC 1022 converts serial video data into
parallel data and inputs the resulting data in the source driver
ICs 14. Also, it has the function of decoding panel control data
and controlling the source driver circuits 14 and the like.
[1388] FIG. 103 shows the flow of signals schematically.
Serial data 1031 is inputted in the control IC 1022 via wiring
on the flexible board 1021. The control IC 1022 performs
serial/parallel data conversion to produce parallel video data
1032 and gate driver circuit control data 1033.

[1389] FIG. 104 shows data produced by the control IC
1022. Inputs are serial video signal DATA, serial control data
1D, and a clock CLK. Outputs are parallel video data (RDATA
(red data), GDATA (green data), and BDATA (blue data)),
precharge voltage (RPV (precharge voltage for red), GPV
(precharge voltage for green), and BPV (precharge voltage
for blue)), a clock (CLK), an inversion signal (UD), an EL-
side gate circuit control signal (ELCNTL), a WR-side gate
circuit control signal (WRCNTL), etc.

[1390] FIG. 108 is a timing chart of input data signals.
When ID is low, DATA is a video signal. When ID is high,
DATA is control data. Data is detected on rising edges of
CLK.

[1391] FIG. 109 shows an example in which the control
data ID is also inputted serially. FIG. 110 shows an example
in which input signals are LVDS signals.

[1392] FIG. 105 is a constructional diagram of a display
panel according to the present invention. FIG. 105(a) shows
the back of the display panel and FIG. 105(b) is a sectional
view taken along the line A-A'. A radiator plate 1051 is
mounted on the back of the display panel. Also, thin film
encapsulation described with reference to FIG. 11 is pro-
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vided. The radiator plate 1051 is bonded to a thin encapsula-
tion film 111 with a silicon-based adhesive (not shown). The
adhesive also acts as a conductor of heat generated by the EL
elements 15. A plurality of holes 1052 are formed in the
radiator plate. Air passes through the holes 1052 to release
heat from the panel.

[1393] As illustrated in FIG. 106, there are surface-mount
components 1061 on a circuit board (printed board) 1062.
The circuit board 1062 is attached via a panel connection
terminal and the flexible board 1021. Thus, signals from the
circuit board 1062 are transmitted to the panel board 71 via
the flexible board 1021,

[1394] Cushioning members (cushioning bumps) 1063 are
formed on the printed board 1062 to prevent the printed board
1062 from coming into contact with the board 71, damaging
the thin encapsulation film 111 (FIG. 106(a)). The cushioning
members 1063 may be formed of acrylic resin, polyurethane
resin, or polyimide resin. Incidentally, the cushioning mem-
bers 1063 may be formed on the panel board 71 as illustrated
in FIG. 106(5). When placing the panel board 71 on a casing
573, it is recommended to place the cushioning members
1063 between the casing 573 and panel board 71.

[1395] Next, description will be given of examples of dis-
play devices according to the present invention which run the
drive systems according to the present invention. FIG. 57 is a
plan view of a cell phone which is an example of an informa-
tion terminal. An antenna 571, numeric keys 572, etc. are
mounted on a casing 573. Reference numerals 572 and the
like denote a display color switch key, power key, and frame
rate switch key.

[1396] The key 572 may be configured to switch among
color modes as follows: pressing it once enters 8-color dis-
play mode, pressing it again enters 256-color display mode,
and pressing it again enters 4,096-color display mode. The
key is a toggle switch which switch among color display
modes each time it is pressed. Incidentally, a display color
change key may be provided separately. In that case, three (or
more) keys 572 are needed.

[1397] In addition to a push switch, the key 572 may be a
slide switch or other mechanical switch. Speech recognition
may also be used for switching. For example, the switch may
be configured such that display colors on the display screen
50 of the display panel will change as the user enters a color
change command by speaking such as “high-definition dis-
play,” “256-color mode,” or “low-color display mode” into
the phone. This can be implemented easily using existing
speech recognition technology.

[1398] Also, display colors may be switched electrically. It
is also possible to employ a touch panel which allows the user
to make a selection by touching a menu presented on the
display part 21 of the display panel. Besides, display colors
may be switched based on the number of times the switch is
pressed or based on a rotation or direction as is the case with
a click ball.

[1399] A key which changes frame rate or a key which
switches between moving pictures and still pictures many be
used in place of the display color switch key 572. A key may
switch two or more items at the same time: for example,
among frame rates and between moving pictures and still
pictures. Also, the key may be configured to change the frame
rate gradually (continuously) when pressed and held. For
that, among a capacitor C and a resistor R of an oscillator, the
resistor R can be made variable or replaced with an electronic
regulator. Alternatively, a trimmer capacitor may be used as a
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capacitor C of the oscillator. Such a key can also be imple-
mented by forming a plurality of capacitors in a semiconduc-
tor chip, selecting one or more capacitors, and connecting the
capacitors in parallel.

[1400] Incidentally, the technical idea of changing frame
rates according to display color and the like is not limited to
cell phones, but is widely applicable to devices with a display
screen such as palmtop computers, notebook personal com-
puters, desktop personal computers, and portable watches.
[1401] The cell phone according to the present invention
described with reference to FIG. 57 is equipped with a CCD
camera on the backside of the casing although not shown in
the figure. Images taken by the CCD camera can be displayed
on the display screen 50 of the display panel instantly.
[1402] Data picked up by the CCD camera can be displayed
on the display screen 50. The image data of the CCD camera
can be switched among 24-bit (16,700,000 colors), 18-bit
(260,000 colors), 16-bit (65,000 colors), 12-bit (4,096 col-
ors), and 8-bit (256 colors) using input from keys 572.
[1403] FIG.581isasectional view ofa viewfinder according
to an embodiment of the present invention. It is illustrated
schematically for ease of explanation. Besides, some parts are
enlarged, reduced, or omitted. For example, an eyepiece
cover is omitted in FIG. 58. The above items also apply to
other drawings.

[1404] Tnner surfaces of a body 573 are dark- or black-
colored. This is to prevent stray light emitted from an EL
display panel (EL display apparatus) 574 from being reflected
diffusely inside the body 573 and lowering display contrast. A
phase plate (A/4) 108, polarizing plate 109, and the like are
placed on an exit side of the display panel. This has also been
described with reference to FIGS. 10 and 11.

[1405] Aneyering 581 is fitted with a magnifying lens 582.
The observer focuses on a display image 50 on the display
panel 574 by adjusting the position of the eye ring 581 in the
body 573.

[1406] Ifa convex lens 583 is placed on the exit side of the
display panel 574 as required, principal rays entering the
magnifying lens 582 can be made to converge. This makes it
possible to reduce the diameter of the magnifying lens 582,
and thus reduce the size of the viewfinder.

[1407] FIG. 59 is a perspective view of a video camera. A
video camera has a taking (imaging) lens 592 and a video
camera body 573. The taking lens 592 and viewfinder 573 are
mounted back to back with each other. The viewfinder 573
(see also FIG. 58) is equipped with an eyepiece cover. The
observer views the image 50 on the display panel 574 through
the eyepiece cover.

[1408] The EL display panel according to the present
invention is also used as a display monitor. The display part 50
can pivot freely on a point of support 591. The display part 50
is stored in a storage compartment 593 when not in use.
[1409] A switch 594 is a changeover switch or control
switch and performs the following functions. The switch 594
is a display mode changeover switch. The switch 594 is also
suitable for cell phones and the like. Now the display mode
changeover switch 594 will be described.

[1410] The drive methods according to the present inven-
tion include the one that passes an N times larger current
through EL elements 15 to illuminate them for a period equal
to 1/M of 1F. By varying this illumination period, itis possible
to change brightness digitally. For example, designating that
N=4, a four times larger current is passed through the EL
elements 15. Ifthe illumination periodis 1/M, by switching M
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among 1, 2, 3, and 4, it is possible to vary brightness from 1 to
4 times. Incidentally, M may be switched among 1, 1.5, 2, 3,
4,5, 6, and so on.

[1411] The switching operation described above is used for
cell phones, which display the display screen 50 very brightly
at power-on and reduce display brightness after a certain
period to save power. It can also be used to allow the user to
set a desired brightness. For example, the brightness of the
screen is increased greatly outdoors. This is because the
screen cannot be seen at all outdoors due to bright surround-
ings. However, the EL elements 15 deteriorate quickly under
conditions of continuous display at high brightness. Thus, the
screen 50 is designed to return to normal brightness in a short
period of time if it is displayed very brightly. A button which
can be pressed to increase display brightness should be pro-
vided, in case the user wants to display the screen 50 at high
brightness again.

[1412] Thus, it is preferable that the user can change dis-
play brightness with the button switch 1594, that the display
brightness can be changed automatically according to mode
settings, or that the display brightness can be changed auto-
matically by detecting the brightness of extraneous light.
Preferably, display brightness settings such as 50%, 60%,
80%, etc. are available to the user.

[1413] Preferably, the display screen 50 employs Gaussian
display. That is, the center of the display screen 50 is bright
and the perimeter is relatively dark. Visually, if the center is
bright, the display screen 50 seems to be bright even if the
perimeter is dark. According to subjective evaluation, as long
as the perimeter is at least 70% as bright as the center, there is
not much difference. Even if the brightness of the perimeter is
reduced to 50%, there is almost no problem. The self-lumi-
nous display panel according to the present invention gener-
ates a Gaussian distribution from top to bottom of the screen
using the N-fold pulse driving described above (a method
which passes an N times larger current through EL elements
15 to illuminate them for a period equal to 1/M of 1F).
[1414] Specifically, the value of M is increased in upper and
lower parts of the screen and decreased in the center of the
screen. This is accomplished by modulating the operating
speed of a shift register of the gate driver circuits 12. The
brightness at the left and right of the screen is modulated by
multiplying video data by table data. By reducing peripheral
brightness (at an angle of view of 0.9) to 50% through the
above operation, it is possible to reduce power consumption
by 20% compared to brightness of 100%. By reducing periph-
eral brightness (at an angle of view of 0.9) to 70%, it is
possible to reduce power consumption by 15% compared to
brightness of 100%.

[1415] Preferably a changeover switch is provided to
enable and disable the Gaussian display. This is because the
perimeter of the screen cannot be seen at all outdoors if the
Gaussian display is used. Thus, it is preferable that the user
can change display brightness with the button switch, that the
display brightness can be changed automatically according to
mode settings, or that the display brightness can be changed
automatically by detecting the brightness of extraneous light.
Preferably, display brightness settings such as 50%, 60%,
80%, etc. are available to the user.

[1416] Liquid crystal display panels generate a fixed Gaus-
sian distribution using a backlight. Thus, they cannot enable
and disable the Gaussian distribution. The capability to
enable and disable Gaussian distribution is peculiar to self-
luminous display devices.
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[1417] A fixed frame rate may cause interference with illu-
mination of an indoor fluorescent lamp or the like, resulting in
flickering. Specifically, if the EL elements 15 operate on
60-Hz alternating current, a fluorescent lamp illuminating on
60-Hz alternating current may cause subtle interference,
making it look as if the screen were flickering slowly. To avoid
this situation, the frame rate can be changed. The present
invention has a capability to change frame rates. Also, it
allows the value of N or M to be changed in N-fold pulse
driving (a method which passes an N times larger current
through EL elements 15 to illuminate them for a period equal
to /M of 1F).

[1418] The above capabilities are implemented by way of
the switch 594. The switch 594 switches among the above
capabilities when pressed more than once, following a menu
on the screen 50.

[1419] Incidentally, the above items are not limited to cell
phones. Needless to say, they are applicable to television sets,
monitors, etc. Also, it is preferable to provide icons on the
display screen to allow the user to know at a glance what
display mode he/she is in. The above items similarly apply to
the following.

[1420] The EL display apparatus and the like according to
this embodiment can be applied not only to video cameras,
but also to digital cameras such as the one shown in FIG. 60.
The display apparatus is used as a monitor 50 attached to a
camera body 601. The camera body 601 is equipped with a
switch 594 as well as a shutter 603.

[1421] The display panel described above has a relatively
small display area. However, with a display area of 30 inches
or larger, the display screen 50 tends to flex. To deal with this
situation, the present invention puts the display panel in a
frame 611 and attaches a fitting 614 so that the frame 611 can
be suspended as shown in FIG. 61. The display panel is
mounted on a wall or the like using the fitting 614.

[1422] A large screen size increases the weight of the dis-
play panel. As a measure against this situation, the display
panel is mounted on a stand 613, to which a plurality of legs
612 are attached to support the weight of the display panel.
[1423] The legs 612 can be moved from side to side as
indicated by A. Also, they can be contracted as indicated by B.
Thus, the display apparatus can be installed even in a small
space.

[1424] Atelevision setin FIG. 61 has a surface of its screen
covered with a protective film (or a protective plate). One
purpose of the protective film is to prevent the surface of the
display panel from breakage by protecting from being hit by
something. An AIR coat is formed on the surface of the
protective film. Also, the surface is embossed to reduce glare
caused by extraneous light on the display panel.

[1425] A space is formed between the protective film and
display panel by spraying beads or the like. Fine projections
are formed on the rear face of the protective film to maintain
the space between the protective film and display panel. The
space prevents impacts from being transmitted from the pro-
tective film to the display panel.

[1426] Also, it is useful to inject an optical coupling agent
into the space between the protective film and display panel.
The optical coupling agent may be a liquid such as alcohol or
ethylene glycol, a gel such as acrylic resin, or a solid resin
such as epoxy. The optical coupling agent can prevent inter-
facial reflection and function as a cushioning material.
[1427] The protective film may be, for example, a polycar-
bonate film (plate), polypropylene film (plate), acrylic film
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(plate), polyester film (plate), PVA film (plate), etc. Besides,
it goes without saying that an engineering resin film (ABS,
etc.) may be used. Also, it may be made of an inorganic
material such as tempered glass. Instead of using a protective
film, the surface of the display panel may be coated with
epoxy resin, phenolic resin, and acrylic resin 0.5 mm to 2.0
mm thick (both inclusive) to produce a similar effect. Also, it
is useful to emboss surfaces of the resin.

[1428] Itisalso useful to coat surfaces of the protective film
or coating material with fluorine. This will make it easy to
wipe dirt from the surfaces with a detergent. Also, the pro-
tective film may be made thick and used for a front light as
well as for the screen surface.

[1429] The display panel according to the example of the
present invention may be used in combination with the three-
side free configuration. The three-side free configuration is
useful especially when pixels are built using amorphous sili-
con technology. Also, in the case of panels formed using
amorphous silicon technology, since it is difficult to control
variations in the characteristics of transistor elements during
production processes, it is preferable to use the N-pulse driv-
ing, reset driving, dummy pixel driving, or the like according
to the present invention. That is, the transistors according to
the present invention are not limited to those produced by
polysilicon technology, and they may be produced by amor-
phous silicon technology.

[1430] Incidentally, the N-fold pulse driving (FIGS. 13, 16,
19, 20, 22, 24, 30, etc.) and the like according to the present
invention are more effective for display panels which contain
transistors 11 formed by low-temperature polysilicon tech-
nology than display panels which contain transistors 11
formed by amorphous silicon technology. This is because
adjacent transistors, when formed by amorphous silicon tech-
nology, have almost equal characteristics. Thus, driving cur-
rents for individual transistors are close to a target value even
if the transistors are driven by current obtained by addition
(the N-fold pulse driving in FIGS. 22, 24, and 30, in particu-
lar, are effective for pixel configurations containing amor-
phous silicon transistors).

[1431] The technical idea described in the example of the
present invention can be applied to video cameras, projectors,
3Dtelevision sets, projection television sets, etc. Itcan also be
applied to viewfinders, cell phone monitors, PHS, personal
digital assistants and their monitors, and digital cameras and
their monitors.

[1432] Also, the technical idea is applicable to electropho-
tographic systems, head-mounted displays, direct view moni-
tors, notebook personal computers, video cameras, electronic
still cameras. Also, it is applicable to ATM monitors, public
phones, videophones, personal computers, and wristwatches
and its displays.

[1433] Furthermore, it goes without saying that the techni-
cal idea can be applied to display monitors of household
appliances, pocket game machines and their monitors, back-
lights for display panels, or illuminating devices for home or
commercial use. Preferably, illuminating devices are config-
ured such that color temperature can be varied. Color tem-
perature can be changed by forming RGB pixels in stripes or
in dot matrix and adjusting currents passed through them.
Also, the technical idea can be applied to display apparatus
for advertisements or posters, RGB traffic lights, alarm lights,
etc.

[1434] Also, organic EL display panels are useful as light
sources for scanners. An image is read with light directed to
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an object using an RGB dot matrix as a light source. Needless
to say, the light may be monochromatic. Besides, the matrix is
not limited to an active matrix and may be a simple matrix.
The use of adjustable color temperature will improve imaging
accuracy.

[1435] Also, organic EL display panels are useful as back-
lights of liquid crystal display panels. Color temperature can
be changed and brightness can be adjusted easily by forming
RGB pixels of an EL display panel (backlight) in stripes or in
dot matrix and adjusting currents passed through them.
Besides, the organic EL display panel, which provides a sur-
face light source, makes it easy to generate Gaussian distri-
bution that makes the center of the screen brighter and perim-
eter of the screen darker. Also, organic EL display panels are
useful as backlights of field-sequential liquid crystal display
panels which scan with R, G, and B lights in turns. Also, they
can be used as backlights of liquid crystal display panels for
movie display by inserting black even if the backlights are
turned on and off.

INDUSTRIAL APPLICABILITY

[1436] According to the present invention, the display pan-
els, display apparatus, etc. offer distinctive effects, including
high quality, high movie display performance, low power
consumption, low costs, high brightness, etc., according to
their respective configurations. Incidentally, the present
invention does not consume much power because it can pro-
vide power-saving information display apparatus. Also, it
does not waste resources because it can reduce size and
weight. Furthermore, it can adequately support high-resolu-
tion display panels. Thus, the present invention is friendly to
both global environmental and space environment.

1. An EL display apparatus comprising:

gate signal lines and source signal lines which are arranged
so as 1o intersect each other;

a display screen having pixels arranged in a matrix; and

asource driver circuit supplying video signal to said source
signal lines,

wherein:

said pixel has an EL element, a driver transistor which
supplies a light-emitting current to said EL. element, a
first condenser, a first switching transistor and a second
switching transistor;

said first condenser has a first terminal and a second termi-
nal;

said first switching transistor has a first terminal, a second
terminal and a gate terminal;

said second switching transistor has a first terminal, a sec-
ond terminal and a gate terminal;

said gate signal lines include a first gate signal line and a
second gate signal line;

said first terminal of said first switching transistor is con-
nected to a gate terminal of said driver transistor;

said second terminal of said first switching transistor is
connected to a first electrode or wiring to which a first
voltage is impressed;

said first gate signal line is connected to said gate terminal
of said first switching transistor;

said first terminal of said first condenser is connected to
said gate terminal of said driver transistor;

said second terminal of said first condenser is connected to
asecond electrode or wiring to which a second voltage is
impressed,
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said first voltage is impressed to said gate terminal of said
driver transistor by applying a turn-on-voltage to said
first gate signal line,

said first terminal of said second switching transistor is
connected to said source signal line;

said second gate signal line is connected to said gate ter-
minal of said second switching transistor;

said second switching transistor is turned on by applying a
turn-on-voltage to said second gate signal line;

a video signal applied to said source signal line is output
from said second terminal of said second switching tran-
sistor and is supplied to said drive transistor;

after the turn-on-voltage is applied to said first gate signal
line and said first voltage is applied to said driver tran-
sistor, the turn-on-voltage is applied to said second gate
signal line and said video signal is supplied to said driver
transistor.

2. The EL display apparatus according to claim 1, further

comprising:

a second condenser which has a first terminal and a second
terminal, wherein said first terminal of said second con-
denser is connected to said second gate signal line,

said second terminal of said second condenser is connected
to said gate terminal of said driver transistor, and

an electric potential of said gate terminal of said driver
transistor is changed based on a change of voltage level
of said second gate signal line.

3. The EL display apparatus according to claim 1, further

comprising:

asecond condenser which has a first terminal and a second
terminal, wherein said first terminal of said second con-
denser is connected to said second gate signal line,

said second terminal of said second condenser is connected
to said gate terminal of said driver transistor,

acapacity of said second condenser is smaller than a capac-
ity of said first condenser, and

an electric potential of said gate terminal of said driver
transistor is changed based on a change of voltage level
of said second gate signal line.

4. The EL display apparatus according to claim 1, further

comprising:

a second condenser which has a first terminal and a second
terminal, wherein said first terminal of said second con-
denser is connected to said second gate signal line,

said second terminal of said second condenser is connected
to said gate terminal of said driver transistor, and

said driver transistor and said second switching transistor
are transistors of the same conductivity type.

5. The EL display apparatus according to claim 1, further

comprising:

a gate driver circuit which selects said gate signal line
based upon a control signal supplied from said source
driver circuit.

6. The EL display apparatus according to claim 1, further

comprising:

a selection circuit, and

a gate driver circuit which selects said gate signal line,

wherein:

said source driver circuit is an semiconductor IC chip,

said selection circuit is formed on a substrate on which said
display screen is disposed using polysilicon technology,

said selection circuit has one input terminal and a plurality
of output terminals,
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said input terminal of said selection circuit is connected to an
output terminal of said source driver circuit, and

said source signal line is connected to each of said output
terminals of said selection circuit.

7. The EL display apparatus according to claim 1, wherein

said display screen comprises:

at least a first color pixel and a second color pixel arranged
in matrix state, a size of said first color pixel is different
from a size of said second color pixel.

8. The EL display apparatus according to claim 1, further

comprising:

an encapsulation film sealing said EL element.

9. An EL display apparatus comprising:

a gate signal line and a source signal line which are
arranged so as to intersect each other, a display screen
having pixels arranged in a matrix state,

and a source driver circuit supplying video signal to said
source signal line;

wherein:

said pixel has an EL element, a driver transistor which
supplies a light-emitting current to said EL element, a
first switching transistor and a second switching transis-
tor,

said first switching transistor has a first terminal, a second
terminal and a gate terminal,

said second switching transistor has a first terminal, a sec-
ond terminal and a gate terminal,

said gate signal line includes a first gate signal line and a
second gate signal line,

said first terminal of said first switching transistor is con-
nected to a gate terminal of said driver transistor,

said second terminal of said first switching transistor is
connected to a first electrode or wiring to which a first
voltage is impressed,

said first gate signal line is connected to said gate terminal
of said first switching transistor,

said first voltage is impressed to said gate terminal of said
driver transistor by impressing a turn-on-voltage to said
first gate signal line,

said first terminal of said second switching transistor is
connected to said source signal line,

said second gate signal line is connected to said gate ter-
minal of said second switching transistor,

said second switching transistor is turned on by impressing
aturn-on-voltage to said second gate signal line, a video
signal impressed to said source signal line is output from
said second terminal of said second switching transistor
and is supplied to said driver transistor,

a gate signal line of a first pixel row is connected to a gate
signal line of a second pixel row which is arranged
before said first pixel row and is separated from said first
pixel row more than one pixel row, and

said video signal is supplied to said gate signal line of said
second pixel row and said first voltage is supplied to said
first pixel row by impressing a turn-on-voltage to said
gate signal line of said second pixel row.

10. The EL display apparatus according to claim 9, further

comprising:

a second condenser having a first terminal and a second
terminal,

wherein said first terminal of said second condenser is
connected to said second gate signal line,

said second terminal of said second condenser is connected
to said gate terminal of said driver transistor, and
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an electric potential of said gate terminal of said driver
transistor is changed based on a change of voltage level
of said second gate signal line.

11. The EL display apparatus according to claim 9, further

comprising:

a second condenser having a first terminal and a second
terminal, wherein said first terminal of said second con-
denser is connected to said second gate signal line,

said second terminal of said second condenser is connected
to said gate terminal of said driver transistor, and

said driver transistor and said second switching transistor
are transistors of the same conductivity type.

12. The EL display apparatus according to claim 9, further

comprising:

a gate driver circuit which selects said gate signal line
based upon a control signal supplied from said source
driver circuit.

13. The EL display apparatus according to claim 9, further

comprising:

a selection circuit, and

a gate driver circuit which selects said gate signal line,

wherein:

said source driver circuit is a semiconductor IC chip,

said selection circuit is formed on a substrate on which said
display screen is disposed using polysilicon technology,

said selection circuit has one input terminal and a plurality
of output terminals,

said input terminal of said selection circuit is connected to
an output terminal of said source driver circuit, and

said source signal line is connected to each of said output
terminals.

14. The EL display apparatus according to claim 9, wherein

said display screen comprises:

at least a first color pixel and a second color pixel are
arranged in matrix state, a size of said first color pixel is
different from a size of said second color pixel.

15. The EL display apparatus according to claim 9, further

comprising:

an encapsulation film sealing said EL element.

16. An EL display apparatus comprising:

gate signal lines and source signal lines which are arranged
so as to intersect each other, a display screen having
pixels arranged in a matrix state and a source driver
circuit supplying a video signal to said source signal
lines;

wherein:

said pixel has an EL element, a driver transistor which
supplies a light-emitting current to said EL element, a
condenser and a switching transistor,

said condenser has a first terminal and a second terminal,

said switching transistor has a first terminal, a second ter-
minal and a gate terminal,

said first terminal of said condenser is connected to a gate
terminal of said driver transistor,

said second terminal of said condenser is connected to said
gate terminal of said switching transistor,

a first terminal of said switching transistor is connected to
said source signal line,

said gate terminal of said switching transistor is connected
to said gate signal line, said switching transistor is turned
on by impressing a turn-on-voltage to said gate signal
line, a video signal impressed to said source signal line is
output from said second terminal of said switching tran-
sistor and 1s supplied to said driver transistor,
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said condenser changes electric potential of said gate ter-
minal of said driver transistor based on a change of
voltage level of said gate signal line.

17. The EL display apparatus according to claim 16,
wherein said driver transistor and said switching transistor are
transistors of the same conductivity type.

18. The EL display apparatus according to claim 16, further
comprising:

a gate driver circuit which selects said gate signal line
based upon a control signal supplied from said source
driver circuit.

19. The EL display apparatus according to claim 16, further

comptrising:

a selection circuit, and

a gate driver circuit which selects said gate signal line;

Nov. 4, 2010

wherein:
said source driver circuit is a semiconductor 1C chip,
said selection circuit is formed on a substrate on which said
display screen is disposed using polysilicon technology,
said selection circuit has one input terminal and a plurality
of output terminals,
said input terminal of said selection circuit is connected to an
output terminal of said source driver circuit, and
said source signal line is connected to each of said output
terminals of said selection circuit.
20. The EL display apparatus according to claim 16,
wherein said display screen comprises:
at least a first color pixel and a second color pixel arranged
in matrix state, a size of said first color pixel is different
from a size of said second color pixel.
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