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An aqueous resist stripping composition contains (a) an oxidizing agent,
(b) a chelating agent, (¢) a water-soluble fluorine compound, and optionally (d)
an orgamnic .solvent. Also provided is a process of stripping resist films g_nd
resist residues remaining after etching treatment utilizing the aqueous resist '
strippipg composition. In the process, corrosion of semiconductor materials,
éircuit-forming materials, insulating films, etc. is minimized and the rinsing is
sufficiently made with only water without needing organic solvent such as

‘ alcohol.
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% % — B FR & M (threshold voltage, Vth)# ¥ /v & & * % T &
MR OARE — A KK L= M(OLED) - A KRR - — 4
OLEDE T+ & & | ~EH T X > R H# I FELZTIFTRAEH
OLED : A & — & & % 5 % % (supply-line driver) * % M & &
Bk B TETZ MBEE G MEEEE LA A
BPREFSDTFTZ ABE B s TR -

mur

Ein

- AR E

An increased component of a threshcl_d voltage (Vth)
in an amorphous silicon TFT which is. a transistor for
drj_.ving an OLED is removed by rising a gate electrode and a
dréin electrode intermittently  and simultaneously.
Specifically, an OLED display includes a drive circuit for
driving an OLED by an amorphous silicon TFT, and a
- supply-line ldriver for dropping a voltage supplied to .a
drain electrode of the amorphous silicon TFT, when a gate
voltage to a gate electrode of the amorphous silicon TFT is

intefmittently risen.
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#$ F e @3 A&it& - @l AOLEDS 5 % # X # @ & ]| o
B i & @& 1 (passive type)fe A & M (active type) - % @ o+ H 4
*# ﬁi‘ﬁ]iﬂ(hfedurauon) $&(crosstalks)%%ﬁﬁﬁ&-%i'
HABR - BHELEEPSRAABMAB AT > A ED RN
ﬁ%°ﬁkﬁﬁﬁ&¢’ﬁ,%ﬁﬂi'¥:a%(PX'F%‘;-'ZZ%TFT)

B R G- HTFTR KSR AR EERD O HH > €
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i %% a-Si) - |

BAMBE S B SEYTTFTZ A A K EETRER £
B A ETEA  HEBEBHRKXKESRE (mobnllty)ﬂﬁ AR A A )
o VAR ﬁv%#%&zmﬁ - B\ —HRAREE A
TFTey 5 ik B E B o R AIMAHA 8 M oo bzl 4
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WAL —F A RESORL I H R & EH2ME%]E A A
EH BT - FE o AALTFE - BE & TR AL
MR REBERAAREETERMASL — 4 3£ B 4 8 &% %t
EMETRY - AARBGABETEN F kL E RIS B -

{

33

Bl\

-13 -

IPR2020-01275
Apple EX1002 Page 555



TR LJ’! ,lli
O\\ [ = [

#RE 8 (coordinate) 8 EH B R L B 89 - £ B W 2
HELEBERMA TR S B R F 2y mE B e &
BAA RO MEARAPLIABRAASZMETR A IS
B ARV ERER(VING E 6B %Y -

E3ARIBHR C ARBTH G AR A 28 HE R
REHNHGEH TH202 B A BT EH - B 3A%3BE +
METH - R FEFTEESLTET RAALES R
154%349@&%#&?&%’&%ﬁﬁs&@:%mﬁéﬂéﬁ%%&%e&'
BRARRES B 2N A B KE o KA N RE
313&511% %é&%ﬂﬂt'rxgﬁzﬂém?g@%ioﬂ‘zmﬁarm

@

222 M #& €4 K ¢ K & € 14 (gate potential) » & /& 4 W % 2
fﬁﬂﬁ%-ﬁa%ﬁﬂ;SO%Zl‘f’F‘kbrﬁﬁﬁéﬁ°"‘t§.‘" 2 MR e AR
BHRARG R BR A M BN ik E(EBE3ANEH T)
AAXRREAHRA AR S ER AR KA LAY b0 & F
(EE3BM WM T): MBETH EMECHERRK NS E P
Bk - WA HEBARACREAEH B 140 A S
MHE REHATER R ELRAEAS BT RES
A E3ARIBY 0 €A MERP R A G B2 ¥ TFT 222
ﬁv‘i#&ﬁtﬁfnaﬁﬁ'ﬂ.ﬁﬂﬂ-’fﬁ-°¢tﬂ%f?~‘r§ml£lzh?§d$
?:#’rﬁka%‘:&5&%2314éﬁ"\§/,.uﬁt/£si:éa‘%gusﬁmm22
ZMBEB - AATHRG T 0 # TR B 2455 A B 8 TFT 22
R BEERAMBEBITIEZIMN  AEE B2 R0 TEE2808
B fo Rl et EMBEBELERTRERE - B AR M K

-14-

IPR2020-01275
Apple EX1002 Page 556



RIS

Fe R BRASHNBEATERALARY TRGE B H B 48
WERHBGTFT 222 RETHEP MBCTHEG T ARBES
RERZM - & HEF B (simultancously) T R £ &
éﬁ%%rﬂ%@ﬁéﬁzﬁ?ﬁ e B T HRB KT K ZFEE G
w"& F R H%i&b"(almost'simultaneou}sly)é& 2 A(E 6L
MA —BRETEMMEmB) RAEMNEFRAMR KR - A4 — &
METRFRARA AT BB RBORE B b

B4k : ARRMESOE K AN L HED ) 5% TFT 22
GVhZ BB E 6T EH EW4T s TBRETE (VD)
MBBE(MR) mBERASFEMNGANE) B4R T ¥ &
RBSO%XL I A A A S MEERF R E/EE TR

CRE G MKRE c A BEAT MK S ZABRR AT L — W

#(plo) Bl & £ A 4R X 2 Vihey % B & > X+ # R &
TRVIRH LA (L I0RA)A R MBS K Ve M B2 F S
aH - #H R é:@4#6@%%&7’;%%%_%#&%2*ﬁz
BB T EABTEVIMEMNBEE Ve MR M4 5 5
——;@reﬂ5&;&,%%(ioﬁt:ﬁamk)%-‘z.vméb%ﬁ§ o o B 4 B
BT RW M S MERAPEGNRAS SRS TR VR A
BEBRVIE HEK S VhO BB E - 8RR - F T &M
S B TFT 2264 @t M M 2 & = 5 £ B & -

BSt: AARETEISIHARISESD FEHIET 220 #
%w oA EHREEN-—RHEARFRRUENDEAZET > E
(ERBIGSE R FEE - M MiEFERTRNVNS &S
¥ (KR) ﬁﬁ%ﬁﬁ“&ﬁz% M) o B Fo93% 5 =40

-15-

IPR2020-01275
Apple EX1002 Page 557



OTULT

(12)

F%-?’&#éﬁi’ﬁ&zfnﬁéb"@{ié"ﬁ%'@%ﬁ‘*%i&ﬁbw&ﬁﬁ
TARBE/AHAG R BETAHRLAFEIB T B & A
R TRERB(Vth)ey A B B - B K & — 4 % 8 F 44 £ T 8
C(E T HE K z’\f}FaaWTFTq”@-"%%‘é)_‘c_ SR R
MERMAGAHETAERLEBENLF - T4 — % 5
B A i R ¥4 H B H P ERY c RE RAMIER TR
(Vth)Z 4% # - | | |
E%'%T%&ﬁ%ﬁﬁ%*%%%%%i%%”ﬁ%
Y ERE R (VINZES » L5kt R4 2mAa B fo £
FRAHRASZERGOEN - AR X THFETRELRIMNET
B ERTERARABBTEARBECE  ALHRREAS AR
T ATHBRERAMBERBMNABR BB MY CH £
BBR: EREMEEEY SLARTRIEETHE S &S
T - mB > HHAHMERRABITAR/ANFRETE KRR
BEBYWERZTAMFS I AER - RHLETH T
HEHHEBER

o KA B R ey 0 EEFTHEBF M AR ET M E % OLEDX
% % TFTR 4 A & 3 & & TFT > A 42 M 8k 3o 5 & 3 F 8 36 #
B MEERPRETR(ERLTR) . Ak F X Bd M
B A SR ERARED B4 T RA ML - B AN
LEAMNBETRAPAEAEETR(ETR ?%B)i?ﬂ&ﬁ#&#ﬂﬁﬂ#%
# HYVh B HBHERHBE  EFRIZTFTEY 2B R TR
(Vihy8Y ERm#B EH - BRE2 A TRRVERETR(VhZ HBH -
O R LSERETR(VHX BB A TR EERDTFTH &
At B @R &'fiiﬂéﬁaafiTFT-zOLEDﬁé - B0 At A

sRIs=

Apple EX1002 Page 558




O LT

(13)

¥ oo BmARMHEEBFIFITH 2T Hl A T & & & & T HEH
= % M A E ¥ R A REDBRTE

B (Vth) 4 5 &9 % & % TFT ¥
BB BEHEADR TN A& BERTHRE W
ABBRETR(VINZ BB HA  AEAH4HELIYTFTE 2 4 &
R R R A |

oA E R i ey o B A E W/ o B F XATFTR % & OLED
Bl A TH & Y ATFTH¥ M A 4 BB R ER(VIDZERS > &
% AR LM — % & TFTE % & OLEDH & % 2 & A % -

Y I IS NI TS ST R Y S 0

MR AEAAFRBEAMEHEAREEN R ARG
AR Rz A B MRT X FRHURSERIE
BB R X B - | , -

WX KRR R A
10 # 4 % % — 4 # (OLED)# + &
11 mHE R |
12 BRARED
13 A #HKEH
14 T R 8 32 H
15 &A% Ew

woW R

"

20 =% T %

21 # # % % = 4% # (OLED)
22 M % ® LT &R (TFD)
23 0.3 K B E & B (TFT)

24 B F B

===

IPR2020-01275
Apple EX1002 Page 559



vToeT Lf:j LD lr ;}a ,
' II\S l l
] ]

e

. — BB THEE » ¥ !
L L EE Y
— I AB AR EAE  EAAED A RE L - B R
-3 |
— TRRABEHE  FHRAAENLI LY ERT D N2
Mﬁ%ﬁ%ﬁﬁ@@ﬁ'£M$%mmMﬂﬁﬁ%ﬁﬁ
ABEEAFT2-—BCBOECRESLTRE -
2 BREFTHEABDFIRLBMALEE R T EH5ME
TRY > TRAAEBHEEHECALTRER LA -
3. —HMEmAERE - R
— A ME KR
~EH TAR AAREG A MELBHR AR
~TRREH B EMBERAETER LA R R
CRINBHEARIABEEF RIBEE L ¥ 424 — 18
%ﬁo | . .
4.mﬁ?%éﬂﬁ®%3%iﬁﬁiimﬁ¢®ﬁﬁ%§
BERBAMBBASZES TR MIETEIEE Y
Fho AR BRI SHNMDBRETEREBEE L F 4240
~—EERBHTRL TR -
s, —HBFEE > &
EH R E > AHEIEAEETIBRAED A B E =

o
M2 ERERLALE  EARMBBKRAS ﬁuédszﬂi

IPR2020-01275
Apple EX1002 Page 560



ros-T
.

EPH AR ETIBRIMBETRNMAETE AR
EHET RBAEH RBETHEIMBETRAERS
EABAKA I MBEROMBERE - KRN FR
TRBZRETCHEP BRETHENGTHEE KB -
6. REFTH BALBEESALIBALE L+
MiEEBAALEALEARFREARES BRRBZH B
GARFPHAHLAES ZRBZIAA L AR A M KA
EMETE AR
EHEBECHMELAONBERLALIRAEKME T
Bam Ry hBhitrd ERTEIROTRSE TR -
7. — A AR = A a0 & -
AR AR RS ﬁﬁ’%#mﬁ&&m&%i;
VA R |
—RAHART AR RAAREBARE LB
AP B R D AR TR M A R LR
CRIAMZTEY  Hos ASETARBENESY F
R Y EE R CE R (Vih)# B B F - |
8. RETH L2 AREDETAXLARE L BB &R » L F
%.?4%»41:4:%&"@&@1%‘1&@#&8#’x%é%iés?a%zysﬁfﬁ%a%
B A REBEYEREAFHOR -
a»ﬁm%fm*%%wmjﬁﬁva%: o
M s R SRR s A A R NMET R EDH R E
%L@%tﬁﬁ@%ﬁ%%ﬁ%ﬁ;u&
SERRBEE AR RBRETRAAREARZESET

=

IPR2020-01275
Apple EX1002 Page 561



R REIE

BRABREELYEN —BEE tAEHEGMBETR
BPREEREEFNBETRE A E&BKtms RETH
FeREBBETERBAELIELE T -~ BEBHBHSTR -

0. EFHEAEBDFIOALAAART R R0 2 4 2
F oAt EHOMBERAREEARAMET RS
RERBOMBETCES  TRAALETH 4R ERE
EREFABEBRLTEM - BEEBOERERE LA o

- HARABHEEBAREAL BRI ART ARG »
o T AR | | '
3&"%‘173‘@7&05&1iﬁﬂi’%‘e%ﬁﬁiﬁ*é%ﬂﬁﬁi&ﬁ@@%‘?&
fr—MBEEATE  RAFTHSHRE G TR YN
ﬁ@ﬁ%@@@@ﬁ’%a@@ﬁ%i%:a&
 m Mk HREEERAGCE R — EE S
BR RAEHAEMBERS  HuTREE K - |

12 RAEFHLPHEDFNAZIAREHNERT AR F
%’%¢%&ﬂﬁ&%ﬁ%m&%ﬁ£¢ﬁﬁ—®%ﬁ
HWERMEMBERMWIEH A F RAZ

B-#AREHAREL-BRATB OS5 % & T 5

¥ % |
| A& — & K #fnﬁéfa%&# HEHAKRE LA =-E
- TR A AR

;-2
RERLIHAL  AMKLASTHRL TR & -
KBRS T RE R H E T R R -
14. #&%@?*ﬁ%—%dé&@l 137 2 A R 5 4 F % 5 & = i3 82 &

IPR2020-01275
Apple EX1002 Page 562



T U LT
1]

FBUFE AT EARTRATCROS BT ook
FHRISRTARS LR EH TR ELTRATR 2
T E i

— ]
EIRIISIE=
™\ i, ]
IPR2020-01275
Apple EX1002 Page 563



Uroatr

#»E-BKX

10 # #4# £~ 1638 (OLED)& 7 %

N

-w -
11
— -
s 4 —
%7 \Laﬁwﬁ%ﬁ@mY
» MN X1 V X2 e Xm
J n. -1 .W.uwh_..wx.@ﬂl - Wﬂnﬂ.m?ﬁ llllllllll (
VL I r
g2 L ﬂHI_ i
bl | T M Jﬂﬁﬁ.@ ......... "
. I - v |
n | . m
I .

/] | T 0 E8Es) m
(B ,_\\Nf T !
BHR) ) ) !
, . “ (

. “ : m
Yn " ; |
{ {
P I

» Vl |A

ﬂa (AARES )

B 1

(ERSEHS)

1
]

1
:

]
]

l
i

|

~

~<

=

IPR2020-01275

Apple EX1002 Page 564



TOU LT
t

20 (mHTH)
RO RHRES B3 |
| TAMAR
SE sl 3n 2
R _v 28 ERAEHR 14
24 .
——4 (%% 1|
| AéwAﬁ@a%@a%aﬁa
Lz
(kAR EBMTFT) MNK
i 21 #H4 %= (OLED)
s
R 8 Fistp B
B %12
B2 HIEH B 1S
B 2

IPR2020-01275

Apple EX1002 Page 565



f )
OTOULTT

(a)

A3
IR

LS 2

BRS
A

WRBME

FH BRI

A /
T

1348

AAR
R

B 4

Ei%

FR|ARR

KHRRE —

T

<
-

[3A4E

g 3

SIS

]
{

]
L3-

A 4

IPR2020-01275

Apple EX1002 Page 566




TOLO LT
¢

Vth#s#[R]

6.0 ——T——rT T
I | 1 T I IT1il
5ol ™ Vg:10/0,vd:10/0
| 4 V@:10/0,vd:10/10
'_E {}.0 :
® v
§ 3.0
>
&=
2.0 L
1.0
0.0
10 100 1000
B B B ]
& 4
1.0 @ Vg=10/0,Vd=15/0
.08 E PFA 35C
0.6 ® Vg=10/0,Vd=15/0
0.4 Non PFA 35C
. < Vg=10/0,Vd=10/0
0.2 2 PFA 35C
0.0 H & Vg=10/0,Vd=10(DC)
0.2 SERLEe: T PFA 35C
-0.4 =
-0.6
-0.8
1.0
B R[] BE)
5
i ]
S 5]
] 14
™~ | |

BEHR

IPR2020-01275
Apple EX1002 Page 567




OTULT
. '

5.0

4.5

Vih 35 (4]

4.0
3.5
3.0

2.5

20

1.5

1.0
0.5
0.0

s
1 10 - . 100 1000 - 10000
: B R[] B
B 6

IPR2020-01275
Apple EX1002 Page 568



e

€1

| |
RN =

Rk i\llllljéwé

i

G 29 Q 3/00

(»A.L%ﬂﬂéa#u% B 3x)

w9 BHRAE

594628

——

#HALERE

ERETURABRFTBIENEBERG TS

FAA

I F &R

1. FERHE

. B R 5% % A9 % M B4893

,ﬂ.
&
>

aer|
e

S A SRR ERL T

GRE

=

1LY ERE

s RO

5
§.

"
¥
3

1. ¥ﬁ%?ﬁﬁ+§l‘¥‘§]ﬁhﬂ%23%

1. &M

IPR2020-01275

Apple EX1002 Page 569




HOLY

FIRIEE

ART®

BOLE) P HEH ¥ 3% A M £33 EX T FE
EFRBAEHCFEN F1 88 FHERS .
-
* o

%37

IPR2020-01275
Apple EX1002 Page 570



IF40LD ] )
- PREE
» r\_,__L___Ll )

A moAR (1) B
# AR

AR AR - HAEABRBAAGZ B THAER > 2R
7w — B AMN™HBME XA =18 T #(Organic Light
Emitting Diode; OLED) 2k & # % % € & #(a-Si TFT)
ZERBRFRH TS > ARF A GERARE RE LB A
£ EH .

MERBER U AFRARGLEO WS » T F A HH
BHERBES  RELSALBOEFEL T EE " 2
fo, BRk - 8  ATHLHERABRATARZAE  £F
FARERS L BB REHEEND ~ S EERAE
BAREBRIAS  ARLHGSEZRERSHES > BB
FELRARHGEFT TR - BHARAALESRBETFEIATR B
% A EFHBAGSEERSNS TR HHERELEBET N Y
%~ B4 E BB HR > BN G B EknE e
HBERBALER - AHEABEAHMCARAES - 22 ETE -
S8 BB XTHTELE PR RERS S
FRHEEHNETARAB L -

CER GO BETBEMAY AN BT RBE Y R
ROoORBEBTEE - AT - AR BLEERYREEF

IPR2020-01275
Apple EX1002 Page 571



- _ERISE

~ A (2)

%s%&a%%méﬂﬁﬁma%ﬁsﬁ%ﬁ%%%;ﬁ

- 35 Ao
wT &
g - B
T i M
s8R

MR EEE S MK A BT
B RERE CHAE B
XTEURRTEHILEZ
£ Rt ER BB EED
2

A K
A
F A
B =

It -Bé*

9
g9

%MW%%»

o
;;

HHARBRE B LBETT A HEKEKR
BAig £ 2 T &0 - wEBLHBI0HBY
T At en TABEERE S BIZAIY
ﬁﬁm’muﬁﬁxﬂﬁﬁ%teﬁ%m
RBI2EZ2ABH—-—MHMMHBER - HZEEBEMBHE
mMEMBRALENAHRL ZEN LR B

HAETEI6Z — % UARATERI4IZME - 3 —F & %
RERIAHRBN > HEREAR A TERWNV,) B LA

B RBR BTSN E — T ERNS
B18 W E 4 » ER A BB A &8 418
EEE R, - |

bl AEASRERAFE THES
£ > B3 T &R HEFTHNL O YL S
.

B T sk v B S
e T R MK L& FBRE P4 T

EF -RT - KT RBIZE G F
R4 MBE > ERHENES16

BT E dNE
RAMRS - FF
B R
» BB A R e

FABBFETE
% 7k & B K H :
g —mEur (@
#18 - £ ¢ » &
3% B F) BF i 4% 2

BE XA B H#
8 & & Bl & &

WK E AW
R oA EE
B EMH S L

¥ 5 R

IPR2020-01275
Apple EX1002 Page 572



I740L0

-

PXIE

r
=

e

£ -guwsE 3
R A RB A BB AHIBHES - £ B A BISE L &
MR RP BEERBEDICAMETHERE » T U4
FRE L REMBESEI2E - ST ERI4IH
B AR ETHBRL G ERY  BTEAARFL-BRE L
B8 E — W T AR E |

K AR EEOR RELEWHEBRGMHET R
FME A BB AMHISHAERLENT B RI4 8RB -
ARAREE(Vyp)  ERVEHNTRBI4 O M-KRETE
(Vo,)  Em B EETLRBIAHOABEAR(L) - £ TA L X 4o
T & |

1,=1/2%K(V,, -V, )?
=1/2*K[Vdata_(VOLBD_Vss)—Vth]2
2 KB ¥ V,.5FHE Ly EERK 2RV, 8
HBETABUUMALIR - a N ARBL-_BR T HISEE
ﬁ@ﬁ#ﬁ&'%ﬁ (Vory) € Z #F 3 Au > M i& X B 48 T
BRI, B - o — R - € BB A ME R 15 T AISHY R
ﬁ%mvﬁ%ﬁ%ﬁﬁﬁéﬁﬁﬁo

% 98 B & R MK
ABE A Z B M ARBE -BERNE BT ® R LB

& 3
Z BB FERAN U LABRB AR A4GER
%% > ﬁ)F&"fRT%ﬁ&%aa%é‘J#ﬁ%ﬂm °

IPR2020-01275
Apple EX1002 Page 573



I N==

A~ BFRARA 1)

)L\

Eg, o
£ A

AR WL S - B ERB—HEB LFRT KR LB A
ETHZEBRN > RERBAEHORAS 4 -

AFEARET —BAMRBA-_BBAMHZIERES T
HWERREHEBELLAETIHAH - —BBH T LB
i~ REALRE A FTRABHEBEENERSK > BiE

MEEAFHREFA—BRANR - X -KHMELIH® BAFHE

— M
4
Be B
w4
R
R
& 1A

il wF
B o

% A

"

BB —RBRE - RE - RV R — MG EE N —
Mo B BRAEBREBEN TR ME — RERNEE R
ELaMzME X " HHITLABOBNHFHE L2
MM GFBRF > TRIERBLERMRBEE ONES S
it s L EE - F MM ETER EFE-_ME-E -
mE—_RE HEFPE-_MEBGHRIBENF SR B R
E2EN—FAHGE BE _RARBAZBENEH T LB
TR _HHITAADENFHNSE LI AL R R
 THRAMNBK EZETHAREDNEH T &HEZR

E A I

i\%&‘%%‘%%?“ﬁﬁm{%?”@ﬂ% #HBx kT EA
%TJFa%W?iE?Q%aa%%(a—Sl TFT)@;E%%}D *i’%

A H(OLED) = 2% &% & # & % % & B~ $(AMOLED) - #

i

}

TR

IPR2020-01275
Apple EX1002 Page 574




P A A

- |E

B BARYA (5) |
¥ A A BHHEEHE RZEHEHTLROEN - U2&
B H B NME-REE B R T L = % 8 T4
BB (Vo) ' BEEH T EHEOBEE TR - ot > B
EEBHMOBET » L BBV, B €% & 555
SEH EEBOBRETH - d ik > FRBEA-BEAM® S
&ﬁ*?ﬁy’i%%ﬁ%%#%ﬁ%ﬁ&m%ﬁ°
WERE-B  LEBATABRA MRS ER N R
EHRBEABRTFTE X EMNZRETETR L 30 o 40 [ 8 £ 3 45 —
B ABASHREMEREY v L - BAELES XA
ﬁﬁamﬁaﬁﬁ%ﬂwﬁﬁ@$»%¢rﬁ%ﬁﬁﬁ%
AR TAGNBREIBUBOFH LR THE 0 LB
HES -—BERBE HAHAZEMOMBRESLTH M-
% ERAAE—BEXRETLEMBI0OT 5 B 83T — 5 4B
B M32 s —EEHE S M3 LR HEEN TS ®36
38 - ~

LA M B AR AMKIZE S EBR EE & i
%R BENBERBV, C R EEBA S S B EH TS B3
W& B EERBY,, c ENEH TR B3I B EE ML A
wmiE A ZME - RBARBE=BR® - £ ¢ 68 T &
BILHHMBEBENFTRE  UEREFHAEEZH LTS
BEAR - EALRBARE Mo ERN»EEETHEM,
7@%&%%;&%%1&&%'ﬁ?&%ﬁ%%%ﬁ%%

01

# 8 R
IPR2020-01275
Apple EX1002 Page 575



# - HARH (B) .
BB BRI o N F BB - BHE T 32 MR HRE A H
K ow R oo |

A T HHB LERTEBIHRBEAS AR E L
—EHAHNZAEBEESRE  AFEAFTHARTHREE SR
kS REH T S EIMHEN  REAERHEAE-REH TR
e HP oo BT S M6 X MRS EENAEFRR R
BERMEEENERBR,  MEARBNEENES TR B
Z M4 - ¥ HHMME LB RNATFIHE LHFHAEMD
# g THEERBVL,.AOATEARE N ESH T L H#3I1G
Ml4e it 4 £ B8 - s 0 e E S B34 MAENR T 4
W PR A B WM e i B o - -

W o % —BKHME & 38 0 H M EGEEMNLEWEF
o HARBAGEEN™LEEETMHL > ENHEKRER RS
NES T DL HEIMzBRE - AN E & B3I BN TR K
@ By THMEMGKEYSBTHMIE > AEE0NES
T AWM BEE > MELEHENETRREY TR R

EH A NBY  EABAMREHENRETBE
$ > it B KF —#HEEEL0 - b HF EBI0Z — % 0 2 A
BRAEH T LHEIMOME - REAMMER W6 ARE -
REEEFA0M S — % M ERNES T EHMY

2 O

{ A

B s A HMESBIBYRE - bk — R FHME A
,

o e

ol

i
ISRV =
™ { l |
IPR2020-01275

Apple EX1002 Page 576



NNt

( !
] |
Al
& ’ﬁ‘ﬂﬂ?ﬂ.aﬂ (8)

HE %R % 5@@]%%%#}?’—?4’?%0&’ﬁ*‘@‘ﬁ]%‘#&%&yﬁ
—BRE AR EILERH T B

(2) da%»%&:%%aa%éﬁa‘%ﬁ%m”r*&ﬁz%’;‘i’zu%
BB A _BRBRAGUBEAZTELRETRY » f T 68 7 =
PR ETHRFRE  EHFBHERBEBTENES

FE A A BETHM AL REEERUR T A
BAAH R TN BLERA LATEHA - Hlho o L
M Tl b o BRLUNMOS R A B MM o4 m - &
o HMATE-—MMAGREHES T AR - B4
AMBEw EREME  EEHMBTEMMAHE £
HEABOARBETERE - BB A LBAHRNE £ Tis 5
TREHNALETAH  RELBRESOHMAE - 22 &
FTREFAFAZIHBPARBAANME2BH BB ELET
Mz v EAH K DA - | | |

il

el

# 11 R”

IPR2020-01275
Apple EX1002 Page 577



R AR ERA
&

B EH, UR

FoBBMTAGFHAARBEIRF LA _BHRAHZER

B EE R LEE
B % 8B &k

B EEB LS 10
M HEEE 16
%4018 & E % & 30
5@%%:%%& 34
MoV,
HEE 40

BT H ez LSBT TG TR
Lﬁﬂﬁ&ﬁ%%%i%%ﬁ&*%?i ‘
2B ETRABEFTERT RS AT EZE LR

EBT e 12 14

AHEE B AHs 18
HEEE BB 32
MM T &M 36 38

~ e
DEAE]

S5IRETE

IPR2020-01275
Apple EX1002 Page 578



- ‘.,V!HU f}%

P

A PHEHEE L

l. ~ B FARBA-_BBASZIEH TS  UEH T
% 2L & -

— B ELB - AF —HHB - — % T EE— 2
TH AVTBRE-—CBABE-—TEHHLE” — TR
BEEE N T T T |
‘ —F—MMHAKH BAN —HBERRKA MK R
T B BE W T R B2 W I S4B )
¥MOZ fL E R '
— 2 MMM AHd BAEDEH AR

Ll B EE &L B3R =

: &

Iy

&

¥

o

S
i

B OBL + A
it & % B o s
A o 5

4
b

\

b
¥ owhomp
3
ank
&
S

3
aul
X

B
W hu N %R =

WO oz m E :
EYy » #$F4HFueshH T aeaax
BRGETRME - THLEESH I A
FMBA-—BH AL SRS Y

IV

= &

]
LI
|

oo

OB N

N &

2. o FH B A KB IR EY T H
A RE - CRBEAER A MESER
BAE SRR A SR ENE TR A Y E
A

& 3k
l
3.&-’- 0
i
%

X =
iz
e
"

3. P H R A HEE R IBE2RSTH > HPEE -
At RE—FEEEBAHEA EMEGERRED B g
BERBEEN SN EENPTETRSLE T REH T LMY

=

?mﬁrg

IPR2020-01275
Apple EX1002 Page 579



A .

T

RBXBTERNMANE > W E-THERAERE > BE - E
B A AR R -

5. W FHEAMNEE R IH2eH T - X e ek —
HEECLS UM EFEEZZIAER »HNER2RNLEYT LA
Z % MR MEZRAE -

6. ~ RABRB AL -_ BB A/ ZEHTH » LEY T
i&i/‘@ﬁ: v '
—REHEEHE - EA—ME - —BBEH — S P
BRBGEEN —C R REERNBEN L BB L =
3 AR | ' ‘

— 5 -~ HMWETL2H EAH-—F-ME - % —REAR
— B KRB APBE - MEBEGEEN B RS %E -
R AEENZERE S ARE-—RBARTENLREY T
R BZXZIME FTHE—HMWEEBDENRF N L L ®
iRk ®m BB THRZKXE RN Z TR WP mPN 3R
#ERBLESEEBE
— B -_HHMELSH RA—F_HFME - —F _REH
— B R ERFTUE_MEBELHKEEAIFRSL > ®E =
BB E BN — FH

4 AEB-_RBANLBENLESY T

£ 4 R

IPR2020-01275
Apple EX1002 Page 580



N FHEAED

BB UBE FUE-_HHNITABOAA LSRG L 2
mﬁ&m%mﬁﬁﬁ'Wﬁa%ﬂmizﬁﬂm%mm#
BH T AB 2 RIE -

T. P HEABE L AR B b P o —
EoBBETEZIAS PHLERALE BN T
RBEZAE —RBE - UERABZF_HHEER xS E - R

8. ~ HERNEBRERBF LB ABEZENRF T
0 2 ak o '

—HFHL AR BERENBKEZH AR

— TR R ARG EZELLEZEHNRE

—FHBA_BH > BREF—EHEHE— B4E - B A
%é%&-ﬁ\—%i&ﬁ , _
€T LHHE B A —EZEHN - —-—FTERHE—F =

— BE
TE - BE - TRAUB_ETRESINEEN — TR S
FRBA-_BHRZEES; |

—E-—HHETLE BDAPIBRL L ZHERA
%o M B BT RS R LR SH T R R Z I ME
A T 4 BN R RN R R,

— 2K MERHE > OENEFEE L2 R R
% mEBAETMHKLATEH T LB 2RE —_FEE U@
B E T BT HFNEE NN E X g

IPR2020-01275
Apple EX1002 Page 581



l\-..

v 1 ' L
R 5,5% 15 | ]
xigﬁ (Fl'éll .|
| .

o
AN

& R

il 7 SN2

CPHRAEE ,

Wit FEFREARAFTSTEARL - T &R Ry
—HHEAEAES TELEEBREWTLBRZIUE -—GHER
E 8B mESARBEAEBRCEE LB EKE

. P HIAMNAEE RZBAZE G FTH £ P uP
MM E R B XAMEBAEEN TR HGE B E SRS
Bl 2 B ETRRABRGT L2 R

10. % % & A KB R E n{%%%‘x@»a—mg
SHHNEARIMEGRLERUARSL  taanss |@
2R ﬂﬁﬁf&%%%? 7%*%&0 :

H.h$%$ﬂﬁl%8ﬁz$m&%%%»ﬁéj
HEEBZUZHMAME  Au P — CEA RS %
— g2 EHRE -

12. m FH EHREZSAZEARFETH » £+ E
B-HETE  BMATE AN PHEBENLEY
8B U MIERZRE ®

% 16 ®

IPR2020-01275
Apple EX1002 Page 582



"

vdd

“ _ vdd /
R — 1
| 36 I__‘ |
, 4 L‘./‘34
38
YO
T%T IK‘*O

IPR2020-01275
Apple EX1002 Page 583



.

5t

At
o
Atdormey Dockeft No. 05644/LH
o O
Ora1w¥ THE UNITED STATES PATENT

AND TRADEMARK OFFICE

Applicant(s): Tomoyuki SHIRASAKI et al

Serial No. : 11/235,579

Filed : September 26, 2005
For : DISPLAY PANEL

Art Unit : 2673

Examiner

Customer No.: 01933

INFORMATION DISCLOSURE STATEMENT
WITH STATEMENTS UNDER 37 CFR 1.97) (e)
AND 37 CFR 1.704(d)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

S IR

Submitted herewith are the following:

o - RE~0f

g

Express Mail Mailing Label

No.: EV 919 339 798 US

Date of Deposit: July 27. 2006

I hereby certify that this paper is
being deposited with the United States
Postal Service "Express Mail Post Office to
Addressee" service with sufficient
postage under 37 CFR 1.10 on the date
indicated above and is addressed to the
Commissioner for Patents, P.0. Box 1450,
Alexandria. VA 223

In the event that this Paper is late filed,
and the necessary petition for extension of
time is not filed concurrently herewith,
please consider this as a Petition for the
requisite extension of time, and to the
extent not tendered by credit card

(Form PT0-2038 attached hereto),
authorization to charge the extension fee,
or any other fee required in connection with
this Paper to Account No. 06-1378.

(1) Copy of an International Search Report and Written

Opinion dated June 30, 2006 issued in a counterpart

International application;
(2) Copies of cited publications

publications); and

(3) Forms PTO/SB/08A and PTO/SB/08B.

(except U.S. patents and

The International Search report is in English, thereby

satisfying the requirements for a concise explanation of

relevance for any non-English language publications cited therein

(MPEP 609 III A(3)).

Said communication is in English, thereby satisfying the

requirements for a concise explanation of relevance for any

non-English language publications cited therein

(MPEP 609 III A(3)).
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As seen from the listing of family members, US 2003/137325
is a U.S. counterpart of EP 1,331,666, US 2003/193056 is a U.S.
counterpart of EP 1,349,208, and US 2004/256617 is a U.S.
counterpart of WO 2004/019314.

RELATED APPLICATION
The following application is related to the above-identified

present application:
Serial No. 11/235,605, filed September 26, 2005.

Attached is a Form PTO/SB/08B listing the particulars of the
related application. Said pending U.S. related application is
stored in’ the USPTO’s Image File Wrapper system.

References cited in said related application, and which have

not yet been cited herein, are now cited.

STATEMENT UNDER 37 CFR 1.97(e) (1)

Each item of information contained in this Information

Disclosure Statement was first cited in any communication from a
foreign patent office in a counterpart foreign application not
more than three months prior to the filing of the present
Information Disclosure Statement. Said Communication bears a
mailing date of June 30, 2006. Therefore, the filing of this

Information Disclosure Statement is timely under the provisions

of 37 CFR 1.97(e) and does not require a fee.

STATEMENT UNDER 37 CFR 1.704(d)

Each item of information contained in this Information

Disclosure Statement was cited in said communication from a
foreign patent office in a counterpart application, and this
communication was not received by any individual designated in
§1.56(c) more than thirty days prior to the filing of the present

Information Disclosure Statement.
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It is respectfully requested that the Examiner return
initialed copies of the attached Forms PTO/SB/08A and PTO/SB/08B
to confirm that the documents listed therein have all been

considered and made of record.

Respectfully subpitted,

Encs.

Dated: July 27, 2006

-Frishauf, Holtz, Goodman & Chick, P.C.
220 Fifth Avenue, 16th Floor

New York, New York 10001-7708

Tel. No. (212) 319-4900

Fax. No. (212) 319-5101

LH/sdf
f:\users\dianne\05\05644.ids
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. Please type a plus sign (+) inside this box — PTO/SB/08A (08-00)
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

11/235,579

Appli i
Substitute for Form 1449A/PTO pplication Number

Filing Date September 26, 2005

INFORMATION DISCLQRURE

Tomoyuki SHIRASAKI et al
STATEMENT BY APPLICANT 3

First Named Inventor

Group Art Unit 2673

Examiner Name

3
Sheet ! W Attorney Docket Number 05644/LH

U.S. PATENT DOCUMENTS

Exam. Cite Kind | Name of Patentee or Publication Relevant
Inits* No! Document Number . Code? Applicant Date MM-DD-YYYY Portion
2003/0047730 Al KONUMA 03-13-2003
2003/0146693 Al ISHIHARA et al - 08-07-2003
2003/0151355 Al HOSOKAWA 08-14-2003
2004/0160170 Al SATO et al 08-19-2004
2003/137325 Al YAMAZAKI et al 07-24-2003
2004/256617 Al YAMADA et al 12-23-2004:
2003/0168992 Al NOGUCHI et al 09-11-2003
2003/193056 ' . Al TAKAYAMA et al 10-16-2003

FOREIGN PATENT DOCUMENTS
Exam Cite Kind Name of Patentee or Publication Relevant
Inits’ No' offc® | Document Number? Code® Bpplicant Date MM-DD-YYYY | Portion T¢
EP 1 331 666 A2 SEMICONDUCTOR 07-30-2003
ENERGY LABORATORY
CO.,LTD.
WO 2004/019314 Al CASIO COMPUTER 03-04-2004
CO., LTD. .
EP 1 349 208 Al SEMICONDUCTOR 10-01-2003
ENERGY LABORATORY
CO., LTD.
Examiner Date
Signature Considered

* EXAMINER: Initial 1f reference considered, whether or not ciltation Is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

! Unique citation designation number. 2 See kinds of U.S. Patent Documents. ® Enter Office that issued the document, by the two-
letter code (WIPO Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document. ° Kind of document by the appropriate symbols as indicated on the
document under WIPO Standard ST. 16 if possible. ¢ Place a check here if English translation is attached.

DATE MAILED: July 27, 2006

IPR2020-01275
Apple EX1002 Page 587



PTO/SB/08B (08-00)
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

. Blease type a plus sign (+) ; 'keptﬁs x -

LA
JUL 2 7 2008 A}plication Number 11/235,579

Substitute for Form 1449A/RT

iling Date September 26, 2005
INFO TION DISCLOS AT First .Named Inventor Tomoyuki SHIRASAKI et al
STATEMENT BY APPLICAN

Group Art Unit 2673

Examiner Name
Sheet 2 of 2 Attorney Docket Number 05645/LH

OTHER DOCUMENTS - NON-PATENT LITERATURE DOCUMENTS

Examiner cite | 1Include name of author (in CAPITAL LETTERS), title of article, title of item, date,
Initials! | No.! page(s), volume-issue number(s), publisher, city and/or country where published T?

Related U.S. Patent Application Serial No. 11/235,605, filed: September 26, 2005;
Inventors: Satoru SHIMODA et al; Title: DISPLAY PANEL.

Date

Examiner
Considered

Signature

whether or not citation is in conformance with MPEP 609. Draw line through

* EXAMINER: Initial if reference considered,
Include copy of this form with next communication to applicant.

citation if not in conformance and not considered.
! Unique citation designation number. 2 Place a check here if English translation is attached.

DATE MAILED: 4 July 27, 2006

IPR2020-01275
Apple EX1002 Page 588



Europédisches Patentamt

European Patent Office

(19) Q

(12)

Office européen des brevets

(43) Date of publication:
30.07.2003 Bulletin 2003/31

(21) Application number: 03000099.6

(22) Date of filing: 08.01.2003

T

(1) EP 1 331 666 A2

EUROPEAN PATENT APPLICATION

(51) it c1.7z HO1L 27/00, HO1L 51/20

(84) Designated Contracting States:
AT BE BG CHCY CZDE DK EE ES FI FR GB GR
HUIEITLILU MC NL PTSESISK TR
Designated Extension States:
AL LT LV.MK RO

(30) Priority: 24.01.2002 JP 2002014902

(71) Applicant: SEMICONDUCTOR ENERGY
LABORATORY CO., LTD.
Atsugi-shi Kanagawa-ken 243-0036 (JP)

(72) Inventors:
* Yamazaki, Shunpei
Atsugi-shi, Kanagawa-ken 243-0036 (JP)

¢ Hiroki, Masaaki

Atsugi-shi, Kanagawa-ken 243-0036 (JP)
¢ Murakami, Masakazu .

Atsugi-shi, Kanagawa-ken 243-0036 (JP)
¢ Kuwabara, Hideaki

Atsugi-shi, Kanagawa-ken 243-0036 (JP)

(74) Representative: Griinecker, Kinkeldey,

Stockmair & Schwanhédusser Anwaltssozietét
Maximilianstrasse 58
80538 Miinchen (DE)

(54)

(57) To provide a light emitting device high in relia-
bility with a pixel portion having high definition with a
large screen. According to a light emitting device of the
present invention, on an insulator (24) provided be-
tween pixel electrodes, an auxiliary electrode (21) made
of a metal film is formed, whereby a conductive layer
(20) made of a transparent conductive film in contact -

Light emnitting device and method of manufacturing the same

with the auxiliary electrode can be made low in resist-
ance and thin. Also, the auxiliary electrode (21) is used
to achieve connection with an electrode on a lower layer,
whereby the electrode can be led out with the transpar-
ent conductive film formed on an EL layer. Further, a
protective film (32) made of a film containing hydrogen
and a silicon nitride film which are laminated is formed,

whereby high reliability can be achieved.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to a semiconduc-
tor device and, particularly, to a light emitting device hav-
ing an organic light emitting element formed over a sub-
strate having an insulating surface and a manufacturing
method therefor. The present invention also relates to a
module in which an IC etc. including a controller is
mounted on a panel having the organic light emitting el-
ement. Note that, in this specification, the panel and the
module which have the organic light emitting element
are collectively referredto as a light emitting device. Fur-
ther, the present invention relates to an apparatus for
manufacturing the light emitting device.

{0002] Note that, in this specification, the term semi-
conductor device refers to the devices in general which
can function by utilizing semiconductor characteristics.
The light emitting device, an electro-optic device, a sem-
iconductor circuit, and ‘an electronic device are ali in-
cluded in the category of the semiconductor device.

2. Description of the Related Art

[0003] Techniques of forming TFTs (thin film transis-
tors) on substrates have been progressing greatly in re-
cent years, and developments in their application to ac-
tive matrix display devices is advancing. In particular,
TFTs that use polysilicon films have a higher electric
field effect mobility (also referred to as mobility) than
TFTs that use conventional amorphous silicon films, and
therefore high speed operation is possible. Develop-
ments in performing control of pixels by forming driver
circuits made from TFTs that use polysilicon films over
a substrate on which the pixels are formed have there-
fore been flourishing. It has been expected that various
advantages can be obtained by using active matrix dis-
play devices in which pixels and driver circuits are

_mounted on the same substrate, such as reductions in

RNSNDOCIN <FP

manufacturing cost, miniaturization of the display de-
vice, increases in yield, and increases in throughput.
[0004] Furthermore, research on active matrix light
emitting devices using organic light emitting elements
as self light emitting elements (hereinafter referred to
simply as light emitting devices) has become more ac-
tive. The light emitting devices are also referred to as
organic EL displays (OELDs) and organic light emitting
diodes (OLEDs).

[0005] TFT switching elements (hereinafter referred
to as switching elements) are formed for each pixel in
active matrix light emitting devices, and driver elements
for performing electric current control using the switch-
ing TFTs (hereinafier referred to as electric current con-
trol TFTs) are operated, thus making EL layers (strictly
speaking, light emitting layers) emit light. For example,
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a light emitting device disclosed in JP 10-189252 is
known.

[0006] Organic light emitting elements are self light
emitting, and therefore have high visibility. Backlights,
necessary for liquid crystal display devices (LCDs), are
not required for organic light emitting elements, which
are optimal for making display devices thinner and have
no limitations in viewing angle. Light emitting devices
using organic light emitting elements are consequently
being focused upon as substitutes for CRTs and LCDs.
[0007] Note that EL elements have a layer containing
an organic compound in which luminescence develops
by the addition of an electric field (Electro Lumines-
cence) (hereinafter referred to as EL layer), an anode,
and a cathode. There is light emission when returning
to a base state from a singlet excitation state (fiuores-
cence), and light emission when returning to a base
state from a triplet excitation state (phosphorescence)
in the organiccompound layer, and it is possible to apply
both types of light emission to light emitting devices
manufactured by the manufacturing apparatus and fiim
formation method of the present invention.

[0008] EL elements have a structure in which an EL
layer is sandwiched between a pair of electrodes, and
the EL layer normally has a laminate structure. A “hole
transporting layer / light emitting layer / electron trans-
porting layer” laminate structure can be given as a typ-
ical example. This structure has extremely high light
emitting efficiency, and at present almost all light emit-
ting devices undergoing research and development em-
ploy this structure. .

[0009] Further, a structure in which: a hole injecting
layer, a hole transporting layer, a light emitting layer, and
an electron transporting layer are laminated in order on
an anode; or a hole injecting layer, a hole transporting
layer, a light emitting layer, an electron transporting lay-
er, and an electron injecting layer are laminated in order
on an anode may also be used. Fluorescent pigments
and the like may also be doped into the light emitting
layers. Further, all of the layers may be formed by using
low molecular weight materials, and all of the layers may
be formed by using high molecular weight materials.
[0010] The conventional active matrix type light emit-
ting device is composed of a light emitting element in
which an electrode electrically connected with TFT on
the substrate is formed as an anode, then the organic
compound layer was formed on the anode. Light gener-
ated at the organic compound layer is radiated from the
anode that is a transparent electrode to TFT.

[0011] However, in this structure, the problem has
arisen when the resolution is intended to be risen that
an aperture ratiois limited due to an arrangement of TFT
and wirings in the pixel unit.

SUMMARY OF THE INVENTION

[0012] According to the present invention, manufac-
tured is an active matrix light emitting device having the
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light emitting element with a structure in which an elec-
trode on the TFT side electrically connected to the TFT
on the substrate is formed as a cathode, on which an
organic compound layer and an anode as a transparent
electrode are formed in the stated order (hereinatfter, re-
ferred to as upper surface emission structure). Alterna-
tively, manufactured is an active matrix light emitting de-
vice having the light emitting element with a structure in
which an electrode on the TFT side electrically connect-
ed to the TFT on the substrate is formed as an anode,
on which an organic compound layer and a cathode as
a transparent electrode are formed in the stated order
(hereinafter, also referred to as upper surface emission
structure).

[0013] Inthe above-mentioned respective structures,
there arises a problem conceming a higher film resist-
ance of a transparent electrode. In particular, when a
film thickness of the transparent electrode is reduced,
the film resistance further increases. If the film resist-
ance of the transparent electrode serving as an anode
or a cathode is increased, there arises a problem in that
a potential distribution in the surface becomes nonuni-
form due to voltage drop, which involves variations in
luminance of the light emitting element. Accordingly, an
object of the present invention is to provide a light emit-
ting device having a structure useful in decreasing the
film resistance of the transparent electrode of the light
emitting element and a manufacturing method therefor
and further to provide an electronic device using the
above light emitting device as a display portion.

In addition, another object of the presentinven-
tion is to increase reliability in the light emitting element
and the light emitting device.

[0015] According to the present invention, in manu-
facturing the light emitting element formed over the sub-
strate, a conductive film is formed on an insulator ar-
ranged between pixel electrodes priorto formation of an
organic compound layer for the purpose of suppressing
the film resistance of the transparent electrode.

[0016] Further, the present invention is characterized
in that a lead wiring is formed using the above conduc-
tive film to achieve connection with other wirings on a
lower layer as well.

[0017] According to a structure of the invention dis-

closed in this specification, there is provided a light emit- .

ting device, including:

a pixel portion having a plurality of light emitting el-
ements each including: a first electrode; an organic
compound layerformed onthe first electrode in con-
tact therewith; and a second eiectrode formed on
the organic compound layer in contact therewith;
a driver circuit; and

a terminal portion,

the device being characterized in that:

in the pixel portion, end portions of the first electrode
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connected to a thin film transistor are covered with
an insulator, a third electrode made of a conductive
material is formed on the insulator, the organic com-
pound layer is formed on the'insulator and the first
electrode, and the second electrode is formed on
the organic compound layer and the third electrode
in contact therewith; and

a portion where a wiring made of amaterial identical
to that of the third electrode or that of the second
electrode is connected with a wiring extended from
a terminal is formed between the terminal portion
and the pixel portion.

[0018] In the above-mentioned structure, the third
electrode may have a pattern shape identical to that of
the insulator. In this case, it is formed using a mask iden-
tical to that of the insulator.

[0019] Alternatively, in the above-mentioned struc-
ture, the third electrode may have a pattern shape dif-
ferent from that of the insulator. In this case, after pat-
terning the insulator, a film made of a conductive mate-
rial is formed to form the third electrode using a mask
different from that used for patteming the insulator.
[0020] Also, according to another structure of the
present invention, in manufacturing a light emitting ete-
ment formed over a substrate, a conductive film is
formed on an insulator arranged between pixel elec-
trodes prior to formation of the organic compound layer,
and after the organic compound layer and a transparent
electrode are formed, an electrode made of a material
high in conductivity is formed on the transparent elec-
trode to realize low film resistance of the transparent
electrode. Note that, the electrode formed on the trans-
parent electrode is not formed in a portion serving as a
light emitting region. Further, the present invention is al-
so characterized in that a lead wiring is formed using the
conductive film to achieve connection with other wirings
formed on a lower layer.

[0021] According to another structure of the invention
disclosed in this specification, there is provided the light
emitting device, including:

a pixel portion having a pturality of light emitting el-
ements each including: a first electrode; an organic
compound fayer formed on the first electrode incon-
tact therewith; and a second electrode formed on
the organic compound layer in contact therewith;
a driver circuit; and

a terminal portion,

the device being characterized in that:

inthe pixel portion, end pbrtions of thefirst electrode
connected to a thin film transistor are covered with
an insulator, the organic compound layer is formed
on a part of the insulator and the first electrode, the
second electrode is formed on the organic com-
pound layer in contact therewith, and a third elec-
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trode made of a conductive material is formed on a
~2gion of the second electrode which is not over-
aoped with the first electrode in contact therewith;
znd
a portion where a wiring made of a material identical
to that of the third electrode or that of the second
electrode is connected with a wiring extended from
a terminal is formed between the terminal portion
and the pixel portion.

[0022] Also, in the above-mentioned structures, the
light emitting device is characterized in that the second
electrode is a cathode or an anode of the light emitting
element. .
[0023] Also, in the above-mentioned structures, the
light emitting device is characterized in that the third
electrode is made of a material having electric resist-
ance lower than that constituting the second electrode
and is made of poly-Si doped with an impurity element
imparting a conductivity type, an element selected from
the group consisting of W, WSi,, Al, Ti, Mo, Cu, Ta, Cr,
and Mo, a film mainly containing an alloy material or a
compound material mainly containing the element, or a
laminate film thereof. For example, it is preferable that
the third electrode is an electrode made of a laminate
having a nitride layer or a fluoride layer as an uppermost
layer.

[0024] Also, in the above-mentioned structures, the
light emitting device is characterized in that the first elec-
trode is a cathode or an anode of the light emitling ele-
ment. For example, when the second electrode is a
cathode, the first electrode serves as an anode, where-
as whenthe second electrode is an anode, the first elec-
trode serves as a cathode.

[0025] Also, in the above-mentioned structures, the
light emitting device is characterized in that the insulator
is a barrier (also referred to as bank) made of organic
resin covered with an inorganic insulating film or is an
inorganic insulating film. Note that, the light emitting de-
vice is characterized in that the inorganic insulating film
is an insulating film mainly containing silicon nitride with
a film thickness of 10 to 100 nm.

[0026] Also in the light emitting device, there is a prob-
lem in that in a pixel emitting no light, an incident outside
light {light outside the light emitting device) is reflected
by the rear surface of the cathode (surface brought into
contact with an light emitting layer) which acts as mirror
and outside scenes are reflected in an observation sur-
face (surface facing an observer side). In order to avoid
the problem, the following is devised such that a circular
polarization film is attached to the observation surface
of the light emitting device to prevent the observation
surface from reflecting the outside scenes." However,
there arises a problem in that the circular polarization
film is extremely expensive, which involves an increase
in manufacturing cost.

[0027] Another object of the present invention is to
prevent the light emitting device from acting as mirror
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without using the circular polarization film to accordingly
provide an inexpensive light emitting device which at-
tains low manufacturing cost thereof. Accordingly, the
present invention is characterized by using an inexpen-
sive color filter instead of using the circular polarization
film. In the above-mentioned structure, it is preferable
to provide a color filter corresponding to each pixel in
the light emitting device in order to increase color purity.
Also, a black portion (black organic resin) of the color
filter may be arranged so as to overlap each portion be-
tween light emitting regions. Further, the black portion
(black colored layer) of the color filter may be also ar-
rangedso as to overlap a portion where different organic
compound layers are partially overlapped with each oth-
er.

[0028] Note that, the color filter is provided in an emis-
sion direction of an emitted light, i.e., provided between
the light emitting element and the observer. For exam-
ple, when the light is not allowed to pass through the
substrate having formed the light emitting element ther-
eon, the color filter may be attached to the sealing sub-
strate. Alternatively, when the light is allowed to pass
through the substrate having formed the light emitting
element thereon, the color filter may be attached there-
to. Thus, it is possible to dispense with the circular po-
larization film.

[0029] In addition, it is extremely effective that as an
anode on a layer containing an organic compound, a
transparent conductive film (typically, ITO or ZnQ) is
used, on which a protective film made of an inorganic
insulating film is formed. The following is also effective:
as a cathode containing an organic compound, a metal
thin film (with a film thickness allowing a light to pass
the film) made of Al, Ag, and Mg, or an alloy thereof (typ-
ically, AlLi) is used, on which the protective film made of
the inorganic insulating film is formed.

[0030] Also, before the protective filmm made of the in-
organic insulating film is formed, it is preferable that a
film containing hydrogen, typically athin film mainly con-
taining carbon, or a silicon nitride film is formed by a
plasma CVD method or a sputtering method. Aiso, the
film containing hydrogen may be a laminate film consist-
ing of the thin film mainly containing carbon and the sil-
icon nitride film.

[0031] Further, according to another structure of the
presentinvention, there is provided the light emitting de-
vice including a light emitling element over a substrate
having-an insulating surface, the light emitting element
including an anode, a cathode, and an organic com-
pound layer interposed between the anode and the
cathode, characterized in that the light emitting element
is covered with a film containing hydrogen.

[0032] If heat treatment is performed within a range
of temperature to which the organic compound layercan
be resistant and heat generated when the light emitting
element emits the light is utilized, hydrogen can be dif-
fused from the film containing hydrogen to terminate de-
fects in the organic compound tayer with hydrogen (ter-
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mination). By terminating the defects in the organic com-
pound layer with hydrogen, the light emitting device can
be increased in its reliability. Also, when the film con-
taining hydrogen is formed, hydrogen turned into a plas-
ma can be used to terminate defects in the organic com-
pound layer with hydrogen. The protective film formed
S0 as to cover the film containing hydrogen also func-
tions to block hydrogen diffused toward the protective
film side and to efficiently diffuse hydrogen into the or-
ganic compound layer to terminate defects in the organ-
ic compound layer with hydrogen. Further, the film con-
taining hydrogen can serve as the protective film for the
light emitting element.

[0033] Further, the film containing hydrogen can
serve as a buffer layer. When the silicon nitride film is
formed in contact with the transparent conductive fitm
by a sputtering method, there is a possibility that impu-
rities (In, Sn, Zn, etc.) contained in the transparent con-
ductive film are mixed into the silicon nitride film. How-
ever, by forming the film containing hydrogen as a buffer
layertherebetween, it is also possible to prevent mixture
of the impurities into the silicon nitride film. According to
the above structure, the buffer layer is formed, so that
the impurities (in, Sn, etc.) can be prevented from mixing
therein from the transparent conductive fitm and a su-
perior protective film having no impurities can be
formed.

[0034] According to another structure of the present
invention, there is provided the light emitting device in-
cluding a light emitting element over a substrate having
an insulating surface, the light emitting element includ-
ing an anode, a cathode, and an organic compound lay-
erinterposed between the anode and the cathode, char-
acterized in that the light emitting element is covered
with a film containing hydrogen which is covered with a
protective film made of an inorganic insulating film.
[0035] Also, a manufacturing method capable of real-
izing the above-mentioned structure is included in the
present invention. According to a structure relatingto a
manufacturing method of the present invention, there is
provided a manufacturing method for a light emitting de-
vice, characterized by inctuding:

forming a TFT on an insulating surface;

forming a cathode electrically connected to the TFT;
forming an organic compound layer on the cathode;
and

forming an anode on the organic compound layer
and then forming a film containing hydrogen on the
anode.

[0036] Also, according to another structure relating to
the manufacturing method of the present invention,
there is provided the manufacturing method for a light
emitting device, characterized by including:

forming a TFT on an insulating surface;
forming an anode electrically connected to the TFT;
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forming an organic compound layer on the anode;
and

forming a cathode on the organic compound layer
and then forming a film containing hydrogen on the
cathode.

[0037] In the above-mentioned structures relating to
the manufacturing method of the present invention, the
methed is characterized in that the film containing hy-
drogen is formed by a plasma CVD method or a sput-
tering method within a range of temperature to which
the organic compound tayer can be resistant, for exam-
ple, a range from room temperature to 100°C or less
and that the film containing hydrogen is a thin fiim mainly
containing carbon or a silicon nitride film.

[0038] In the above-mentioned structures relating to
the manufacturing method of the present invention, the
method is characterized in that a step of forming the or-
ganic compound layer is performed by an evaporation
method, a coating method, an ion plating method, or an
ink jet method.

[0039] In the above-mentioned structures relating to
the manufacturing method of the present invention, the
method is characterized in that a protective film made
of an inorganic insulating film is formed on the film con-
taining hydrogen.

[0040] In the above-mentioned structures relating to
the manufacturing method of the present invention, the
method is characterized in that when the film containing
hydrogen is formed, a defect in the organic compound
layer is terminated with hydrogen.

[0041] Aiso, in order to prevent deterioration due to
moisture or oxygen, when the light emitting element is
sealed with a sealing can or asealing substrate, a space
to be sealed may be filled with a hydrogen gas or with
hydrogen and inert gas (rare gas or nitrogen).

[0042] According to another structure of the present
invention, there is provided the light emitting device in-
cluding a light emitting element over a substrate having
an insulating surface, the light emitting element includ-
ing an anode, a cathode, and an organic compound lay-
er interposed between the anode and the cathode, char-
acterized in that the light emitting element is sealed with
a substrate having a light-transmissive property and a
sealing member, and a sealed space contains hydro-
gen.

[0043] In the above-mentioned structure, the light
emitting device is characterized in that the light emitting
element is covered with the film containing hydrogen
(thin film mainly containing carbon or silicon nitride film).
[0044] Also, with the above-mentioned structure, heat
treatment is performed within a range of temperature to
which the organic compound layer can be resistant and
heat generated when the light emitting element emits
the lightis utitized, so that hydrogen can be diffused from
the space containing hydrogen to terminate defects in
the organic compound layer with hydrogen. By terminat-
ing defects in the organic compound layer with hydro-
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gen, the light emitting device can be increased in its re-
liability. '

[0045] Note that, in this specification, all the layers
provided between the cathode and the anode are col-
lectively referred to as an EL layer. Thus, the above-
mentioned hole injection layer, hole transportation layer,
light emitting layer, electron transportation layer, and
electron injection layer are all included in the EL layer.
[0046] The present invention is characterized in that
the thin film mainly containing carbon is a DLC (diamond
like carbon) film having a thickness of 3 to 50 nm. The
DLC film has an SP3 bond as a bond between carbons
in terms of short range order but has an amorphous
structure in a macro level. The composition of the DLC
film is carbon and hydrogen with the contents of 70 to
95 atoms% and 5 to 30 atoms%, respectively. Thus, the
film is extremely hard and superior in an insulating prop-
eny. Such a BDLC film is characterized in that gas per-
meability with respect to moisture, oxygen, etc. is low.
Also, it is known that the film has hardness of 15 to 25
GPa as a result of measurement by a microhardness
meter.

[0047] The DLC film can be formed by a plasma CVD
method (typically, RF ptasma CVD method, microwave
CVD method, electron cyclotron resonance (ECR) CVD
method, orthe like), a sputtering method, or the like. Any
film formation method can be adopted to form the DLC
fitm with good adhesiveness. The DLC film is formed
with the substrate placed on the cathode. Also, when a
negative bias is applied thereto and ion impact is utilized
to some degree, a minute and hard film can be formed.
[0048] As areaction gas used for film formation, a hy-
drogen gas and a hydrocarbon-based gas (e.g., CHy,
C,H,, CgHg, orthe like) are used, which are ionized due
to glow discharge, and ions are accelerated and abutted
against a cathode to which a negative self-bias is ap-
plied to thereby form the film. Thus, a minute and
smooth DLC film can be obtained.

[0049] Also,the DLC filmis characterized by including
a transparent or semi-transparent insulating film with re-
spect to a visible light.

[0050] Further, in this specification, the term transpar-
ent with respect to the visible light means a state in
which transmittance of the visible light is 80 to 100% and

"the termsemi-transparent with respect to the visible light

anenAin: ~£D

means a state in which transmittance of the visible light
is 50 to 80%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] In the accompanying drawings:

FiGs. 1A to 1C are sectional views in accordance
with Embodiment Mode 1 of the present invention;
FIG. 2 is atop view in accordance with Embodiment
Mode 1 of the present invention;

FIGs. 3A to 3D each show a terminal portion in ac-
cordance with Embodiment Mode 1 of the present
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invention;

FIGs. 4A and 4B each show a laminate structure in
accordance with Embodiment Mode 2 of the
present invention;

FIGs. 5A and 5B are top views in accordance with
Embodiment Mode 3 of the present invention;
FIGs. 6A to 6C are sectional views in accordance
with Embodiment Mode 3 of the present invention;
FIGs. 7A to 7C are top views in accordance with
Embodiment Mode 3 of the present invention;
FIGs. 8A to 8C each show a mask in accordance
with Embodiment Mode 3 of the present invention;
FIGs. 9A to 9C are sectional views in accordance
with Embodiment Mode 4 of the present invention;
FIGs. 10A to 10C are sectional views in accordance
with Embodiment Mode 5 of the present invention;
FIG. 11 shows an example of a manufacturing ap-
paratus in accordance with Embodiment 2 of the
present invention;

FI1G. 12 shows an example of a manufacturing ap-
paratus in accordance with Embodiment 2 of the
present invention;

FiGs. 13A to 13F each show an example of an elec-
tronic device; and

FiGs. 14Ato 14C each show an example of an elec-
tronic device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0052] Embodiment modes of the present invention
will be described below.

[Embodiment Mode 1]

[0053] FIG. 2 is a top view of an EL module. In the
figure, over a substrate (also referred to as TFT sub-
strate) where a number of TFTs are provided, there are
formed a pixel portion 40 used for display, driver circuits
41a and 41b for driving pixels of the pixel portion, a con-
necting portion for connecting an electrode formed on
an EL layer and a lead wiring, and a terminal portion 42
to which an FPC is attached for connecting an external
circuit therewith. Also, a substrate for sealing an EL el-
ement and a sealing member 33 are used to attain a
sealed state. FIG. 1A is a sectional view taken alongthe
dashed line A-A' of FIG. 2.

[0054] The pixels are arranged regularly in the direc-
tion of the dashed line A-A'. Here, an example of the
pixels arranged in the order of R, G, and B in an X di-
rection will be shown.

[0055] In FIG. 1A, a light emitting region (R) indicates
a region for emitting a red light; a light emitting region
(G), a region for emitting a green light; and a light emit-
ting region (B), a region for emitting a blue light. These
light emitting regions of three colors realize a light emit-
ting display device capable of full color display.

[0056] Also,inFIG.1A,aTFT 1is an elementforcon-
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trolling a current flowing in an EL {ayer 17 emitting a red
light and reference numerals 4 and 7 denote source or
drain electrodes. Further, a TFT 2.is an element for con-
trolling a current flowing in an EL layer 18 emitting a
green light and reference numerals 5 and 8 denote
source or drain electrodes. A TFT 3 is an element for
controlling a current flowing in an EL layer 19 emitting
a blue light and reference numerals 6 and 9 denote
source or drain electrodes. Reference numerals 15 and
16 denote interlayer insulating films formed of an organ-
ic insulating material or an inorganic insulating film ma-
terial.

[0057) Reference numerals 11 to 13 each denote an
anode (or a cathode) of the organic light emitting ele-
ment and 20 denotes a cathode (or an anode) of the
organic light emitting element. In this example, the cath-
ode 20 is made of a laminate film consisting of a thin
metal layer (typically, an alloy of MgAg, Mgin, AlLi, or
the like) and a transparent conductive film (an alloy of
an indium oxide and a tin oxide (ITO), an alloy of an in-
dium oxide and a zinc oxide (In,03-Zn0), a zinc oxide
(Zn0O), andthe like), through which light from the respec-
tive light emitting elements passes. Note that, the trans-
parent conductive film is provided not to function as a
cathode but to decrease the electric resistance. As an
anode, the following may be used: a material having a
high work function, specifically, platinum (Pt), chromium
(Cr), tungsten (W), or a nickel (Ni); a transparent con-
ductive film (ITO, ZnO, or the like); and a laminate there-
of.

[0058] Also, organic insulators 24 (also referred to as
barrier or bank) cover both ends of the anodes (or cath-
odes) 11 to 13 and portions therebetween. Further, the
organic insulators 24 are covered with inorganic insu-
lating films 14. An organic compound layer is partially
formed on each organic insulator 24.

[0059] On the organic insulators 24 (also referred to
as barrier or bank) covered with the inorganic insulating
films 14, auxiliary electrodes 21 are formed. The auxil-
iary electrodes 21 function to decrease an electric re-
sistance value of the cathode (orthe anode). The above-
mentioned transparent conductive film has a relatively
high resistance value, so that it is difficult to achieve a
large screen. However, by providing the auxiliary elec-
trodes 21, the electrodes serving as a cathode (or an
anode) can be reduced in resistance as a whole. Iin ad-
dition, the thickness of the transparent conductive film
can be reduced.

[0060] Further, connection with the wiring or the elec-
trode on the lower layer is achieved using the auxiliary
electrodes 21. The auxiliary electrodes 21 may be sub-
jected to film formation or patterning before the EL layer
is formed. Through a sputtering method, an evaporation
method, or the like, the auxiliary electrodes 21 may be
formed of poly-Si doped with an impurity element im-
parting a conductivity type, an element selected from the
group consisting of W, WSi,, Al, Ti, Mo, Cu, Ta, Cr, and
Mo, a film mainly containing an alloy material or a com-

1331666A2_(_>

10

15

20

25

30

35

40

a5

50

55

12

pound material mainly containing the element, or a lam-
inate film thereof. Thus, if the transparent conductive
film is formed on the auxiliary electrodes 21 in contact
therewith which are brought into contact with the elec-
trode on the lower layer, the cathode can be led out.
Note that, FIG. 1C is a sectional! view taken along the
dashed line C-C' of FIG. 2. In FIG. 1C, electrodes con-
nected by the dotted line are electrically connected to
each other. Also, in the temminal portion, an electrode of
the terminal is formed of the same material as a cathode
10.

[0061] Also, a sealing substrate 30 is bonded thereto
using the sealing member 33 so as to maintain an inter-
val of about 10 um, so that all the light emitting elements
are sealed. Here, it is desirable to turn the sealing mem-
ber 33 into a shape like a frame with a small width so as
to partially overlap the driver circuit. Annealing is pref-
erably performed in the vacuum for degassing immedi-
ately before the sealing substrate 30 is bonded thereto
using the sealing member 33. Also, it is preferable to
bond the sealing substrate 30 thereto in an atmosphere
containing hydrogen and an inert gas (rare gas or nitro-
gen) and. to allow the space sealed by a protective film
32, the sealing member 33, and the sealing substrate
30 to contain hydrogen. Heat generated.when the light
emitting element emits a light is utilized, which makes it
possible to diffuse hydrogen from the space containing
it to thereby terminate defects in the organic compound
layer with hydrogen. By terminating the defects in the
organic compound layer with hydrogen; the light emit-
ting device can be increased in its reliability.

[0062] Further, in order to increase color purity, color
filters corresponding to the respective pixels are provid-
ed on the sealing substrate 30. Among the color filters,
a red colored layer 31b is provided opposite to the red
light emitting region (R), a green colored layer 31c is
provided opposite to the green light emitting region (G),
and a blue colored layer 31d is provided opposite to the
blue light emitting region (B). Further, regions otherthan
the light emitting regions are light-shielded with black
portions of the color filters, i.e., light-shielding portions
31a. Here, the light-shielding portions 31a are formed
of a metal film (containing chromium etc.) or an organic
film containing a black pigment.

[0063] In the present invention, provision of the color
filters makes a circular polarization plate unnecessary.
[0064] Also, FIG. 1B is a sectional view taken along
the dashed line B-B' of FIG. 2. Also in FIG. 1B, the in-
organic insulating films 14 cover both ends of portions
denoted by 11a to 11c and regions therebetween. In this
case, although an example in which an EL layer 17 emit-
ting a red light is used in common is shown, the present
invention is not particularly limited to the above. It may
be also possible to form the EL layer for each pixel emit-
ting the same color.

[0065] Also, in FIGs. 1A to 1C, the protective film 32
is formed so as to increase reliability of the light emitting
device, which is an insulating film mainly containing sil-
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icon nitride or siticon oxynitride and formed by the sput-
tering method. Also, in FIGs. 1A to 1C, the protective
film is preferably made as thin as possibie such that an
emitted light passes therethrough.

[0066] Further, the protective film 32 is formed after a
film containing hydrogen is formed in order to increase
reliability of the light emitting device. By forming the film
containing hydrogen prior to the formation of the protec-
tive film 32, the defects in the organic compound layers
17 to 19 are terminated. The film containing hydrogen
may be a thin film mainly containing carbon or a silicon
nitride film. As for a method of forming the film containing
hydrogen, the film is formed by a plasma CVD method
or a sputtering method within a range of temperature to
which the organic compound layer can be resistant, for
example, a range from room temperature to 100°C or
less. Note that, in FIGs. 1A to 1C, the film containing
hydrogen is assumed to partially constitute the protec-
tive film and thus is omitted in the figure. Also, the film
containing hydrogen may be used as a buffer layer for
relaxing a film stress of the protective film 32.

[0067] Neediess to say, the present invention is not
limited to the structure of FIG. 1C. An example of a struc-
ture partially different from the one of FIG. 1C is shown
in FIGs. 3A to 3D. Here, in FIGs. 3A to 3D, components
identical to those of FIGs. 1A to 1C are denoted by iden-
tica! symbols for simplicity.

[0068] FIG. 1C shows an example in which the elec-
trode formed of the same material as the cathode (trans-
parent electrode) is provided in the terminal portion.
However, FIG. 3A shows an example in which an elec-
trode formed of the same material as a gate electrode
of the TFT (a W film as an upper layer and a TaN film
as a lower layer) is used to achieve connection with an
FPC.

[0069] Also, FIG. 3B shows an example in which an
electrode 10 made of the same material as a pixel elec-
trode (anode) is used to achieve connection with the
FPC. In this example, the electrode 10 is formed on the
electrode made of the same material as the gate elec-
trode of the TFT (a W film as-an upper layer and a TaN
film as a lower layer) in contact therewith.

[0070] FIG. 3C shows an example in which an elec-
trode for achieving connection with the FPC is an elec-
trode formed of the same material as the cathode 20
(transparent electrode) formed on the electrode 10
made of the same material as the pixel electrode (an-
ode) formed on the lead wiring (wiring in which a TiN
film, an Alfilm, and a TiN film are laminated in the stated
order) of the TFT.

[0071] FIG. 3D shows an example in which an elec-
trode for achieving connection with the FPC is an elec-
trode made of the same material as the cathode 20
(transparent electrode) formed on the lead wiring (wiring
in which a TiN film, an Al film, and a TiN film are lami-
nated in the stated order) of the TFT.
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14
[Embodiment Mode 2]

[0072] Here,the film containing hydrogen andthe pro-
tective film will be described with reference to FiGs. 4A
and 4B.

[0073] FIG.4Ais a schematic diagram showing an ex-
ample of a laminate structure of the EL element. In FIG.
4A, reference numeral 200 denotes a cathode (or an an-
ode); 201, an EL layer; 202, an anode (or a cathode);
203, a DLC film containing hydrogen; and 204, a pro-
tective film. When the emitted light is caused to pass
through the anode 202, a conductive film having a light-
transmissive property (ITO, ZnO, etc.) is preferably
used as the anode 202. Also, as the cathode 200, amet-
al film (an alloy film of MgAg, Mgin, AlLi, etc. or a film
formed by coevaporation of aluminum and an element
belonging to Group 1 or 2 in the periodic table) or alam-
inate thereof is preferably used.

[0074] The protective film 204 may be made of an in-
sulating film mainly containing silicon nitride or silicon
oxynitride which is obtained by a sputtering method (DC
system or RF system). The silicon nitride film may be
obtained by using a silicon target through the formation
in an atmosphere containing nitrogen and argon. Aiso,
a silicon nitride target can be used. The protective film
204 may be also formed by a film formation apparatus
using a remote plasma. Further, when the emitted light
is caused to pass through the protective film, it is pref-
erable that the protective film is made as thin as possi-
ble.

[0075] The DLC film 203 containing hydrogen con-
tains carbon and hydrogen with the contents of 70 to 95
atoms% and 5 to 30 atoms%, respectively and thus is
extremely hard and superior in an insulating property.
The DLC film containing hydrogen may be formed by a
plasma CVD method (typically, RF plasma CVD meth-
od, microwave CVD method, electron cyclotron reso-
nance (ECR) CVD method, or the like), a sputtering
method, or the like.

[0076] As a method of forming the DLC film 203 con-
taining hydrogen, the film is formed within a range of
temperature to which the organic compound layer can
be resistant, for example, a range from room tempera-
ture to 100°C or less.

[0077] As a reaction gas used for the film formation
when the plasma is generated, a hydrogen gas and a
hydrocarbon-based gas (e.g., CH,4, CoH,, C6H6, or the
like) may be used.

[0078] Heat treatment is performed within a range of
temperature to which the organic compound layer can
be resistant and heat generated when the light emitting
element emits the light is utilized, so that hydrogen can
be diffused from the DLC film containing hydrogen to
terminate defects in the organic compound layer with
hydrogen (termination). By terminating the defects inthe
organic compound layer with hydrogen, the light emit-
ting device can be increased in its reliability. Also, when
the DLC film containing hydrogen is formed, hydrogen
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turned into a plasma can be used to terminate-defects
in the organic compound layer with hydrogen. In addi-
tion, the protective film formed so as to cover the DLC
film containing hydrogen functions to block hydrogen
diffused toward the protective fitm side and to efficiently
diffuse hydrogen into the organic compound layer to
thereby terminate defects in the organic compound lay-
er with hydrogen as well. Note that, the DLC film con-
taining hydrogen can serve as the protective film for the
light emitting element.

[0079] Further, the DLC film containing hydrogen can
also serve as a buffer layer. When the silicon nitride film
is formed in contact with the film made of the transparent
conductive film by a sputtering method, there is a pos-
sibility that impurities (Iin, Sn, Zn, etc.) contained in the
transparent conductive film are mixed into the silicon ni-
tride film. However, by forming the DLC film containing
hydrogen as a buffer layer therebetween, it is also pos-
sible to prevent mixture of the impurities into the silicon
nitride film. According to the above structure, the buffer
layer is formed, so that the impurities (in, Sn, etc.) can
be prevented from mixing therein from the transparent
conductive film and a superior protective film having no
impurities can be formed.

[0080] With such a structure, it is possible to improve
reliability as well as to protect the light emitting element.
[0081] Also, FIG. 4B is a schematic diagram showing
another example of the laminate structure of the EL el-
ement. In FIG. 4B, reference numeral 300 denotes a
cathode (or an anode); 301, an EL layer; 302, an anode
(or a cathode); 303, a silicon nitride film containing hy-
drogen; and 304, a protective fiim. When the emitted
light is caused to pass through the anode 302, it is pref-
erable to form the anode 302 using a conductive mate-
rial having a light-transmissive property, an extremely
thin metal film (MgAg), or a laminate thereof.

[0082] Also, when the emitted light is caused to pass
through the anode 302, as the anode 302, a conductive
film (ITO, ZnO, etc.) having a light-transmissive property
is preferably used. Further, as the cathode 300, a metal
film (an alloy film of MgAg, Mgin, AlLi, etc. or a film
formed by coevaporation of aluminum and an element
belonging to Group 1 or 2 in the periodic table) or a lam-
inate thereof is preferably used.

[0083] The proteciive film 304 may be made of an in-
sulating film mainly containing silicon nitride or silicon
oxynitride which is obtained by a sputtering method (DC
system or RF system). The silicon nitride film may be
obtained by using a silicon target through the formation
in an atmosphere containing nitrogen and argon. Also,
a silicon nitride target can be used. The protective film
304 may be also formed by a film formation apparatus
using a remote plasma. Further, when the emitted light
is'’caused to pass through the protective fiim, it is pref-
erable that the protective film is made as thin as possi-
ble. ’
[0084] The silicon nitride film 303 containing hydro-
gen may be formed by a plasma CVD method (typically,
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RF plasma CVD method, microwave CVD method, eiec-
tron cyclotron resonance (ECR) CVD method, or the
like), an RF sputtering method, a DC sputtering method,
or the like.

[0085] As a method of forming the silicon nitride film
303 containing hydrogen, the film is formed within a
range of temperature to which the organic compound
layer can be resistant, for exampie, a range from room
temperature to 100°C or less.

[0086] When the plasma CVD method is used as the
forming method for the silicon nitride film 303 containing
hydrogen, as a reaction gas, a gas containing nitrogen
(nitrogen oxide-based gas represented by N, and
NH3NO, or the like) and a hydrogen silicide-based gas
(e.g., silane (SiH,), disilane, trisilane, etc.) may be used.
[0087] When the sputtering method is used as the
forming method for the silicon nitride film 303 containing
hydrogen, a silicon nitride film containing hydrogen may
be obtained by using a silicon target through the forma-
tion in an atmosphere containing hydrogen, nitrogen,
and argon. Also, a silicon nitride target may be used."
[0088] Heat treatment is performed within a range of
temperature to which the organic compound layer can
be resistant and heat generated when the light emitting
element emits the light is utilized, so that hydrogen can
be diffused from the silicon nitride film containing hydro-
gen to terminate defects in the organic compound layer
with hydrogen (termination). By terminating the defects
in the organic compound layer with hydrogen, the light
emitting device is increased in its reliability. Also, when
the silicon nitride film containing hydrogenis formed, hy-
drogen tumed into a plasma can be used to terminate
the defects in the organic compound layer with hydro-
gen. in addition, the protective film formed so as to cover
the silicon nitride film containing hydrogen functions to
block hydrogen diffused toward the protective film side
and to efficiently diffuse hydrogen into the organic com-
pound layer to thereby terminate defects in the organic
compound layer with hydrogen as well. Note that, the
silicon nitride film containing hydrogen can also serve
as the protective film for the light emitting element.
[0083] Further, the silicon nitride film containing hy-
drogen can serve as a buffer layer as well. When the
silicon nitride film is formed in contact with the fitm made
of the transparent conductive film by a sputtering meth-
od, there is a possibility that impurities (in, Sn, Zn, etc.)
contained in the transparent conductive film are mixed
into the silicon nitride film. However, by forming the sil-
icon nitride film containing hydrogen as a buffer layer
therebetween, it is also possible to prevent mixture of
the -impurities into the silicon nitride film. According to
the above structure, the buffer layer is formed, so that
the impurities (In, Sn, etc.) can be prevented from mixing
therein from the transparent conductive film and a su-
perior protective film having no impurities can be
formed.

[0090] With such a structure, it is possible to improve
reliability as well as to protect the light emitting element.
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[0091] Aiso, FiGs. 4A and 4B show an example in
which the film coniaining hydrogen is provided as a sin-
gle layer, but the “irn may be a laminate consisting of
the silicon nitride { i7a containing hydrogen and the DLC
film containing hydrogen or a laminate thereof having
three or more layers.

[0092] Further, this embodiment mode can be applied
not only to an active matrix display device but also to a
passive display device. '
[0093] Also, this embodiment mode can be freely
combined with Embodiment Mode 1.

[Embodiment Mode 3]

[0094] Here, FIGs. 6A to 6C show an example of a
structure partially different from FIGs. 1A to 1C. In this
example, among a number of pixels arranged regularly
in the pixel portion, pixels in a 3 x 3 matrix are used by
way of example and the present invention will be de-
scribed below. Note that, in a sectional structure, TFTs
of FIGs. 6A to 6C are substantially the same as those
of FIGs. 1A to 1C and thus components identical to
those of FIGs. 1A to 1C are denoted by identical refer-
ence numerals for simplicity.

[0095] FIG. BA is a sectional view taken along the al-
ternate long and short dash line A-A' of FIG. 5A. A light
emitting region 50R indicates a red light emitting region;
a light emitting region 50G, a green light emitting region;
and a light emitting region 50B, a blue light emitting re-
gion. These light emitting regions of three colors realize
a light emitting display device capable of full color dis-
play.

[0096] As shown in FIG. 6A, this embodiment mode
employs an example in which patterning is performed
using the same mask. Thus, an auxiliary electrode 621
and an organic insulator 624 have substantially the
same shape as viewed from the above. In this case, as
shown in FIG. 6C, the auxiliary electrode 621 is electri-
cally connected to the wiring made of the same material
as a source wiring through the cathode 20.

[0097] Also, the pixel electrode 612 (612a to 612c) is
formed on the interlayer insulating film 15 and contact
holes of the TFTs are formed after the pixel electrode
612 is formed, through which electrodes 607 and 608
subsequently formed electrically connect the pixel elec-
trode 612 and the TFTs. The inorganic insulating fitms
14 cover both ends of the pixel electrodes and portions
therebetween. Also, similarly to FIGs. 1A to 1C, the or-
ganic compound layer is formed so as to partially cover
the organic insulator 624.

[0098] FIG. 5Bis atop view showing a pixel electrode
immediately after its formation, which corresponds to
FIG. 5A. In FIGs. 5A and 5B, the organic compound lay-
er is provided for each pixel column (Y direction). The
organic insulator 624 in a strip shape is provided be-
tween the organic compound layers differing from each
other in color of the emitted light in a strip shape. Also,
in FIG. 5A, the organic insulator 624 and the auxiliary
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electrode 621 are provided for each pixel column (Y di-
rection).

[0089] FIG. 7A is a top view corresponding to FiGs.
5A to 6C. In FIG. 7A, the connection portion in the left-
hand portion is partially shown in the right-hand portion
in section, which corresponds to the portion shown in
FIG. 6C. Further, when the auxiliary electrode 621 and
the organic insulator of FIG. 7A are subjected to pattern-
ing, a metal mask shown in FIG. 8BA as an example is
used therefor.

[0100] Also, when the film thickness in total of the or-
ganic insulator and the auxiliary electrode is relatively
large, steps are increased, so that there is a possibility
that the transparent conductive film is difficult to use for
electrical connection. In particular, in the case where the
transparent conductive film is made thin, a line defect
may occur due to a poor coverage. Therefore, in order
to further ensure connection between the auxiliary elec-
trode 621 and the electrode on the lower layer, as shown
in FIG. 7B, the number of masks may be increased to
form electrodes denoted by 622. Also, the metal mask
may be used to form the electrodes 622 by an evapora-
tion method.

[0101] In addition, as shown in FIG. 7C, a wiring 623
made of the same material as the source wiring is
formed in advance so as to surround the pixel portion.
Following this, second auxiliary electrodes 624 may be
formed so as to intersect the auxiliary electrodes 621 at
right angles. With this arrangement, each second aux-
itiary wiring 624 can be provided so as to directly contact
the wiring 623 as well as the auxiliary electrode 621.
Here, the auxiliary electrode 621 and the second auxil-
iary electrode 624 are designed such that a portion ther-
ebetween serves as the light emitting region as appro-
priate. Also, when the second auxiliary electrode 624 of
FIG. 7A is subjected to patteming, a metal mask shown
in FIG. 8B as an example is used therefor.

[0102] Further, FIG. 7C shows an example in which
patterning is performed twice to form the first auxiliary
electrode 621 and the second auxiliary electrode 624.
However, the auxiliary electrodes may be formed in a
lattice shape using the metal mask shown in FiG. 8C.
As shown in a right-hand portion of FIG. 8C, openings
are divided alongthethin line. Atthetime of evaporation,
there is a wrap-around portion, which partially makes a
film thin, but the auxiliary electrodes can be formed in a
lattice shape.

[0103] Also, this embodiment mode can be freely
combined with Embodiment Mode 1 or 2.

[Embodiment Mode 4]

[0104] Here, an example of a structure partially differ-
ent from FiGs. 1A to 1C is shown in FIGs. 9A to 9C. In
this example, among a number of pixels arranged reg-
ularly in the pixel portion, pixels in a 3 x 3 matrix are
used by way of example and the present invention will
be described below. Note that, in a sectional structure,
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the structure is substantially the same as those of FIGs.
1A to 1C except that the organic insulator 24 is not pro-
vided and an organic compound layer 60 made of a pol-
ymer is provided on the entire surface. Thus, in FIGs.
9A to 9C, components identical to those of FIGs. 1A to
1C are denoted by identical reference numerals for sim-
plicity. Also, FIG. 9A is a sectional view taken along the
dashed line A-A' of FIG. 2.

[0105] Instead of providing in the structure of FIGs.
9A to 9C the organic insulator 24 shown in FIGs. 1A to
1C, the inorganic insulating films 14 and auxiliary elec-
trodes 721 serve to maintain the intervals among the
organic compounds 17, 18, and 19.

[0106] Also, the organic compound layer 60 made of
a polymer (typically, poly(ethylene dioxythiophene)/poly
(styrene sulfonate) aqueous soiution (hereinafter, re-
ferred to as "PEDOT/PSS") which serves as a hole in-
jection layer for reference's sake) is formed by a coating
method such as a spin coating method or a spray meth-
od and thus is formed on the entire surface. Also, the
organic compound layer 60 made of a polymer has con-
ductivity, through which electrical connection between
the cathode 20 and the auxiliary electrode 721 is
achieved. By providing the auxiliary electrode 721, the
cathode (or the anode) can be decreased in resistance
inits entirety. In addition, the transparent conductive fiim
can be made thin. Further, the auxiliary electrode 721 is
used to achieve connection with the wiring or electrode
in the lower layer. The auxiliary electrode 721 may be
subjected to film formation or patterning before the EL
layer is formed. If the transparent conductive film is
formed on the auxiliary electrode 721 brought into con-
tact with the electrode in the lower layer, the cathode
can be led out. Note that, FIG. 9C is a sectional view
taken along the dashed line C-C' of FIG. 2. Further, in
FIG. 9C, electrodes connected by the dotted line are
electrically connected to each other. In the temminal por-
tion, the electrode of the terminal is formed of the same
material as the cathode 20.

[0107] Further, FIG. 9B is a sectional view taken along
the dashed line B-B' of FIG. 2. Also in FIG. 9B, the in-

_organic insulating films 14 cover both ends of portions

denoted by t1ato 11c and regions therebetween. In this
case, although an example in which an EL layer 17 emit-
ting a red light is used in common is shown, the present
invention is not particularly limited to the above. it may
be also possible to formthe EL layer for each pixel emit-
ting the same color.

[0108] Further, this embodiment mode can be freely
combined with one of Embodiment Mode 1 to Embodi-
ment Mode 3.

[Embodiment Mode 5]
[0109] Here, an example of a structure partially differ-
ent from FIGs. 1A to 1C is shown in FIGs. 10A to 10C.

Inthis example, among a number of pixels arranged reg-
ularly in the pixel portion, pixels in a 3 x 3 matrix are
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used by way of example and the present invention will
be described below. Note that, in a sectional structure,
the structure is substantially the same as those of FIGs.
1A to 1C except that auxiliary wirings 821 are provided
on the cathode 20. Thus, in FIGs. 10A to 10C, compo-
nents identical to those of FIGs. 1A ta 1C are denoted
by identical reference numerals for simplicity. Also, FIG.
10A s a sectional view taken along the dashed line A-A'
of FIG. 2.

[0110] Also, the auxiliary electrodes 821 are formed
on the cathode and thus is formed by an evaporation
method using the metal mask. In this case, an example
in which the auxiliary electrode 821 is formed in a lattice
shape. By providing the auxiliary electrode 821, the
cathode (or the anode) can be decreased in resistance
in its entirety. In addition, the transparent conductive film
can be made thin. Further, the auxiliary electrode 821 is
used to achieve connection with the wiring or electrode
in the lower layer. If the transparent conductive film is
formed on the auxiliary electrode 821 brought into con-
tact with the electrode in the lower layer, the cathode
can be led out. Note that, FIG. 10C is a sectional view
taken along the dashed line C-C' of FIG. 2. Further, in
FIG. 10C, electrodes connected by the dotted line are
electrically connected to each other. In the terminal por-
tion, the electrode of the terminal is formed of the same
material as the cathode 20.

[0111]} Further, this embodiment mode can be freely
combined with one of Embodiment Mode 1 to Embodi-
ment Mode 4.

[0112] The present invention thus structured will be
further described using the following embodiments in
detail.

[Embodiment 1]

[0113] In this embodiment, the active matrix type light
emitting device formed on the insulating surface is de-
scribed. As an active element, a thin film transistor is
used (hereinafter referredto as TFT) here, a MOS tran-
sistor may also be used.

[0114] A top gate TFT (specifically a planar TFT) is
shown as an exampie, a bottom gate TFT (typically in-
verse staggered TFT) may also be used.

[0115] In this embodiment, a glass substrate is used,
which is made of barium borosilicate glass or aiumi-
noborosilicate glass, a quartz substrate, a silicon sub-
strate, a metal substrate, or stainless substrate forming
an insulating film on the surface may be used as a sub-
strate. A plastic substrate having heat resistance endur-
ing a treatment temperature of this embodiment also
may be used, and further a flexibie substrate may be
used.

[0116] Next, a silicon oxynitride film is formed as a
lower layer of a base insulating fitm on a heat-resistant
glass substrate with a thickness of 0.7 mm by plasma
CVD at a temperature of 400°C using SiH,, NH3, and
N,O as material gas (the composition ratio: Si = 32%,
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O =27%, N =24%, H = 17%). The silicon oxynitride film
has a thickness of 50 nm (preferably 10 to 200 nm). The
surface of the film is washed with ozone water and then
an oxide fitm on the surface is removed by diluted fluoric
acid (diluted down to 1/100). Next, a silicon oxynitride
film is formed as an upper layer of the base insulating
film by ptasma CVD at a temperature of 400°C using
SiH, and N,O as material gas (the composition ratio: Si
= 32%, O =59%, N =7%, H=2%). The silicon oxynitride
film has a thickness of 100 nm (preferably 50 to 200 nm)
and is laid on the lower layer to form a laminate. Without
exposing the laminate to the air, a semiconductor film
having an amorphous structure (here, an amorphous sil-
icon film) is formed on the laminate by plasma CVD at
atemperature of 300°C using SiH, as material gas. The
semiconductor film (an amorphous silicon film is used
here) is 54 nm (preferably 25 to 200 nm) in thickness.
[0117] A base insulating film in this embodiment has
a two-layer structure. However, the base insulating film
may be a single layer or more than two layers of insu-
lating films mainly containing silicon. The material of the
semiconductor film is not limited but it is preferable to
form the semiconductor film from silicon or a silicon ger-
manium alloy (SiyGe4_x (X=0.0001 to 0.02)) by aknown
method (sputtering, LPCVD, plasma CVD, or the like).
Plasma CVD apparatus used may be one that process-
es wafer by wafer or one that processes in batch. The
base insulating film and the semiconductor fitm may be
formed in succession in the same chamber to avoid con-
tact with the air.

[0118] The surface of the semiconductor film having
an amormphous structure is washed and then a very thin
oxide film, about 2 nm in thickness, is formed on the sur-
face using ozone water. Next, the semiconductor film is
doped with a minute amount of impurity element (boron
or phosphorus) in order to control the threshold of the
TFTs. Here, the amorphous silicon film is doped with bo-
ron by ion doping in which diborane (B;Hg) is excited by
plasma without mass separation. The doping conditions
include settingthe acceleration voltage to 15 kV, the flow
rate of gas obtained by diluting diborane to 1% with hy-
drogen to 30 sccm, and the dose to 2 x 1012 atoms/cm?2.
[0119] Next, a nickel acetate solution containing 10
ppm of nickel by weight is applied by a spinner. Instead
of application, nickel may be sprayed onto the entire sur-
face by sputtering.

[0120] The semiconductor film is subjected to heat
treatment to crystallize it and obtain a semiconductor
film having a crystal structure. The heat treatment is
achieved in an electric furnace or by irradiation of in-
tense light. When heat treatment in an electric furnace
is employed, the temperature is set to 500 to 650°C and
the treatment lasts for 4 to 24 hours. Here, a silicon film
having a crystal structure is obtained by heat treatment
for crystallization (at 550°C for 4 hours) after heat treat-
ment for dehydrogenation (at 500°C for an hour). Al-
though the semiconductor film is crystallized here by
heat treatment using an electric furnace, it may be crys-
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tallized by a lamp annealing apparatus capable of
achieving crystallization in a shqrt time.

[0121] After an oxide film on the surface of the silicon
film having a crystal structure is removed by diluted fluo-
ric acid or the like, a continuous wave solid-state laser
and the second to fourth harmonic of the fundamental
wave are employed in order to obtain crystals of large
grain size when crystallizing an amorphous semicon-
ductor film. Since the laser light irradiation is conducted
in the air or in an oxygen atmosphere; an oxide film is
formed on the surface as a result. Typically, the second
harmonic (532 nm) or third harmonic (355 nm) of a Nd:
YVO, laser (fundamental wave: 1064 nm) is employed.
When using a continuous wave laser, laser light emitted
from a 10 W power continuous wave YVQ, laser is con-
verted into harmonic by a non-linear optical element. Al-
ternatively, the harmonic is obtained by putting a YVO,
crystal and a non-linear optical element in a resonator.
The hammonic is preferably shaped into oblong or ellip-
tical laser light on an irradiation surface by an optical
system and then irradiates an irradiation object. The en-
ergy density required at this point is about 0.0T to 100
MW /cm2 (preferably 0.1 to 10 MW /cm?2). During the
irradiation, the semiconductor film is moved relative to
the laser light at a rate of 10 to 2000 cm/s.

[0122] Of course, although a TFT can be formed by
using the silicon film having a crystallizing structure be-
fore the second harmonics of the continuous wave
YVO, laser is irradiated thereon, it is preferable that the
silicon film having a crystalline structure after the laser
light is irradiated thereon is used to form the TFT since
the silicon film irradiated the laser light thereon has an
improved crystallinity and electric characteristics of TFT
are improved. For instance, although, when TFT is
formed by using the silicon film having a crystalline
structure before the laser light is irradiated thereon, a
mobility is almost 300 cm?/Vs, when TFT is formed by
using the silicon film having a crystalline structure after
the laser light is irradiated thereon, the mobility is ex-
tremely improved with about 500 to 600 cm?2/Vs.
[0123] After the crystallization is conducted using
nickel as a metal element that promotes crystallization
of silicon, the second harmonic of the continuous wave
YVOQ, laser is irradiated thereon though, not limited
thereof, after the silicon film is formed having an amor-
phous structure and the heat treatment is performed for
dehydrogenation, and the silicon film having a crystal-
line structure may be obtained by the second hammonics
of the continuous wave YVO, laser may be irradiated.
[0124] The puise wave laser may be used for as a
substitute of the continuous wave laser. In the case that
the excimer laser of the pulse wave is used, it is prefer-
able that the frequency is set to 300 Hz, and the laser
density is set from 100 to 1000 mJ/cm2 (typically 200 to
800 mJ/cm?2). Here, the laser light may be overlapped
50 to 98 %.

[0125] In addition to the oxide film formed by laser
light irradiation, the surface is treated with ozone water

IPR2020-01275
Apple EX1002 Page 600



BNSDOCID: <EP,

23

for 120 seconds to form as a barrier tayer an oxide film
having a thickness of 1 to 5 nm in total. The barrier layer
here is formed using ozone water but it may be formed
by oxidizing the surface of the semiconductor film hav-
ing a crystal structure through ultraviolet irradiation in
an oxygen atmosphere, or formed by oxidizing the sur-
face of the semiconductor film having a crystal structure
through oxygen plasma treatment, or by using plasma
CVD, sputtering or evaporation to form an about 1 to 10
nm thick oxide film. The oxide film formed by the laser
light irradiation may be removed before the barrier layer
is formed.

[0126] Next, an amorphous silicon film containing ar-
gon is formed on the barrier layer by ptasma CVD or
sputtering to serve as a gettering site. The thickness of
the amorphous silicon film is 50 to 400 nm, here 150
nm. The amorphous silicon film is formed in an argon
atmosphere with the film formation pressure to 0.3 Pa
by sputtering using the silicon target.

[0127] Thereafter, heat treatment is conducted in an
electric furnace at 650°C for 3 minutes for gettering to
reduce the nickel concentration in the semiconductor
film having a crystal structure. Lamp annealing appara-
tus may be used instead of an electric furnace.

[0128] Using the barrier layer as an etching stopper,
the .gettering site, namely, the amorphous silicon film
containing argon, is selectively removed. Then, the bar-
rier layer is selectively removed by diluted fluoric acid.
Nickel tends to move toward a region having high oxy-
gen concentration during gettering, and therefore it is
desirable to remove the barrier layerthat is an oxide film
after gettering.

[0129] Next, a thin oxide film is formed on the surface
of the obtained silicon film containing a crystal structure
(also referred to as a polysilicon fitlm) using ozone water.
A resist mask is then formed and the silicon film is
etched to form island-like semiconductor layers sepa-

rated from one another and having desired shapes. Af- -

ter the semiconductor layers are formed, the resist mask
is removed.

f0130] The oxide film is removed by an etchant con-
taining fluoric acid, and at the same time, the surface of
the silicon filmis washed. Then, an insulating film mainiy
containing silicon is formed to serve as a gate insulating
film. The gate insulating film here is a silicon oxynitride
film (composition ratio: Si = 32%, O = 59%, N = 7%, H
= 2%) formed by plasma CVD to have a thickness of 115
nm.

[0131] Next, a laminate of a first conductive film with
a thickness of 20 to 100 nm and a second conductive
film with a thickness of 100 to 400 nm is formed on the
gate insulating film. {n this embodiment, a tantaium ni-
tride film with a thickness of 50 nm is formed on the gate
insulating film and then a tungsten film with a thickness
of 370 nm is laid thereon. The conductive films are pat-
terned by the procedure shown below to form gate elec-
trodes and wirings.

[0132] The conductive materials of the first conduc-
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tive film and second conductive film are elements se-
lected from the group consisting of Ta, W, Ti, Mo, Al, and
Cu, or alloys or compounds mainly containing the above
elements. The first conductive film and the second con-
ductive film may be semiconductor films, typically poly-
crystalline silicon films, doped with phosphorus or other
impurity elements or may be Ag-Pd-Cu alloy films. The
present invention is not limited to a two-layer structure
conductive film. For example, a three-layer structure
consisting of a 50 nm thick tungsten film, 500 nm thick
aluminum-silicon alloy (Al-Si) film, and 30 nm thick tita-
nium nitride film layered in this order may be employed.
When the three-layer structure is employed, tungsten of
the first conductive film may be replaced by tungsten
nitride, the aluminum-silicon alloy (Al-Si) film of the sec-
ond conductive film may be repiaced by ah aluminum-
titanium alloy (Al-Ti) film, and the titanium nitride film of
the third conductive film may be replaced by a titanium
film. Alternatively, a single-layer conductive film may be
used.

[0133] ICP (Inductively Coupled Plasma) etching is
preferred for etching of the first conductive film and sec-
ond conductive film (first etching treatment and second
etching treatment). By using ICP etching and adjusting
etching conditions (the amount of electric power applied
to a coiled electrode, the amount of electric power ap-
plied to a substrate side electrode, the temperature of
the substrate side electrode, and the like), the films can
be etched and tapered as desired. The first etching
treatment is conducted after a resist mask is formed.
The first etching conditions include applying an RF
(13.56 MHz) power of 700 W to a coiled electrode at a
pressure of 1 Pa, employing CF,4, Cl,, and O, as etching
gas, and setting the gas flow rate ratio thereof to 25/ 25/
10 (sccm). The substrate side (sample-stage) also re-
ceives an RF power of 150 W (13.56 MHZz) to apply a
substantially negative self-bias voltage. The area (size)
of the substrate side electrode is 12.5cm x 12.5cm and
the coiled electrode is a disc 25 cm in diameter (here, a
quartz disc on which the coil is provided). The W film is
etched under these first etching conditions to taper it
around the edges. Thereafter, the first etching condi-
tions are switched to the second etching conditions with-
out removing the resist mask. The second etching con-
ditions include using CF, and Cl, as etching gas, setting
the gas flow rate ratio thereof to 30 / 30 (sccm), and
giving an RF (13.56 MHz) power of 500 W to a coiled
electrode at a pressure of 1 Pa to generate piasma for
etching for about 30 seconds. The substrate side (sam-
ple stage) also receives an RF power of 20 W (13.56
MHz) to apply a substantially negative self-bias voltage.

Under the second etching conditions where a mixture of - -

CF,4 and Cl, is used, the W film and the TaN film are
etchedto almostthe same degree. The first etchingcon-
ditions and the second etching conditions constitute the
first etching treatment.

[0134] Nextfollowsthe second etching treatment with
the resist mask kept in place. The third etching condi-
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tions include using CF4 and Cl, as etching gas, setting
the gas flow rate ratio thereof to 30/30 (sccm), and giving
an RF (13.56 MHz) power of 500 W to a coiled electrode
at a pressure of 1 Pa to generate plasma for etching for
60 seconds. The substrate side (sample stage) also re-
ceives an RF power of 20 W (13.56 MHz) to apply a
substantially negative self-bias voltage. Then, the third
etching conditions are switched to the fourth etching
conditions without removing the resist mask. The fourth
etching conditions include using CF,, Cl,, and O, as
etching gas, setting the gas flow rate ratio thereof to 20
/20 / 20 (sccm), and giving an RF (13.56 MHz) power
of 500 W to a coiled electrode at a pressure of 1 Pa to
generate plasma for etching for about 20 seconds. The
substrate side (sample stage) also receives an RF pow-
erof 20 W (13.56 MHz) to apply a substantially negative
self-bias voltage. The third etching conditions and the
fourth etching conditions constitute the second etching
treatment. At this stage, gate electrode and wirings hav-
ing the first conductive layer as the lower layer and the
second conductive layer as the upper layer are formed.
[0135] Next, the resist mask is removed for the first
doping treatment to dope with the entire surface using
the gate electrodes as masks. The first doping treatment
employs ion doping orion implantation. Here, ion doping
conditions are that the dose is set to 1.5 x 1014 atoms/
emZ2, and the acceleration voltage is set from 60 to 100
keV. As an impurity elements that imparts the n-type
conductivity, phosphorus (P) or arsenic (As) is typically
used. The first impurity regions (n— region) are formed
in a self-aligning manner.

[0136] Masksformed from resist are newly formed. At
this moment, since the off current value of the switching
TFT is lowered, the masks are formed to overiap the
channelformation region of a semiconductor layer form-
ing the switching TFT of the pixei portion, and a portion
thereof. The masks are formed to protect the channel
formation region of the semiconductor layer forming the
p-channel TFT of the driver circuit and the periphery
thereof. in addition, the masks are formed to overiap the
channel formation region of the semiconductor layer

_forming the current control TFT of the pixel portion and

RNSDOCD <FP

the periphery thereof.

f0137] An impurity region (n- region) that overlaps
with a portion of the gate electrode is formed by con-
ducting selectively the second doping treatment using
the masks from the resist. The second doping treatment
is employs ion doping orion implantation. Here, ion dop-

ing is used, the flow rate of gas obtained by diluting--

phosphine (PHj3) with hydrogento 5 % is set to 30 sccm,
the dose is setto 1.5 X 10%4 atoms/cm?2, and the accel-
eration voltage is set to 90 keV. In this case the masks
made from resist and the second conductive layer serve
as masks against the impurity element that imparts the
n-type conductivity and second impurity regions are
formed. The second impurity regions are doped with the
impurity element that imparts the n-type conductivity in
a concentration range of 1 X 106 to 1 X 1017 atoms/
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cm3. Here, the same concentration range as the second
impurity region is referred to as a n- region.

[0138] Third doping treatment is conducted without
removing the resist masks. The third doping treatment
employs ion doping or ion implantation. As impurity el-
ements imparts n-type conductivity, phosphorus (P) or
arsenic (As) are used typically. Here, ion doping is used,
the flow rate of gas obtained by diluting phosphine (PH3)
with hydrogen to 5 % is set to 40 sccm, the dose is set
to 2 X 1075 atoms/cm?2, and the acceleration voltage is
set to 80 keV. In this case the masks made from resist
and the second conductive layer serve as masks
against the impurity element thdtimparts the n-type con-
ductivity and third impurity regions are formed. The third
impurity regions are doped with the impurity element
that imparts the n-type conductivity in a concentration
range of 1 X 102010 1 x 1021 atoms/cm?3. Here, the same
concentration range as the third impurity region is re-
ferred to as a n* region. .

[0139] After removing the resist mask and the new re-
sist mask is formed, the fourth doping treatment is con-
ducted. The fourth impurity regions and the fifth impurity
regions are formed in which impurity elements imparts
p-type conductivity are added to the semiconductor lay-
er forming the p-channel TFT by the fourth doping treat-
ment.

[0140] The concentration of the impurity element that
imparts the p-type conductivity is set from 1 x 1020 to 1
x 1021 atoms/cm3 to add to the fourth impurity regions.
The fourth impurity regions being region (n~ region) are
already doped with phosphorus (P) in the previous step
but are doped with the impurity element that imparts the
p-type conductivity in a concentration 1.5 to 3 times the
phosphorus concentration to obtain the p-type conduc-
tivity. Here, a region having the same concentration
range as the fourth impurity regions is also calied a p*
region.

[0141] The fifth impurity regions are formed in the re-
gion overlaps with the taper portion of the second con-
ductive layer. The impurity elements imparts p-type con-
ductivity is added thereto at the concentration range
from 1 x 1078 to 1 x 1020 atoms/cm3. Here, the region
having the same concentration range as the fifth impu-
rity regions is also referred to as p” region.

[0142] Through the above steps, an impurity region
having the n-type or p-type conductivity is formed in
each semiconductor layer. The conductive layers be-
come the gate electrode of TFT.

- [0143] An insulating film is formed to cover aimost the
entire surface (not shown). In this embodiment, the sil-
icon oxide film having 50 nm in thickness is formed by
plasma CVD method. Of course, the insulating fiim is
not limited to a silicon oxide film and a single layer or
laminate of other insulating films containing silicon may
be used.

[0144] The next step is activation treatment of the im-
purity elements used to dope the semiconductor layers.
The activation step employs rapid thermal annealing
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(RTA) using a lamp light source, irradiation of a laser,
heat treatment using a furnace, or a combination of
these methods.

[0145] Inthe example shown in this embodiment, the
interlayer insulating film is formed after the above-de-
scribed activation. However, the insulating film may be
formed before the activation. ’
[0146] The first interlayer insulating film made from a
silicon nitride film is formed. Then, the semiconductor
layers are subjected to heat treatment (at 300 to 550°C
for 1 to 12 hours) to hydrogenate the semiconductorlay-
ers. This step is for terminating dangling bonds in the
semiconductor layers using hydrogen contained in the
first interlayer insulating film. The semiconductor layers
are hydrogenated irrespective of the presence of the in-
terlayer insulating film that is a silicon oxide film. Other
hydrogenation methods employable include plasma hy-
drogenation (using hydrogen excited by plasma).
[0147] Next, a second interlayer insulating film is
formed on the first interlayer insulating fitm from an or-
ganic insulating material. In this embodiment, an acrylic
resin film is formed to have a thickness of 1.6 um by
application method.

[0148] Formed next are contact holes reaching the
conductive layers that serve as the gate electrodes or
gate wirings and contact holes reaching the impurity re-
gions. In this embodiment, etching treatment is conduct-
ed several times in succession. Also, in this embodi-
ment, the first interlayer insulating film is used as an
etching stopper to etch the second interlayer insulating
film, and then the first interlayer insulating film is etched.
[0149] Thereafter, electrodes, specifically, a source
wiring, a power supply line, a lead-out electrode, a con-
nection electrode, etc. are formed from Al, Ti, Mo, or W.
Here, the electrodes and wirings are obtained by pat-
terning a laminate of a Ti film (100 nm in thickness), an
Al film containing silicon (350 nm in thickness), and an-
other Ti film (50 nm in thickness). The source electrode,

-source wiring, connection electrode, lead-out electrode,

power supply line, and the like are thus formed as need-
ed. Alead-out electrode forthe contact with a gate wiring
covered with an interlayer insulating film is provided at
an end of the gate wiring, and other wirings also have
attheir ends input/output terminal portions having a plu-
rality of electrodes for connecting to external circuits and
external power supplies. A driving circuit having a
CMOS circuit in which an n-channel TFT and a p-chan-
nel TFT are combined complementarily and a pixel por-
tion with a plurality of pixels each having an n-channel
TFT or a p-channel TFT are formed in the manner de-
scribed above.

[0150] Next, the third interlayer insulating film made
of inorganic insulating material is formed on the second
interlayer insulating film. In this embodiment, the silicon
nitride film with a thickness of 200 nm is formed by sput-
tering.

[0151] Next, a contact hole that reaches the connec-
tion electrode that contacts with the drain region of the
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current control TFT by p-channel type TFT is formed.
Next, the pixel electrode is formed with connecting and
overlapping the TFT connection electrode. in this em-
bodiment, the materials with a large work function, con-
cretely platinum (Pt), chrome (Cr), tungsten (W), nickel
(Ni), because the pixel electrode is made to function as
an anode of an organic light emitting element.

f0152] Next, inorganic insulators are formed at both
ends to cover the edge of the pixe! electrode. Inorganic
insulators with covering the edge of pixel electrode are
made with the insulating film containing silicon by sput-
tering and then performed patterning. Instead of insula-
fors, a bank composed of organic materials may be
formed.

[0153] Next, a supporting electrode is formed on the
inorganic insulators as shown in Embodiment Mode 1.
[0154] Next, EL layer and acathode of an organic light
emitting element are formed on the pixel electrode of
which both edges are covered by inorganic insulators.
inc jet method, evaporation method, spin coating meth-
od and the like may be used for forming the EL layer.
[0155] AR EL layer (a layer for light emission and for
moving, of carriers to cause light emission) has a light
emitting layer and a free combination of electric charge
transporting layers and electric charge injection layers.
For example, a low molecular weight organic EL mate-
rial or a high molecular weight organic EL material is
used to form an EL layer. An EL layer may be a thin fitm
formed of a light emitting material that emits light by sin-
glet excitation (fluorescence) (a singlet compound) or a
thin film formed of a light emitting material that emits
iight by triplet excitation (phosphorescence) (a triplet
compound). inorganic materials such as silicon carbide
may be used for the electric charge transporting layers
and electric charge injection layers. Known organic EL
materials and inorganic materials can be employed.
[0186] Also, itis assumed as being preferable that as
a materia! for the cathode, metals having a low work
function (typically, metal elements belonging to Group 1
or Group 2 in the periodic table) or alloys containing
these are used. As the work function becomes lower,
the light emission efficiency becomes higher. Thus, in
particular, it is desirabie that a material with a laminate
structure is used as the material for the cathode, which
is obtained by depositing an alloy of MgAg, Mgln, AlLi,
etc. into a thin film or forming a thin film through coevap-
oration of aluminum and an element belonging to Group
1 or 2 in the periodic table, and subsequently forming a
transparent conductive film (an alloy of an indium oxide
and a tin oxide (ITO), an alloy of an indium oxide and a
zinc oxide (Iin,O3-Zn0), an zinc oxide (ZnO), and the
like). ) ’
[0157] Next, the protective film covering the cathode
is formed. The protective film may be formed of an in-
sulating film mainly containing silicon nitride or silicon
oxynitride by a sputtering method. As shown in Embod-
iment Mode 2, the defects inthe EL layer are terminated
with hydrogen (termination) and thus, it is preferable to
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form the film containing hydrogen on the cathode.
[0158] The film containing hydrogen may be formed
of an insulating film mainly containing carbon or silicon
nitride by a PCVD method. At the time of film formation,
itis also possible to terminate the defects in the organic
compound layer with hydrogen turned into a plasma.
Heat treatment is performed within a range of tempera-
ture to which the organic compound layer can be resist-
ant and heat generated when the light emitting element
emits light is utilized, so that hydrogen can be diffused
from the film containing hydrogen to terminate defects
in the organic compound layer with hydrogen (termina-
tion).

[0159] Also, thefilm containing hydrogen and the pro-
tective film are used to prevent from entering from the
outside the substance such as moisture or oxygen
which causes deterioration of the EL layer due to oxida-
tion. Note that, in an input/output terminal portion to be
connected with the FPC later, there is not required to
provide the protective film, the film containing hydrogen,
and the like.

[0160] Also, various circuits composed of a plurality

of TFTs etc. may be provided to lead to the gate elec-
trode of the TFT arranged in the pixel portion. Neediess
to say, there is not imposed a particular limitation ther-
eon.

[0161] Next, the organic light emitting element includ-
ing at least the cathode, the organic compound layer,
and the anode is enclosed by the sealing substrate or a
sealing can. Thus, the organic light emitting element is
preferably blocked from the outside completely to pre-
vent from entering from the outside the substance such
as moisture or oxygen which causes deterioration of the
EL layer due to oxidation. It is preferabie that degassing
is performed by annealing in the vacuum immediately
before enclosure with the sealing substrate or the seal-
ing can. Also, when the sealing substrate is bonded to

the substrate, it is preferable that the procedure is per- -

formed in an atmosphere containing hydrogen and inert
gas (rare gas or nitrogen) and a space sealed by sealing
contains hydrogen. Heat generated when the light emit-
ting element emits a light is utilized, which makes it pos-
sible to diffuse hydrogen from the space containing hy-
drogen to thereby terminate defects in the organic com-
pound layer with hydrogen. By terminating the defects
in the organic compound layer with hydrogen, the light
emitting device can be increased in its reliability.
[0162] Subsequently, an FPC (flexible printed circuit)
is bonded to each electrode in the input/output terminal
portion by using an anisotropic conductive member. The
anisotropic conductive member consists of resin and
conductive particles having a particle size of several
tens to several hundreds of um with its surface plated
with Au or the like. The conductive particles serve to
electrically connect each electrode of the input/output
terminal portion and the wiring formed on the FPC.
[0163] Also, the substrate is provided with the color
filters corresponding to the respective pixels and then,
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provision of the color filters makes a circular polarization
plate unnecessary. Further, another optical fiim may be
provided if necessary and an IC chip etc. may be mount-
‘ed thereon.

[0164] Through the above steps, the modularized
light emitting device connected with the FPC is complet-
ed.

[0165] Further, this embodiment can be freely com-
bined with one of Embodiment Mode 1 to Embodiment
Mode 5.

[Embodiment 2)

[0166] In this embodiment, a manufacturing appara-
tus will be shown with reference to FIG. 11.

[0167]) In FIG. 11, reference symbols 100a to 100k,
and 100m to 100v each denote a gate; 101 and 109, a
delivery chamber; 102, 104a, 107, 108, 111, and 114, a
transportation chamber; 105, 106R, 106B, 106G, 106H,
109, 110, 112, and 113, a film formation chamber; 103,
a pretreatment chamber; 117a and 117b, a sealing sub-
strate loading chamber; 115, a dispenser chamber; 116,
a sealing chamber; 118a, a ultraviolet irradiating cham-
ber; and 120, a substrate inverting chamber.

[0168] Hereinafter, the substrate previously having
formed the TFT thereon is carried in the manufacturing
apparatus shown in FIG. 11. Here, a procedure for form-
ing a laminate structure shown in FIG. 4A is explained.
[0169] First, the substrate is set in the delivery cham-
ber 101, on which the TFT and the cathode (or the an-
ode) 200 are formed, and is then transported to the
transportation chamber 102 connected to the delivery
chamber 101. It is preferable that vacuum-exhausting is
conducted on the transportation chamber to attain an
atmospheric pressure by introducing the inert gas in ad-
vance such that the moisture or oxygen in the transpor-
tation chamber is suppressed to as low leve! as possi-
ble.

[0170] Also, the transportation chamber 102 is con-
nected to a vacuum exhausting processing chamber for
making the inside of the transportation chamber vacu-
um. The vacuum exhausting processing chamber is
equipped with a magnetic levitation type turbo motecular
pump, a cryopump, or a dry pump. With this structure,
it is possible that the ultimate vacuum of the transporta-
tion chamber is set to 10-5 to 10°¢ Pa and the impurity
is controlled so as not to diffuse backward from the
pump side or exhausting system. In order to prevent the
introduction of the impurity into the inside of the appa-
ratus, as a gas to be introduced, an inert gas such as
nitrogen or a rare gas is used. These gases introduced
to the inside of the apparatus are required to be highly
purified by a gas purifier prior to the introduction into the
apparatus when they are used. Accordingly, it is neces-
sary to provide the gas purifier in order to introduce into
the film formation apparatus the gas after being highly
purified. Thus, the oxygen or moisture contained in the
gas and other impurities can be eliminated in advance,
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so that it is possible to prevent such impurities from be-
ing introduced to the inside of the apparatus.

[0171] Also, in order to eliminate the moisture or other
gases contained in the substrate, it is preferabie to per-
form annealing for degassing in the vacuum. Therefore,
the substrate is transported to the pretreatment cham-
ber 103 connected to the transportation chamber 102
and annealing may be performed there. Further, when
the surface of the cathode is required to be cleaned, the
substrate is transported to the pretreatment chamber
103 connected to the transportation chamber 102 and
cleaning may be performed there.

[0172] Itis aiso possible to form the poly(ethylene di-
oxythiophene)/poly(styrene sulionate) aqueous solu-
tion (PEDOT/PSS) serving as a hole injection layer on
the entire surface of the anode as needed. In the man-
ufacturing apparatus of FIG. 11, the fim formation
chamber 105 for forming the organic compound layer
made of a polymer is provided. When a spin coating
method, an ink jet method, or a spray method is used

for the formation thereof, the substrate is set under the ~

atmospheric pressure such that a surface subjected to
film formation is faced upward. The substrate is inverted
as appropriate in the substrate inverting chamber 120
provided between the film formation chamber 105 and
the transportation chamber 102. Also, after the film for-
mation is performed using the agqueous solution, it is
preferable to transport the substrate to the pretreatment
chamber 103 where moisture is vaporized by perform-
ing heat treatment in the vacuum.

[0173] Next, a substrate 104c is transported to the
transportation chamber 104 from the transportation
chamber 102 without being exposed to the atmosphere
and then, transported to the film formation chamber
106R by a transportation mechanism 104b to form on
the cathode 200 the EL layer for emitting a red light as
appropriate. Here, an example in which it is formed by
evaporation is shown. The substrate is set in the film
formation chamber 106R after being inverted in the sub-
strate inverting chamber 120 such that the surface sub-
jected to film formation is faced downward. Note that, it
is preferable to perform vacuum exhausting on the film
formation chamber before the substrate is carried there-
in.

[0174] For example, in the film formation chamber
106R subjected to vacuum exhausting to 5 x 10-3 Torr
(0.665 Pa) or less, preferably 104 to 10-€ Pa in degree
of vacuum, evaporation is conducted. At the time of
evaporation, the organic compounds are vaporized in
advance by resistance heating and are scattered toward
the substrate when a shutter (not shown) is opened at
this time. The vaporized organic compounds are scat-
tered upward and evaporated onto the substrate
through the opening (not shown) provided on the metal
mask (not shown). Note that, upon the evaporation, a
substrate temperature (T,) is set to 50 to 200°C, pref-
erably 65 to 150°C, using a means for heating the sub-
strate.
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[0175] When the three types of EL layers are formed
in order to attain a full color display, after being formed
in the film formation chamber 106R, they may be formed
through film formation in the film formation chambers
106G and 1068 in order.

[0176] Afterthe desired EL layer 201 is formed on the
cathode (orthe anode) 200, the substrate is transported
to the transportation chamber 107 from the transporta-
tion chamber 104 without being exposed to the air and
is subsequently transported to the transportation cham-
ber 108 from the transportation chamber. 107 also with-
out being exposed to the air.

[0177] Next, the substrate is transported to the film
formation chamber 109 using a transportation mecha-
nism placed in the transportation chamber 108. The an-
ode 202 made of a transparent conductive film (ITO etc.)
is formed on the EL layer 201 as appropriate. in the case
where the cathode is formed, a thin metal layer serving
as a cathode is formed in the film formation chamber
110, the substrate is then transported to the film forma-
tion chamber 109 to form a transparent conductive film,
and a laminate consisting of the thin metal layer (cath-
ode) and the transparent conductive film is appropriately
formed. In this case, the film formation chamber 110 cor-
responds to an evaporation apparatus including Mg, Ag,
or Alused as the cathode as an evaporation source and
the film formation chamber 109 corresponds to a sput-
tering apparatus including at least a target made of a
transparent conductive material used as the anode.
[0178] Next, the substrate is transported to the film
formation chamber 112 using a transportation mecha-
nism placed in the transportation chamber 108, in which
the film 203 containing hydrogen is formed within a
range of temperature to which the organic compound
layer can be resistant. in this case, the film formation
chamber 112 is provided with a plasma CVD apparatus
and as a reaction gas used for the film formation, a hy-
drogen gas and a hydrocarbon-based gas (e.g., CH,,
CoH,, CgHg, or the like) are used to thereby form the
DLC film containing hydrogen. Note that, there is notim-
posed a particular limitation thereon as long as a means
for generating a hydrogen radical is provided therefor.
At the time of the fitlm formation of the DLC film contain-
ing hydrogen, the defects in the organic compound layer
is terminated with hydrogen turned into a plasma.
[0179] Subsequently, the substrate is transported to
the film formation chamber 113 from the transportation
chamber 108 without being exposed to the air to form
the protective film 204 on the film 203 containing hydro-
gen. Here, the sputtering apparatus is employed in
which the target of silicon or silicon nitride is included in
the film formation chamber 113. An atmosphere of the
film formation chamber is set to a nitrogen atmosphere
or an atmosphere containing nitrogen and argon, so that
the silicon nitride film can be formed.

[0180] Through the above steps, the laminate struc-
ture shown in FIG. 4A, i.e., the light emitting element
covered with the protective film and the film containing
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hydrogen is formed on the substrate.

[0181] Next, the substrate having formed the light
emitting element thereon is transported to the transpor-
tation chamber 111 from the transportation chamber 108
without being exposed to the air and further, is trans-
ported to the transportation chamber 114 from the trans-
portation chamber 111.

[0182] Followingthis, the substrate having formed the
light emitting element thereon is transported to the seal-
ing chamber 116 from the transportation chamber 114.
Here, it is preferable to prepare a sealing substrate pro-
vided with a sealing member in the sealing chamber
116.

[0183] The sealing substrate is set in the sealing sub-
strate loading chambers 117a and 117b from the out-
side. Here, in order to eliminate the impurity such as
moisture, it is preferable to perform annealing in ad-
vance in the vacuum, for exampte, in the sealing sub-
strate loading chambers 117a and 117b. When the seal-
ing member is formed on the sealing substrate, after the
transportation chamber 108 is set to an atmospheric
pressure, the sealing substrate is transported to the dis-
penser chamber 115 from the sealing substrate loading
chamber, the sealing member is formed for bonding it
to the substrate on which the light emitting element is
formed, and the sealing substrate having formed the
sealing member thereon is transported to the sealing
chamber 116.

[0184] Next, for degassing the substrate on which the
light emitting element is formed, annealing is performed
in the vacuum or in the inert gas atmosphere. Then, the
sealing substrate having formed the sealing member
thereon and the substrate having formed the light emit-
ting element thereon are bonded to each other. Also, a
sealed space is filled with hydrogen or inert gas. Note
that, in this case, an example is shown in which the seal-
ing member is formed on the sealing substrate, but the
present invention is not particularly limited to this and
the sealing member may be formed on the substrate
having formed the light emitting element thereon.
[0185] Next, a pair of substrates bonded to each other
are transported from the transportation chamber 114 to
the ultraviolet irradiating chamber 118, where the sub-
strates are irradiated with a ultraviolet light to cure the
sealing member. Note that, in this example, ultraviolet
curable resin is used for the sealing member, but any
sealing member can be used with no particular limitation
as long as it is an adhesive.

[0186] Subsequently, the substrates are transported
from the transportation chamber 114 to the delivery
chamber 119 and are taken out.

[0187] As described above, the manufacturing appa-
ratus shown in FIG. 11 is used, which makes it possible
to prevent the light emitting element from being exposed
to the outside air until it is completely enclosed in the
sealed space. Thus, the light emitting device high in re-
liability can be manufactured. Note that, the transporta-
tion chambers 102 and 114 take repeatedly a vacuum
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state and a state at atmospheric pressure, whereas the
transportation chambers 104a and 108 are always kept
vacuum.

[0188] Note that, a film formation apparatus of an in-
line system can be employed.

[0189] Further, FIG. 12 shows a manufacturing appa-
ratus partially different from that of FIG. 11.

[0180] FIG. 11 shows an example in which the film for-
mation chamber for forming the film using the spin coat-
ing method, ink jet method, or spray method is singly
formed, whereas in an example of the manufacturing
apparatus of FIG. 12, three film formation chambers for
forming the film using the spin coating method, ink jet
method, or spray method are formed. For example,
when three types of EL layers are formed for achieving
a full color display by the spin coating method, ink jet
method, or spray method, after the film formation in the
film formation chamber 121a, they may be formed se-
quentially in the respective film formation chambers
121b and 121c.

[0191] Note that, this embodiment can be freely with
one of Embodiment Mode 1 to Embodiment Mode 5 and
Embodiment 1.

[Embodiment 3]

[0192] The EL modules (active matrix EL module,
passive EL module) can be completed by impiementing
the present invention. Namely, all of the electronic
equipments are completed by implementing the present
invention.

[0193] Following can be given as such electronic
equipments: video cameras; digital cameras; head
mounted displays (goggle type displays); car navigation
systems; car stereos; personal computers; portable in-
formation terminals (mobile computers, cell phones or
electronic books etc.) etc. Examples of these are shown
in FIG. 13 and FIG. 14.

[0194] FIG. 13A is a personal computer which com-
prises: a main body 2001; an image input section 2002;
a display section 2003; and a keyboard 2004 etc.
[0195] FIG. 13B is a video camera which comprises:
amain body 2101; a display section 2102; a voice input
section 2103, operation switches 2104, a battery 2105
and an image receiving section 2106 etc.

[0186] FIG. 13C is a mobile computer which compris-
es: amain body 2201; a camera section 2202; an image
receiving section 2203; operation switches 2204 and a
display section 2205 etc.

[0197] FIG. 13D is a goggte type display which com-
prises: a main body 2301; a display section 2302; and
an amrm section 2303 etc.

[0198] FIG.13Eisa player'using a recording medium
in which a program is recorded (hereinafter referred to
as a recording medium) which comprises: a main body
2401; a display section 2402; a speaker section 2403,
arecording medium 2404; and operation switches 2405
etc. This apparatus uses DVD (Digital Versatile Disc),
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CD, etc. forthe recording medium, and can perforrn mu-
sic appreciation, film appreciation, games and use for
Internet.

[0199] FIG. 13F is a digital camera which comprises:
a main body 2501; a display section 2502; a view finder
2503; operation switches 2504; and an image receiving
section (not shown in the figure) etc.

[0200] FIG. 14A is a portable telephone which com-
prises: a main body 2901; a voice output section 2902;
a voice input section 2903; a display section 2904; op-
eration switches 2905; an antenna 2906; and an image
input section (CCD, image sensor, etc.) 2907 etc.
[0201] FIG. 14B is a portable book (electronic book)
which comprises: a main body 3001; display sections
3002 and 3003; a recording medium 3004; operation
switches 3005 and an antenna 3006 etc.

[0202] FIG. 14C is a display which comprises: a main
body 3101; a supporting section 3102; and a display
section 3103 etc.

[0203] In addition, the display shown in FIG. 14C has
smali and medium-sized or large-sized screen, for ex-
ample a size of 5 to 20 inches. Further, to manufacture
the display par with such sizes, it is preferabie to mass-
produce by gang printing by using a substrate with one
meter on a side.

[0204] As described above, the applicable range of
the present invention is extremely large, and the inven-
tion can be applied to electronic equipments of various
areas. Note that the electronic devices of this embodi-
ment can be achieved by utilizing any combination of
constitutions in Embodiment Modes 1 to 5, Embodiment
1or 2.

[0205] According to the present invention, the defect
in the organic compound layer can be terminated with
hydrogen, whereby the light emitting device can be in-
creased inits reliability.

[0206] Also, according to the present invention, it is
possible to dispense with the circular polarization film
extremely expensive, whereby the manufacturing cost
can be reduced.

[0207] Aiso, according to the present invention, it is
possible to realize high definition, high opening ratio,
and high reliability in the flat panel display capable of
full color display using light emission colors of red,
green, and blue.

Claims
1. A light emitting device comprising:

a pixel portion having a plurality of light emitting
elements, each including a first electrode elec-
trically connected to a thin film transistor, an or-
ganic compound layer formed on the first elec-
trode, and a second electrode formed on the
organic compound layer;

a driver circuit; and
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a terminal portion,

wherein an end portion of the first electrode is
covered with an insulator, a third electrode compris-
ing a conductive material is formed on the insulator,
the organic compound layer is formed on the'insu-
lator and the first electrode, and the second elec-
trode is formed on the organic compound layer and
in contact with the third electrode, and

wherein a portion where a wiring comprising
a same material as the third electrode or the second
electrode is connected with a wiring extended from
a terminal is formed between the terminal portion
and the pixel portion.

A light emitting device according to claim 1, wherein
the third electrode has a pattern shape identical to
that of the insulator.

A light emitting device according to claim 1, wherein
the third electrode has a pattern shape different
from that of the insulator.

A light emitting device comprising:

a pixel portion having a plurality of light emitting
elements, each including a first electrode elec-
trically connectedto a thin film transistor, an or-
ganic compound layer formed on the first elec-
trode, and a second electrode formed on the
organic compound layer;

a driver circuit; and

a terminal portion,

wherein an end portion of the first electrode is
covered with an insulator, the organic compound
layer is formed on the first electrode and a part of
the insulator, the second electrode is formed on the
organic compound layer, and a third electrode is
formed on a region of the second electrode which
is not overlapped with the first electrode, and

wherein a portion where a wiring comprising
a same material as the third electrode or the second
electrode is connected with a wiring extended from
a terminal is formed between the terminal portion
and the pixel portion.

A light emitting device according to any one of
claims 1 and 4, wherein the second electrode is a
cathode or an anode of the light emitting element.

A light emitting device according to any one of
claims 1 and 4, wherein the third electrode compris-
es at least one selected from the group consisting
of poly-Sidoped with an impurity element imparting
a conductivity type, W, WSi,, Al, Ti, Mo, Cu, Ta, Cr,
and Mo, a film mainly containing an alloy material
or a compound material mainly containing thereof,
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or a laminate film thereof.

A light emitting device according to any one of
claims 1 and & «herein the first electrode is a cath-
ode or an anodgg of the light emitting element.

A light emitting device according to any one of
claims 1 and 4, wherein the insulator is a barrier
comprising an organic resin covered with an inor-
ganic insulating film.

A light emitting device according to any one of
claims 1 and 4, wherein the insulator is an inorganic
insulating film.

A light emitting device according to any one of
claims 1 and 4, wherein the third electrode compris-
es a laminate having a nitride layer or a fluoride lay-
er as an uppermost layer.

A light emitting device according to any one of
claims 1 and 4, wherein the inorganic insulating film
comprises silicon nitride.

A light emitting device according to any one of
claims 1 and 4, wherein the light emitting device has
a color filter corresponding to each of pixels com-
posed of the light emitting element.

A light emitting device comprising:

a light emitting element over a substrate having
an insulating surface, the light emitting element
including an anode, a cathode, and an organic
compound layer interposed between the anode
and the cathode,

wherein the light emitting element is covered
with a film containing hydrogen.

A light emitting device comprising:

a light emitting element over a substrate having
an insulating surface, the light emitting element
including an anode, a cathode, and an organic
compound layer interposed between the anode
and the cathode,

wherein the light emitting element is covered
with a film containing hydrogen, and

wherein the film containing hydrogen is cov-
ered with a protective film comprising an inorganic
insulating film.

15. A light emitting device comprising:

a light emitting element over a substrate having
an insulating surface, the light emitting element
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including an anode, a cathode, and an organic
compound layer interposed between the anode
and the cathode,

wherein the light emitting element is sealed
with a substrate having a light-transmissive proper-
ty and a sealing member, and

wherein a sealed space contains hydrogen.

A light emitting device according to claim 15, where-
in the light emitting element is covered with the film
containing hydrogen.

A light emitting device according to any one of
claims 1310 15,

wherein the film containing hydrogen comprises
carbon or a silicon nitride film.

A light emitting device .according to any one of
claims 1, 4, and 13 to 15, wherein the light emitting
device is incorporated in at least one selected from
the group consisting of a personal computer, a vid-
eo camera, a mobile computer, a goggle type dis-
play, a player using a recording medium, a digital
camera, a portable telephone, an electronic book,
and a car navigation system.

A method of manufacturing a light emitting device
comprising:

forming a thin film transistor on an insulating
surface;

forming a cathode electrically connected to the
thin film transistor;

forming an organic compound layer on the
cathode;

forming an anode on the organic compound
layer; and

forming a film containing hydrogen on the an-
ode.

A method of manufacturing a light emitting device
comprising:

forming a thin film transistor on an insulating
surface;

forming an anode electrically connected to the
thin film transistor;

forming an organic compound layer on the an-
ode;

forming a cathode on the organic compound
layer; and

forming a film containing hydrogen on the cath-
ode.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
the film containing hydrogen is formed by a plasma
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CVD method or a sputtering method.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
the film containing hydrogen comprises carbon or a
silicon nitride film.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
a step of formingthe organic compound layer is per-
formed by an evaporation method, a coating meth-
od, an ion plating method, or an ink jet method.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
a protective film comprising an inorganic insulating
film is formed on the film containing hydrogen.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
a defect in the organic compound layer is temminat-
ed with hydrogen when the film containing hydro-
gen is formed.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
the light emitting device is incorporated in at ieast
one selected from the group consisting of a person-
al computer, a video camera, a mobile computer, a
goggle type display, a player using a recording me-
dium, a digital camera, a portable telephone. an
electronic book, and a car navigation system.
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Matrix display device with damascene wiring lines and method for manufacturing same

insulating layer. Furthermore, after planarizing the sur-
face of the insulating layer, a metal protection film (Ti,
TiN, Ta, TaN or the like) is formed in an exposed part.
By using the buried interconnection in part of various
lines (gate line, source line, power supply line, common
line and the like) for a light-emitting device or liquid-crys-
tal display device, line resistance is decreased.
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Description

BACKGROUND OF THE INVENTION

1. Technical Field of the Inven:on

[0001] The presentinvention relates to a semiconduc-
tor device having a circuit configured with thin-film tran-
sistors (hereinafter, referred to as TFTs) and a method
for manufacturing same. For example, the invention re-
lates to an electronic apparatus mounting, as a part, an
electro-optical device represented by a liquid-crystal
display or a light-emitting device having OLEDs.
{0002] Incidentally, the semiconductor device in this
description refers to a device as a whole which is capa-
ble of functioning by the utilization of a semiconductor
characteristic, i.e. electro-optical devices, semiconduc-
tor circuits and electronic apparatuses are ail fallen un-
der semiconductor devices. ’

2. Description of the Related Art

[0003] Recently, atteritions are drawn to the art to
structure a thin-film transistor (TFT) by the use of a sem-
iconductor film (thickness: approximately severalto sev-
eral hundred nm) formed over a substrate having an in-
sulating surface. Thin-film transistors are broadly used
on electronic devices, such as ICs and electro-optical
devices. Particularly, development is hurried up for a
switching element for an image display device.

[0004] Conventionally, the liquid-crystal display is
known as an image display device. There is a tendency
of frequent use of the liquid-crystal display of the active-
matrix type because of the capability of obtaining an im-
age with definition as compared to the passive-type lig-
uid-crystal display devices. In the active-matrix liquid-
crystal display device, a display pattemn is formed on the
screen by driving the pixel electrodes arranged in a ma-
trix form. Specifically, by applying a voltage to between
a selected pixel electrode and a counter electrode cor-
respondingto that electrode, optical modulation is done

in the liquid-crystal layer arranged between the pixel

electrode and the counter electrode. The optical modu-
lation is recognized as a display pattern by the observer.
[0005] Meanwhile, forthe light-emitting devices using
OLEDs, TFTs are requisite elements in realizing active-
matrix drive scheme. Consequently, the light-emitting
device using OLEDs has, on each pixel, at leasta TFT
functioning as a switching element and a TFT supplying
current to the OLED. Light-emitting elements using an
organic compound as phosphors, featured in small
thickness, light weight, high responsibility, direct-current
low voltage drive, are expected for the application to the
next-generation display panel. In particular, the disptay
device arranging the light-emitting elements in.a matrix
form is considered excelient in respect of its wide view-
ing angle and hence higher visibility as compared to the
convent:znal liquid-crystal display device.

1349208A1 | >

10

15

20

25

30

35

40

a5

50

55

[0006] The luminescentmechanism of a light-emitting
element is considered as follows. That is, by applying a
voltage to a pair of electrodes sandwiching an organic
compound layer, the electrons injected at the cathode
and the holes injected at the anode are recombined at
luminous centers in the organic compound layer. The
molecular exciter, upon retuning to the ground state,
gives off energy causing light emission. The excitation
state is known as singlet excitation and tripiet excitation.
Electro-luminescence is considered possible through
any of the excitation states.

f0007] For the light-emitting device formed by such
light-emitting elements arranged in a matrix form, it is
possible to use drive schemes of passive-matrix drive
(simple matrix type) and active-matrix drive (active-ma-
trix type). However, in the case with increased pixel den-
sity, the active-matrix type having a switch on each pixel
(or one dot) is considered advantageous because of the
capability of driving at low voltage.

[0008] There are increasing applications of such ac-
tive-matrix type display devices (representatively, iiquid-
crystal and light-emitting display devices). With the in-
creasing area in screen size, there are increasing re-
qguirements for improving definition, opening ratio and
reliability. At the same time, requirements are toward
production increase and cost reduction.

[0009] Conventionaily, where TFTs are fabricated by
uéing aluminum as a TFT gate interconnection materiat,
there encounter projections, such as hillocks or whisk-
ers, formed by thermal process or TFT poor operation
or TFT characteristic reduction due to the diffusion of
aluminum atoms into the channel region. To cope with
this, in the case of using a metal material resistive to the
thermal process, representatively high melt-point metal
element, the problem arises that interconnection resist-
ance increases or so with increase in screen area size,
incurring increased power consumption.

[06010] Accordingly, it is a problem of the present in-
vention to provide a structure of a semiconductor device
that realizes low power consumption even where in-
creased in screen size, and a method for manufacturing
the same.

SUMMARY OF THE INVENTION

[0011] [n order to solve the problem, the present in-
vention forms an insulating layer, forms a buried inter-
connection (of Cu, Au, Ag, Ni, Cr, Pd, Rh, Sn, Pb or an
alloy thereof) in the insulating tayer. Furthermore, after
planarizing the surface of the insulating layer, a metal
protection film (Ti, TiN, Ta, TaN or the like) is formed in
an exposed part. By using the buried interconnection as
part of various lines (gate line, source line, power supply
line, common line and the like) of light-emitting devices
and liquid-crystal display device, line resistance is de-
creased. The present invention can realize low power
consumption even in case screen size is increased in
area.
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[0012] The structure of the invention disclosed in this
description is, as exemplified in Figs. 1A-1E, a light-
emitting device comprising. between a first substrate
having an insulating surface and a second substrate
having light transmission property:

a pixel region having a plurality of light-emitting el-
ements, the light emitting element having a first
electrode, a layer containing organic compound
provided on and in contact with the first electrode,
and a second electrode provided on and in contact
with the layer containing organic compound; and
a drive circuit having thin-film transistors;

whereby the pixel region is arranged with a gate
line, source line or power supply line made with a
buried interconnection.

[0013] In the structure, the buried interconnection is
of copper, silver, gold or an alloy thereof which is to be
plating-processed. Also, the buried interconnection is
provided in a layer lower than the thin-film transistor.
[0014] Also, in the structure, the layer containing or-
ganic compound is a material for white light emission
and combined with a color filter provided on the second
substrate. Otherwise, the layer containing organic com-
pound is a material for single-color light emission and
combined with a color change layer or coloring layer pro-
vided on the second substrate.

[0D15] Also, the structure of the invention for realizing
the construction is a method for manufacturing a light-
emitting device comprising:

a first step of forming an etching-stop tayer having
an electric conductivity on an insulating surface;

a second step of forming a first insulating film cov-
ering the etching-stop layer;

athird step of etching the first insuiating film to open
an opening reaching the etching-stop layer;
afourth step of forming a seed and carrying out piat-
ing to form a buried interconnection covering the
opening; )

a fifth step of carrying out planarization;

a sixth step of forming a second insulating film con-
taining aluminum;

a seventh step of forming a third insulating film on
the second insulating film;

an eighth step of forming a semiconductor layer on
the third insulating film;

a ninth step of forming a fourth insutating film on the
semiconductor layer; )

atenth step of forming a gate electrode on the fourth
insulating film;

an eleventh step of forming a Tine connecting to the
semiconductor layer and a line connecting the bur-
ied interconnection;

a twelve step of forming a first electrode; and

a thirteenth step of forming a layer containing or-
ganic compound on the first electrode and a second
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electrode on the layer containing organic com-
pound.

[0016] Also, in the structure conceming the manufac-
turing method, the buried interconnection is a power
supply line.

[0017] Also, in the structure conceming the manufac-
turing method, the buried interconnection is of copper,
silver, gold or an alloy thereof.

[0018] Also, the structure of another invention is, as
shown in Fig. 12, a liquid-crystal display device compris-
ing, between a first substrate having an insulating sur-
face and a second substrate having light transmission

property:

a pixel region having a first electrode, a second
electrode and a liquid-crystal material sandwiched
between the electrodes; and

a drive circuit having thin-film transistors;

whereby the pixel region is arranged with a gate line
or source line made by a buried interconnection.

[0019] Also, in the structure, the buried interconnec-
tion is of copper, siiver, gold or an alloy thereof. Also, in
the structure, the buried interconnection is provided in
a layer lower than the thin-film transistor.

[0020] Also, the structure of the invention for realizing
the construction is a method for manufacturing a liquid-
crystal display device comprising:

a first step of forming an etching-stop layer having
an electric conductivity on an insulating surface;

a second step of forming a first insulating film cov-
ering the etching-stop layer;

a third step of etching the first insulating film to open
an opening reaching the etching-stop layer;

a fourth step of forming a seed and carrying out plat-
ing to form a buried interconnection covering the
opening;

a fifth step of carrying out planarization;

a sixth step of forming a second insulating film con-
taining aluminum;

a seventh step of forming a third insulating film on
the second insulating film;

an eighth step of forming a semiconductor layer on
the third insulating film;

a ninth step of forming a fourth insulating film on the
semiconductor layer;

atenth step of forming a gate electrode on the fourth
insulating film; )

an eleventh step of forming a source line connected
to the semiconductor layer and a line connecting
between thé buried interconhection and the gate
fine. ’

[0021] Also, in the structure conceming the manufac-
turing method, the buried interconnection is a gate line.
Also, in the structure concerning the manufacturing
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method, the buried interconnection is of copper, silver,
gcld or an alloy thereof.

[0022] Also, plating may be done using the etching-
stoz layer as a seed.

[0023] Incidentally, the light-emitting element (EL el-
ement) has a layer containing an organic compound to
obtain electro-luminescence caused by applying an
electric field (hereinafter, described as EL layer), an an-
ode and a cathode. The electro-luminescence in an or-
ganic compound includes luminescence of upon-return-
ing from a singlet excitation state to the ground state
(fluorescence) and luminescence of upon returning from
a triplet excitation state to the ground state (phospho-
rescence). The light-emitting device fabricated by the in-
vention is applicable for the case using any of lumines-
cence.

[0024] The layer containing organic compound isin a
lamination structure. Typically, included is a lamination
structure having a hole transport layer/light-emitting lay-
er/electron transport layer on the anode. This structure
has an extremely high light-emission efficiency. Almost
all the light-emitting devices currently researched and
developed adopt this structure. Besides, the structure
may be a lamination of pole injection layer/hole transport
layer/electron transport layer or hole injection layer/hole
transport layer/iight-emitting layer/light-emitting layer/
electron transport layer/electron injection layer in the or-
der. The light-emitting layer may be doped with a fluo-
rescent pigment or the like. These layers may all be

formed by using low-molecular materials or ail be-

formed by using high-molecular materials. Incidentally,
in the description, all the layers provided between the
cathode and the anode are collectively referred to as a
layer containing organic compound (EL layer). Accord-
ingly, the hole injection layer, the hole transport layer,
the light-emitting layer, the electron transport layer and
the electron injection layer are ali included in the EL lay-
er. Also, the layer containing organic compound (EL lay-
er) may contain an inorganic material such as silicon.
[0025] Meanwhile, in the light-emitting device of the
invention, there is no limitation in drive method for
screen display, i.e. dot-sequence drive method, line-se-
guence drive method or plane-sequence drive method
may be used. Typically, line-sequence drive method
may be used, and time-division tone drive method or ar-
ea-tone drive method be properly employed. Also, the
video signal to be input to the source line of the light-
emitting device may be an analog signal or digital signal.
The drive circuit or the like may be properly designed
matched to the video signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]
Figs. 1A to 1E are sectional views each showing a

process of the present invention (embodiment);
Figs. 2A and 2B are views each showing a section
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of a light-emitting element of the invention (example
1)
Fig. 3is a top view in a manufacturing process of a
light-emitting device (example 1);
Fig. 4 is a top view in a manufacturing process of a
light-emitting device (example 1);
Fig. 5is a top view in a manufacturing process of a
light-emitting device (example 1);
Fig. 6 is a top view in a manufacturing process of a
light-emitting device (example 1); .
Figs. 7A to 7C are figures each showing a lamina-
tion structure of the light-emitting element (example
1)
Figs. 8Ato 8C are typicalfigures in the case of using
white emission light for full-color display (example
1); :
Fig. 9 is a figure showing a transmissivity of a color-
ing layer (example 1);
Fig. 10 is a figure showing a chromaticity coordinate
(example 1);
Figs. 11A and 11B are a sectional view and top view
of an active-type display device (example 1);
Fig. 12 is a view showing a sectional view of a liquid-
crystal display’device (example 2);
Fig. 13 is a figure showing a top view in a manufac-
turing process of a liquid-crystal display device (ex-
ample 2);
Figs. 14A’to 14C are views showing examples of
electronic apparatuses; and

" Figs. 15A and 15B are views showing examples of
electronic apparatuses.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Embodiments of the present invention will now"
be explained.

[0028] Herein, in Figs. 1A-1E are shown an example
to form a buried interconnection and TFT.

{0029] First, an etching-stop layer 102 is formed on a
substrate 100 having an insulating surface. The etching-
stop layer 102 may use a film, or a lamination thereof,
based on an element selected from Ni, Ti, W, WSi,, Al,
Mo, Ta, Cr or Mo, or an alloy or compound material
based on the element or elements. The etching-stop lay-
er 102 is to serve as a seed layer (cathode in a plating
process) in an electrolytic plating process to be carried
out later. Subsequently, an insulating film 101 is formed
based on silicon to cover the etching-stop layer 102.
(Fig. 1A)

[0030] Then, patterningis made to selectively etch the
insulating film 101 thereby forming an opening (trench)
reaching the etching-stop layer 102. After forming a first
barrier layer 103, an electrolytic plating process is car-
ried out to form a low-resistance metal film having a suf-
ficient thickness in the opening (trench). The electrolytic
plating process is a method to flow a direct current in a
solution containing the ions of a metal to be formed by
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the plating process thereby forming a metal film on a
cathode surface. The plating metal can use a material
having a low electric resistance, e.g.copper, silver, gold,
chromium, iron, nickel, platinum or an alioy of these. The
film thickness of a metal film to be formed in an electro-
lytic plating process can be properly set with controlling
a current density and time by a practitioner. Because
copper has an extremely low electric resistance, shown
herein is an example using copper (Cu) that electrolytic
plating is possible in forming a low resistance metal film.
Priorto plating, a seed is preferably formed. Meanwhile,
the first barrier layer 103 is a diffusion preventing layer
against copper having a fast diffusion rate in an insulat-
ing film based on silicon oxide, i.e. a barrier metal, pref-
erably using a metal material (WN,, TaN,, TiSiyN,,
WSi Ny, TaSiN,, or the like) having a specific resist-
ance value of 300 - 500 uQcm or less. Meanwhile, be-
cause copper has a poor adhesion 10 an insulating film
based on silicon oxide, it is useful to form a first barrier
layer 103 having a good adhesion.

[0031} Then, a planarizing process is carried out,
which is represented by the chemical mechanical polish
process (hereinafter, referred to as CMP process). Due
to this, the copper and first barrier layeris left only in the
opening (trench). Unwanted parts are removed away,
thereby forming a buried-type interconnection (herein-
after, referred to as buried interconnection) 104a, 104b
(Fig. 1B)

[0032] inorderto enhance the oxidation resistance of
an exposed part of copper, a second barrier layer 106
is formed. The second barrier layer 106 is useful as a
diffusion preventing layer against copper having a fast
diffusion rate in an insulating film based on silicon oxide,
and preferably uses silicon nitride or a metal material
(TiN, NbN, WN,,, TaN,, TiSi,N,, WSi,N,, TaSi,N,, or the
like). Meanwhile, because copper has a poor adhesion
to an insulating film based on silicon oxide, it is useful
to form a second barrier layer 106 having a good adhe-
sion.

[0033] Subsequently, a layer 107 expressed by AIN,-
Oy is formed as an underlying insulating film for preven-
tion against impurity diffusion into a TFT to be formed
later. The layer 107 expressed by AIN,O, may be de-
posited by an RF sputter technique using a target of AIN
or Al with oxygen, nitrogen or inert gas introduced from
the foregoing gas introducing system. Nitrogen may be
contained in a range of several atm% or more, prefera-
bly 2.5 atm% - 47.5 atm%, in the layer expressed by
AIN,O,. Oxygen may be 47.5 atm% or less, preferably
0.01 - 20 atm% or Iess.

[0034] Then, an underlying insulating film 108 is
formed by a lamination of insulating films such as a sil-
icon oxide film, a silicon nitride film or & silicon oxynitride
film. Atthough the underlying insulating film 108 herein
uses a two-layer structure, it may use a structure having
a single layer or a two layers or more of the insulating
films. The first layer 108a of the underlying insulating
film is a silicon oxide nitride film deposited to 10 - 200
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nm (preferably 50 - 100 nm) by a plasma CVD process
using a reaction gas of SiHy, NH; and N,O. Herein,
formed is a silicon oxide nitride film (composition ratio:
Si = 832%, O = 27%, N = 24% and H = 17%) having a
“film thickness of 50 nm. The second layer 108b of the
underlying insulating film is a silicon oxide nitride film
deposited to 50 - 200 nm (preferably 100 - 150 nm) by
aplasma CVD process using a reaction gas of SiH, and
N,O. Herein, formed-is a silicon oxide nitride film (com-
position ratio: Si= 32%, O = 59%, N = 7% and H = 2%)
having a film thickness of 100 nm. (Fig. 1C)
[0035] Subsequently, a semiconductor layer is
formed on the underlying film. The semiconductor layer
is formed by patterning, into a desired form, a crystalline
semiconductor film obtained by forming an amorphous-
structured semiconductor film by known means (sputter
process, LPCVD process or plasma CVD process) and
carrying out a known crystallizing process (laser crys-.
tallizing process, thermal crystallizing process or ther-
mal crystallizing process using a catalyst such as nick-
el). This semiconductor layer is formed in a thickness of
25 - 80 nm (preferably 30 - 60 nm). The material of the
crystalline semiconductor film, although not limited in
material, is preferably formed of silicon or a silicon-ger-
manium alloy.
[0036] In the case of making a crystalline semicon- -
ductor film by a laser crystallizing process, itis possible
to use an excimer laser of a pulse-oscillation or contin-
uous-oscillation type, a YAG laser or a YVO, laser. in
the case of using such a laser, preferably used is ameth-
od that the laser light emitted from a laser oscillator is
focused by an optical system into a linear form to be
irradiated onto the semiconductor film. The condition of
crystallization is to be appropriately selected by the
practitioner. In the case of using an excimer laser, pulse
oscillation frequency is 30 Hz and laser energy density
is 100 - 400 mJ/cm? (typically 200 - 300 mJ/cm?2). Mean-
while, in the case of using a YAG laser, preferably its
second harmonic is used and pulse oscillation frequen-
cy is 1 - 10 kHz and laser energy density is 300 - 600
mJ/cm? (typically 350 - 500 mJd/cm?). The laser light fo-
cused linear to a width of 100 - 1000 um, e.g. 400 um,
is irradiated throughout the substrate entirety, whereup-
on the overiap ratio of linear laser beam may be taken
80 - 98%.
[0037} Then, the surface of the semiconductor layer
is cleaned by an etchant containing a hydrogen fluoride,
to form a gate insuiating film 109 covering the semicon-
ductor layer. The gate insulating fitm 103 is formed by
an insulating film containing silicon having a thickness
of 40 - 150 nm by the use of a plasma CVD process or
sputter process. This embodiment forms a silicon oxide
nitride film {(composifion ratio: Si = 32%, O = 59%, N =
7% and H = 2%) in a thickness of 115 nm by a plasma
CVD process. Naturally, the gate insulating film is not
limited to a silicon oxide nitride film but may be made in
a single layer or a lamination of layers of insulating films
containing other form of silicon.
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[0038] Aftercleaningthesurface of the gate insulating
film 109, a gate electrode 110 or connection electrode
is formed. Before forming a gate electrode 110, a con-
tact hole is formed reaching the buried interconnection
104a, 104b. Thus, electric connection is provided by
forming a gate electrode 110 contacted with the buried
interconnection 104b or a connection electrode contact-
ed with the buried interconnection 104a.

[0039] Then, a p-type providing impurity elerent
(such as B), boron herein, is added in proper amount to
the semiconductor, to form a source region 111 and a
drain region 112. After the addition, heating process, in-
tense light radiation or laser irradiation is made in order
to activate the impurity element. Simultaneously with ac-
tivation, restoration is possible from the plasma damage
to the gate insulating film or from the plasma damage at
the interface between the gate insulating film and the
semiconductor layer. Particularly, it is extremely effec-
tive to irradiate the second harmonic of a YAG laser at
a main or back surface thereby activating the impurity
element in an atmosphere at room temperature to 300
°C. YAG laser is preferable activating means because
of less maintenance.

[0040] In the subsequent process, after an interlayer
insulating film 113 is formed of an organic or inorganic
material and hydrogenation is made thereon, a contact
hole is formed therein reaching the source region, drain
region or connection electrode. Next, a source electrode
(line) 115.and a drain electrode 114 are formed to com-
piete a TFT (p-channel TFT) having a buried intercon-
nection. (Fig. 1E) Afthough the example was herein
shown that the buried interconnection and the drain
electrode 114 are connected together through a connec-
tion electrode simultaneously formed with the gate elec-
trode, a drain electrode may be formed after forming a
contact hole reaching the buried interconnection without
using a connection electrode.

[0041] The TFT having aburiedinterconnection 104a,
104b obtained by the above process can be used on
various semiconductor devices, e.g. TFTs (current-con-
trol TFT) of a light-emitting device as shown in Figs. 2A
and 2B, or pixel TFTs of a liquid-crystal display device
as shown in Fig. 12.

[0042] Incidentally, although illustrated herein were
the buried interconnection 104b connected to the gate
electrode and the buried interconnection 104a connect-
ed to the drain eiectrode, the application is possible,
without limitation, to various interconnections, e.g.
source line, extended line, power supply line, capaci-
tance line or the like, thereby achjeving resistance re-
duction.

[0043] Also, the invention is not limited to the TFT
structure of Fig. 1E but, if required, may be in a lightly
doped drain (LDD) structure having an LDD region be-
tween the channel region and the drain region (orsource
region). This structure is provided with a region an im-
purity element is added with light concentration at be-
tween the channel region and the source or drain region
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formed by adding an impurity element with high concen-
tration, which region is called an LDD region. Further-
more, it may be in, what is called, a GOLD (Gate-drain
Overtapped LDD) structure arranging an LDD region
overlapped with a gate electrode through a gate insu-
lating film.

[0044] Meanwhile, although explanation herein was
by using the p-channe! TFT, it is needless to say that a
p-channel TFT can be formed by using an n-type impu-
rity element (P, As, etc.) in place of the p-type impurity
element. .

[0045] Also, although explanation herein was on a
top-gate TFT, the invention is applicable regardiess of
the TFT structure, e.g. the invention is applicable to a
bottom-gate TFT or a forward stagger TFT.

[0046] The invention configured above will be ex-
plained with greater detail by the following embodiment.
EXAMPLE

[Example 1]

[0047] This example shows that the major part of the
power supply line of a light-emitting device is made as
a buried interconnection, in Figs. 3 1o 6.

[0048] At first, according to the above embodiment,
an etching-stop layer is formed on a substrate having
an insulating surface and a silicon-based insulating film
is formed covering the etching-stop layer. The insulating
film is selectively etched to form an opening (trench)
reaching the etching-stop layer. After forming a first bar-
rier layer, electrolytic plating is carried out to form a low-
resistance metal film having a sufficient thickness in the
opening (trench). Subsequently, planarization repre-
sented by the chemical mechanical polishing (hereinaf-
ter, referred to as CMP) is made to leave the copper and
first barrier layer oniy in the opening (trench) but remove
away unwanted portions, thereby forming an intercon-
nection in a buried form. The top view in this process

stage is shown in Fig. 3, wherein the sectional view tak-

en along the dotted line x-x' therein corresponds to Fig.
1C. In Fig. 3, 12 is a pixel region, 13 is a source drive
circuit, and 14, 15 show regions arranging gate drive cir-
cuits. As shown in Fig. 3, the power supply line 16 has,
at its end, a connection electrode pad provided in a cor-
ner of the substrate to flow a cumrent from an external
power source when carrying out electrolytic plating. in-
cidentally, because this example is made in an example
having single-color light-emitting elements arranged in
a matrix form, the pattern is connected such that the
power source line 16 is common between the pixels to
make them at the same potential.

[0049] incidentally, the power source line 16 is shown
only eight in the number for simplification sake. In the
case there are pixels in the number of m x n (m rows by
n columns), the power supply line is actually given m in
the number or the number added with one or two spare
lines for enhancing the evenness in electrolytic plating.

IPR2020-01275

Apple EX1002 Page 630



11 EP 1 349 208 A1

[0050] Then, a second barrier layer is formed in order
to provide an exposed portion of copper with enhanced
resistance to oxidation. Furthermore, afterforming alay-
er represented by AIN,O, as an underlying insulating
film, an underlying insulating film is formed by a lamina-
tion of insulating films such as a silicon oxide film, a sil-
icon nitride film or a silicon oxide nitride film. Then, a
crystalline semiconductor film is patterned to a desired
form to form a semiconductor layer, followed by forming
a gate insulating film covering the semiconductor layer.
[0051] After forming a contact hole reaching the bur-
ied interconnection, a gate line, aterminal electrode and
an extended electrode are formed on the gate insulating
film. The extended electrode, provided between the
source drive circuit 13 andthe pixel region 12, is an elec-
trode arranged such that a source line formed later is
not overlapped with the extended line (line connected
to a cathode or anode of the light-emitting element) 17.
Meanwhile, terminal electrodes are provided in plurality
at an end of the substrate, some of which are connected
to the power supply line as buried interconnection. The
top view in this process stage is shown in Fig. 4.

[0052] Then, the semiconductor is properly added by
a p-type providing impurity element (B or the like) or n-
type providing impurity element (P, As or the like), to
form source and drain regions. Subsequently, in order
to activate the added impurity element, heating process,

" intense light radiation or laser irradiation is carried out.

BNSDOCID: <EP.

Then, after an interlayer insulating film is formed and
hydrogenation is made, contact holes are formed reach-
ing the source region, the drain region, the extended
electrode, the terminal electrode or the buried intercon-
nection.

[0053] Subsequently, source electrodes (lines), drain
electrodes or connection electrodes are formed to com-
plete various TFTs. In the stage completing the above
process, in the pixel region 12, the source region and
the power supply iine are electrically connected to form
a connection electrode contacted with the drain region
(not shown herein). Meanwhile, in the drive circuit,
formed are a source electrode (line) contacted to the
source region and a drain electrode contacted to the
drain region. Also, in the terminal region, formed are a
source line connected to a certain terminal electrode
and an extended line (iine connected to a cathode or
anode of a light-emitting element) 17 connected to an-
other terminal electrode. Also, between the drive circuit
and the pixel region is formed an extended line (line con-
nected to a cathode or anode of a light-emitting element)
17. The top view in this process stage is shown in Fig. 5.
[0054] Then,inthe pixel region, the first electrodes 19
are arranged in a matrix form that are connected to the
connection electrode contacted to the drain regions.
The first electrodes 19 are made into anodes or cath-
odes of light-emitting elements. Next, formed is an in-
sulator (called bank, partition wall or barrier wall) cover-
ing the end of the first electrode 19. Next, in the pixel
region, a layer 10 containing organic compound is
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formed. on which a second electrode 11 is formed to
complete a light-emitting element. The second elec-
trode 11 is made into a cathode or anode of the light-
emitting element. Incidentally, in a region between the
pixel region and the source drive circuit, the second
electrode 11 is electrically connected to the extended
line 17.

[0055] Then, the substrate and a sealing member
(light-transmissive substrate, herein) 30 are bonded to-
gether by a sealant 31. The top view in this process
stage is shown in Fig. 6. Furthermore, in order to shield
from the outside air, a protection film may be formed of
silicon nitride, silicon oxide nitride or DLC (diamond-like
carbon) on the second electrode 11. Finally, an FPC
(flexible print circuit) for connection to an external circuit
is bonded to the terminal electrode.

[0056] By the above process, completed is an active-
matrix light-emitting device.

f0057] Incidentally, concerning the active-matrix light-
emitting device having TFTs, two constructions can be
considered according to the direction of light radiation.
One is a structure that the light from the light-emitting
element is radiated through the second electrode to the
eye of an observer. In this case, the observer can rec-
ognize an image on the side of the second electrode.
The other one is a structure that the light.from the light-
emitting element is radiated through the first electrode
and substrate to the eye of an observer.

foo58] In the case of the structure that the light from
the light-emitting elerment radiates through the second
electrode to the eye of an observer as shown in Fig. 2A.,
it is desired to use a light-transmissive material for the
second electrode 11 (electrode 119 in Fig. 2A).

[0059] For example, where the first electrode 19
(electrode 117 in Fig. 2A) is made as an anode, the ma-
terial of the first electrode 19 uses a metal having a great
work function (Pt, Cr, W, Ni, Zn, Sn or In). After an end
region is covered by an insulator (called bank, partition
wall or barrier wall) 116, a poly (ethylene dioxythi-
ophene)/poly (styrene sulfonic acid) solution (PEDOT/
PSS) is applied to the entire surface and baked. There-
after, after a polyvinyl carbazole (PVK) solution doped
with luminescent center pigment acting as a light-emit-
ting layer (1, 1, 4, 4-tetrapheny!-1, 3-buthadiene (TPB),
4-dicyanomethylene-2-methyl-6- (p-dimethylamino-sty-
ryl) - 4H-pyran (DCM1), Nilered, coumarine 6, or the
like) is applied to the entire surface and baked, a cath-
ode may be formed by a second electrode 11 (electrode
119 in Fig. 2A) having a lamination of a thin film contain-
ing a metal having a smali work function (Li, Mg or Cs)
and a transparent conductive film (ITO (indium oxide tin
oxide alloy), indium oxide zinc oxide alloy (in;O05-Zn0),
Zinc oxide {ZnO) or the like) layered thereon. Inciden-
tally, in Fig. 2A, an auxiliary electrode 120 is provided
on the insulator 116, in order to reduce the resistance
in the cathode. The light-emitting element thus obtained
shows white light emission. Incidentally, the PEDOT/
PSS, using water as solvent, is insoluble in organic sol-
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vent. Accordingly, in the case of applyiﬁg PVK thereon,
there is no fear of re-dissolution. Meanwhile, because
solvent is different between PEDOT/PSS and PVK, itis
preferred not to use the same one in the deposition
chamber. Incidentally, although the example was herein
shown that the layer 10 containing organic compound
(118 in Fig. 2A) was formed by the application, there is
no especialllimitation, i.e. maybe formed by a deposition
process.

[0060] Meanwhile, although the above example
showed the example having a lamination of organic
compound as shown in Fig. 7B, the organic compound
layer can be made in a single layer as shown in Fig. 7A.
For example, electron-transporting 1, 3, 4-oxadiazole
derivative (PBD) may be dispersed in hole-transporting
polyvinyl carbazole (PVK). Meanwhile, 30 wt% of PBD
is-dispersed as electron-transport agent and four kinds
of pigments (TPB, coumarin 6, DCM1, nilered) are dis-
persed in proper amount, thereby obtaining white light
emission. Also, as shown in Fig. 7C, the organic com-
pound layer may be provided by a lamination of a poly-
mer material layer and a low-molecule material layer.
[0061] Incidentally, the organic compound film is
formed between the anode and the cathode. By recom-
bining between the holes injected at the anode and the
electrons injected at the cathode in the organic com-
pound film, white light emission is obtained in the organ-
ic compound film.

[0062] Aiso, by properly selecting and superposing,
for mixing colors, an organic compound film for red light
emission, an organic compound film for green light
emission and an organic compound film for biue light
emission, it is possible to obtain white light emission in
the entirety. ~

[0063] There are various methods of full-color dis-
playing by the use of light-emitting elements for white
light. For example, as shown in Fig. 8A, there is a meth-
od of passing obtained white light emission through a
color fitter thereby obtaining red, green and blue light
(hereinafter, referred to as color filter method).

f0064] By forming a color filter having a coloring layer
(R) absorbing the portion other than red, a coloring layer
(G) absorbing the portion other than green and a color-
ing layer (B) absorbing the portion other than blue in a
direction the organic compound film emits white light,
the white light from the light emitting eiement is sepa-
rated to obtain red light, green light and biue light. Also,
in the case of an active-matrix type, the TFTs are struc-
turally formed between the substrate and the color filter.
Meanwhile, the color filter has shade layer between the
coloring layers. Where the screen is made great, the
shade layer preferably includes desiccant.

[0065] The coloring layer (R, G, B) can use, besides
a stripe pattern in the simplest form, an oblique mosaic
arrangement, a triangular mosaic arrangement, an RG-
BG four-pixel arrangement or an RGBW four-pixel ar-
rangement.

[0066] Fig. 9 shows an exampie of a relationship be-
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tween a transmission ratio and a wavelength on each
coloring layer using white light source (D65). The color-
ing layer constituting the color filter is formed by using
a color resist of an organic photosensitive material dis-
persed with a pigment. Meanwhile, Fig. 10 shows, on a
chromaticity coordinate, a color reproduction range in
the case of combining white emission light with a color
fiter. Note that the chromaticity coordinate of white
emission light (x, y) = (0.34, 0.35). From Fig. 10, it can
be seen that color reproduction as full colors is fully se-
cured.

Incidentally, in this case, even if there is a dif-
ference in obtainable light color, because each is formed
by the organic compound film to exhibit white emission
light, there is no need to-separately apply organic com-
pound films for the emission light colors. Also, it is pos-
sible to eliminate the especial need for a circular polar-
ization plate that prevents mirror reflection.

[0068) Now explanation is made on a CCM (color
changing mediums) method to be realized by combining
abiue light-emitting element having a blue-light-emitting
organic compound film with a fluorescent color change
layer, with reference to Fig. 8B.

[0069] in the CCM method, the fluorescent color
change layer is excited by the blue light emitted from a
blue light-emitting element, to carry out color change by

- each color change layer. Specifically, change of biue to

red (B — R) is made by a color change layer, change of
blue to green (B — G) is made by a color change layer
and change of biue to bilue (B — B) is made by a color
change layer (note that the change of from blue to blue
may be omitted), thereby obtaining light emission of red,
green and blue. in also the CCM method, for the active
matrix type, TFTs are structurally formed between the
substrate and the color change layer. '
[0070] Incidentally, in also this case, there is no need
to form organic compound fiims by separate applica-
tions. Also, it is possible to eliminate the necessity of the
circular polarization plate for preventing mirror reflec-
tion.

[0071] Meanwhile, where the CCM method is used,
the color change layer is excited by external light be-
cause of its fluorescent nature, possibly resulting in a
problem of contrast reduction. Itis accordingly preferred
1o raise the contrast by attaching a color filter or so, as
shown in Fig. 8C.

[0072] Explanation is herein made on the external ap-
pearance of the active-matrix light-emitting device over-
all, in Figs. 11A and 11B. Fig. 11A is a top view showing
the light-emitting device while Fig. 11B is a sectional
view taken along A-A'in Fig. 11A. 901 shown by the dot-
ted line is a source signal-iine drive circuit, 902 is a pixel
region, and 903 is a gate signal-line drive circuit. Also,
904 is a sealing substrate and 905 is a sealant. The in-
terior surrounded by the sealant 905 is defined as a
space 907.

[0073] 908 is a line for conveying a signal to be input-
ted to the source signal-line drive circuit 901 and gate
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signal-line drive circuit 903, which receives a video sig-
nal or clock signal from an FPC (flexible print circuit) 209
serving as an external input terminat. Although only the
FPC is shown, the FPC may be attached with a printed
wiring board (PWB). The light-emitting device, in this de-
scription, assumably includes, besides the light-emitting
device main body, a state an FPC or PWB is attached
thereon.

[0074] Explanation is now made on a sectional struc-
ture, by using Fig. 11B. Although the substrate 910 is
formed thereon with a drive circuit and a pixel region,
the source signal-line drive circuit 901 and pixel region
902 is herein shown as a drive circuit.

[0075] The source signal-line drive circuit 901 is
formed with a CMOS circuit as a combination of an n-
channel TFT 923 and a p-channet TFT 924. The TFTs
forming the drive circuit may be formed by a known
CMOS circuit, PMOS circuit or NMOS circuit. Although
this embodiment shows a driver-integrated type having
a drive circuit formed on the substrate, it not necessarily
required, i.e. it can be externally formed instead of on
the substrate.

[0076] The pixel region 902 is formed with a plurality
of pixels each of which includes a switching TFT 911, a
current-control TFT 812 and a first electrode (anode)
913 electrically connected to the drain thereof. The cur-
rent-control TFT 912 has a source electrically connect-
ed with a buried interconnection 830.

[0077] Meanwhile, an insulating layer 914 is formed
at both ends of the first electrode (anode) 913, while a
layer 915 containing organic compoundis formed on the
first electrode (anode) 913. Furthermore, a second elec-
trode (cathode) 916 is formed on the layer 915 contain-
ing organic compound. This forms a light-emitting ele-
ment 918 comprising the first electrode (anode) 912, the
layer 915 containing organic compound and the second
electrode (cathode) 916. Because the. light-emitting el-
ement 918 herein is exemplified to emit white light, there
is provided a color filter formed by a coloring layer 931
and a BM 932 (overcoat layer is not shown herein for
simplification sake).

[0078] The second electrode (cathode) 916 serves al-
S0 as an interconnection common to all the pixels, which
is electrically connected to the FPC 909 via the connec-
tion line 908. Also, a third electrode (auxiliary eiectrode)
is formed on the insulating layer 914, thus realizing the
resistance reduction.in the second electrode.

[0079] The sealing substrate 904 .is bonded by the
sealant 905 in order to seal the light-emitting elements
918 formed on the substrate 910. A resin-film spacer
may be provided in order to secure a spacing between
the sealing substrate 904 and the light-emitting element
918. Aninert gas, such as nitrogen, is flliéd inthe space
907 at the inside of the sealant 905. The sealant 905
preferably uses an epoxy resin. The sealant 805 is de-
sirably of a material less permeable of moisture or oxy-
gen. Furthermore, a substance having an effect to ab-
sorb oxygen or moisture may be included in the space
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907.

[0080] In this embodiment, the material structuring
the sealing substrate 804 can use, as a material, a plas-
tic substrate of FRP (fiberglass-reinforced piastics) PVF
{polyviny! flucride), Mylar, polyester or acryl, besides a
glass or quartz substrate. Also, after the sealiing sub-
strate 904 is bonded by using the sealant 905, it can be
further sealed in amannercoveringthe side surface (ex-
posed surface) by a sealant.

[0081] By sealing the light-emitting elements in the
space 907 as in the above, the light-emitting elements
can be completely shielded from the outside. This can
prevent a substance such as oxygen or moisture that
accelerates deterioration of the organic compound layer
from externally intruding. Accordingly, a reliable light-
emitting device can be obtained.

[0082] On the other hand, in the case of the structure
that the emission light from the light-emitting element is
radiated through the first electrode and substrate to the
eye of an observer as shown in Fig. 2B, the first elec-
trode 19 (electrode 117 in Fig. 2A) desirably uses a light-
transmissive material.

[0083] Forexample, inthe case thatthe first electrode
19 (electrode 117 in Fig. 2B) is an anode, the material
of the first electrode 19 uses a.transparent conductive
film (ITO (indium oxide tin oxide alloy), indium oxide zinc
oxide alloy (In,03-Zn0), zinc oxide (ZnO) or the like).
After covering the ends with an insulator (calied bank,

. partition wall or barrier wall) 116, a layer 118 containing

organic compound is formed, on which-a second elec-
trode 11 (electrode 119 in Fig. 2B) of a metal film (an
alloy such as of MgAg, Mgln, AlLi, CaF, or CaN, or a
film formed by co-deposition of an element belonging to
group 1 or 2 of the periodic table with aluminum) may
be formed as a cathode. When forming a cathode, a re-
sistance heating method due tc evaporation is used.
Forming may be selective by the use of an evaporation
mask.

[0084] This example can be freely combined with the
embodiment.

[Example 2]}

[0085] This shows an example that the major part of
a gate line of a liquid-crystal display device is made by
a buried interconnection, in Figs. 12 and 13.

[0086] At first, according to the above embodiment,
an etching-stop layer is formed on a substrate having
an insulating surface and a silicon-based insulating film
is formed covering the etching-stop layer. The insuiating
film is selectively etched to form an opening (trench)
reaching the etching-stop layer. After forming a first bar-
rier'layer, electrolytic plating is carried out to forr a low-
resistance metal film having a sufficient thickness in the
opening (trench). Subsequently, planarization repre-
sented by the chemical mechanical polishing (hereinaf-
ter, referred to as CMP) is made to leave the copper and
first barrier layer only in the opening (tfrench) but remove
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away unwanted portions, thereby forming an intercon-
nection in a buried form.

f0087] Then, a second barrier layer is formed in order
to provide an exposed portion of copper with enhanced
resistance to oxidation. Furthermore, after forming alay-
er represented by AIN,O, as an underlying insuiating
film, an underlying insulating film is formed by the layers
of a silicon oxide film, a silicon nitride film or a silicon
oxide nitride film. Then, a crystaliine semiconductor film
is patterned to a desired form to form a semiconductor
layer, followed by forming a gate insulating film covering
the semiconductor layer.

[0088] After forming a contact hole reachmg the bur-
ied interconnection, a gate electrode and a terminal
electrode are formed on the gate insulatingfilm. inciden-
tally, the gate electrode is connected to the buried inter-
connectionto realize the resistance reduction in the gate
line. Also, the terminal electrode is provided in plurality
al the end of the substrate.

[0089] Then, the semiconductor is properly added by
a p-type providing impurity element (B or the like) or n-
type providing impurity element (P, As or the like), to
form source and drain regions. Subsequently, in order
to activate the added impurity element, heating process,
intense light radiation or laser irradiation is carried out.
Then, after an interlayer insulating film is formed and
hydrogenation is made, contact holes are formed reach-
ing the source region, the drain region, and the terminal
electrode.

[0090] Subsequently, source electrodes (lines) 55 or
drain electrodes are formed to complete various TF1s.
In the stage compieting the above process, in the pixel

region 52, the drain regions and the respective drain

electrodes are electrically connected while source re-
gions and source electrodes (lines) are electrically con-
nected. Meanwhile, in the drive circuit, formed are a
source electrode (line) contacted to the source region
and a drain electrode contacted to the drain region. Aiso,
in the terminal region, formed are a source line connect-
ed to a certain terminal electrode. Then, in the pixel re-
gion, the pixel electrodes 59 are armranged in a matrix
form that are contacted to the connection electrode con-
tacted to the drain regions. The top view in this process
stage is shown in Fig. 13. In Fig. 13, 52 is a pixel region,
53 is a source drive circuit, and 54 shows a region ar-
ranging a gate drive circuit. As shown in Fig. 13, the gate
line 56 has, at an end, a connection electrode pad pro-
vided close to an end of the substrate to flow a cumrent
from an external power supply when carrying out elec-
trolytic plating. Incidentally, in this example, the connec-
tion electrode pads are provided corresponding to the
same number of the gate lines 56. Meanwhile, the gate
lines may be formed by connecting the patterns to ptace
allthe gate lines in the same potential to carry out a plat-
ing process and then cutting them into individual gate
lines. '

[0091] Then, after forming an orientation film 62a, a
rubbing process is carried out. Then, the substrate and
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acounter substrate 60 are bonded together by a sealant
(not shown), to fill a liquid-crystal material 63 between
the substrates, followed by being sealed. The counter
substrate 60 is previously provided with a counter elec-
trode 61 of a transparent conductive film and an orien-
tation film 62b rubbing-processed. Finally, an FPC (flex-
ible print circuit) for connection to an external circuit is
bonded to the teminal electrode. Further, a polarization
plate and a color filter are provided.

[0092] By the above process, an active-matrix liquid-
crystal display device is completed. :
[0093] Incidentally, conceming the active-matrix lig-
uid-crystal display device having TFTs, three construc-’
tions (transparent typé, reflection type and semi-trans-
parent type) are to be considered. Although there are a
transmission type having a pixel electrode made by a
transparent conductive film to provide a backlight, a re-
flection type having a pixel electrode made by a reflec-
tion metal film to reflect external light, and a semi-trans-
parent type having a pixel electrode a part of which is
made by atransparent conductive film and the other part
made by a refiection metal film to properly cause switch-
ing, the invention can be applied to any of the structures.
[0094] This example can be freely combined with the
embodiment.

[Example 3]

[06095] The drive circuit and pixel region formed by
carrying out the invention can complete various mod-
ules (active-matrix liquid-crystal module, active-matrix
EC module). Namely, the invention can complete an
electronic apparatus built it in a display part.

[0096] Such electronic apparatuses inciude video
cameras, digital cameras, head-mount displays (goggie
type displays), car navigators, projectors, car stereo
sets, personal computers, and personal digital assist-
ants (mobile computers, cellular phones or electronic
books). Examples of them are shownin Figs. 14Ato 14C
and 15A and 15B.

[0097] Fig. 14A is a personal computer including a
main body 2001, an image input part 2002, a display
part 2003, a keyboard 2004 and so on.

[0098] Fig. 14Bis a mobile computer, including a main
body 2201, a camera part 2202, an image receiving part
2203, an operation switch 2204, and a display part 2205.
[0099] Fig. 14C is a player using a recording medium
recording a program (hereinafter, referred to as record-
ing medium), including a main body 2401, a display part
2402, a speaker part 2403, a recording medium 2404,
and an operation switch 2405. incidentally, the player
uses, as a recording medium, a DVD (Digital Versatile
Disc), a CD or the like, enabling music listening, movie
viewing or the internet.

[0100] Fig. 15A is a portable book (electronic book),
inciuding a main body 3001, a display part 3002, 3003,
a storage medium 3004, an operation switch 3005, and
an antenna 3006. ’
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Fig. 15B is a display, including a main body

3101, asupportbase 3102, and a display part 3103. The
invention can complete a display part 3103 having a di-
agonal length 10 - 50 inches.

[0102] As in the above, the invention has extremely
broad application range, and can complete an electronic
appliance in every field. Also, the electronic apparatus
of this example can be realized by using a structure in
any of combinations of the embodiment and examples
1 and 2.

[0103] According to the present invention, in a semi-
conductor device represented by an active-matrix light-
emitting display device or liquid-crysta! display device,
even if the pixel region area increases and the screen
size increases, favorable display can be realized. Be-

cause the line resistance in the pixel region can be |

greatly decreased, the present invention can cope with
a large screen having a diagonal length of 40 or 50 inch-

€s.

Claims

1.

A light-emitting device comprising:

a substrate having an insulating surface;

a second substrate having light transmission
property;

a pixel region having a plurality of light-emitting
elements, the light emitting element having a
first electrode, a layer containing organic com-
pound provided on and in contact with the first
electrode, and a second electrode provided on
and in contact with the layer containing organic
compound; and

a drive circuit having thin-film transistors,

wherein the pixel region is arranged with a
gate line, source line or power supply line made with
a buried interconnection.

A light-emitting device accordingto claim 1, wherein
the buried interconnection comprises at least one
material selected from the group consisting of cop-
per, silver, gold and an alloy thereof.

A light-emitting device according to claim 1, wherein
the buried interconnection is provided in a layer be-
low the thin-film transistor.

A light-emitting device according to any one of
claims 1, wherein the layer containing organic com-

pound is a material for white light emission and’

combined with a color filter provided on the second
substrate.

A light-emitting device according to any one of
claims 1, wherein the layer containing organic com-
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10.

11.

20

pound is a material for single-color light emission
and combined with a color change layer or coloring
layer provided on the second substrate.

A light-emitting device according to claim 1, wherein
the light-emitting device is incorporated into an
electronic apparatus selected from the group con-
sisting of a video camera, a digital camera, a head-
mount display, a car navigator, a projector, a car
stereo, a personal computer, a personal digital as-
sistant.

A liquid-crystal display device comprising:

a first substrate having an insulating surface;
a second substrate having light transmission
property;

a pixel region having a first electrode, a second
electrode and a liquid-crystal material sand-
wiched between the first and second elec-
trodes; and

a drive circuit having thin-film transistors,
whereby the pixel region is arranged with a gate
line or source line made with a buried intercon-
nection.

A liquid-crystal display device according to claim 7,
wherein the buried interconnection comprises at
least one materiai selected from the group consist-
ing of copper, silver, gold and an alloy thereof.

A liquid-crystal display device according to claim 7,
wherein the buried interconnec_:tion is provided in a
layer below the thin-film transistor.

A liquid-crystal display device according to claim 7,
wherein the liquid crystal display device is incorpo-
rated into an electronic apparatus selected from the
group consisting of a video camera, a digital cam-
era, a head-mount display, a car navigator, a pro-
jector, a car stereo, a personal computer, a personal
digital assistant.

--A display device comprising:

a substrate having an insulating surface;

a first insulating film formed over the substrate;
a gate line buried in the first insuiating film;

a second insulating film formed over the first in-
sulating film; and

a thin film transistor formed over the second in-
sulating film,

wherein the gate line is electrically connected
to a gate electrode of the thin film transistor.

12. A display device according to claim 11, wherein the

gate line comprises at least one material selected
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from the group consisting of copper, silver, gold and
an alloy thereof.

A display device according to claim 11, wherein the
display device is incorporated into an electronic ap-
paratus selected from the group consisting of s vid-
eo camera, a digital camera, a head-mount display,
a car navigator, a projector, a car stereo, a personal
computer, a personal digital assistant.

A display device comprising:

a substrate having an insulating surface;

a first insulating film formed over the substrate;
a source line buried in the first insulating film;
a second insulating film formed overthe first in-
sulating fitm; and )

a thin film transistor formed over the second in-
sulating film,

wherein the source line is electrically connect-
ed to a source region of the thin film transistor.

A display device according to claim 14, wherein the
source line comprises at least one material selected
from the group consisting of copper, silver, gold and
an alloy thereof.

A display device according to claim 14, wherein the
display device is incorporated into an electronic ap-
paratus selected from the group consisting of s vid-
eo camera, a digital camera, a head-mount display,
acar navigator, a projector, a car stereo, a personal
computer, a personal digital assistant.

A display device comprising:

a substrate having an insulating surface;

a first insulating film formed over the substrate;
a power supply line buried in the first insulating
film;

a second insulating film formed over the first in-
sulating film; and

athin film transistor forrmed over the second in-
sulating film.

A display device according to claim 17, wherein the
power supply line comprises at least one material
selected from the group consisting of copper, silver,
goid and an alloy thereof.

A display device according to claim 17, wherein the
display device is incorporated into an electronic ap-
paratus selected from the group consisting of s vid-
eo camera, a digital camera, a head-mount display,
acar navigator, a projector, a car stereo, a personal
computer, a personal digital assistant.
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22

20. A method for manufacturing a light-emitting device

21.

22.

23.

comprising:

forming an etching-stop layer having an electric
conductivity on an insulating surface;

forming a first insulating film covering the etch-
ing-stop layer;

etching the first insulating film to open an open-
ing reaching the etching-stop layer;

forming a seed and carrying out plating to form
a buried interconnection covering the opening;
planarizing a surface of the buried interconnec-
tion; .

forming a second insulating film containing alu-
minum; ’
forming a third insutating film on the second in-
sulating film;

forming a semiconductor layer on the third in-
sulating film;

forming a fourth insulating film on the semicon-
ductor layer,

forming a gate electrode on the fourth insulat-
ing film;

forming a line connecting to the semiconductor
layer and a line connecting the buried intercon-
nection; .

forming a first electrode; and

forming a layer containing organic compound
on the first electrode and a second electrode
on the layer containing organiccompound.

A method for manufacturing a iight-emitting device
according to claim 20, wherein the buried intercon-
nection is a power supply line.

A method for manufacturing a light-emitting device
according to claim 20, wherein the buried intercon-
nection comprises at least one material selected
from the group consisting of copper, silver, gold and
an alioy thereof.

A method for manufacturing a liquid-crystal display
device comprising:

forming an etching-stop layer having an electric
conductivity on an insulating surface;

forming a first insulating film covering the etch-
ing-stop layer;

etching the first insulating film to open an open-
ing reaching the etching-stop layer;

forming a seed and carrying out plating to form
a buried interconnection covering the opening;
planarizing a surface of the buried interconnec-
tion;

forming a second insulating film containing alu-
minum;

forming a third insulating film on the second in-
sulating film;
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forming a semiconductor layer on the third in-
sulating film;

forming a fourth insulating film on the semicon-
ductor layer,

forming a gate electrode on the fourth insulat-
ing film; and

forming a source line connected to the semi-
conductor layer and a line connecting between
the buried interconnection and the gate line.

A method for manufacturing a liquid-crystal display
device according to claim 23, wherein the buried in-
terconnection is a gate line.

A method for manufacturing a liquid-crystal display
device according to claim 23, wherein the buried in-
terconnection comprises at least one material se-
lected from the group consisting of copper, silver,
gold and an alloy thereof.
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DESCRIPTION
DISPLAY DEVICE AND DISPLAY DEVICE DRIVING METHOD

5 Technical Field
The present invention relates to a display device
and a display device driving method.
Background Art
Liquid crystal displays are.generally classified
10 into active matrix driving liquid crystal displays and
simple matrix driving liquid crystal displays. The
active matrix driving ligquid crystal display displays
an image haﬁing a higher luminance, higher contrast,
and higher resolution as compared to the simple matrix
15 driving liquid crystal display. In the active matrix
driving liquid crystal display, a liquid crystal
element which also functions as a capacitor and a
transistor which activates thé liquid crystal element
are arranged for each pixel. In the active matrix
20 driving liquid crystal display, a selection signal is
input from a scanning driver serving as a shift
register to a scanning line so that the scanning line
is selected. At this time, when a voltage having a
level representing a luminance is applied from a data
25 driver to a signal line, the voltage is applied to the
liquid crystal element through the transistor. Even

when the transistor is turned off during a period from
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the end of signal input to the scanning.line to the
next signal input, the voltage level is held until the
next signal is input to the scanning line because the
liquid crystal element functions as a capacitor. As
described above, while the signal is input to the
scanning line, the light transmittance of the liquid
crystal element is newly refreshed. Light from a
backlight passes through the liquid crystal element at
the refreshed light transmittance so that the gray
level of the liquid crystal display is expressed.

On the other hand, an organic EL
(ElectroLuminescence) display which uses organic EL
elements as spontaneous optical elements requires no
backlight, unlike liquid crystal displays. Hence, the
organic EL display is optimum for a thin display. In

addition, the organic EL display has no limitation on

the angle of field, unlike liquid crystal displays.

For this reason, practical utilization of organic EL
displays as next—-generation display devices is greatly
expected.

From the viewpoint of a high luminance, high
contrast, and high resolution, voltage-controlled
active matrix driving schemes have been developed not
only for liquid crystal displays but also for organic
EL displays. However, the capacity of an organic EL
element is much smaller than that of a liquid crystal

element so a current flows to the organic EL element
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itself. To hold a Voltage; the number of trénsistors
increases. This leads to an increase in complexity 6f
a circuit constituted by transistors.

In a transistor, generally, the channel resistance.
changes due to a change in ambient temperature or
long-time use. For this reason, the éate threshold
voltage changes over time or varies between
transistors. It is therefore difficult to uniquely
designate the current level to be supplied to an
organic EL element on the basis of the gate voltage
level of a switching transistor by changing the value
of the voltage to be applied to the gate electrode of
the transistor and thus changing the level of the
current to be supplied to the organic EL element. In
other words, the level of the cu;rent to be supplied
can hardly be uniquely designated by changing the value
of the voltage to be applied to the gate electrode of
the transistor and thus changing the luminance of the
organic EL element. That is, even when a gate voltage
of the same level is applied to the transistors of a
plurality of pixels, the organic EL elements of the
plurality of pixels may have different emission
luminances. This may cause a variation in luminance on
the display screen.

Disclosure of Invention
It is an object of the present invention to

provide a display device and a display device driving
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P method, which allow stable display on the basis of a
simple driving principle.
In order to solve the above problems, according to
an aspect of the present invention, there is provided a
5 display device comprising:
a plurality of scanning lines (e.g., selection
scanning lines X3 to Xp):
a plurality of signal lines (e.g., signal lines Yj
to Ypu)»

10 a scanning driver (e.g., a selection scanning

driver 5) which sequentially supplies to the scanning
lines selection signals that select the scanning lines;

a data driver (e.g., a data driver 3) which
supplies a designation current (e.g., a gray level

15 designation current Ipata) to the plurality of signal
lines within a selection period (e.g., a selection
period Tgg) when the scanning lines are being selected;

a plurality of pixel circuits (e.g., pixel
circuits Dj,1 to Dp,pn) which supplies a driving current

20 corresponding to a current value of the designation
current that flows to the signal lines;

a plurality of optical elements (e.g., light-
emitting elements Ej 3 to Ep,p) which emit light in
accordance with the driving current supplied by the

25 plurality of pixel circuits; and
a power supply (e.g., a common signal power supply

6) which outputs to the plurality of pixel circuits a
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driving current reference voltage (e.g., a voltage
VygigH) to supply the driving current.

In the above device, in accordance with the timing.
when the power supply outputs the driving current
reference voltage, the plurality of pixel circuits
supply the driving current in accordance with the
current value of the designation current that flows
within each selection period. Accordingly, the optical
elements emit light.

Hence, when the power supply outputs the driving
current reference voltage from the end of the selection

period of a predetermined scanning line till the

‘beginning of the selection period of the next scanning

line, a driving current corresponding to both an
optiéal element corresponding to the predeterminad
scanning line and an optical element corresponding to
the next scanning line flows. Hence, the opfical
elements can emit light at a desired luminance.

When the power supply outputé the driving current
reference voltage to the pixel circuit at once after
all the scanning lines are selected, all the optical
elements can emit light.

When avreset voltage is output'to the plurality of
signal lines within a period when none of the plurality
of optical elements are selected, the signal lines
reset charges stored in the preceding selection period.

For this reason, the parasitic capacitance of the
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signal lines can be quickl§ charged within the next
selection period so that even when a designation
current having a smaller current value is supplied, the
current value of the designation current can rapidly be.
set in the steady state. Hence, even an optical
element such as an organic EL element whose luminance
is modulated by a small current on the pA order is
allowed to quickly display multiple gray level
luminances.
Brief Description of Drawings

FIG. 1 is a view showing an organic EL display
applied as a display device according to the first
embodiment of the present invention;

FIG. 2 is a plan view showing a pixel shown in
FIG. 1, in which an oxide insulaﬁing film, channel
protective insulating film, and common electrode are
omitted to help understanding:;

FIG. 3 is a sectional view taken along a line
III‘— III in FIG. 2;

FIG. 4 is a sectional view taken along a line
Iv - IV in FIG. 2;

FIG. 5 is a sectional view taken along a line -
V - V in FIG. 2;

FIG. 6 is an equivalent circuit diagram of four
adjacent pixels;

FIG. 7 is a graph showing the current vs. voltage

characteristic of an N-channel field effect transistor
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used in the first embodiment;

FIG. 8 is a timing chart showing the levels of
signals in the apparatus according to the first
embodiment;

FIG. 9A is a view showing a voltage state when no
switching circuit is arranged, and a gray level
designation current with the maximum current value is
supplied across the drain and source of a transistor
and a signal line during the selection period of the
ith row; |

FIG. 9B is a view showing a voltage state when a
switching circuit is arranged, and a gray level
designation current with the maximum current value is
supplied across the drain and source of a transistor
and a signal line during the selection period of the
ith row;

FIG. 10 is a view showing an organic EL display

applied as a display device according to the second

. embodiment of the present invention, in which a common

signal power sdpply is arranged in a controller;

FIG. 11 is a view showing an organic EL display
applied as a display device according to the third
embodiment of the present invention, in which the .drain
of the transistor of a pixel circuit is connected to a
selection scanning line;

FIGS. 12A and 12B are equivalent circuit diagrams

showing adjacent pixels in the third embodiment to
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indicate current flows in different operation periods;
and
FIG. 13 is a timing chart showing the levels of
signals in the apparatus according to the third'
5 embodiment.
Best Mode for Carrying Out the Invention
Detailed embodiments of the present invention will
be described below with reference to the accompanying
drawings. The scope and spirit of the display device
10 or panel are not limited to the illustrated
embodiments.
[First Embodiment]
FIG. 1 is a view showing an organic EL display to
which the present invention is applied. An organic EL
15 display 1 comprises, as a basic arrangement, an organic
EL display panel 2, data driver 3, selection scanning
driver 5, common signal power supply 6, switéhing
circuit 7, and controller 11.
In the organic EL display panel 2, a display
20 section 4 on which an image is actually displayed is
formed on a transparent substrate 8. The data driver
3, selection scanning driver 5, common signal power
supply 6, and switching circuit 7 are arranged around
the display section 4. The data driver 3, selection
25 scanning driver 5, and common signal power supply 6 may
be arranged either on the transparent substrate 8 or

on a flexible circuit board arranged around the
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transparent substrate 8.

In the display section 4, (m X n) pixels Py, 1 to
Pn,n (m and n are arbitrary natural numbers) are
arranged in a matrix on the transparent substrate 8.
In the column direction, i.e., in the vertical
direction, m pixels P;, 6§ to Pp,§ (J is an arbitrary
natural number; 1 £ 3 = n) are arrayed. In the row
direction, i.e., in the horizontal direction, n pixels
Pj,1 to Pi,n (i is an arbitrary natural number; 1 =
i = m) are arrayed. That is, a pixel which exists on
the ith line (i.e., the ith row) from the upper side in
the vertical direction and the jth line (i.e., the jth
column) from the left side in the horizontal direction
is defined as a pixel Pj, 5.

In the display section 4, m selection scanning
lines X1 to Xy running in the row direction are
parallelly arranged in.the column direction on the
transparent substrate 8. In addition, m common signal
supply lines Z1 to Zp running in the row direction are
parallelly arranged in the column direction on the
transparent substrate 8 in correspondence with the
selection scanning lines X1 to Xp. Each common signal
supply line 2y (1 = k < m-1) is inserted between the
selection scanning lines Xx and Xk+3- The selection
scanning line Xp is inserted between the common signal
supply lines Zp-1 and Zyp. In addition, n signal lines

Yy to Y, running in the column direction are parallelly
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arranged in the row direction on the transparent
substrate 8. The selection scanning lines Xj to Xp,
common signal supply lines Z7 to Zp, and signal lines
Y1 to Y, are insulated from each other by intervening
insulating films. A selection scanning line Xj and
common signal supply line Zi are connected to n pixels
Pj,1 to Pj, pn arrayed in the row direction. A signal
line Y45 is connected to m pixels Pj, 4 to Pp, 4§ arrayed
in the column direction. The pixel Pj, 4 is arranged at
a portion surrounded by the selection scanning line Xi,
common signal supply line Z;, and signai line Y. The
selection scanning lines Xq to ¥ are connected to the
output terminals of the selection scanning driver 5.
The common signal supply lines Z7 to Zy are rendered
conductive to each other and connected to the output
terminal of the common signal power supply 6. That is,
the same signal is output to the common signal supply
lines Zq to Zp.

The pixel Pj 4 will be described next with
reference to FIGS. 2 to 6. FIG. 2 is a plan view
showing the pixel Pj, 5. To help understanding, an
oxide insulating film 41, channel protective insulating
film 45, and common electrode 53 (to be described
latér) are omitted. FIG. 3 is a sectional view taken
along a line III - IITI in FIG. 2. FIG. 4 is a
sectional view taken along a line IV - IV in FIG. 2.

FIG. 5 is a sectional view taken along a line V - V in
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FIG. 2.
FIG. 6 is an equivalent circuit diagram of four
adjacent pixels Pi, 4, Pi+1,5, Pi,j+1, and Pis1,9+1-
The pixel Pj 5 is constituted by a light-emitting
5 element Ej, 4 which emits light with a luminance (nt. =
cd/m2) corresponding to the current value of the
driving current and a pixel circuit Di, 5 which is
arranged around the light-emitting element Ej 5 and
drives the light-emitting element Ej 5. The pixel
10 circuit Dj,4 holds the current value of a current that
flows to the light-emitting element Ej 4 during a
predetermined light-emitting period on the basis of a
voltage signal and current output from the data driver
3, selection scanning driver 5; power supply scanning
15 driver 6, and switching circuit 7. With this
operation, the luminance of the light-emitting element
Ei,5 is held at a predetermined value during a
predetermined period.
The light-emitting element Ei,j is made of an
20 organic EL element. The light-emitting element Ej 5
has a multilayered structure formed by sequentially
stacking a pixel electrode 51, an organic EL layer 52,
ahd the common electrode 53. The pixel electrode 51
functions as an anode on the transparent substrate 8.
25 The organic EL layer 52 has a function of receiving
holes and electrons by an electric field and a function

of transporting holes and electrons. The organic EL
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layer 52 has a recombination region where the
transported holes and electrons are recombined’and a
light-emitting region where light is emitted by
capturing excitons generated upon recombination. The
organic EL layer 52 functions as a light-emitting layer
in a broad sense. The common electrode 53 functions as
a cathode.

The pixel electrode 51 is patterned and separated
for each pixel Pi,5 in each surrounded region
surrounded by the signal lines Y; to Y, and selection
scanning lines Xq to Xy. The peripheral edge of the
pixel electrode 51 is covered with an interlayer
dielectric film 54 which has a layer of silicon nitride
or silicon oxide that covers three transistors 21, 22,
and 23 of the pixel circuit Dj 5. The upper surface at
the center of the pixel electrode 51 is exposed through
a contact hole 55 in the interlayer dielectric film 54.
The interlayer dielectric film 54 may also have a
second layer formed of an insulting film of polyimide
or the like on the first layer of silicon nitride or
silicon oxide.

The pixel electrode 51 has conductivity and
transmittance to visible light. The pixel electrode 51
preferably has a relatively high work function and
efficiently injects holes into the organic EL layer 52.
For example, the pixel electrode 51 contains, as a

principal component, indium tin oxide (ITO), indium
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zinc oxide, indium oxide (Inp03), tin oxide (SnOs), or
zinc oxide (ZnO).

The organic EL layer 52 is formed on each pixel
electrode 51. The organic EL layer 52 is also
patternéd for each pixel Pi,5- The organic EL layer 52
contains a light-emitting material (phosphor) as an
organic compound. The light-emitting material may be
either a polymeric material or a low molecular weight
material. The organic EL layer 52 may have, e.g., a
two-layered structure in which a hole transport layer
52A and a light-emitting layer 52B in a narrow sense
are formed sequentially from the side of the pixel
electrode 51, as shown in FIG. 3. The light-emitting
layer 52B has a recombination region where holes and
electrons are recombined and a lighf—emitting region
where light is emitted by capturing excitons generated
upon recombination. Alternatively, the organic EL
layer 52 may have a three-layered structure in which a
hole transport layer, a light-emitting layer in a
narrow sense, and electron transport layer'are formed
sequentially from the side of the pixel electrode 51.
The organic EL layer 52 may have a single-layered
structure including a light-emitting layer in a narrow
sense. The organic EL layer 52 may also have a
multilayered structure formed by interposing an
electron or hole injection layer between appropriate

layers of the above layer structure. The organic EL
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layer 52 may have any other layer structure.

The organic EL display panel 2 is capable of
full-color display or multi-color display. In this
case, the organic EL layer 52 of each of. the pixels
Pj,1 to Pj,p is formed of a light-emitting layer in a
broad sense, which has a function of emitting one of,
e.g., red light, green light, and blue light. That is,
when the pixels Pj ;3 to Pj p selectively emit red,
green, and blue light, a color tone is displayed by
appropriately synthesizing the colors.

The organic EL layer 52 is preferably made of an -
organic compound that is electronically neutral. 1In
this case, holes and electrons are injected and
transported in the organic EL layer 52 in good balance.
In addition, an electron transportable substance may be
appropriately mixed into the light-emitting layer in a
narrow sense. A hole transportable substance may be
appropriately mixed into the light-emitting layer iq a
narrow sense. An electron transportable substance and
a hole transportable substance may be appropriately
mixed into the light-emitting layer in a narrow sense.
A charge transport layer serving as an electron
transport layer or a hole transport layer may be caused
to function as a recombination region. Light may be
emitted by mixing phosphor into the charge transport
layer.

The common electrode 53 formed on the organic EL
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layer 52 is a single electrode connected to all the
pixels Pj,; to Pp,p. Alternately, the common electrode
53 may comprise a plurality of stripe-shaped electrodes

connected to the respective columns. More specifi-

'éally, the common electrode 53 may comprise a stripe

common electrode connected to a group of pixels Pj h-1
to Pp,h-1 (h is an arbitrary natural number; 2 = h =
n) in the column direction, a stripe common electrode
connected to a group of pixels P; h to Pp,p.- In this
manner, the common electrode 53 comprises a plurality
of stripe-shaped electrodes each connected to each
column. Alternatively, the common electrode 53 may
comprise a stripe common electrode connected to a group
of pixels Pg-1,1 to Pg-1,n (g is an arbitrary natural
number; 2 = g = m) in the row direction, a stripe
common electrode connected to a group of pixels Pg,1 to
Pg,nr---- In this manner, the common electrode 53
comprises a plurality of stripe-shaped electrodes
connected to each row.

In any case, the common electrode 53 is
electrically insulated from ﬁhe selection scanning line
X4, signal line Y4, and common signal supply line Zj.
The common electrode 53 is made of a material having a
low work function. For example, the common electrode
53 is made of a single element or an alloy containing
at least one of indium, magnesium, calcium, lithium,

barium, and rare-earth metals. The common electrode 53
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may have a multilayered structure formed by stacking a
plurality of layers made of the above materials. More
specifically, the multilayered structure may include a
high purity barium layer which has a low work function
5 and is formed on the side of the interface that is in
contact with the organic EL layer 52, and an aluminum
layer that covers the barium layer. Alternatively, the
multilayered structure may have a lithium layer on the
lower side and an aluminum layer on the upper side.

10 When a transparent electrode is used as the pixel
electrode 51, and light emitted from the organic EL
layer 52 of the organic EL display panel 2 should exit
from the side of the transparent substrate 8 through
the pixel electrode 51, the common electrode 53

15 preferably shields the light emitted from the organic
EL layer 52. More preferably, the common electrode 53
has a high reflectance against the light emitted from
the organic EL layer 52.

As described above, in the light-emitting element

20 Ei,j having a multilayered structure, when a forward
bias voltage is applied between the pixel electrode 51
and the common electrode 53, holes are injected from
the pixel electrode 51 to the organié EL layer 52 while
electrons are injected from the common electrode 53 to

25 the organic EL layer 52. The holes and electrons are
transported in the organic EL layer 52. When the holes

and electrons are recombined in the organic EL layer
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52, excitons are generated. The excitons excite the
organic EL layer 52. The organic EL layer 52 emits
light.

The emission luminance (unit: nt. = cd/m2) of the
light-emitting element Ei,j<depends on the current
value of the current that flows to the light-emitting
element Ej 4. To maintain a predetermined emission
luminance of the light-emitting element Ej 4 during the
light-emitting of the light-emitting element Ej,y or
obtain an emission luminance corresponding to the
current value of a gray level designation current Ipara

drawn from the data driver 3, the pixel circuit Dj 5 is

"arranged around the light-emitting element Ei,j_of each

pixel Pj 4. The pixel circuit Dj, 4 controls the
current value of the light-emitting element Ej 5.
Each pixel circuit Di,j comprises three
transistors 21, 22, and 23 and a capacitor 24. Each
transistor is formed of a field effect thin film
transistor (TFT) having an N-channel MOS structure.
Each transistor 21 is an MOS field effect
transistor constituted by a gate electrode 21g, gate
insulating film 42, semiconductor layer 43, source
electrode 21s, and drain electrode 21d. Each
transistor 22 is an MOS field effect transistor
constituted by a gate electrode 22g, gate insulating
film 42, semiconductor layer 43, source electrode 22s,

and drain electrode 22d. Each transistor 23 is
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constituted by a gate electrode 23g, gate insulating
film 42, semiconductor layer 43, source electrode 233,
and drain electrode 23d.

More specifically, as shown in FIG. 3, the first
transistor 21 is a reverse stagger type transistor
comprising the gate electrode 21g, oxide insulating
film 41, gate insulating film 42, island-shaped
semiconductor layer 43, channel protective insulating
film 45, impurity-doped semiconductor layers 44, source
electrode 21s, and drain electrode 21d. The gate
electrode 21g is made of aluminum and formed on the
transparent substrate 8. The oxide insulating film 41
is formed by anodizing aluminum that covers the gate
electrode 21g. The gate insulating film 42 is made of
silicon nitride or silicon oxide and covers the oxide
insulating film 41. The semiconductor layer 43 is
formed on the gate insulating film 42. The channel
protective insulating film 45 is made of silicon
nitride and formed on the gate insulating film 42. The
impurity-doped semiconductor layers 44 are made of
nt-silicon and formed at both ends of the semiconductor
layer 43. The source electrode 21s and drain electrode
21d are made of a material selected from chromium, a
chromium alloy, aluminum and an aluminum alloy, and
formed on the impurity semiconductor layers 44.

The second and third transistors 22 and 23 have

the same structure as that of the first transistor 21
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described above. However, the shapes, sizes, and
dimensions of the transistors 21, 22, and 23, and the
channel widths and channel lengths of the semiconductor
layers 43 are appropriately set in accordance with the
functions of the transistors 21, 22, and 23.

The transistors 21, 22, and 23 may be formed
simultaneously by the same process. In this case, the
gate electrodes, oxide insulating films 41, gate
insulating films 42, semiconductor layers 43, impurity
semiconductor layers 44, source electfodes, and drain
electrodes of the transistors 21, 22, and 23 have the
same compositions.

Even when the semiconductor layers 43 of the
transistors 21, 22, and 23 are made of amorphous
silicon, they can be sufficiently driven. However, the
semiconductor layers 43 may be made of polysilicon.

The structures of the transistors 21, 22, and 23 are
not limited to tﬁe reverse stagger type. Even a
stagger type or coplanar type structure may be
employed.

Each capacitor 24 is constituted by an electrode
24A, electrode 24B, and dielectric body. The electrode
24A is connected to the gate electrode 23g of the third
transistor 23. The electroae 24B is connected to the
source electrode 23s of the transistor 23. The
dielectric body has the gate insulating film 42

interposed between the electrodes 24A and 24B. The
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capacitor 24 stores charges between the source
electrode 23s and the drain electrode 23d of the
transistor 23.

As shown in FIG. 6, in the second transistor 22 of
each of the pixel circuit Dj,; to Dj, n of the ith row,
the gate electrode 22g is connected to the selection
scanning line X3 of the ith row. The drain electrode
22d is connected to the common signal supply line Z; of
the ith row. As shown in FIG. 5, the drain electrode
23d of the third transistor 23 of each of the pixel
circuit Dj,3 to Dj, p of the ith row is connected to the
common signal supply line Zj; of the ith row through a
contact hole 26. The gate electrode 21g of the first
transistor 21 of each of the pixel circuit Dj,1 to Dj,n
of the ith row is connected to the selection scanning
line Xj of the ith row. The source electrode 21s of
the transistor 21 of each of the pixel circuit Dj,5 to
Dp,5 of the jth column is connected to the signal line
Yy of the jth column.

In each of the pixels P; 1 to Pp,p, the source
electrode 22s of the second transistor 22 is connected
to the gate electrode 23g of the third transistor 23

through a contact hole 25 formed in the gate insulating

film 42, as shown in FIG. 4. The source electrode 22s

is also connected to one electrode of the capacitor 24.
The source electrode 23s of the transistor 23 is

connected to the other electrode of the capacitor 24
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and also to the drain electrode 21d of the transistor
21. The source electrode 23s of the transistor 23, the
other electrode of the capacitor 24, and the drain
electrode 21d of the transistor 21 are connected to the
pixel electrode 51 of the light-emitting element Ej 5-
The voltage of the common electrode 53 of the
light-emitting element Ej, 4 is a reference voltage Vgg-
In this embodiment, the common electrode 53 of all
light-emitting elements Ej,7 to Ep,p is grounded so
that'the reference voltage Vgg 1is set to O [V].

Protective films 43A formed by patterning the same
film as that of the semiconductor layers 43 of the
transistors 21 to 23 are arranged between the selection
scanning line Xj and the signal line Y4 and between the
common signal supply line Zj and the signal line Yy as
well as the gate insulating film 42.

The controller 11 outputs a control signal group
DcenyT including a data driver clock signal CKl1, start
signal ST1 and latch signal L to the data driver 3 on
the basis of a dot clock signal CKpp, horizontal sync
signal Hgync and vertical sync signal Vgyncs Which are
input from the outside. The controller 11 also outputs
a control signal group Gcyr including a selection
scanning driver clock signal CK2 and start signal ST2.
The controller 11 also outputs a common signal clock
signal CK3 to the common signal power supply 6. The

controller 11 also supplies a reset voltage Vggr to the
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switching circuit 7 and outputs a switching signal ¢
to the switching circuit 7.

More specifically, the data driver clock signal
CK1l is a signal to sequentiélly shift the selected
column in synchronism with the dot clock signal CKprt.
An 8-bit red digital gray level image signal Sr, green
digital gray level image signal Sg, and blue digital
gray level image signal SB_aré received from an
external circuit at the timing of the clock signal CKl.
The start signal ST1 is a signal to réturn the selected
column to the first column in synchronism with the
horizontal sync signal Hgyync. The latch signal L is a
signal to parallelly supply the analog gray level
designation current Ipata based on an analog gray level

designation signal to the signal lines Y7 to Yp. The

"analog gray level designation signal is obtained by

causing the D/A converter in the data driver 3 to
D/A-convert the data of one row, i.e., the red digital
gray level image signal Sg, green digital gray levél
image signal Sg, and blue digital gray level image
signal Sp which are received in correspondence with the
pixels P;j, 61 to Pj n-

The selection scanning driver clock signal CK2 is
a signal to sequentially shift the selected row in
synchronism with the horizontal sync signal Hgync- The
start signal ST2 is a signal to return the selected row

to the first row in synchronism with the vertical sync
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signal VgynC-

The common signal clock signal CK3 is a clock
signal to output a common signal to the common signal
supply lines Zi to Zp.

The data driver 3, selection scanning driver 5,
and common signal power supply 6 arranged around the
display section 4 will be described next.

The selection scanning driver 5 is a so-called
shift register in which m flip;flop circuits are
connected in series. The driver 5 outputs ;'selection
signal to the selection scanning lines X1 to Xp- That
is, in accordance with the selection scanning driver
clock signal CK2 received from the controller 11, the
selection scanning driver 5 sequentially outputs a
selection signal of ON level (high level) to the
selection scanning lines X3 to Xpm in this order (the
seléction scanning line X; follows the selection
scanning line Xp), thereby sequentially selecting the
selection scanning lines X7 to Xy.

More specifically, as shown in FIG. 8, the
selection scanning driver 5 individually applies, to
the selection scanning lines Xj to Xp, one of an ON
voltage Voy (e.g., much higher than the reference
voltage Vgg) as a high-level selection signal and an
OFF voltage Vopp (e.g., equal to or lower than the
reference voltage Vgg) as a low-level selection signal,

thereby selecting each selection scanning line Xj at a
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piedetermined period.

During a selection period Tgg when the selection
scanning line Xj is to be selected, the selection
scanning driver 5 applies the ON voltage Von as a
selection signal of ON level (high level) to the
selection scanning line X4. Accordingly, the
transistors 21 and 22 (the transistors 21 and 22 of all
the pixel circuits Dj,6 7 to Dj,p) connected to the
selection scanning line Xi are turned on. When the
first transistor 21 is turned on, the current that
flows to the signal line Y54 can flow to the pixel
circuit Dj 4. On the other hand, a non—selection
period Tysg is present from the end of the selection
period Tgg of the selection scanning line X4 of the ith
row till the beginning of the selection period Tgg of
the selection scanning line Xj43 of the (i+1)th row.
When the selection scanning driver 5 applies the OFF
voltage Vopp of low level to all the selection scanning
lines X1 to Xn, the transistors 21 and 22 of all the
selection scanning lines X1 to X, are turned off. When
the transistor 21 is turned off, supply of the gray
level designation current IpaTa to the signal line Yy
is stopped. The period from the start of the selection
period Tgg of the selection scanning line X3 of the
first row to the start of the next selection period Tgg
of the selection scanning line X; of the first row is

defined as one scanning period Tgc. The selection
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periods Tgg of the selection scanning lines Xj to Xy do
not overlap each other.

The common signal power supply 6 is an independent
power supply to supply a stable rated voltage to all
the common signal supply lines Z7 to Zp. The common
signal power supply 6 outputs a signal having a phase
corresponding to the common signal clock signal CK3 to
the common signal supply lines Z7 to Zp. While the
selection scanning driver 5 is applying the ON voltage
Von to one of all the selection scanning lines Xj to Xp
as a selection signal, i.e., during the selection
period Tgg, the common signal power supply 6 outputs a
low-level voltage Viow to all the common signal supply
lines Zj to 2L as a reference potential for the gray
level designation current. During the non-selection -
period Tyge from the end of the selection.period Tgg of
the selection scanning line Xj of the ith row till the
beginning of the selection period Tgr of the selection
scanning line Xj47 of the (i+1)th row, the common
signal power supply 6 outputs a high-level voltage
Vyigy as a reference potential for a driving current.
Hence, when the common signal from the common signal
power supply 6 is the voltage Vior, the selection
scanning driver 5 outputs the selection signal of the
ON- voltage Vpoy to one selection scanning line X; of the
selection scanning lines X7 to Xp. The selection

scanning driver 5 outputs the selection signal of the
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OFF voltage Vopp to the selection scanning lines X3 to
Xm except the selection scanning line Xj. When the
common signal output from the common signal power
supply 6 drops from the high-level voltage Vhxiguy to the

low-level voltage Viop, the selection signal output

from the selection scanning driver 5 to one of the

selection scanning lines X3 to Xy rises. When the
common signal output from the common signal power
supply 6 rises from the low-level voltage Vigy to the
high-level voltage Vygrgu, the. selection signal of the
ON voltage Vgy output from the selection driver 5 to
one of the selection scanning lines Xj; to X, falls.

The low-level voltage Vioy (the reference voltage
for the designation current) as the common signal
output from the common signal power supply 6 is lower
than the reference voltage Vgg. However, the low-level
voltage Vioy may be equal to the reference voltage Vgs.
For this reason, even when the third transistors 23 of
the pixels Pj,; to Pj,p are ON during the selection
period Tgg of the ith row, a voltage of O V or a
reverse bias voltage is applied between the anode and
the cathode of each of the light-emitting elements Ej 3
to Ej,pn because the voltage Vigy of the common signal
is lower than the reference voltage Vgg. . Hence, no
current flows in the light-emitting elements Ej,; to
Ej,pn. Light is not emitted. On the other hand, the

high-level voltage (the reference voltage for the
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driving current) VyxigH outéut from the common signal
power supply 6 is set to be higher than the referencé
voltage Vgg. That is, when the common signal is the
voltage VyrgHr the selection scanning driver 5 applies
the OFF voltage Vgpp to all the selection scanning
lines X3 to Xp. The transistors 21 aﬁd 22 of all the
pixels Pj7,; to Pp,n are turned off. A forward bias is
applied between the light-emitting elements Ej,6 ; to
Ep,n and the transistors 23 connected in series with
the light-emitting elements Ej 1 to Ep, p-

The voltage Vhyrgyg Will be described. FIG. 7 is a
graph showing the current vs. voltage characteristic of
the N-channel field effect transistor 23. Referring to
FIG. 7, the abscissa represents the voltage value
between the drain and the source. The ordinate
represents the current value between the drain and the
source. In the unsaturated region (the region where
source—drain voltage Vpg < drain saturation threshold
voltage Vqu: the drain saturation threshold voltage Vopy
is a function of a gate-source voltage Vgg and is
uniquely defined in accordance with the source-drain
voltage Vpg when the gate-source voltage Vgg is
determined) shown in FIG. 7, when the gate-source
voltage Vgg has a predetermined value, a source-drain
current Ipg increases as the source-drain voltage Vpg
increases. In the saturated region (source-drain

voltage Vpg 2 drain saturation threshold voltage Vry)
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shown in FIG. 7, when the gate-source voltage Vgg has a
predetermined value, the source-drain current Ips is
almost constant even when the source-drain voltage Vpg
increases.

5 Referring to FIG. 7, gate-source voltages Vggo
to VgsMax have a relationship given by Vggo = 0 [V] <
Vgs1 < Vgs2 < Vgs3 < Vgs4 < Vgsmax- That is, as is
apparent from FIG. 7, when the source-drain voltage Vpg
has a predetermined value, the source-drain current Ipg

10 increases as the gate-source voltage Vgg increases
independently of whether it is the unsaturated region
or saturated region. In addition, as the gate-source
voltage Vgg increases, the drain saturation threshold
voltage Vpyg increases.

15 As described above, in the unsaturated region,
when the source-drain voltage Vpg changes even
slightly, the source-drain current Ipg changes. In the
saturated region, when the gate-source voltage Vgg is
defined, the source-drain current Ipg is uniquely

20 defined independently of the source-drain voltage Vpg.

When the maximum gate-source voltage VggMax is
being applied to the third transistor 23, the
source-drain current Ipg is set to the value of the
current that flows between the anode 51 and the cathode

25 of the light-emitting element Ej 5 that emits light at
the maximum luminance.

In addition, to make the third transistor 23
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maintain the saturated region even when the gate-source
voltage Vgg of the third transistor 23 is the maximum
voltage VgsMaxr the following condition is satisfied.

VuigH - VE ~ Vss £ VrHMAX
where Vg is the voltage between the anode and the
cathode voltage, which is required by the.
light-emitting element Ej 5 for emitting light at the
maximum luminance during the light emission life
period. Vppgmax 1s the saturation threshold voltage
between the source and the drain of the third
transistor 23, which corresponds to Vggmax- The
voltage Vgrgu is set such that the above condition is
satisfied. Hence, even when the source-drain vpltage
Vpg of the third transistor 23 becomes low due to the
voltage division of the light-emitting element Ej 45
connected in series with the transistor 23, the
source—-drain voltage Vpg always falls within.the range
of the saturated state. For this reason, the
source-drain current Ipg that flows to the third
transistor 23 is uniquely defined by the gate—source
voltage Vgg-

The data driver 3 will be described next. As
shown in FIG. 1, the signal lines Y3 to ¥, are
connected to current terminals CT; to CTp of the data
driver 3, respectively. The data driver 3 receives the
control signal group DcyT including the data driver

clock signal CK1l, start signal ST1l, and latch signal L
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from the controller 11. Tﬁe data driver 3 also
receives the 8-bit red digital gray level image signél
Sr, green digital gray level image signal Sg, and blue
digital gray level image signal Sy from an external
circuit. . The received digital signals are converted
into analog signals by the D/A converéer in the data
driver 3. The data driver 3 controls such that the
gray level designation current Ipapp based on the latch

signal L and the converted analog signals flows from

 the signal lines Y1 to Y to the current terminals CTj

to CT, of the data driver 3. The gray level
designation current Ipara is a current that is
equivalent to the current level (current value) that
flows to the light-emitting elements Ej, 1 to Em,h to
cause them to emit light at a luminance corresponding
to a gray level image signal from an external circuit.
The gray level designation current Iparta flows from the
signal lines Y to Y, to the current terminals CT; to
CTp.

The switching circuit 7 is formed of switching
circuits S7 to Sp. The switching circuits S3 to Sp are
connected to the signal lines Yq to Yp, respectively.
In addition, the current terminals CT; to CTp of the
data driver 3 are connected to the switching circuits
S, to Sp, respectively. Each of the switching circuits
S1 to Sp receives the switching signal ¢ and a reset

voltage VrgT from the controller 11.
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A switching circuit Sy (the switching circuit S5
is connected to the signal line Yj of the jth column)
switches between two operations: an operation in which
the gray level designation current Ipara is supplied
from the path between the drain 23d and the source 23s
of the third transistor 23 and the signal line Y4y to a
current terminal CTy of the data driver 3; and an
operation in which the reset voltage Vggr having a
predetermined voltage level is output from the
controller 11 to the signal line Y. -More specifi-
cally, when the switching signal ¢ input from the
controller 11 to the switching circuit S5 is at high
level, the switching circuit S4 cuts off the current of
the current terminal CTy. The switching circuit S5
also outputs the reset voltage Vrgr from the controller
11 to the signal line Yy. On the other hand, when the
switching signal ¢ input from the controller 11 to the
switching circuit S3y is at low level, the switching
circuit S5 supplies the gray level designation current
IpaTa between the current terminal CTy and the signal
line Y5 to the path between the drain 23d and the
source 23s of the transistor 23 and the signal line Yy.
The switching circuit S5 also cuts off the reset
voltage VrRgt from the contréller 11.

In the organic EL display 1 having no switching
circuit 7 for reéet, assume that, e.g., the pixel Pi,j

of the ith row on the signal line Yj of the jth column
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should emit light at the highest :ray level, as shown
in FIG. 9A. Assume that, for this purpose, the gray
level designation current IppaTa having the maximum

current value is supplied to the path between the drain

'23d and the source 23s of the third transistor 23 and

the signal line Yj during the selection period Tggp. At
this time, a highest gray level voltage Vhsb of the
current terminal CTy is much lower than the voltage
Viow and reference voltage Vgg of the common signal
power supply 6. That is, the potential difference
between the current terminal CTy4 and the voltage Viow

of the common signal power supply 6 is sufficiently

‘large. For this reason, a large current can rapidly be

supplied to the path between the drain 23d and the
source 23s of the transistor 23 and the signal line Yy
to charge up the parasitic capacitance of the signal
line Yy, and a steady state can quickly be sét. Next,
assume that the pixel Pj4+j3,5 of the (i+1)th row should
emit light at the lowest gray level luminance. Assume
that, for this purpose, the gray level designation
current Ipara having the minimum current value (the
current value is not 2zero) is to be supplied to the

signal line Y5.. That i1s assume that the potential of

the current terminal CTy is to be changed to a lowest

gray level voltage Vlsb which has a small potential
difference to the voltage Vigy of the common signal

power supply 6 by supplying the very small gray level
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designation current Ipata, and the gray level
designation current Ipara should thus be set in the
steady state. At this time, the amount of charges
which are stored in the parasitic capacitance of the

5 signal line Y4 when the gray level designation current
Ipata for the ith row is supplied is large. For this
reason, the potential difference that corresponds to’
the change in potential of the signal line Y4y per unit
time becomes small. A long time may therefore be

10 required until the potential of the signal line Yy is
changed from the highest gray level voltage Vhsb to the
lowest gray level voltage V1lsb and set in the steady
state. 1In addition, when the selection period Tgg is
set to be short, a difference corresponding to a

15 voltage Vpgp is generated before the potential reaches
the lowest gray level voltage Vlsb. Hence, the pixel
Pi+1,3 cannot emit light at an accurate luminance.

The organic EL display 1 of this embodiment has

the switching circuit 7. Hence, as shown in FIG. 9B,

20 the switching circuit 55 forcibly switches the
potential of the signal line Y4y to the reset voltage
VrgT much higher than the highest gray level voltage
Vhsb during the non-selection period Tygg, i.e., before
the gray level designation current Ipata for the

25 (i+1)th row is supplied to the path between the drain
23d and the source 23s of the transistor 23 and the

signal line Y+. During the selection period Tgwr, the
J SE
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amount of charges stored in the sigﬁal line Yj serving
as a parasitic capacitance quickly changes so the
signal line Y4 can rapidly be set at a high potential.
For this reason, even when the gray level designation
current Ipata for the (i+l)th row has a very small
current value corresponding to the lowest gray level,
the potential can quickly reach the lowest gray level
voltége Vlsb.

The reset voltage Vrgr is set to be higher than
the highest gray levellvoltage Vhsb. .The'highest gray
lével voltage Vhsb is set in the steady state in
accordance with charges stored in the signal lines Y3
to Yp by the gray level designation current IpaTta which
has a current value equal to a maximum gray level
driving current IMAX- The maximum gray level driving
current Imax flows to the light-emitting elements Ej 3
to Ep,n when they emit light at a maximum gray level
luminance Lypx for brightest light during the selection
period Tgg. More preferably, the reset voltage Vrgt is
set to be equal to or higher than an intermediate
voltage that has an intermediate value between the

lowest gray level voltage V1sb and the highest gray

- level voltage Vhsb. The lowest gray level voltage Vlsb

is set in the steady state in accordance with charges
stored in the signal lines Y3 to Y, by the gray level
designation current IpaTa Which has a current value

equal to a minimum gray level driving current IMIN-
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The minimum gray level driving current Iyvry flows to
the light-emitting elements Ej ; to Ep p when they have
a minimum gray level luminance Lyry (however, the
current level is more than 0 A) for darkest light. The

5 reset &oltage VrgT more preferably has a value equal to
or more thén the lowest gray level voltage Vl1sb.

An example of the switching circuit S4 of the jth
column will be described. The éwitching circuit S5 is
constituted by a fourth transistor 31 formed of a

10 P-channel field effect transistor and a fifth
transistor 32 formed of an N-channel field effect
transistor. The gate electrode of the transistor 31
and the gate electrode of the transistor 32 are
connected to the controller 11 so that the switching

15 circuit S+ receives the switching signal ¢ . The
source electrode of the transistor 31 is connected to
the signal line Y. The drain electrode of the
transistor 31 is connected to the current terminal CTy
of the data driver 3. The drain electrode of the

20 transistor 32 is connected to the signal line Y5. The
source electrode of the transistor 32 is connected to
the controller 11 so that the switching circuit S+
receives the reset voltage Vrgr. In this arrangement,
when the switching signal ¢ from the controller 11 is

25 at high level, the fifth transistor 32 is turned on
while the fourth transistor 31 is turned off. On the

other hand, when the switching signal ¢ from the
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controller 11 is at low level, the transistor 31 is
turned on while the transistor 32 is turned off. The
transistor 31 may be set to a P-channel type, and the
transistor 32 may be set to an N-channel type. In this
case, the switching mode of the switching circuit Sy

is changed by reversing the phase of the switching
signal ¢ .

The period-of the switching signal ¢ input to the
controller 11 will be described here. As shown in
FIG. 8, when the selection scannihg driver 5 is
applying the ON voltage Vgy to one of the selection
scanning lines Xj to Xp, the switching signal ¢ input
to the controller 11 is at low level. On the other
hand, during the non-selection period Tyggp when the
selection scanning driver 5 is applying the OFF voltage
Vorp to all the selection scanning lines X; to Xp, the
switching signal ¢ input to the controller 11 is at
high level. That is, the switching signal ¢ input to
the controller 11 is a pulse signal which changes to
high level for each of the m non-selection periods Tynsg
in one selection period Tgg.

The switching circuits S; to S, are circuits which
switch between two operations: an operation for
supplying the gray level designation current Ipara from
the signal lines Y; to Y, to the current terminals CTj
to CT, in accordance with the switching signal ¢ from

the controller 11; and an operation for forcibly
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charging the signal lines Y; to Y, to the reset voltage
VrsT- When the switching signal ¢ input from the
controller 11 is at low level, i.e., during the
selection period Tgrg of one of the selection scanning
lines X7 to Xp, each switching circuit turns on the
transistor 31 and off the transistor 32. With this
operation, the gray level designation current IpaTa
flows to the current términals CT, to CT, through the
paths between the drain 23d and the source 23s of the
transistors 23 and the signal.lines Yj; to Y. When the
switching signal ¢ input from the controller 11 is at -
high level, i.e., during the non-selection period TNsE
of all the selection scanning lines X; to Xp, each
switching circuit turns off the transistor 31 and on
the transistor 32. At this time, the gray level
designation current Ipara does not flow to the drains
23d and sources 23s of the transistors 23 and the
signal lines Y7 to Yp. Instead, the potentials of the
signal lines Y to Yp are forcibly set to the reset
voltage VggT-

Hence, in the selection period Tgg of each row,
the gray level designation current Ipara flows from the
signal lines Y] to Y to the current terminals CTq1 to
CTnp. On the other hand, in the non-selection period
Txsg between the rows, the reset voltage VRgr is
forcibly applied to the signal lines Y3 to Yp. The

charge amount of the parasitic capacitance of the
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signal lines Y31 to Yp becomes almost the same as the
charge amount when the small gray level designation
current Ipagra flows, and the steady state is set. For
this reason, even when the current value of the gray
level designation current Ipama is very small, the
steady state can quickly be set.

In the selection period Tgg of each row, the data
driver 3 generates the gray level designation current
IpaTa which should flow from the common signal supply
lines %1 to Zp to the current terminals CTj .to CTp
through the transistors 23, transistors 21, signal
lines Y7 to Yp, and switching circuits Sj tovsn. The
current value of the gray level designation current
IpaTa is equal to the current value of the driving
current which is supplied to the light-emitting
elements Ej,1 to Ep,p to cause them to emit light at a
luminance gray level corresponding to image data.

A method of causing the data driver 3, selection
écanning driver 5, and common signal power supply 6 to
drive the organic EL display panel 2 and the display
operation of the organic EL display 1 will be described
next.

As shown in FIG. 8, on the basis of the selection
scanning driverAclock signal CK2 received from the
controller 11, the selection scanning driver 5
sequentially applies the ON voltage Von to the

selection scanning line X7 of the first row to the
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selection scanning line Xp of the mth row in this oxder
(the selection scanning line X3 follows the selection
scanning line Xp) during each selection period Tgg to
select the selection scanning line. Accordingly, the
selection scanning lines Xj; to Xp are scanned in this
order.

Simultaneously when the selection scanning driver
5 sequentially selects and scans the selection scanning
lines, the common signal power supply 6 outputs common
signals to all the common signal supply lines Zj to Zp.
The common signals output to the common signal supply
lines 27 to 2y are synchronized with each other. 1In
all pixel circuits D3, 1 to Dp,p, the common signal of
the voltage Viogw is input to the source electrode 22s
of the second transistor 22 and the source electrode
23s of the third transistor 23.

In addition, during the sequential scanning by the
selection scanning driver, the data driver 3 receives
and latches the 8-bit red digital gray level image
signal Sy, green digital gray level image signal Sg,
and blue digital gray level image signal Sp from an
external circuit on the basis of the data driver clock
signal CKl input from the controller 11. When the
selection signal Vpoy that selects the selection
scanning line X; is output, the switching signal ¢ is
synchronously input to the switching circuit 7. The

switching signal ¢ turns on the transistor 31 and off
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the transistor 32. The gray level designation currents
IpaTa having current values based on the gray level of
the latched signals flow to the current terminals CTj3
to CT, of the data driver 3 through the common signal
supply line Zj, the'paths between the drains 23d and
the sources 23s of the transistors 23 of the pixels
P, 1 to Pj,n, the paths between the drains 21d and the
sources 21s of the transistors 21 of the‘pixels Pj,1 to
Pj,n, and the signal lines Y3 to ¥Yp.

When the selection signal of ON level Vpgy is being
output to the given selection scanning line Xj, a
selection signal of off level is output to the
remaining selection scanning lines X; to Xy (except
Xj). This period is the selection period Tgg of the
ith row. Hence, for the pixel circuits Dj,; to Dj n of
the ith row, the fifst transistor 21 and second
transistor 22 are ON. For the pixel circuits D3,1 to
Dp,n (except the pixel circuits Dj, 3 to Dj,n) of the
remaining rows, the first transistor 21 and second
transistor 22 are OFF.

That is, when the voltage Vpoy is applied to the
selection scanning line Xj during the selection period
Tgg of the ith row, the first fransistors 21 and second
transistors 22 in the pixel circuits Dj,b31 to Dj n are
turned on. At this time, -the voltage Vpoy from the
common signal supply lines Z3 to 2, is supplied to the

drain electrodes 23d of the third transistors 23 and
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the drain electrodes 22d of the second transistors 22
of all the pixel circuits Dj,; to Dp,p. Simultane-
ously, the data driver 3 is going to supply the gray
level designation current Ipara to the current
terminals CTq to CTp in accordance with the latch
signal L. At this time, the switching signal ¢ is
input from the controller 11 to the switching circuit 7
to turn on the transistors 31 and off the transistors
32. Hence, the current terminals CT; to CT, are
electrically connected to the common signal supply line
Zi. The voltage Vygy of the common signal- supply line

Zj is set to be higher than the potentials of the

- current terminals CT; to CTp. For this reason, a

voltage that supplies the gray level designation
current IpaTa to the path between the source and the
drain of the third transistor 23 is applied between the
gate 23g and the source 23s and between the-source 23s
and the drain 23d of the third transistor 23.

The current value of the gray level designation
current Ipara is based on the-red digital gray level
image signal SR, green digital gray level image signal
Sg, and blue digital gray level image signal Sg input
to the data driver 3. During the selection period Tgg,
the data driver 3 stores charges in the capacitor 24
between the gate 23g and the source 23s of the
transistor 23 of each of the pixel Pj,] to Pj,pn. With

this operation, the current value of the gray level
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designation current Ipara that flows to the current
terminals CT; to CTp of the data driver 3 through thé
common signal supply line Zj, the pathé between the
drains 23d and the sources 23s of the transistors 23 of.
the pixels Pj,1 to Pj, p, the paths between the drains
21d and the sources 21s of the transistors 21 of the
pixels Pj 1 to Pj,pn, and the signal lines Yj; to Y, is
set in the stead state. That is, the gray level
designation current Ipara having a predetermined
current value is supplied to the paths between the
drains 23d and the sources 23s of the transistors 23 of
the pixels Pj,7 to Pj,p. After that, the capacitor 24
can hold the charges at least during one scanning
period Tgc or more. In other words, the transistor 23
is going to supply a driving current having a current
value equal to the gray level designation current Ipara
at least for a time corresponding to one scanning
period Tgc or more by the charges in the capacitor 24.
That is, the capacitor 24 serves as a storage means for
storing the current value of the gray level designation
current Ipara that flows during the selection period
Tgg and flowing a driving current having a current
value equal to the gray level designation current IpapTa
to the light-emitting elements Ej ;1 to Ej pn during the
non-selection period Tysg-

Hence, during the selection period Tgg of the ith

row, the first transistors 21 and second transistors 22
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of the pixel circuits Dj, j to Dj n of the ith row are
turned on. Accordingly, the gray level designation
current Ipara supplied from the signal lines Yj; to Yp
to the data driver 3 is stored in the capacitor 24 of
each of the pixel circuits Dj,; to Dj,pn of the ith row.
In each of the pixel circuits Dj,; to Dp,p (except the
pixel circuits Dj,j to Dj p) of the remaining rows, the
first transistor 21 and second transistor 22 are OFF.
Hence, the Qray level designation current Ipara is not
stored in the capacitors 24 of the reﬁaining YOwWS .

That is, the third transistors 23 of the remaining rows
cannot flow the gray level designation current Ipara-
As described above, during the selection period Tgg of
the ith row, charges between the gate and the source of
the third transistor 23 are received by each of the
pixel circuits Dj,j to Dj,p in correspondence with the
gray level designation current IpaTa. Accordingly, the
charges between the gate and the source of the third
transistor 23, which have been stored so far, are
refreshed. During the plurality of non-selection
periods Tygg after the selection period Tgg of the ith
row, the pixel circuits Dj,1 to Di,n sﬁpply driving
currents (the driving currents have the same level as
that of the gray level desiénation current Ipara)
corresponding to the charges stored between the gates
and the sources of the third transistors 23 to the

light-emitting elements Ei,1 to Eji,n: thereby causing
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them to emit light.

As described above, the selection scanning driver
5 line-sequentially shifts the selection signai from
the first row to the mth row. Accordingly, the gray
level designation current Ipara flows sequentially to
the pixel circuits Dj,; to Dj,p of the first row to
the pixel circuits Dy, 1 to Dp,p of the mth row in
accordance with the red digital gray level image signal
Sr, green digital gray level image signal Sg, and blue
digital gray level image signal Sp input to the data
driver 3. With this operation, the charges stored
between the gate and the source of each third
"transistor 23 are refreshed. When such line-segquential
scanning is repeated, an image is displayed on the
display section 4 of the organic EL display panel 2.

The operation of causing the pixel circuits Dj, 3
to Dj,n to receive the gray level designation current
Ipata during the selection period Tgg of the ith row
and the operation of causing the light-emitting
elements Ej 1 to Ej, pn to emit light on the basis of the
received gray level designation current IpaTa will be
described here in detail.

During the selection period Tgg of the ith row, a
selection signal of the ON voltage Vpon is output from
the selection scanning driver 5 to the selection
scanning line Xj of the ith row in accordance with the

control signal group Geyr including the clock signal
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CK2 from the controller 11. Then, the fi;st
transistors 21 and second transistors 22 of all the
pixel circuits Dj,6j to Dj, p connected to the selection
scanning line Xj are set in the ON state during the
5 selection period Tgg. At the start of the selection
period Tgg of the ith row, the common signal changes to
the voltage Viow- During the selection period Tgyp of
the ith row, the voltage Vyoy is applied to all the |
common signal supply lines Z7 to Zp. Since the second
10 transistor 22 is ON, a voltage is applied even to the
gate electrode 23g of the third transistor 23. Hence,
the third transistor 23 is turned on.
Furthermore, when a given column of the
light-emitting elements Ej, ;1 to Ej,p of the selected
15 row is to be caused to emit light during the
non-selection period Tygg (to be described later), the
data driver 3 controls the potential of one of the
current terminals CT; to CTp, which corresponds to the
column to be caused to emit light, to be lower than the
20 voltage Viow- Accordingly, in the column of the pixel
circuit Di, 5 which should emit light, the gray level
designation current Ipapa flows from the common signal
supply line Z4i to the data driver 3. When a given
column of the light-emitting elements Ej, 3 to Ej, p of
25 the selected ith row is to be inhibited from emitting
light during‘the non-selection period Tnggr (to be

described later), the data driver 3 controls the
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potential of one of the current terminals CTq to CTp,
which corresponds to the column that should be
inhibited from emitting light, to be equal to the
voltage Viow- Accordingly, in the column of the pixel
circuit Dji,j, which should emit light, the gray level
designation current Ipara does not flow from the common
signal supply line Z; to the data driver 3. During the
selection period Tgg of the ith row, the data driver 3
controls the potentials of the current terminals CTl'to
CT, to supply the gray level designatién current IpaTa
to the data driver 3 to the signal lines Y3 to Yp (the
gray level designation current IpaTa does not flow for
a column which should be inhibited from emitting
light). 1In each of the pixel circuits Dj,3 to Dj,n of
the ith row, the first transistor 21 and second
transistor 22 are turned on. Hence, the gray level
designation current Ipara flows through a path of
common signal supply line Z; — paths between the
drains 23d and the sources 23s of the transistors 23 of
the pixels Pj,1 to Pi,n ™ paths between the drains 21d
and the sources 21s of the transistors 21 of the pixels
Pj,1 to Pi,n ™ signal lines Y7 to Y, — transistors 31
of the switching circuits S; to Sp — current terminals
CT, to CTp of the data driver 3.

As described above, charges corresponding to the
current value of the gray level aeSignation current

IpaTa are received by the pixel circuits Dj,1 to Dj n-
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At this time, in all of the first to nth columns, the
current value of the driving current flowing to the
light-emitting elements Ei,1 to Ej,n is equal to the
current value of the gray level designation current
IpaTa- The current value is designated by the data
driver 3. Hence, the current value of the gray level
designation current Ipapra which is continuously held
during the non-selection period Tngg is constant.

That is, during the selection period Tgg, the gray
level designation current Ipara flows to the third
transistor 23. The voltage across the common signal
supply line Z;, third transistors 23, first transistors
21, signal lines Yq to Y,, switching circuits S3 to Sp,
and data driver 3 is set in the steady state.
Accordingly, a voltage at a level corresponding to the
level of the gray level designation current IpaTa that
flows to the third transistor 23 is applied between
the gate electrode 23g and the source electrode 23s of
the third transistor 23. Charges with a magnitude
corresponding to the level of the voltage between the
gate electrode 23g and the source electrode 23s of the
third transistor 23 are stored in the capacitor 24.
During the selection period Tgg of the ith row, in each
of-the pixel circuits Dj,q to Dj,p of the ith row, the
first transistor 21 and second transistor 22 function
to supply the gray level designation current Ipara

flowing to the signal line Yj to the third transistor
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23. The third transistor 23 functions to convert the
current value of the gray level designation current
IpaTa into the value of the voltage between the gate
and the source.

As described above, during the selection period
Tgg of the ith row, the magnitude of the charges stored
in the capacitors 24 of the pixel circuits Dj, 1 to Dj,n
of the ith row is refreshed from the preceding scanning
period Tgc. At the same time, the drain-source current
level and the source-drain voltage level of the third
transistors 23 of the pixel circuits Dj,; to Dj, p of
the ith row are also refreshed from the preceding
scanning period Tgc.

The potential at an arbitrary point on the path of
the third transistor 23, fifst transistor 21, and
signal line Y4 changes depending on the internal
resistance of the transistors 21, 22, and 23, which
changes over time. However, in this embodiment, the
current value of the éray level designation current
Ipara that flows through the path of third transistor
23 — first transistor 21 — signal line Y5 is forcibly
supplied by the data driver 3. Hence, even when the
internal resistance of the transistors 21, 22, and 23
changes over time, the gray level designation current
IpaTa that flows through the path of third transistor
23 — first transistor 21 — signal line Y4 has a

desired level.

PNMCRASIA. A S ARRAnTAITAAT | -

IPR2020-01275
Apple EX1002 Page 704



10

15

20

25

WO 2004/019314 PCT/JP2003/010644

49

During the selection period Tgy of the ith row,
the common signal supply line Zj is set to the voltage
Viow that is equal to or lower than the reference
voltage Vgg. In addition, a zero bias or reverse bias
is applied across the anodes and the cathodes of the
light-emitting elements Ej, 1 to Ej p of the ith row.
Hence, no current flows to the light-emitting elements
Ej,1 to Ej, n, and they does not emit light.

At the end time of the selection period Tsg of the

ith row (at the start time of .the non-selection period

' Tnyge ©of the ith row), the selection signal output from -

the selection scanning driver 5 to the selection
scanning line Xi changes from the high-level potential
Von to the low-level potential Vopp- The selection
scanning driver 5 applies the OFF voltage Vopp to the
gate electrodes_Zlg of the first transistors 21 and the
gate electrodes 22g of the second transistors 22 of the
pixel circuits Dj,1 to Dj,p of the ith row.

Hence, during the non-selection period Tygg of the
ith row, the first transistors 21 of the pixel circuits
Dj,1 to Dj, n of the ith row are turned off. The gray
level designation current Ipata that flows from the
common signal supply line Zj to the corresponding
signal lines Y1 to Yp is cut off. 1In addition, during
the non-selection period Tygg of the ith row, in all
the pixel circuits Dj, ; to Dj, p of the ith row, even

when the transistor 22 is turned off, charges stored in
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the capacitor 24 during the immediately preceding

selection period Tgr of the ith row are confined by the

second transistor 22. For this reason, in all the
pixel circuits Dj, 63 to Dj,p of the ith row, the third
transistor 23 is kept ON during the non-selection
period Tysg. That is, in all the pixel circuits Dy,
to Dj,n of the ith row, the second transistor 22 holds

the gate-source voltage level Vgg of the third

transistor 23 such that the gate-source voltage level

Vgg of the third transistor 23 during the non-selection
period Tngg becomes equal to fhe gate-source voltage
level Vgg of the third transistor 23 during the
selection period Tgg-

During the non-selection period Tyngr., the common
signal output from the common signal power supply 6 to
the common signal supply line Zi rises to the voltage
Vugrge- During the non-selection period Tyggr, the
cathodes of the light-emitting elements Ej, ; to Ej, p of
the ith row are at the reference voltage Vgg. The
common signal supply line Zi is at the voltage Vyigy
higher than the reference voltage Vgg. In addition,
charges corresponding to the gray level designation
current Ipata flowing during the selection period Tgp
are stored between the gate 23g and the source 23s of
the third transistor 23 connected in series. In this
case, a forward bias voltage corresponding to the gray

level designation current Ipata is applied to the

IPR2020-01275

Apple EX1002 Page 706



