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zgEgdr], Asgdr], yZeEddr], Fedr], delgtdr], SARY ] SAFEYT], SAHolE YT,
Egol£d7], UsAldr], AzFadr], guziFadr], gegolgdr], eHdr], A2vdr], o]AARd
g7], HLlolxdr], geudr], vxyeudr], vz Eloiﬂ‘éﬂ =R ]E]r A7), HzFRuz
71, Wzgol ez e dr], WExgHo| etz e dr], Wz uilzFetdr], Wz =gz
7] B N-A g 2oz FF28dr|olH, Ry WA R -L—Er Alobe=717F ofbd B9, Rs 2 ReellA A
Aok st Alofr]|Z X3 CCy oFE7] e Alot7|2 X3 C-Cy 3lEIZ o}d7|S; L ¥ Lov 7
7y YR o2 XA AU AFE C~Cyp oFBH7] e AEHA AU AFE C~Cyp SEIZE ofHd 7] o]
H, A7 CCyp FEHZE olddll7|= 242 sHdoR A3kex] @AY X3ke 3 Ed A7 (pyrrolylene), o7t}
ZdaA 7] (imidazolylene), v e} A7) (pyrazolylene), g2} xd @ 7] (pyrazinylene), F v d 7]
(pyrimidinylene), X d 7] (pyridazinylene), o]~ EdA7]|(isoindolylene), AELAU Y
(indolylene), A=A A 7| (indazolylene), F L@ 7] (purinylene), FA=#Ld#A7](quinolinylene), ©lAFA=
gld# 7] (isoquinolinylene), WZF =2 d#d 7] (benzoquinolinylene), X&&tx|d# 7] (phthalazinylene), Y3
E]2]t)d @ 7] (naphthyridinylene), ]igﬂé@]ﬂ(quinoxalinylene), FAy=eldd 7] (quinazolinylene), ®
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A=Y dAr], AxolaF=gdAr], MxAtE 7], WxHASdeddr], Al=gd@l7](cinnolinylene),
HHEG L d#7] (phenanthrldlnylene), olz#tjdd 7| (acridinylene), HHEEI LA 7]
(phenanthrolinylene), | }Xd#”](phenazinylene), WZZA}EA A 7] (benzoxazolylene), WlZo|nm|tiEdd
7] (benzimidazolylene), Febd @ 7] (furanylene), W Z572-d 7] (benzofuranylene) , Eledddr|
(thiophenylene), WIZE]2#Hd# 7] (benzothiophenylene), Elo}&Ed#7](thiazolylene), ©]AEo}lEdA7]
(isothiazolylene), WIZE]o}ZA# 7] (benzothiazolylene), ©]AZAIEZA#A7](isoxazolylene), ZAIEA#A7]
(oxazolylene), EgolEd#r], HEHZLANY], FAHoEY 7] (oxadiazolylene), Egolxddl”]
(triazinylene), WZFFebddlr], oWlzF E]—Qjﬂﬂ(dlbenzofuranylene) HlxFR o) zFatddl 7], wxE

=l AT, Wl 2 E] ol =Tl 2= ek d A7) ZE 2], o]l 2 E] @ 3l 3l 7]
(dibenzothiophenylene), WZEJEHZE QAT ], E]OHJ_E]H ZE|Q A Y], FmEdAr], WZzI}
T4y, gizImEddr], JEZymEddr], WLﬂmim@ﬂ,ﬂi%iﬂﬂimaﬂ,ﬂiaﬂiﬂ
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HkEdd7), olntxygEutid @] (imidazopyrimidinylene) % ojutixs g t)d 7] (imidazopyridinylene)
2 FAHEE oA AdE; a 9 be 44 1)

(35h4 1A R, WA R 27 BRH0® i A, Fha 94, AESL 93 B Aohws] (<)ol
R WA R FolA Holm st Alohws9l; R WA ow AeuA Y A Gy oF2
e ABHA GAY ATY (G AHZ o}/ L D L 4% SPHon qahA gAY A8y

Co-Cp OFL 7] = A8 Q7L AFE CCy B obDTIolm, 7] C~Cy B ol 242t

=gddorg X3EA AU Hd =AY (pyrrolylene), o|u|ttE=L 7] (imidazolylene), ¥et=d 7]
(pyrazolylene), ylg}Ad & 7] (pyrazinylene), ylg]v)t)d @ 7] (pyrimidinylene), oA d 7]
(pyridazinylene), ©]4&0EYL#A”](isoindolylene), 1= &7 (indolylene), S1T}EA @ 7] (indazolylene), F
A7) (purinylene), FA=2d# 7] (quinolinylene), ©lAFEEld#d 7] (isoquinolinylene), WZF=glddl7]
(benzoquinolinylene), X2 d# 7| (phthalazinylene), YZE]Zt]d#7](naphthyridinylene), #=54ald
#7) (quinoxalinylene), AUIZE&d# 7] (quinazolinylene), WZxFA =g dalr], Hxolix7sgdadlr], Mz}
Zgddy], WzxFsadeddr], AlEgdd 7] (cinnolinylene), #|WHEZ t)d@ 7] (phenanthridinylene), o}
grjdd”] (acridinylene), F|FEZ2]d# 7] (phenanthrolinylene), ¥|uA]d @ 7] (phenazinylene), WZ2ALZE
4l 7] (benzoxazolylene), wWlZolu|ttZdd 7] (benzimidazolylene), FFebd#”](furanylene), WMEZFad A7
(benzofuranylene), €] 2.3'd 37| (thiophenylene), ‘%ﬂZ:E]Oﬁﬂ‘é‘%ﬂﬂ(benzothiophenylene), ElolZ 77

7]

(thiazolylene), ©]AElo}Z A= 7] (isothiazolylene), WIZE]o}ZE LA 7] (benzothiazolylene), ©]AZAIELHA
7] (isoxazolylene),  SAFEYU 7] (oxazolylene), Eﬂ ofEd ], EHEZELWAY], Q’\qu}io‘%ﬂﬂ
(oxadiazolylene), Egolx]d#l”]|(triazinylene), WZ&Fehd 7], olzFeldd 7] (dibenzofuranylene),
ZFEolzFetd ], ‘%ﬂi‘ﬂoﬂ‘i\li%a}‘é%ﬂﬂ HlzEd =gl rebd Ay, wxEsdar], E]‘%iJ—
‘ﬂOﬁﬂ‘é%ﬂﬂ(dibenzothiophenylene) ZEEWZE QDA ], AZE o et zEl o], A=
7], £, Q‘ﬂiﬂ‘ﬂ}io’ﬁﬂﬂ, AE27MIEL A7), duestEdAr], HEzFesmtEdar],
E]oﬂJ—?'}‘ﬂ}}‘O]%ﬂﬂ ]U]D}Zﬂﬂulqg%ﬂﬂ(1m1dazopyrim1d1nylene) =2 oln|thz 3 gt d 7]

(1m1dazopyr1d1nylene)i TAEE oA AEE; a ¥ be 47 19)

Yo Hrg

7l & & of

B oage §7) e #e Aoz, e AAEAE dHte]ere] f7E3e Hew 5 9= §7] 3
23} o2 ZFshE fr|ddve]on W fr]wggx o] Bk slo|th

vl F 7] &

A g AMEHI v HUIA LA F ostuEA fF71A AL S A organic electroluminescent device;
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[0003]

[0004]

[0005]

[0006]
[0007]

[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

OELD) 1% & E f7|9gtiol et Axlo] 7|&o] wWE £ g wdsla Q).

713 rto] © = (organic light emitting diodes; OLED):E 2000 A olWjeo] gk #7] wato g AL, A}
|H = A5 T wep v B e o R s o] Jhesith. e frdgriel e s A%
A ZHagd 22 E94E(flexible) 79 71H 9ol &5 FAAE F oA EYAE EE EHE
(foldable) ZEAIEAE F&d3l7] &olsirt. ¥RF oy}, fr|dgrio]les FAEAE W@ AgelA 50l
7Vestar, MEErt 955k, WA FAI AR (1iquid crystal display device; LCD)ell H]sle] & A& 71X

7P gol e 4 94 AS5(FH A, AX =4 AF5 (S, A7 5 55 Abolel IAH= 771
BTS2t g 288 ST Sk, A1EETE 4 Y AT A SAHoR ASEHE
AETUS, d35ES, YFELAS, AALESS, AAFTASTE 2T 5 Aok, od, FelA 98 F¥
(hole)¥} S=rollX F=UH AR H(electron)’} TFEAToA Agdste] AAIE(7|A}, exciton)S st &
oFdgk o7] e (excited state)E HATH7F, g3k ule AdEl(ground state)E B0l HlS W&
OLED ZAxfeo] AAAQ &8 EAL HITHoR oFo wEses Ho & 543 oF-datagd o3 24+
o, BFEAZ Aoy 23 A=Y R UYE S (external quantum efficiency, EQE; new)S 3H7] 2 12
ALk 4= 9l

Next = Mint x I' X &X ']out—coupling (1)

(ninE WEYAE S (internal quantum efficiency; IQE); r& 3 #3 <A (charge balance factor); @

= WAL AE & (radiative quantum efficiency); Nou-coplings F-F= A& (out-coupling efficiency)d)

=)

AE(nn)< AFE dAEo] deo FeER AfEe vER2, o|2Hor HFI HAA7F wh} dAES
A o, 3o wde] wgl FH2HA(paired spin) FEIQA TUIF AXNE(singlet exciton)¥} =237
(unpaired spin) HEfel A3 AAE(triplet exciton)o] 1:39 ®H]|&=2 AAFECE. Y Eddias ddd
AA|Eqto] wgo] Foddta YR 7592 453 A EL w3 Hojslx] FEalt}, o]x ¥ OLED AAlollA
A&y sEst A vlgo] 1:30]a A5d dXES FAZD F flE Al ¥ AR AF WEIAE

H(nim)e A 0.259) B33},

Eal

AP (r)E INES F4shs ZTI dAxe] FPe ovished, dWHoR 1009
(matching)& 71438t '1'9) ke zt=t}h, o
o2, &2E(host)-EHE (dopant) A|=Fl A& &3

el

%_%% §—%( rLout*coupling)% HEL“E)}- ZH;C—‘T'—Oﬂ/ﬂ HEL‘%}-% E‘l %‘Oﬂ/\ Q]l?_i %%E]"T:’ ];]-,191 B]%O]E]' OEH:L&}_Q_E %H&-
“d(isotropic)st Fejo] g ARE AT aste] whvbs F4T 49, 7l Bg Exe 4% 7t
AR ¢k3 FAAG FEZ EASTE. o]9f F2 FAA % wld (random orientation) AFEAA, EHEI F =&
7IHE AgEA FUS A4 F-F= A 0.3 FFo|th. wgbA 2] 1o el 47 5s
g A& 5 WA 7.5%0 E¥sic.

Z3tab, 5E g 1}

BF AR7F 7 W AR SFREES A fstel F AEIF NEHAT. 9F AR Fe GdF
AA|Eo] AZF Hol(Intersystem crossing, ISO)E &3 tlFfi 458 Au2 dol=i, A5d ] oA
E F2%5 93 728 ~8-A% AZY (spin-orbit coupling)ol &J3dle] mpeb ArejR el o] 71 Fpssit)l. o]
A, AF ARE ddEd duA g AFd UxE BT oz HdAYE $F WAYEFS /A k. m

Z Ay
ghA 1 Ass Hd 20 WA 30%0] - FAEES TAY 5 Sl

add 9% AR Ao AgHE 35 AR 1k B ohld o] ws dol Agsl @A
Q. S8, 34 Q% Bael 49 AeEst n8d taZdelel Hgay] olele Feln, £ £ 4
83 520 2A vAX Zela dolA, 4esiE 0D Aol A8H7 Eahm Qe Aol

Agel EE AR Bolok . AW, §7] W=
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[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

7] (hydrazyl group), EEAH7], C~Cyp &4 A7), C~Chp &FA AE7], (C5-Cyp Alo]EZYA A7), C~Cy
ot A™7], CCy BMElZorE AB7], C5-Cy oFE7], CrCyp FHHR o}E7] 55 & 5 AT, & dio] o
of #4EE A ohUTh dF Bol, #94 1604 R, L/EE R7F B2 ABE A, DANE A4 EE

Sl CrCo, v A= C-Co 271 5= Tt

B ANA SR BFE ag, e Ao 2RaANY], HEHE okhAs], HEH olARnA],
SEE olasAds], elEHE  AelERAs], eHE ol€r]', sz ojuddl, s
FRGA7, el of okl Feld Ag® Sol HHR'E olF WHH(aromatic) Ei AWS
(alicyclic) Lel% FAsE B A4 % 17 o4, a2 S0 1 A 5719 B2 9A7k N, 0, § 2 o]5e
2P0 TAHE TolA AHE sht o4 ez A4 ABE AL oy g}

shupel AIHel AAGEIN, Ry R/EE RZE ABHA @A ABE GGt oA AR, Ry R/EE R,
© 77 SPReE A8HA AL A AdY), velslds], Beds], e, eEetdds], Agdd
N, S, AHSld), W], el E o, Akl el el A
Edg], OizsREdds], okzdads], stelddr], EReddds], Sedded], Aeeldr], HE
7], BESAL], Sdolneldr], solAdr], Aekd], ALy, FFee 7
d7] Ei svjelz EReddsIsh 2o £HA AU HEE (fused) 1LY F 9

147], dd=EF2
Chy

o

Lo
I N
A
e,

Al AAG RO, Ry B/ HE= Re7F A 8hE A @AY A& GGy SEIR oFE 7)) , Ry B/HEE R

EIHOEiﬁwV1@ﬂwiﬁglﬂ%%ﬂ,ﬂaﬂéﬂ,ﬂﬂﬂﬂéﬂ,ﬂﬂﬂéﬂ,ﬂﬂﬂﬂéﬂ,é
1,w5ﬂﬂéﬂ 1ﬂ4§%ﬂ ZBEL7], AEL7], olaJAEUY], AvkEYY], A=A I7], H
47, 7htEdr], MzghEdr], OuzgbEYr], JdE27mEYY], duesiuEdr], HERFE7)

E%ﬂ,ﬂiﬂﬂ+ﬂw5“ﬂ FA=eldr], olxFEddr], TueAdy|, ALy, AsEedr], A
947, AxFzdr], ﬂiﬂﬂéﬂ Fedr], zaeAdr], FAsaEdr], dxdsedr], Mxoiads
g7, MzFAvuEedr], AxFsdedr], ofadrdr], AGEER Y], HAnddr], AdETE],
Eﬂaﬂéﬂ,ﬁ%ﬂéﬂ,%iﬂaﬂéﬂ,vﬂéﬂ,ﬂﬂﬂéﬂ,%&ﬂéﬂ,%&%%ﬂ,%&ﬂﬁéﬁﬂ,
EgolE Y], ysAldy], WixfFedr], ddxFebdr],  egelgdr], eldr], AR2vdr], o]iaa R
d7], ERolxd7], Hoﬂéﬂ HlzEeddr], gz edAdr], HFaaedr], AxFauziietd

N

7, wzE e ez o], MxE ) Tz o], NxEd iz, W) nriaed
7] m N-ARE Avolr ERo 1aﬂﬂ~@% 2394 @AY 39 e olArd 5 9
S, sl w-A@A A G, B9 14 BA(RE7N)S L L/EE L 47 SPHow A5

A GAY AgE BEH 4719 & ek

_|_4

AE Eol, L R/EE L7h ABHA @AY ABE Oy oHRANA A, L B/EE L 42 SYHOR

23 E AY X 3E A ke Hd @ 7] (phenylene), Hlo]HH# 7] (biphenylene), El¥d# 7| (terphenylene), EHE
2t d & 7] (tetraphenylene), <1E]d#7](indenylene), WX € #: 7| (naphthylene), o}=#d#d 7] (azulenylene),
olthAd @ 7] (indacenylene), oFMYFZE @ 7] (acenaphthylene), ZF 2@ L@ 7] (fluorenylene), 23o]Z-ZF
LHdaA], HZddd @ 7] (phenalenylene), HWtE g d & 7] (phenanthrenylene) , StE AL A7
(anthracenylene), ZF@EH A 7| (fluoranthrenylene), E#H Dz d& 7] (triphenylenylene), dtolzdd
71(pyrenylene), ZolMd @ 7| (chrysenylene), W2EFA|D#A 7] (naphthacenylene), A9 #A7](picenylene),
HHd DA 7] (perylenylene), HEMHE# 7] (pentaphenylene) 2 NALAIL# 7] (hexacenylene) 2 TFAE = Lo
A deE 5 QT

b AEERl AAFE A, L R/EE L7t AZEA A A3 CCy SEHE ofH7A7IQN A, L /%
= Ly 27 59402 XNFHAY X3EHA e FJEDANY]| (pyrrolylene), olW|thELAN7](imidazolylene),
JetEd e 7] (pyrazolylene), BT D7) (pyridinylene), FHeFKda7] (pyrazinylene), I gntidalr]
(pyrimidinylene), v Z A d & 7] (pyridazinylene), o] A=A 7] (isoindolylene), ozl
(indolylene), AutZ=A A 7| (indazolylene), FZ L@ 7](purinylene), FA=2d#A7](quinolinylene), ©lAF=
gd#: 7] (isoquinolinylene), WZF=2ldd 7] (benzoquinolinylene), Z&&Xd#d”](phthalazinylene), Y=
B2ty d @ 7] (naphthyridinylene), ﬂ%%ﬂ‘é@ﬂ(quinoxalinylene), FAU=g 4@ 7] (quinazolinylene), W=
Az ddr], WizelaFAEgddr], Mz UEddr], AxFAsdaddr], Alsddd”](cinnolinylene),
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[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

S=54l 10-2505168

HFE ] d A 7] (phenanthridinylene), olz2lt)d# 7] (acridinylene), HIFEZTdd7]
(phenanthrolinylene), =|W*d#”](phenazinylene), “ﬂ-z—%/\}a 13 7] (benzoxazolylene), wWl=olw|t}&d
7] (benzimidazolylene), Febd @] (furanylene), Wz Fehd 7] (benzofuranylene), oHd
(thiophenylene), WIZE] L #Hd#”7](benzothiophenylene), Elo}ZEd# 7] (thiazolylene), ©|AEo}EY
(isothiazolylene), W ZE]o}=ddA 7| (benzothiazolylene), o2 AIEU 7] (isoxazolylene), ZAEY
(oxazolylene), Ego}lEddr], HEHEZLAY], FArjolEd A 7] (oxadiazolylene), Eg|olxddl
(triazinylene), WMEFetdA 7], tulzFehd A 7] (dibenzofuranylene), WMEFRUMEFe A7, W=z
eyl ], H e o =Wz et d A7), HlzEl T d 7], oz esd
(dibenzothiophenylene), WzEEWZH A IAN7], HxHdetlxEodddr], smtEdAr], Azt
47, gulzsmtEddr], JAEEImEddr], O]Eﬂ*ﬂ‘ﬂ}%%]%l |, WizFE7hEddar], Wz ezt
vpEd A7), olngEzy v tid A 7] (imidazopyrimidinylene) % o]ujtizy]g|t]d A 7] (imidazopyridinylene)
2 7AEE T duE = Q.

shuel Al AAFElA], L B/EE LE P PUE w2 A58 welAw, AA f7] sl
A FUshconjugated) TE7F AUAA oM, F7 FEe] Weglo] AU FolE F Arh. webd
0

S L PR WS 19 st 1 U 2h, d9% weEsle Dot £ 4% £t 4

28] =4 2 ols 5T #HIHA, L B/EE Ly 247 5-UA 28 (5-membered ring) WX 7-9x} 31 (7-
membered ring)¥d & Ao, E3] 6-YAF 28] (6-membered ring)Ql Aol ufFAE &= i}, oE o, L, ¥

EE Le XFHA AV X3d ddar], vlelsid@Ay], sEHAr], ovtiEdAr], AgEddr], ]

d37), gy, geeigdar], geuxdar], Feddly] = geddurd ¢ .

71 SES n-EFY 540l 53 vleolTEld XololElE JHX A v}, T AA HF
-, AFY AR AZAEs= 99 (recombination zone)©|

$Z (ETL) /4325 (HBL) ] AWl HAHATE, oo wg} =HE NFd JdAEH,

Woll JX% HF¥-EZg+2(hole-polaron)o] W} A5 2838k 7hgAdo] Holx|a, =

gte] Hl-wkg st whet, FF Al 5ol &2 (damage) o] ZFSIRHAl AX)

o o ok
ol (M L o oXx Lo
o o (m ¢ to 1>
it
ofj
= o~
<3
=
>
rii s
2‘]_4

ol
ol
B
(2
o
i)
ol
o
=)
A
5
o
jines
i
>~

A3t vlolmgld HoloElE 7HA= f7] 3=
(recomblnatlon zone) o] WFEAZ(FML)-H A}

. o]l

=
oS}
C
o,
X
ra
2
2
T
o
il
i)
ofj
U 1o
off [
010" 0_84 O_u
S 0_84 12 2
]o
il
3
O
ol
X
i,
o

) )
Frolers FAste FUIEFTY =~ E(host)i AMEE 4 glemn 53] olEul XA FF(delayed
florescence) 3}IFES =HER ALESIE L EASd Hgd

T 12 2 o A AR AAPEe wE §7] setEd @ AF 2% siEe wF WA

Argslz] 9Jsk mAolty, A P F-FAAAEHF(thermally activated delayed fluorescence; TADF)Q}
AA - A A& 33 (field activated delayed fluorescence; FADF) 2 FEE = E=d], d wE= AAd <9 sle]
N AAEo] AgstE, T ¥F ELAAY FHd ¢F 255 Hojde olEv 2-3FE& FET F 3

op
L)
sl
X
r2

=
=, Ad FF SEES s 7 W HAske dolu AAl oate] e AAlEe] B3t 4
A EL g sttt dnbH oz A PG FFES AAFI] RolojElet WA (electron acceptor)
HoloE|E BF 7}Xa glojA] B ABEtol s (intramolecular charge transfer, ICT) AEi7} 7Fsdlth. 1

BE7E 7hesd Ad FF SRHES EHER o] &, A FF sRtEdA ©dd duA dE(S) S 7}7<]%
AAEF AT AU GE(T)S 7HAE A Eel F3+ AEel ICT AR ol%Fsta, wheh AE](ground
state, So)E Ho|H (S —ICT<T), T3 o= HA(S)S 7HAE IANET A5 o da((T)S 7}
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

A= dAlEo] BT g oty wEeol WESAaso] g ar, old ug g &
s, 34 Ass JuFAH 2= (highest occupied molecular orbital; HOMO)®F 345911 4 -2}
% (lowest unoccupied molecular orbital; LUMO)7} &2} Aol 34917 wtell, ©@ddt Jejel 453 e
Arele] 5 Hgbo] B beac(AE 1A, selection rule). AR, ICT AElE 7HAE= 2HHE-E HOMOSH LUNO
o A= Aol A7) wjiol, HOMO Ao #A=<F LUMO Aefe] Al Aloleo] Aaargo] A}, wal HAbe] =
A GE M g2 AR 9ES mAA A Ha, A8 f3S mEA e A2 W3 o] Wl (charge
transfer band, CT band)”7} I},
=, AA ¥F Sg=olA AR BolojE]e} AR HolojE]7l A} YolA] o]Axe] Q1Y) wiie, X}
W =52 ZHlE(dipole moment)7F & w5 GEHIE EASHA "k S EUEZE 259 AEClAl HOMOS}
LUMO Efe] A 7He] dszhgo] ZolA i, w3 Aot ddd AHolA F7F e (ICD) = del7t 7153
A3, @A oy HH(S) AAELE BEo|a 4F duA (T AA|Eo] BF &go ol
ug Azl FEEWE, doly AAe o5ke] 25%2] wdd ouyx] A (S)S AT dAEF} 7599 ASd
olux] #H(T)S 7= AAEo] T2 AE(ICDHR Aoj=ar, thA] vl AJEl(S) 2 EojxiA o] U
&L o]2FH 0w 100%7} U},
A FFs FEs] A3 EHE 9 32E= gy 22 5SS U Zo87F vk, Ad ¥F EHEE $
% = S A Qo] ICTE Fde o= glojof . A
= gk 2 Yol "Akgol RolojEef A B 5
L R P Bt O]%O] %]74] ‘201‘&5}. =, ICT &=L 54 2144 AXF7] HolojE
A Adstel E87t dojdrh, ®gk, 4F o
TFHT £ Y THEE gdd) o el
3 ATE oy El”“(Tl)«] X}O](AEsTV} 0.3 eV °]&}, o5 E9 0.05 WA 0.3 eVol]d]
AEg7t AL ggh=e A2 739 dAUAE Q7tstH, A5d =]}
o Azt o] (Reverse Inter System Crossing, RISC)7F dojubar, ©rddl Aejr) nie Ae= dold 4= ).
shE, Ad ¥gES Fdsy] 9% SAEE S
quenching) ¥ X a1 #3Fo] THAT = JEF F
e f7) J3FES TAER AMREYS 1, X]?i 3% 3%
= 20 ZAISE ule} o] A FHFS I 9% TAEE RHEL oy
A, 32E9 of7] AE Aed AduyA (TS Ad FF EHES of7] e A5d oy=x
Fofof i}, T 2EQ] of7] FE e duA #HE(Tyol Ad 33 =
(T 9] oA KT} F83] =4 &2 Ao, AA F3F ZHEQ of7] e A4Td oy dE(T)e A

o]
Aol g d o gle

i
s
fol

>

m
o,
Q2
N,
0%
=
et
oﬁ H
otk
2
)
2
o=
i
=
T
bt
12

|
=

ol
o
s
offt
s
i)
)
ol
o
R
i
o
otk
12

STREA A AA|Ee] v F AEEY] wdd, XA Y =¥
A BaHA ",

w3, SAES XA ¥F CAHE HuEdHf-ExA % (highest occupied molecular orbital, HOMO) ouy=]
Ay HAE=u A-FE2H %= (lowest unoccupied molecular orbital, LUMO) oA #¥& HAstA x4t

st vk, Yellw, T2E] ARFARFEANE olviA ARAON) T A FF mHES] AnEAHE

:

=

M =R RE By Eﬂ”‘—il(HOMOD) 7'af‘)](lHOMO—HOMOI) TE 32E9 HAFYHEFEAAE Ay =€ (LUM0 )3

A @ mAEe AAENAFEAAE A ARAN0) Aol (LNCLNO'DE 0.5 ev olah, %
Sol, 0.1 WA 0.5 eVolatl Aol whtAa 4 ATk, olol W}, saEdN A G wRERS Hal ofF
a0 FRHe], HEHow Wi 5ES FANL 4 9l

il -
E(triple exciton)®, FWH AHFT-ZgZ(hole—polaron)o] T} AZALEHA of7|xHE dAE 233G
(exciton quenching)g #43}sle] 7 7]-Ak3}(electro oxidation) %/ 3-AF3}(photo oxidation)E < #|gt
a7k vy, T F71EET 481 T2EE AMESE AS, 449 AT olsek dAket gFo] why

_17_



10-2505168

3t 99 (recombination zone)©] WFEZHZ(EML, 260, = 4 #Fx)¥, HAAR445Z(EIL,

A2
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W R e
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i
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o 2 T
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H <0 4
o 9 o
el
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oo e} ¥ wye] §7

ope}, ¥ weo] o

e

E4o] $58 Aok

ok Az

S

L
a

=
K3

=
ks

olel,

1?1_

BH
R

ZIAAAME, W=7 (band gap)o] H

3]

]
e

E
=

o]
H

J—

ATt

7]l

3

lg TREZ ALE
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Folld A 2l (Ty,) o]
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el
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ol (blue shift)Z
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el
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[0058]

[0059]

sheb4] 1o A

1€Hel C4~C30 slel= ofdr]el™, Ry WA R7F 25 Ao}

(8}h2] 2614 Ry, Ry, Rs, Ry, a, b

AL

o
=

[0060]

S|
&

7178 obd A, Ry R Rl M AEE =

1
a

X

A 2HE (4~C30 FEZ ofFA7|d; Ly

]

=

b Aohslw

ol %

!

X)8kE C4~C30 3= o}

BAY,

A 2] A

o]

B/EE R

294 Ry

82

e, gt

biel aAAel A e
Alo}=7], C~Cyy &

S

[0061]

3ol

71, ok=El=d7], o

N

[e]

7]7 C5~Cao ofgd7] d/xE= Cy~Cso e 2 ol 2 X3kw 9}

Zop=e|d7], FrEute]¥ 2|27 (furobipyridyl),

=
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

S=54 10-2505168

.

’\I\ITV\I\

gagleas
gt AL okt dE Sol, R R/EE RS 77 EyHow SoEe

)

, Ly B/EE Lie 24 5-94 2] (5-membered ring) WX 7-¥A} 2] (7-

membered ring)¥ Qon, 53] 6-UA 18] (6-membered ring)Sl Ho] ujgkz g 4= Q). A5 Eo, [; 2

T L AFHA @AY AE Addy], vpoldddd & AN, 2 o] o] dgEE A ofytt.
wr}h pAHoR B e wE §7) B 5y 84 302 TAEE ol e g3EY 4 ).

g‘]:ﬁhkl 3

&= 10 stet=E 1 setE 12

_19_



[0068]

[0069]
[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

S50l 10-2505168

ﬂﬂtHMPHF4Uﬂlﬂ%7vb1%

ot
o
il
o
1 o
)
it
g
of
°
>
P
E

1.4 : - 4 A, st Aol wht
AAEe] FATE AAY Gelo] WHRAZ Fol ANk, olo] wel, mAES WEF AN EN Fu
Ag-Eehee JEAgel @ AE hP(exciton quenching)o] HASHH I, A7-AH5 L Y-y o
el 0.5 adte] £l AstEE AL PAT 5 9

EE, B ogel §7] S3HEe velsy melojE] B/Ex WEE 1wl F Holw shlr} Alohwr|w A|gk
of gl7] Wil olux WMEA 7] AH AEF olUA dA(T)o] AStEA ol B Gfo] Fauw, F
A "ozt o FolAWA $4¢ AEE TAT & Atk F, B8 2 Ex 44 39 4] HERLS BYE
Aol TAER ASSE A9, BAER qUAS EEHOR AT & oY) wEdl, X el §7] S
of Agu W axe] WP ARe FAAL 5 Avh. @ WATAFO] 88 Ao 0@ o] it
Aol My AAE AXT 5 o, ARl S5 W A4S FEL 5 A

H

3o Z=AIg mpe} o], 2 o] A 1 E(100)= A= vigehs Al 1 AS
(110) 2 Al 2 AF(12003, A 1 2 A 2 AF(110, 120) Atelell 91xebes F718335(130)S £33}, oA
Al AAFHA, F7IEFF (13002 Al 1 AF(110)oZ2HE EA¥ez A3 ]—L* Xé%—zr"‘%(hoe
injection layer, HIL, 140), A¥4%%(hole transfer layer, HTL, 150), ®F3E&E-%
layer, EML, 160), M A44%(electron t
EIL, 180)& X3Hgit}.

=
ransfer layer, ETL, 170) % HA}5-%%(electron injection layer,

A1 AF(110)2 FFEAZ(160)0] AFS Fustes F(anode)d 4 Jok. Al 1 AF(110) L& (work
function) #ke] WluZ & =14 24, dF 9 5% =24 4tsE(transparent conductive oxide; TCO)ZE
6“45]: Aol a3t oE 5o, Al 1 A=5(110)2 dF-F4-43= (indium-tin-oxide; IT0), F-°}

A-A8}E (indium-zinc-oxide; 1Z0), AH-F2-0}A-48}E (indium-tin-zinc oxide; ITZ0), F414t8}&E(Sn0),
oA ALS & (7n0), IHF-T-8-AF8= (indium-copper-oxide; I1C0) 2 <Fm)F:Aksloldd (Al:Zn0; AZ0)So.&2 o] F
od 4 .

_‘Z..
)
— %
X

A2 AF(1200 S FFEAZF(160)9] A4 THEE ST (cathode)d 5 ATk, Al 2 AF(12002 AP ol
My e 244 B4, g o] GuEAD, vhdlF (), BHC), S(Ag), EE olEe] FFolt =
G 2o uAp Bo] £ AAE o Fold & itk
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[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

S=54l 10-2505168

o]

W

g

ofi

& (140)2 A 1 A(110) 7 4 (150) Afolell f1Aab=d], F71&¢ Al 1 A=5(110)3} F7]E<)
43 (150) Akele] AW EA4S AT, el oAlA<d /‘a‘/\]‘éﬂ]‘)ﬂ’ﬂ AEFAS(140)2 4,4' 4"~
Ega-dugdoln| ) EgHdol (4,4 ,4"-tris(3-methylphenylamino)triphenylamine; MTDATA), EEEA]
ol 72 (copper phthalocyanine; CuPc), Ef 2 (4-7M2d-9d-9d) o} (Tris(4-carbazoyl-9-y1-
phenyl)amine;  TCTA), N, N'-gJ#|ld-N N'-H] A~ (1-1}2E)-1,1'-v}o]#Hd—-4,4"-t]o}1 (N,N'-diphenyl-N,N'-
bis(1-naphthyl)-1,1'-biphenyl-4,4"-diamine; NPB; NPD), 1,4,5,8,9,11—6“/\]-0]-1}‘5E]ﬂ]éﬂﬂ@]/\]-ﬂiqE%
(1,4,5,8,9,11-hexaazatriphenylenehexacarbonitrile; ~ HAT-CN), 1,3,5-Ed 2 [4-(Hd doln =) Hd
(1,3,5-tris[4-(diphenylamino)phenyl lbenzene; TDAPB), &¢](3,4-ojgdt]2AE]Q #H)Ze] g EfﬁLﬂ ]
(poly(3,4-ethylenedioxythiphene)polystyrene sulfonate; PEDOT/PSS) % /X N-(vlo]#d-4-d)-9,9-tiHE
“N-(4-(9-# 4 -9H-7}v}=-3-<) Al d ) -9H-ZF 2 A -2-0} 7 (N-(biphenyl-4-y1)-9,9-dimethy 1 -N-(4-(9-pheny 1 -9H-
carbazol-3-y1)phenyl)-9H-f luoren-2-amine) SO =2 o]FojR|&= ol 3sl}e] FFER o]Fojd 4 Ur}. F7]
wgrle] £ =(100) 9] B wa AFFYF(140)2 e 5 At

BEFEZT(150) Al 1 A=5(110) 3 HFEAZ(160) Alele] ¥3E23(160)00 AFdste] fIxghrt. sfte] of
AF el AXNFENA, AEFEES(150)E NN -t 3d-N N -8 2 (3-Hd s d)-1,1" -8}o] # d-4,4" -t] o} (N, N '~

diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,4'-diamine; TPD), NPD, 4,4'-v]A~(N-7pu}£=)-1,1'-v}
o]#|d (4,4'-bis(N-carbazolyl)-1,1'-biphenyl; CBP), 1,3-8] 2= (N-7HapE ) wilAl (1, 3-bis(N-
carbazolyl)benzene; mCP), N-(H]# d-4-4)-9,9-t] i & -N- (4~ (9-3 d -9H-7}H}&-3-L ) o d ) -9H-ZF 2. 9l -
2-o}1 (N-(biphenyl-4-y1)-9,9-dimethyl-N-(4-(9-phenyl1-9H-carbazol-3-y1)phenyl)-9H-f luoren-2-amine) %/
T N-(H}o] | d -4~ ) -N-(4-(9-3| d -9H-7}0}E-3- ) 5 d ) vo] 5 d )-4-0} 7 (N-(bipheny | -4-y1)-N-(4-(9-
phenyl-9H-carbazol-3-yl)phenyl)biphenyl-4-amine) 52 & ZEAHE I}FEE o]Fojd 4 Jx|ut, K o]
olo] dA¥ = AL ofYr}.

ST~
TS
A

W

ofjt ofje

=
TH
PN
T8
2~

W EAF(160)2 T2E(host)dl EHE(dopant)7} =3 H o] o]Fod 4 Q. dd=2, TFEAZ(160)
Z2Eo EHEVL oF 1 YR 30 % M/hE ¢ o, NS 13 5 .

3lska] 1 WA 38k 307 FAIHE #7] 3P EL HHEAS(160)9 TAER AMEE S ok, 3 wsd
EAZ(160)0 AlRHE EHEE XA g4 E )

3 ddstelol ICT 22 deje 22 5
boeyA AEE zten. @d@d oy b 7let A= AR | A dEES T = dAEe] B
wbgol] yolshr] el f7IedTe] L =(100)9] g &S FAA F dok. Y, =EES] o7 HH &
A oA wa(S) A 7] BAH SR dA dM(T) e ARl (AEs)7F 0.3 eV olskel 5, o5 <lyA

oA F3F oyl FEE delHal, HFHoR vy JEHlE "olAuA =¥ES A ado]l F4E
Ak, =, AEg7b AS5E 0y f&%ol S/HE g 9den, EHES] ofy] Y Gdd olyA] wlMi (St 017
B AR oA (T AFol7h 0.3 eV olsk]l -, dolut Al oJste] Gdd} el A =3 AT

) AN B F3F B ICT ZE gHw dold 4 vk,
Eg, A P @ BF 58S Fisa] daN, sAER ALEE 84 1 UK 8 308 82X
B #70 sgEe oy) dul A4S uA R, ¥ 2 F2)e RHER ASHE Ad 9 sgEe
T AUA ARy, £ 2 FE)RG Foop @) 53], 5aES] AUFARAEAANE A 2
A(HOM) 3 EAES] AnFAHFEAANE AU AWHONO) ol ([HONO-HOMO'|) E E2Ee] AAZEY]
AHEAAE oA ARW0)H EHES AAEANAREAAE AU AW Aol (LU0~

]_

LUNO'DE 0.5 eV o]atel A9-o], E2EdA ERER oA

PN
T A

agHor A g 28-S FHsd

AnGeel e, st 1WA et 3o EANE §7] S @

A5, A 9 54 weldd S2EdS AU dwel 4% FHES Agse

 EREE YN0 wYshe Ad 3% BAED F A, EAEA

2 Re7] fate], A WY BAEY 7] FE @A oA oM (S,)
2

2.7 WA 2.8 eV 7Y = Aar, 7] FEH A duyA #EE(T) S 2.4 WA

N
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[0084]

[0085]

[0086]

[0087]
[0088]

[0089]

[0090]

[0091]

S=50dl 10-2505168

s
=

o] oo P E= A ofyth.
o] AIAQl AAFE e whel WdFEAF(160) EHER AMgd F e FA I3 Ad FF EHE
10-(4-(4,6-t]9d-1,3,5-Ego}x-2-4) ¥ ]‘é)—9,9—ﬂ”ﬂ%—9,lo—ﬂé}O]EEO]—ﬂﬁ]ﬂ(10—(4—(4 6-diphenyl-
1,3,5-triazin-2-yl)phenyl)-9,9-dimethyl-9,10-dihydroacridine, DMAC-TRZ), 10,10'-(4,4'-&=¥dH]2=(4,1-
Hd&A))H]2=(9,9-vHE-9,10-tslo] =20l )(10,10'-(4,4' -sul fonylbis(4, 1-phenylene) )bis(9,9-
dimethyl-9,10-dihydroacridine), DMAC-DPS), 10-#d-10H,10'H-23}o]Z [o}m2]H-9, 9'-<tER}A]-10" - (10~
phenyl-10H, 10'H-spirolacridine-9,9'-anthracen]-10"'-one, ACRSA) , 3,6~z -4 5-t] (1-HE-9-Hd -
-7l )-2-o el d Ml =Y EH (3, 6-dibenzoyl-4,5-di (1-methy-9-phenyl-9H-carbazoyl)-2-
ethynylbenzonitrile, Cz-VPN), 9,9',9"-(5-(4,6-t]¥|d-1,3,5-Ego}d-2-<)¥lAl-1,2,3-E&L)EZ = (9H-7}
v}£(9,9',9"-(5-(4,6-diphenyl-1,3,5-triazin-2-yl)benzene-1,2,3-triyl)  tris(9H-carbazole),  TcZTrz),
9,9'-(5-(4,6-t]#d-1,3,5-Eg o}z -2- )-1,3-H d &l ) H] 2~ (9H-7}¥}=) (9,9' - (5-(4,6-diphenyl-1,3, 5~
triazin—2-yl)-1,3-phenylene)bis(9H-carbazole), DczTrz), 9,9',9",9"'-((6-3d-1,3,5-E&o}3-2,4-0])
Al A2(WA-5,3,1-E8]Y)) Hl E&}7] 2~ (9H-carbazole)(9,9',9",9"'-((6-phenyl-1,3,5-triazin-2,4-
diyl)bis(benzene-5,3,1-triyl))tetrakis(9H-carbazole, DDczTrz), H]Z=(4-(9H-3,9'-v}o]7M}ZE-9-)w )|
E}=(bis(4-(9H-3,9'-bicarbazol-9-yl)phenyl )methanone, CC2BP), 9'-[4-(4,6-t¥'d-1,3,5-Eg|o}x-2-<)7
d1-3,3",6,6"-HEZHL-9,3",6',9"-HE-9H-7}}Z(9'-[4-(4,6-diphenyl-1,3,5-triazin-2-y1)phenyl |-
3,3",6,6"-tetraphenyl-9,3"':6',9"-ter-9H-carbazole,  BDPCC-TPTA), 9'-[4-(4,6-tJ#d-1,3,5-Eg|o}zx-2
A)Hd]-9,3":6",9"-E] 2-9H-7}v}Z(9'-[4-(4,6-diphenyl-1,3,5-triazin-2-yl )phenyl ]-9,3':,6",9"-ter-9H-
carbazole, BCC-TPTA),

rr r}m

9,9'-(4,4'-Ax v (4, 1-9d ) ¥ 2= (3,6-] W 5 A -9H-7}8}E) (9,9 '~ (4,4 -sul fony 1bis (4, 1~
phenylene))bis(3,6-dimethoxy-9H-carbazole), DMOC-DPS) , 9-(4-(4,6-t]Hd-1,3,5-Egjo}x-2-4)#Hd)-
3',6'-t] ¥ d-9H-3,9"' -v}o] 7}u}== (9-(4-(4,6-diphenyl-1,3,5-triazin-2-y1)phenyl)-3",6'-diphenyl1-9H-3,9'-
bicarbazole, DPCC-TPTA) , 10-(4,6-t]¥d-1,3,5-E & o}7-2-4 )-10H-9] =5 A2 (10-(4, 6-diphenyl-1,3,5-
triazin—2-yl)-10H-phenoxazine, Phen-TRZ), 9-(4-(4,6-t]¥|d-1,3,5-Ego}x-2-Y)Hd)-9H-7}u}=(9-(4-
(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-9H-carbazole, Cab-Ph-TRZ), 2,3,4,6-e|EZ(9H-7P}Z£-9-Y)-
5-ZF Qo 2HIZYER(2,3,4,6-tetra(9H-carbazol-9-yl)-5-fluorobenzonitrile, 4CZFCN), 10-(4-(4,6-tj#d-
1,3,5-Ego}d-2-d)#Hd )-10H-~ o] Z[o} T8 H-9,9'-Z=F 2 dl ] (10-(4-(4,6-diphenyl-1,3,5-triazin-2-
yl)phenyl)-10H-spirolacridine-9,9'-fluorene], SpiroAC-TRZ) Hi= 3}7] $}8h2] 42 ZAE 4 v, 2 %
o] oo A= AL o},

g‘]:ﬁLM 4

e BEEE BFEAF160) Fol 1 UlX 50 FHwe] vlEw HhE 5 AR
L o

Tk, 2 o] o] gHHE A k=

FEAS(160) Al 2 A=(120) AlelolE AR5 (170) 2 AAFAS(180)0] ¢y oz HFE 4 ).
ARFES(170)S o]F= 2AlE 52 AR o=yl 87y e, 43 Ax 48 Fsho TFELS(16
0)oll Ax=Z etgdor FHIc}

shube] oAl Al AA A HAAFEEE(170)2 SAlH o} (oxadiazole), E#olZF(triazole), HAFEEH
(phenanthroline), WA} (benzoxazole), WIZE|o}Z(benzothiazole), #WlZolm|thE Eold 59 HFEA

PN
d 4 Q.

Az, AAFEZF(170)L EA(8-3Fol =2 A FEH) L F 15 (tris-(8-hydroxyquinoline aluminum; Algs),
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[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

S55S0ol 10-2505168

2-mpold d-4-A-5-(4-E M g -F-d 5 d)-1,3,4-5A}t] o} = (2-bipheny | -4-y1-5-(4-t-butylphenyl)-1,3,4-
oxadiazole; PBD), 2¥lo]2-PBD, #H FA=oIE(lithiun quinolate; Lig), 2-[4-(9,10-t]-2-v}Z gz d-
2-CtE A ) Hd |-1-3 d-1H-#l = o] vt} ((2-[4-(9, 10-di-2-naphthalenyl-2-anthracenyl ) phenyl ]-1-phenyl-
1-benzimidazole), W2 (2-wlE-8-F 2| =} E-N1,08)-(1,1' -v}o] ol d-4-& e} =) &7 1] 5 (Bis(2-methy -8~
quinolinolato-N1,08)-(1,1'-biphenyl-4-olato)aluminum; BAlq), 3-(H}o]#d-4-d)-5-(4-HEF-EHI)-4-H
d-41-1,2,4-Eg]o}Z (3~ (biphenyl-4-yl)-5-(4-terbutylphenyl )-4-phenyl-4H-1,2,4-triazole; TAZ), 4,7-t]¥|
d-1,10-H+EZ3(4,7-diphenyl-1, 10-phenanthrol ine; Bphen), Ega(ddd] =4
@) (tris(phenylquinoxaline; TPQ), /=X 1,3,5-EfAaN-gdwl=zoln|t}E-2-<)wAl(1,3,5-tris(N-
phenylbenzimiazole-2-yl)benzene; TPBi) 2.2 o]Fojd 4 qX|uk X do] o]d A E = AL ofYt},

AR5 (180)2 Al 2 A=(120) 3% AAeES(170) Ateloll AAlsk=dl, Al 2 ©d=5(120)¢] 5A4S& 7145k

22k S AT 5 Uk, e dAIFQD AAFEAA, HAAFHS(180)9] AAEE LiF, CsF, NaF,

BaF, 9 ¥y dglol=A &4 L/ Lig(lithium quinolate), #F wlZo|o]E(lithium benzoate), A%

2Hol# o] E(sodium stearate) 52 F7]15&A 280] AFEE F AT, & o] o]o dAHE AL olY

=

ool oAz el AAIF o] wE 78 THe] 2 =(100)E 7123 (130)S TASkE EEEE2(160)

A FF BEAS /HHE RHEE JMXa gtk @dd oy e 2 ASd duX] AdEe dAlEo] BT
| wjEol, ¥4 gfo] St I, WFEAZ(160)0 3F3kA 1 Wx] 3}ek2] 308 FAH

b 1 o 4 2
AEE AAR doel BYRAZIH AAGFEFe] Ave] oheh, WHRAZ Fol FAHETh, olo] wel,
EHES] 45 ANES o J3-BebEe] 4Eag) 9% ANE LF(exciton quenching)o] A2,
A7)1-48 8 Goarstel o@ Wl 0B Aol el AstEi AL WA £ vk E@, B W@l &
7] SRS vlolveld WolojE] Q/m WE 3o F Hol® s} Alohws]z @] qv] W, of
YA WEge] WA of7] e 4F% oA Am(Tel AskEA Sob Wy FEol Py, P4 Hol

Al AAFE A, F7E35(230)2> A 1 AF(210) 2 2HEH Fador HFHE HATTUS5(240), 4

(250), FEEF(260), HATET(270) B AXFYF(280)S Egherrt. =g, {71335 (230)2
£3(250) 7 HFEHZ(260) Atolol A= Al 1 AAE AT AXAETF (electron blocking
layer, EBL, 255) Bl/HE& WFEAF(260)3 HAAp5ES(270) Atolel A8k Al 2 A& A5l Gk
Z(hole blocking layer, HBL, 265)< U< Xgsit},

A&t vlel Zol, Al 1 AF(210)2> F=d & Jon, d&g gho]l vur & =4 842 110, 170, 1170,
, Sn0, 7Zn0, 1CO 2 AZ0 S o2 o]Fod £ or}. Al 2 AF(220)& &3Y = gon | A3 gro] H|wz

= 1
© =44 B4 AL Mg, Ca, Ag T olE9] Tl 2RO o)%old & Art.

ATFYT(240)> A 1 AF(210)H FI3FE3F(22) Atoldl ¢ttt H3FYF(240)> MNIDATA, CuPc,
TCTA, NPB(NPD), HAT-CN, TDAPB, PEDOT/PSS /X N-(H|¥d-4-9)-9,9-v] v & -N-(4-(9-¥d-9H-7}u} =~
=) HE)-H-EF 2 d-2-0}7] FOoE o]Fo|A =
(200)9] B30 wel FEFFUS(240)2 A== 5 Q).
TTET(250) Al 1 A=(210) % FE=4dF(260) Abolo FEAZF(260)] g8t fXxgtt. A%
5 (250) TPD, NPD, CBP, mCP, N-(H]#|'d-4-4)-9,9-t]we-N-(4-(9-¥d-9H-7}u}ZE-3-4) ¥ D )-9H-ZF 2.3~
P g/ N-(]3d-4-)-N-(4~(9-# 4 -OH-7}u}Z-3-) d D ) vl sl ) -4-o} 7l 7} 2 Wk ofql 3}st
2 o]Fojd &+ 9rt.

W2 - 2(260) T2E(host)d] EHE (dopant)7} =FFH o] o]Fod 4 u}. ddz, WFEAZ=(260)

off ol

o

\V]

_23_



[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

=50l 10-2505168

OIH

SrEd EHEZL ¢F ] ‘HZ] 50 =% H7ME & 919—‘34, AAE WFE 5 Q). oE B9, 34 1 YA
gtata] 308 FAEE f7] sgEo] HFEAF(260)2 T2ER AMEHI, XA FF EAHS
o|Z E9o] DMAC-TRZ, DMAC-DPS, ACRSA, Cz-VPN, TcZTrz, DczTrZ, DDCZTI’Z CC2BP, BDPCC-TPTA, BCC-TPTA,
DMOC-DPS, DPCC-TPTA, Phen-TRZ, Cab-Ph-TRZ, 4CZFCN, SpiroAC-TRZ /%= A7 3}sha] 42 RAH = 3gE
o] EHER AMSE 4 Q).
AAFEZ(270) AFEAZ(260)F AAFYZ(280) Alele] A, dHE=2, AAG5F3(270) Ao}
Z(oxadiazole), Edgo}=(triazole), ﬁﬂ%E @ (phenanthroline), HWlFAIZ (benzoxazole), HIZE|o}ZE
(benzothiazole), WlZolu|t}Zx Eold Fo FEAY 4 Aut. o E 59, AA4E3S(270)2 Algs, PBD,
23}o] 2-PBD, Ligq, -[4-(9,10-t]-2-v=Z &g d-2-AEZA D) A d |-1-Hd-1l- ¥l =o|v|t}Z, BAlq, TAZ,
Bphen, TPQ, ¥/XE+ TPBi o2 o]Fojd 4= qA|qt, E dtygo] o]o] dAH = AL oy,
AAFYZ(280)2 Al 2 A5(220) AAGFT(270) Abolo] Attt AAFUS(280)e] LA 2= LiF, CsF,
NaF, BaF, &9 &Zg etol=A &4 E/EE Liq, 2lF HXolE), &F ZHCOHOE 59 f7]as7
Edo] 8= 4 AT, B dgo] o]o] A H = AL oyt
A3(260)8 A Al 2 A=(220) 0.2 ol F3tAY, A7 TFELZ(260)S A
| AAE TPHE F Jduk. olE WHE] Yeke, & iy
F71E o] . =(200) & HFEAS(260) 0] A3t Aol 17]9] AAE AT

0|

d& 5o, & I9 A 2 AAFH wE {F7]EFo] 25 (200)E FE35ES(250) 7 HFEAS(260) Aol
of AL o]FE Ao, WA 4 U= HFAXEZF(electron blocking layer, EBL, 255)¢] ¢]X]3c}

dE 2, AXAEFZ(255)S TCTA, EgA[4-(todolv] =) d o} (tris[4-(diethylamino)phenyl Jamine), N-
(vtol#d -4~ )-9,9-t W & -N-(4-(9-3 d-9H-71}E-3-¢ ) Hl D )-9H-FF 2 @l -2-o}71, Eg-p-EFHol(tri-p-

tolylamine), 1,1-9] 2= (4-(N,N-t] (p-EF ) olv] =) A d ) Alo] F =N AH(1,1-bis(4-(N,N'-
di(ptolyl)amino)phenyl)cyclohexane; TAPC), MIDATA, mCP, 3,3'-B]2A(N-7aE)-1,1"-vlo]#|d(3,3'-
bis(N-carbazolyl)-1,1'-biphenyl; mCBP), TPD, CuPC, N,N'-B] A~ [4-[v] 2~ (3-HE A d ) ol = ]Hd ]-N,N'-t]

Hd-[1,1'-n}o]HAd ]-4,4"'-tJo}I(N,N'-bis[4-[bis(3-methylpheny! )amino]phenyl ]-N,N'-diphenyl-[1,1'-
biphenyl]-4,4'-diamine; DNTPD) /%= TDAPB 5 o.2 o]Fol& < 3dt}.

gk, FEAF(260)F HAFET(270) Atoldl Al 2 AAE AAF oA AFTAEF(265) 0] HX]O}@
) AReET(270) Alolel BE9 ols& HAgT}. 3t o ]ﬂo AR A, AT
2AZA ARFEST(270)] AR & = EAYolE(oxadiazole), EZolE(triazole), ﬂﬂkﬂrE
(phenanthroline), WIZALE (benzoxazole), HZE]o}E (benzothiazole), WlZolwW|thE, Egolxl 59|
7F AHEE Q).
2 Bo] AFTAEEF(265) TFEAZ(260)0] AHEH AASE wlwalA HOMO(highest occupied molecular
orbital; HAAFEAAL) A &7 2 2 9—‘:]171]% 4,7-99d-1,10-HAFEZ(2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline; BCP), BAlqg, Alg3, PBD, 2~3}lo]2-PBD W/HE Liq 5% o]Fo]& & Qt}.

)

)37

?
0:114
<
To

T(200)+=

ofd
1
N

15-(260)0] A9 43 54E 7= =HE

¥ oagel A 2 APl e f7]8 2154
£ X3 Qlome, Wy el AT EE, BPRAS (26000 H9HA 1 U H9 308 EAHE &
7] BPEE ool BAES HFF Yt

by 1A b som HAEE §7] SRS BYRAZ A8sH, Axs ATl vt AAE| I
AEE AR 9o BYRAFI ATAGIE Avoe] ohieh, WHRAZ Fol FHHTh, olo] uel,
EHES] 45 ANES o J3-BebEe] FEaE) 9% ANE AP (exciton quenching)ol A2,
A7)-aksh 9 B-asel o@ wPToler sl FHe] AsHt AL WAL F Yok, e, ¥ wye] §
7] e vholveld Woloje] W/mt WE 3 F Hol® s} Alohws|Z @] qv] W], o
YA e 7] e AEF oAU Aol AskEA kol W EEol GgHM, A Hols} ool

obe®, ¥ Wl Al 2 AAFH WE FrIEETo]l 2 =(200)= Aok shbe] SAE AdS (255, 265)=
A7) wEell, WFEET(260)7 AT dsp FES(250, 270)7e] AWM WFS WAFoRM,



[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

F7lE YTl 0= (200)9] W mEW A4 £9S 0% PAL 5 Ak
wounel mE f 1Rl EE fU1HHTlE WA EE 5T A71URYLEE 48T 23
AASh ge FIMRPA] 489 F Ark ¥ owde] wE f7uYgAe] Az A5d F7luYTl s
g 488 AR dela Ayath. = 5t @ wwe] daAH AAged e frlegveles EA%
A8] AeFael g welt

o} o], %ﬂ‘%%qo]EE BEAEA(300)E T8 &R ?% W E WA ~H (Td) <k, 5 =
= (360) 3, FEFs}S(360) el A8t 5 AAQl 5 BHEAAZH(T
400) 8 2&3cH. 5 BPHEWA] ~H(Td) —E, HEAS(310)7, AlolE H=

9l A=F(354)S xgsl=d, = 3oA= ZZE Y (coplanar) *+x9 +% ©F

& 21
2 (m
=
N
[»
)
3
o,
S\
r1r
rﬂ
e
A OIN'

—u

~

1y
JEL_I

(330)3}, A2 AF(352)3, =
EWAX2E(Td) S e

71 (302) 2 2 7%, 9k ZEAME(flexible) 7| Ty 1EA ZEAEH 7|#d 4 Q. o F E9, &9
g 71#e EFolv = (polyimide; PI), EFE|2&<E(Polyethersulfone; PES), ZddzlvzgdgolE
(polyethylenenaphthalate; PEN), Z&]ol€ Az e o]E(polyethylene Terephthalate; PET) ® |71
©]E(polycarbonate; PC) & o= 3tv= FAHE + Aok, 75 &A1 F5 SHEMA~H (T <, 783t
0] 2. =(400)7F fIX 8= 719 (302)2 ofdo] 7|9 o &

B

712 (302) *& of MF=AZ(310)0] FAHY. dE Eo], BHEAZF(310)2 e wtEA] Ed7 o|Fod 4
ATH. o] A WFEAF(310) sHtell= ARFHE (M =AD B HHAFT (R EAD ] FAAE & glom, adade wk
EzﬂZ(fﬂO)Oi o] QJaty] = 21 WAste] WEAF(310)0] Wel o8 dsty]= 2e WA g}, o]ef e,
WEAF(310)2 AR Ao R o]Fold F£x om, o] A REAF(310)¢] & rPdAtE Y EEEol
=350 A F Ut

HFEA|Z(310) Aol A dEth. AolE Ayt

AR o]Foj7 Alo]E AATH(320)0] 7](302) Aol &
(320)& *a‘ﬂ—ih*w}g(sloz Ji% A 2A3E(SiNg) ¥ 7Te Fr)dAELR o] Fojd 4= 9},

AClE AAm(320) AHole 553 22 =44 =42 ofFox AClE H=(330) WH=AS(310)9] Tl
ekl FAEG. T, AlolE AAw(320) Aol AlolE mpd(m=AD I Al 1 A A= (W E=A]) O]
dE F vk AlelE w2 Al 1 RS wek A, Al 1 ASAE A5 AlolE A=(330)0l AZ=
T (302) AWel Fgweo] o, AE HAT(320) AllE M=

AolE AF(330) Aol AdRAR o] Folzl $7b AA(340)0] 7|9(302) Awe] FAHTE. Z1b Aint
(340) & AP HAEE(Si0) EE ANRAFBGINOG 2 FEATAR FAIAL, AR FERA

(benzocyclobutene)olt}t E£E o}I ™ (photo—acryl)¥ 22 F71dAEAR A" 4 vt

3 AATH(340) > WMEAZ(310)2] 45 HdHE =Ee 111 14 xﬂ 2 WMEAE ANE (342, 344)S ZET)
A1 R A2 REAS A (342, 344)2 AlCJE H=5(3 F=o 4 Alo]E A(330)3 o]AHo] 923k
thoA7IA, Al 1T R A 2 WEAT HEE(342, 344)S E 303#(320) Uele JF€. ols &g, A
O|E HAT(320)¢] AlC]E H=(330)7 FUt EFoR FEY 2 A, A1 9 A 2 MEAT AYE(342,
344)2 S AATH(340) WHollwk FAdH ).

4;

I~

P AAT(340) AFole 253 22 =X BEE olFoxl A2 d=5(852)3 =dQl A=(354)0] dAH
o

weh A= dolE wi A (v=A) I A9l vl (mEA]) =

th, o, Z3F HAT(340) ol Al 2 ek
A 2 NAHAE AF(v=A)o] FAdE = At}
2 AF(352) =dd AF(354)2 AJE AF(330)& FAHLE olAHo] A5, 77 Al 1 2 A 2wt
AT AHE(342, 344)& S AT (310)9] 453 AEF3rh. EASHA] FAA T, dolE wjdE A 2 W
A8 Aosle |, A ALS I AY wjAdE dHolg

< met AFH AlelE widat wApste] shadg st
A3t olAxlo] fAIFTE. Al 2 AMAEH HS52 =9l A5(354) 3 AAHIL Al 1 AHAE A=53 F3Te
ALoA TR A 2 AEIATE A5 Afele] SRt AARH(340) S RAAATOE T

g, WHEAF(310), AlOlE A=(330), A A=(352) B =89l A=(354)2 e WHEMASH(TDE ©l
. = 5ol dAlE e HHENASE(Td) = WH=AS(310) 8] ol AlolE d=(330), 42 Hd=(352) %

u}
- =
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[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

=g ¢l A=F(354)0] YA et FTZT ) (coplanar) TFFE 7FRITE. o9t g, F% WU EAAAEH(T)E e
AZo] shtoll Al]E H=o] fA|star, REEA|FO AR Ax W3 =gl A= =
35 =2

HgA deleo ol

2
pass
g

(inverted staggered) +%Z 7}4 . °]

afel 2917 kA 2 (v 2 A) 7}

g ahehE g
1E AF(330) 2913 HHE A A 2~E (1] £A]) 9]

R

H

H
o
-4
fil
z
=2
(m
=)
X
[
Ani
3
2
S
T
i)
)
(o
fr
offt
e,
<

:rL
719 (302) Aol § FARG. TE uerE A AE (1d)9] A
re wA)el AAg,
1 2 elolE W

A, frldFrol o AR (3000 F71HF Tl 9. = (400)0 4 AR We Fies Ay (W EA])
= 238 4 Ul o2 Zo], Ay A (MEADE AAR), =A(G), AAB) D MAN) B T 5 9
ool B, e Fshe A4, 54 % e g Y djdo] 7ol stage M fEHo] 48 &
olom  o]5 ztzte] Aw W FHEL Bialuzt et o giode] WS wEsls Gwgtho] 9 (400) =
o) HIIHFFA0 A% SRR AW 5 Ak e AHOIRADE AUgeRA, folegTees &
A (300)= E-Ae FdAT 4 gk

AF Fol, HUIEYTIle = EAFA(00)7F S WY B A, {71 AYrhel L5 (400) I F1
AAT340) A F& FFESE AY BHOIEAZE A0S 5 ook, AGAQ AAFENA, F7 Yol
o= EAFA(00)7F AF W B A%, Ae et F/RYTRl o= @00 AR, F Al 2 A5 (420)
g 9AT S e,

222 AF(352)7 =9l HAF(354) AFolle HeakE(360) 0] 71(302) Hdwd FAddct. FekslE(360) 4
Hol Hetsly, F& SHEUAAAEH(TD)Y =#9d AF354)S =F3he =g A =
714, EEHOJ AN (362)S A 2 NEAZE AWE(344) vtE 9o FAE AHow TA|Ho] gor}, A 2 13}
= E(344) ¥} o] AFo] FdE 7= A

gTho] @ =(400) = HEEHE(360) el f1A18H s WHEIAAE (Td) o] =91 A=(354)0 A= Al
1 A=(410)3, A 1 A=50410) Aol &2 A5He F71835(430) 3 Al 2 A5420)2 E3Hst).

M
ofj
W
NH

1 A5410)2 7H g4 ¥z weso] 48k A 1 d5(410)2 FF(anode) D F lom, 45 ghol
A 2 TdA E4d8 o]Fojzd 4= ). dE 59, A7) A 1 A=+(410)& ITO, 1720, ITZO, SnO, ZnO,
100 % AZ0 53 2 % A4 BAR o]Fold £ Yot

b, e e] frrlEgrel e n AR (300)7F A5 w84 (top-emission type)<l
(310) shelli= RIS Ew wiASo] B 49 o Qlth. dE 501, 7] WS

Fow o]Fod & g},

EE, 371 BEES(360) el 47 Al 1 A5(41009] 73RS Y WAS(370)0] F4HEH. 4] ¥A
F(370)& el tgdte] 37 Al 1 AF(10)9] FUE mE

d

ol

puy
il

)

I fo

A5, 47 A 1R
EE 7] WAES

.

m& JLJ ro

FrlE-Zgta-72 (aluminum-pal ladium-copper: APC) ¥

A7) A1 AFA0) e F/1EFF U000 FHAG. shtel AR ANFEAA, 47 F/BPF
W30)e, WFEAFY @F FEE /M F Ao olsh gel, FRFFU0)L E 3 WA = 49 =N v
s gol, AFEYF U3, BBEAS, ATARE, AAFEF L/EE A4FLSS 2

Fr71E5(430) 0] FAE A7) 719(302) -2 Al 2 A5(420)0] %*é%u} A7 A 2 AF42002 BA G
o] Aol x5t LG ghol HlwA e EHA EZRE o]Fojx &= (cathode) 22 o]&d 4 ). 4
5 5], A7 Al 2 A5(4200 &FuEAD, tadlaMg), Ze(ca), 2(Ag) v ¢FrE-vt2deE Fa
(AlMg)# 22 o]59] Fuolvt 23 F o= shu=E o|Fojd + i},

A 2 A=(420) Fell=, G5 Fo] frIEdTe] L= (400) 2 HFse AS WAEy] 8, el I
& (encapsulation film, 380)¢] 63"49"4- 7] QIEH ol BE(380)2 A 1 F7] AAZ(382)3, #7] A
AF(384)H Al 2 7] AAF(386)] AT TXE 7 F dont, old dAHE AL oy,

gk vpel o] F7EF o] =(400)= f71Ed5(430)0l A FF SA4S 7= ZHEE 7HH A e
ve, g 5fo] HdEn. B3, f718ES 43002 38k 1 A gheka 302 RAHEE #7] dEEs =
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[0134]

[0135]

[0136]

[0137]

[0138]
[0139]

[0140]

[0141]

[0142]

[0143]

rER TFdtn v

o141 Ul Beta 3o EAEE 7 S8ES SYRAZ] AU, Ast FFol Wt dAEe] 3
AEE ARG 9o WPRAFY Tl PN, A=) AFY ANEN FU AT-FEe A5Ae
o o1% 9AE A (exciton quenching)ol AAstso], WPrholot el £Hjo] AstsE AL PAT
gtk w3, B 0wl §7] GRS vlolveld mololE] R/m $FE 1 F Holw shrt Alohwsl®
A@0] 971 e, oAuA WA ol7] e AEG AUA AM(TLel AstHA gort, G4 Holg 7
AT 5 AT WA, Hek 1 U et sem BARE 47 SEEe 4R U06 4edons,
S71 ol 9 (400) 9 folMATIO 9 HAA (3009 Awwel W HES PN 5 glon], 44
FEe ARG S A,

o3, alAHel AAelE Fao] X W woh RS AHEAR, ¥ dPe] 57 el A 71EA
Joz WHRNE A ohint,

Ao 1: SFE 19 A

1 sk 1B &4

1A iB
A 874 3N, purging)olld 1A9F 0.8 =S CulN=S DMF(dimethyl formamide)ol Wil 150°C ol A]
WHAIFY. 14 AlZE Fo 0C 9 d5&ol HHeES dds] a 3087 wgt o] dFEYo 8AE Yo
=3y, gulFe & AAS silicadl F2AIZ1 Fofl MC: Hexane(1:3) A7 &ul&E o] &3 AH $o
A

ol 3iAle] 1B 59T,

ff

1B 1¢ SEE 1

A 57 3N, purging) ol A1 1B, 2.2 39 1C, 0.

=

R

1
Tris(dibenzylideneacetone)dipalladium(0)(Pd.(dba)s), 0.2 9%<] triphenylphosphine, 4.0 39| sodium

tert-butoxideS Toluened] Yil 100C oil bathollA wHEAIZTE. 16 AJ7F & ¥HEEo] &
Hexane: MC(2:1) 7 &wl& o] &3t A" $o 3}k LAZ 3= 1& F53UT. 44 StE 19 vk
MR #4 235 = 69 Ve,

Ao 2: SFE 29 A
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[0144]

[0145]
[0146]

[0147]

[0148]
[0149]

[0150]

[0151]

[0152]

[0153]

1) g].‘d]—‘:’ 2C UI—/H

7o - o

2A 2B 2C

i)

3H(N, purging)ollA 2A, 0.6 B3] 2B, 0.1 F=2] Cul,

2] potassium phosphateZ 1,4-dioxaneo] Yil 90T oil bath °llA]

S=50 10-2505168

3.5 @%2] diaminocyclohexane, 4.0 T

ST 12 AR F ukg R B2

il FF ¥ Hexane: MC(5:1) 7 &vlE o] &3k A Fol &} A= 205 S5
2) 5}@} 2D A4

Br B{OH)z
Cr »

oD GO

2C 2D

A 374 sHN, purging)olAl 2C, 1.5 &9 Bu-Lig Ethero] ¥i

T Trimethyl borate® Yl
k. 8AZF ¥kS- 5 HCI in DI water 3
%Oﬂ Ao ® 3¢k nAQ 205 FE o] 53

S
=

o
i

12

44 3: S¥¢= 39 A

_28_

-78C ol A
-78ColA 30%7F A7l & dry ice baths
I 7] SulE AASAT. 7718 BF

(N, purging)oll A 1B, 2.3%=9 2D, 0.1 B&e] Pdy(dba);, 4.0 &
I 80C oil bathollAl WHEAIF T}, 24 AIZF & WESE] ES Y3 FF F Hexane: EA(7:1) Z7)|
f‘& Wé o skek 1A IFE 28 FEIATE. FAE SFgE 24 digk MR 4 Z3E X 7

AR 247 e F

AR W ewE A

ko] potassium carbonateE



[0154]

[0155]
[0156]

[0157]

[0158]
[0159]

[0160]

[0161]
[0162]

[0163]

[0164]

[0165]
[0166]

S=50 10-2505168

JA 3B

A 374 sHN, purging)oll A 3A¢}F 0.8 ©Ee] CuCNS DMFO
o

3B 1c HE= 2

27 3H(N; purging)oll A 3B, 2.2 @@ 1C, 0.1 B%°] Pdy(dba)s, 0.2 F%C] triphenylphosphine, 4.0

A5
o] sodium tert-butoxide = Tolueneo] 21 100C oil bathollA] WEAZITE, 16 AZF & WFSEo] &
Y3 % % Hexane: MC(2:1) 7] §vl& o]&3 Ay o 3k 1A 33E 3& 53},

tlo

38 2D SHEHZ 4

A 84 (N, purging)oll A 3B, 2.39%e] 2D, 0.1 39| Pdy(dba);, 4.0 TS| potassium carbonate &

Y3 F% 3 Hexane: EA(7:1) AN

-

FUO

Toluene®] 23l 80C oil bathollA xLHFA]ZI 24
L& o] 83t A7 Fof sk 1A FE 45 F5

A4 5: 3= 59 A

1) Q,al—‘j 5B UI—/H

A%

FFeEd B

o
.41

A 87 8H(N, purging)ol A 5A9F 1.9 FaFe] CulNS DNFell ¥ir 150C oAl wwAIZITE, 24 A|7F $of] 0T
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[0167]

[0168]
[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]
[0176]

S=50ol 10-2505168

A5l : : o] &mj& A|AzIA

silicadl

5B 1c HE=s

A 87 (N, purging)l A 5B, 2.2 @< 1C, 0.1 ¥ Pdy(dba);, 0.2 B3] triphenylphosphine, 4.0

o
Sing

2~
9] sodium tert-butoxideZ Toluened] 2L 100C oil bathellA n¥kAZITE. 24 AJ7F & HES-Eo] &

il FF F Hexane: NC(1:1) A7) &wjE o]&3 Ay Fol sk 1A 83E 585 F530.

$Add 6: A= 69 A

A 37 (N, purging)olA] 5B, 2.39=<] 2D, 0.1 9= Pdy(dba);, 4.0 W] potassium carbonates

9

Tolueneo] 23 80°C oil bath oAl :EFAZIT}. 24 Az

N s o83 A7 Fol s4¢F 1A A= 6 53
dAdd 7: S¥}=E 79 A

1) sEE 7B

o
Sing

HsEd = 3l 3% % Hexane: FA(4:1) A

=

e

14

TA B

A 37 3HN; purging)oll A 7A9} 2.8 FE] CulNS DMFel 2L 150C oA mWkA|ZIt), 36 A3 F-o 0T

S
AL 303t wHk Fofl ghrujol NS gof FEIT. STl SviE Al s
% 2 =
[
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[0177]

[0178]
[0179]

[0180]

[0181]
[0182]

[0183]

[0184]

[0185]
[0186]

[0187]

[0188]
[0189]

S=50 10-2505168

7B 1C HEST

A 87 (N, purging)ol A 7B, 2.2 @< 1C, 0.1 ¥ Pdy(dba);, 0.2 B3] triphenylphosphine, 4.0
2k

=
g2o] sodium tert-butoxideE Toluened] ¥ i 100°C oil bathol|A] WEIAIZIT}, 26A17F & WS Eo] &
al

FZ ¥ Hexane: NC(2:3) A7 &ul& o] &3t A7l Fo 3}k 1A 33HE 7S 53},

tlo
ol

o -

A2 37 (N, purging)ollAl 7B, 2.33%<¢ 2D, 0.1 29 Pd,(dba);, 4.0 Y potassium carbonateZE

Tolueneo] ¥aL 80C oil bath oA WWHAIZIL}, 27 A7 & Hbe-Eo] &8 Wil % % Hexane: EA(2:1) A
N EE o] 83 A o sk 1A 3= 88 F5IT).

44 9: 3= 99 A

D 3heke 9B 94

C
Qo] MRS P R 08I Wit Fol kwol FLAL Yo FEF
b

silicadll &2 A1Z1 Fofl NC: EAC1:1) A7) &wiE ]88 Ad Foll ol 1A

9B 1C #Et= 9

A 37 KN, purging)oll A 9B, 2.2 T2 1C, 0.1 D] Pdy(dba)s, 0.2 %2 triphenylphosphine, 4.0
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[0190]

[0191]
[0192]

[0193]

[0194]

[0195]
[0196]

[0197]

[0198]
[0199]

[0200]

S=50 10-2505168

4

2
o
rE
oo
i
=
il
tlo
oL,

ko] sodium tert-butoxideE Tolueneol]l 2iL 100C oil bathollA wHkAIZITH. 264
FZE ¥ Hexane:MC(2:7) 7] &ul&E o]&3t A Fo 3k 1A 3= 95 53

A 10: F3E 109 A

Rl ol

+

A4 37 3N, purging)olA 9B, 2.39FH9 2D, 0.1 FH9 Pdy,(dba);, 4.0 TS potassium carbonateZ

Tolueneo] ¥ 80T oil bathollA WWHAIZITE, 32 A|7F & wkS-Eo] S Yl F% & Hexane: EA(1:1) A7
|WlE o] &3t AY Fo sk 1A 3FE 10S FEI.

g o] 11: F3E 119 §A

1) 33HE 11B 34

H
H
; g%
g SN
W
Br M

114 11B

A 37 (N, purging)ol A 11A¢F 1.5 F3¢] CuCNS DMFel] ¥
o] de&o] HHE-ES HAHF] F 3083F wHk Fo] gRyo} =8NS

&ted silicaol &2 AlX1 %o MC: Hexane(1:1) 7l |ujS o] &3 A

A 374 3Ny purging)dl A 11C, 2.2 @] 11B, 0.1 &= Pdy(dba)s, 0.2 @< triphenylphosphine,
0 FF9 sodium tert-butoxideZ= Tolueneo] %3 100C oil bathollA HHHAIZITE, 16 AJ7F & HESEo &

Y3 FF F Hexane: MC(1:1) 7 &wlE o] &3t Ay o 3}k 1A 33HE 11S 53,

g o] 12: F3E 129] A

o ™
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[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]
[0209]

[0210]

S=50 10-2505168

1) 33HE 124 34

. i o)
Rl _ O

Br
o
M
2A 11B 12A
A4 &7 3F(N, purging)oll A 2A, 0.6 B9 11B, 0.1 Y Cul, 3.5 DY diaminocyclohexane, 4.0 &
ko] potassmm phosphateZ 1,4-dioxaned] ¥ il 90C oil bathollA REHAZITE. 12 AlZF 3= Hl&&o] &5 4
3 3% % Hexane: MC(5:1) A &rlE o] &3 AY Fo] ek 14 1245 F531 ).
2) 33+E 12B 34
©,Elr ©/E(0Hb
ety Y
e v
M N
12A

A2 87 (N, purging)oll A 124, 1.5 @9 Bu-LiS Etherol] @i -78C oA EA AT, 2417 vH-3 &

1.2 3] Trimethyl borateE YWi -78ColA 3087 wa A7 & dry ice bathE AASIY HS 252 4
2o® EHFATY. 8AIZF ¥ F HCl in DI water 30 mlS ¥l f7] &€WE AASAY. #7807 25
AAEIL Eo o] A skek 1Al 12BE HEslY] 5383t

A4 &7 sF(N, purging)oll A 11C, 2.39FH9 12B, 0.1 F&9] Pdy(dba)s, 4.0 T potassium carbonateZ

Tolueneo] Y3l 80°C oil bath oA JHHAIZATE. 24 A7 3 WkS-Eo] B8 Wil 5% % Hexane: EA(4:1)
N EwlE o83 A Fo Sk 1A 3RHE 128 F53I Y. 4 E SgE 120 Uigk R B4 23E

8ol YE}T),
Ao 13: 33tE 139] A

HUo

mlm
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[0211]

[0212]
[0213]

[0214]

[0215]
[0216]

[0217]

[0218]

[0219]
[0220]

[0221]

[0222]

S=50 10-2505168

1) 3= 137 &4

1B 1B 13A

A2 37 (N, purging)oll A 1B, 0.6 B¢ 11B, 0.05 B¢ Pd,(dba);, 0.1 B9 triphenylphosphine,

3.0 99 sodium tert-butoxideZ= Tolueneo] ¥3il 100C oil bathollA RHFAIZITE, 12 AZF & wWkE-Eo] &
S Y3 FF F Hexane: MC(2:1) Z7 &uE o]&3F A= Fof sk 1A 13AE 53,

134 1c SE= 13

A 374 3F(N, purging)ol Al 13A, 1.2 22 1C, 0.05 2] Pdy(dba);, 0.1 F32] triphenylphosphine,

3.0 @] sodium tert-butoxideE Toluened] ¥ i 100°C oil bathollAl JMHEAIZITE, 15 A|ZF & wH-SEo] &
S Yil FF ¥ Hexane: MC(2:1) 7| &wlE o] &gk AY Fof 3k 1A 31FE 13S 53},

A4 37 3N, purging)olA 1B, 0.63%2] 2D, 0.05 2] Pdy(dba)s, 4.0 2] potassium carbonates
Toluene®] 21l 80T oil bathollA] WEHAIZITE, 24 A|ZF & HFS-Eof] &8 Wil 3% & Hexane: EA(7:1) A7

2u2 o] &3 AY Fo| sk 1A 14A2 FE3IU},

2) #gt= 14 34

144 128




[0223]

[0224]

[0225]

[0226]
[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

S=50dl 10-2505168

A 87 3N, purging)ol A 14A, 1.39%2] 12B, 0.05 2] Pdy(dba)s, 4.0 F%2] potassium carbonates

Toluene®] 23 80C oil batholA EMAIZITE, 24 A|7F & Wb % % Hexane: EA(5:1) #7H
|l E o] &3t AY Fo sk 1A IFE 14E TSI

A4 15: %5 159 A

1) 3= 150 &4

B ES ¥

olo
oL
4

aB 1B 154
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