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2-(tert-butyl)-9,10-diphenylanthracene (TBDPA) -~ 2-(tert-butyl)-9,10-
di(2-methylphenyl)-anthracene (TBDTA) -~ 2-(t-Butyl)-9,10-di-(2-
naphthyl)-anthracene (TBADN)  ~ 2-methyl-9,10-di(2-naphthyl)
anthracene (MADN) = 2-ethyl-9,10-di(2-naphthyl)anthracene
(EADN) » & %t H H 4 W 3 > # R E £ F 22 ¢ DPA
(9,10- dlphenylanthracene) ADN (9,10-di-(2-naphthyl)- anthracene)=
FTRERS G EFIFERT BF RSN T AP E A
DSA-amine i 7l eh @ sck E X4t » 2 % b ME I oek 5 4.7%
CRT NI ERE ITRHEEHEARELY s A EEMEE kI &
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In this project, we present a method which provides color-conversion of light
emission from blue or white OLEDs by using color changing medium (CCM). The
architecture contains an OLED as a pump source, and a color changing medium with
green or red dye. Blue devices with novel host materials such as DPA and ADN
derivatives, 2-(tert-butyl)-9,10-diphenylanthracene (TBDPA), 2-(tert-butyl)-9,10-di(2-
methylphenyl)anthracene (TBDTA), 2-(t-Butyl)-9,10- di-(2-naphthyl)-anthracene
(TBADN), 2-methyl-9,10-di(2-naphthyl) anthracene (MADN) and 2-ethyl-9,10-di(2-
naphthyl)anthracene (EADN), have been fabricated and investigated in detail. We
also have synthesized highly-efficient blue dopants based on the amino-substituted
distyrylarylene (DSA-amine) fluorescent dyes. These fluorescent dyes reveal good
thermal properties. The T4 of 7-DSA-Ph, 7-DSA-biPh and 7-DSA-triPh are 120°C,
131°C and 137°C, respectively. Doping 7-DSA-Ph in the stable blue host material,
2-methyl- 9,10-di(2-naphthyl)anthracene (MADN) achieved a luminance yield of 9.02
cd/A at 20 mA/cm? with a CIEy, color coordinate of (0.16, 0.28). The maximum
external quantum efficiency of this device approaches the theoretical limit of 4.7%.

Keywords: color changing medium, host, dopant
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A R % L P ?Jz;zg’ﬁ«}'%@%y\[@_;ﬁr
F W4 LR 0 bl 4e Spiro-bridge & A Gk R TR OB R
MENEES Sy - ALY ERR ORAR S
B~ dF ek B R A i o

2001 # Yun-Hi Kim % % p|# Anthracene 9 §v 10 5. = ¥ &
H

< ih Mgk 27,77-di-t-butyl-97,9”-spirobifluorene - H % 4e B

12

N,N_-biphenyl-N,N_-di(m-tolyl)-benzidine (TPD)s» Ra = 2.16 nm 3 4p

2.00 nm’éi’ﬂfév‘%l%{;g_ﬁj

v

-

+

B
AL

e



+ 4 o Spiro kA ehit £ AR BTt e LR o
i# o d 3 A B Fluorene T 6 8 £ F R 90 R eni 2 > ¢t & F )6
At R E RS F AT S B RS B R
el o TBSAhpd BESER( Ty )8 E 207 C > R s ik
i kM4 DPVBIi» # Ty @& 2 5 100C o o Z4Epr > 77 1 @
Fl- BT kfasitam2ihipd s A- B YF DR
™ ITO/CuPc(20 nm)/NPB(50 nm)/TBSA(ZOOnm)/AIq3(100 nm)/LiF(1
nm)/Al (2000nm) hx # B4 > &< R R 5 300 cd/m® B CIE
(0.14,0.08) > iz #_ 2L % & 17T Natlonal Television Standards Comittee
(NTSC) ##E EabrfrfFk~ it o

S

Y
Ak B OB BB N B
A

2
o

Bl 1 ~TBSA% + S & CIES & ER%2 NTSCehd & F K

2002 2~ B oS kL E A 0 TBPSF 2 Ek 1% k4~ ~
* % H# 5 ITO/PEDT-PSS(30nm)/NCB(45nm)/TBPSF:perylene(30nm)/
Algs(20nm)/LiF(0.5nm)/Al > 4o Bl - + > # 5 % 2 & # i 80000 cd/m?
kAR o BEEAR NI TBPSF v B3 @& H E 2 ( Ty )% & 195
CrFHEEFwhF LT F2xF g 80 % LU Pme; 224 &
B2 A O s d g B A TBPSF A i a K
% % i 5000 mA/cm24p & B Sk TR R R o

Q‘G NCB
(a) TBPSF ©
a8 8
(b) TBPSF

Bl -+ - (a)TBPSF% #Bl(b)TBPSF 4 + % #Bl(c) NCB % HH
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2002 & 5 4 X B ook o F A X B 2 0 - k7] A
9,9’-spirobifluorene 3 B hjm2d H 4 > 4Bl = L - o 52— kA HAa
FlE ¥ LEF %53 66 % dBEHLER(T )» & 189°C 2
231°C » . % & R A F B > L £ & A B fr“flfl
ter(9,9-diaryfluorene) & 7|4 F f4F e M H 2 2 0 o Bip k7
# 4L 2 ITO/PEDT-PSS(30 nm)/ter(9,9-diaryfluorene)(50 nm)/TPBI(37
nm)/LiF(0.5 nm)/Al éh 4l & < 2 > & 100 cd/m® % & & = & # it T
BE 6V =+ VRAAG MOEFTTR > A2 R RS & 5000

cd/m?
vov vy Rvey

A At Tad
.|I.

a'oaf oaft At

aa 2,2-biphenyl 2 2'biphenyl
bbpn PR Ph Ph
ge p-Tol pTol pTol p-Tod
ab 2.2-biphenyl  Ph Ph
ac 2.2-biphenyl p-Tol p-Tal
ad 2.2-biphenyt  p-Tol 1-Mp

Bl= - - ~ ter(9,9-diaryfluorene) i 7|+ # e 1 ]

2003 # Hyoyoung Lee % % 4 % 7 - % 7] 7 7 A& &
9,9’-spirobifluorene #+# # DPBSBF - DBBSBF 2 DTBSBF » 4r ) =
+ - o M F > g o DPBSBF ¢ 8.5 3 41°C> DTBSBF B # 0 %
RIS HER(T) ¥ 3 DBBSBF I - i # 48 & # 45 a4t
w2 ITO/TPD(60nm)/DBBSBF(40nm)/Alqgs(20nm)/LiF(1nm)/Al(100
nm)sr~ 2 g gl A2 & 128V e iFTRT - R AT & 3125
cd/m?®> <+ CIE &2 #p % (0.14,0.12) -

CgH ;0 OCgH) CeHi O - _OCsHi
Qg™ TR
OC OO0
DPBSBF DBBSBF
CHip0__ OCsHy
O-O-O-OCO0OC0
DTBSBF

Bl- - = - DPBSBF - DBBSBF % DTBSBF % 1 Rl

2004 E R~ HFMEAEXEFFFREBIFRLY EFZ R F L0
& Phenylanthracene 4= 9,9’-spirobifluorene =7 & % 44 ! BPA-SPF -

gt
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$ B % F 7 Phenylanthracene = % 4 £ & - N

9,9’-spirobifluorene & B] :x £ 7 Phenylanthracene 7 if == 54
BPA-SPF gl 33 # # F & 8 ¥ 226°C > 1 ITO/CuPc(15nm)/
NPB(40nm)/BPA-SPF(20nm)/Alqgs(20nm)/LiF(1nm)/Al % 4 1 = ~
%, & 20mA/cmMi e g i m R T 5 3 k% i 2.76 cd/A~ CIE &£ %
(0.16 ,0.14 ) 3 1 % TBP {8 »xc 5 % 2 1 4.88 cd/A > CIE & & %
% (0.13,0.21) -

3 &

L =

Bl= - = ~ BPA-SPF:nA & 1Bl 2 % % Hod i 1

d Shirota 3 A F £ h R EHFES R T HFIELKEETFH
@ﬁﬁﬁﬁ#i°%”E*ﬁﬂﬁﬁﬂﬁ%%%%%ﬁﬁ’§£%%
e R s B R e ¢ ’gfr@;gﬁ]i@ & - 2002 & Suning Wang
A8 4 W E RS G AP F kLB WM
1,3,5-tris(di-2-pyridylamino)benzene (1) . 1,3,5-tris[p-(di-2-
pyridylamino)phenyl]benzene (2) ~ 2,4,6-tris(di-2-pyridylamino)-1,3,5-
triazine (3) -~ 2,4,6-tris[p-(di-2-pyridylamino)phenyl]-1,3,5-triazine
(4) BHp4c® =~ v HFGEHFELALE S B 5 4120m~ 409 nm -~ 393
nm-~440 nm> @ BT B L o v F REHRIT R REELE
%%%%ﬁ%%@ﬁ%’Uéﬂﬁﬁﬁﬂ’aﬁ%&$%ﬁ’ﬂﬁﬁ
A R F L R ke P R o
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- S
1 N “
,,\I U = N7 \-IN J
N S N
X AP
2 N =y
SHORS l_fxx\, 1)
SYCARGYE N
A s |
N ] N
|/ \\_..;.J |
I T I Tl NTON
: ” = — P
128 187 [ ,U.T l» e J
..... P "
4 121 [ § /'::_,] i
. P

Bl= o~ g ol SiEaipds R4

2004 # Soon Wook Cha % + 4 % 1 carbazole % i 48 % £ A7 4]
¥ ok i o# %k # # ¥ - 3,6-bis(4-carbazolylstyryl)-N-4-
methylphenylcarbazole (Cz3) £  3,6-bis[4-(3,6-dicyanocarbazolyl)
styryl]-N-4-methylphenylcarbazole (Cz3(CN)4) » 2 S 4c® = - 1 -
@ f 1 ocarbazole 2 fA F R B P TR TE R TLF -
Cz3 st # # 8 & 5 163°C » @ 4c » nitrile & Cz3(CN)4 ¥ 17 4% <
B 1 242°C o Fruh A Cz3(CN)A ch i + B dad 5 5 T F @9
#F o etk g F B3R s T g (Charge Blance) > @ ¢ 914 Cz3(CN)4 i®
= H k& T g w ~ & (ITO/IEML/Li:Al) 2 # 3% & F »z 5 (external
quantum efficiency)® ** Czs -

H4C
HiC -
_ \}
N—™ AN A g
1 /I A~ [ g;}f“ h /I‘ Nﬂ\}/
J SANTY 7Y

o Cz s
SN 3 NC’)!\‘% 2R Cz3(CN)4
= =.€ }) =

Bl= -3 ~Cz3Cz3CN)sz i F 551

2Rk @ﬂi%]ﬁﬂ‘iié ENE i Bcl SRl SR R I it e Ao & 2000 =
Shizuo Tokito % 4 % # dibenzochrysene ### # DCB1 2 DCB2- # %

Al R S I i SR A %ﬁ%ﬁﬂ@ﬁ%ﬁ?ﬁﬁ‘ﬁ et 2Bk

LR R & 5x10°V/em T o i ¥ i 5x1077~2x107 2 B o W > E o

LA N A T A T T N S R
ITO/DCB(60nm)/Alq3(60nm)/LiF(0.5nm)/AI(150nm) = & 4 @ & =
/J_ —_ /_l_

5 A ELE =% A& 495 nm-~ &2 300cd/m?ehE i AT o F ok
e & ¥ i# 6.0 cd/A -

16



DCB1 DCB2
Bl - -+ ~ DCB1Z DCB2:. # ¥l

2002 # Yong Qiu % ~ % £ 37 F L H# 4 NND: » H 445{:% L
= o # NPB % Diphenyl group % & Naphalene group > ¥ # & & rm;i
@ﬁ%ﬁ&ﬁwé96tﬁﬂilﬂ@’f%iﬁﬁﬁﬁ%ﬁJoﬁ
A N A S U (2B SR R S R
ITO/NPB(30nm)/NND(30nm)/PBD(20nm)/Mg:Ag 1 ~ & & A=
@ EL @ E =% A 432mm- & 14V EETRT 2 A 5 250 cd/m?
~ & CIE ¥ % (0.17,0.13)-

"

VAN
N/
)

J

™
R/L

&

}_/

/\/

Bl= + = ~ NND 31

() mg 3

Za i R N R PE éf‘gr_} Bz lganfrigtlic-Bry
B @ P F AL Mz OLED ~ 2 » 7 5 4 fik 2 %k o

1L igkymsg

Anthracene ¥ R AR * 5 B % kg £~ e iE A o &
1963 # > Pope % 4 ifu‘z Anthracene ¥ % i » 400 V & T3 R
1D Il SECIEI

402 >OLED & g = 53 - BAEXF 3 P s ki g kg
P g o 5 oe BE & gl v 02 anthracene 3 i o & L ¥
9 ¢ 4 anthracene 9 ~ 10 5. = % & F ¥ 4 B & A ®
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9,10-diphenylanthracene (DPA)E_iz#f 74 $ 7 ¥ k2 F 2L § 45 eh 47
.- > H i g ¥ kX 5 iE 99% > &+ sk £ & 410 nm> AR
EPFER2AEF RDOEHR L & L 5% DPA FaHa% > AL ¥ XE
Foardgrif it e Fp o T @ DPA P A B ehip ¥ k£ 5ok
Foo L iH P FEEYEEFSF s frig 8 DPA AR L R
OLED =~ i ¥ - 3 3 1999 & > 7 e OLED # 3 B % B & )

B AT w9 10-di-(2-naphthy|)anthracene (ADN) i L $penjpm 4 # >
ADN &% i fr H & 23 B R ey ko » B e =% OLED =
&ﬂﬂ%m@*mf%la%ﬁ#a—o

4L A P e B KR L B

fE¥ k2%%xh7 boid R34 B s (atomic force microscopy )i &
AR E A G T AP g DPA fo ADN HhiE w4 6 o
A2 kA A fEE > m DPA i wx g ADN 7 2 - - B % 42
LG AL R E WP ALY X F Lok oo DPA T it §
SRR U Sk IR S G SR T S I L S &
Y ADN 82 %% = & ## Ji * 3 F fi

Flgt o AP T e D R /Ef;f{i DPA 4 ADN 3 & 3 B
FEET Y2 RN B F 3
J‘liAa\—rE“m:%ﬁfﬂpﬁ’%i{?uei;;iﬁf' f_{;ﬁﬁ{w,égﬁﬂugyi
A el S

S hAEAAM TSRS & NP g R A anthracene 2 L ix % &
PR A Sy R E R F A - kA
anthracene 2 SLi= % 4% F Pr S R ORTH E R L kP o B BT
B 1 7 o
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TBDPA TBDTA

TBADN MADN EADN

2-(tert-butyl)-9,10-diphenylanthracene (TBDPA) & # % #&
t-butyl P~ A w4+ &2 2 F F2HEs > & TBDPA F 3
DPA e 3 ¥ %k »c F x I DPA e & »w &£ = 4
2-(tert-butyl)-9,10-di(2-methylphenyl)anthracene p|] &_# phenyl =%
5 2-methylphenyl » # 3 { i 4 = W s (s i @ 3 L & 0 W 4E 2
lea ; 2-(t-Butyl)-9,10-di(2-naphthyl)anthracene (TBADN) .
2-methyl-9,10-di(2- naphthyl)anthracene (MADN) .
2-ethyl-9,10-di(2-naphthyl)anthracene (EADN) R|] & # ¥ #& + 2 & A
> L 4icd ADN eh@wfg it > @3 L 5 &) BT ks
kg oA kAo

2. ey BA

DSA-amine i % * ** g% OLED % 4 %4 - h % inv e Lo
1995 # 4 p & & % = & Chishio Hosokawa #* * 5 & % % > 1
amino-substituted distyrylarlene derivatives ( DSA-amine )% & & % %
kg g ko o H ¢ 4 g k4 5 ( DPVBI )2 % £ 3 %4 ( BCzVB,
BCzVBi ) - = /I;Je P ¥ 34~ DSA-amine 2 74 F ¥ L R F R > ¥
MFTEP A F R E AR TR EESPA LT SR
PRELHAER - H ARG - ITO/CuPc(20nm)/TPD(60nm)/
DPVBIi:DSA-amine(40nm)/Alqs/Mg:Ag # - 4 3 BCzBi &2 BCzVB
2 gt Au i 2834220 cdAy T L EFEEREPE

RN

h 2004 & > AR EF A BT v BAE LML HE LR OLED > 1
MAND i® gk i % & 42 > p-bis (p-N,N-diphenyl-aminostyryl)benzene
(DSA-Ph){F % % % %% o & 20cd/mA?~™ » # 2 & % 9.1 cd/A> ¢ &
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A 5 (0.16,0.32) = & DSA-Pheh# 2 1 F i £ > 2 Ty 5 89C >
rokd B X f?’o“ﬁﬁ ° ﬁ_ﬂ‘;J-%\:‘ ﬁ};i{g; ;;a 7 DSA-Ph % 'L’gg%*# ’
beor AR AT I L AR T R B R T Y R
B FRAMAEL L LWHHE -

(1) 8*#3
1. #EX31% £H# DPA ~ ADN i 5|ehg &

hdp 2P A G AL F R Mg X F Ll ke SUZUKI
coupling = s @ 8 2 » A 0 v0 ® % 503 A&l f 2N Pk hdR dLiE ¢
T o tetrakis(triphenylphosphine)palladium(0) it » 4e £ e Jx 18
e %g I'J - /:Li }—IJ _::]_ );f ;IE’» *j‘ %Fi" o

i (e}
R R
O o (T e
e _ NaBH,
AcOH A
R
° CoCy

O

1 (isomer)
Br
® R
e B
AcOH
i Br
3

: Na2C03 : Pd(pphg)A OO
toluene/EtOH/H,0

4a TBADN R=t-butyl
4d MADN R=methyl
4eEADN  R=ethyl
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Br T I
R (5/ B(OH),
/ Na,CO, / Pd(PPh3)4
OOO toluene/EtOH/H,0 OOO
Br O
3

4b TBDPA R=t-butyl,R;=H
4c TBDTA R=t-butyl, Ry= methyl

51 ATE®LHEEHESE SR

2. DPA (3|2 $ 3R ¥ Lz pE 5 2

Bl 5-2 % DPA (72 $ 3 ® F9¢ D3Ry kL fE -

B! B3I SR KK o L DPA kA fm4 Foeh UV-Vis = fc 2 3
R ERAEEE X B R 2 DPA ZHREEZORHEF I ILR
oo HagE TP AP w g m o & DPA anthracene 2 3= & 4}
t-butyl B~ & TBDPA 3 % & % £ 4p# >t DPA ¢ 24 10
nm i =H > @ & F 2 F R § & fadk F 003 B ;oA M
2-methylphenyl 2 & TBDPA ¢ phenyl ¢ » d 3% 2-methylphenyl
+ ¥ A4 anthracene 2 B A= h2 fIes ¢ &2 2 - B & & hfz
oo A G LA e TBDPA 78A- T G » ]t > TBDTA 73 ik ¥
x4 £ tp >t TBDPA F =47 10nm> 3% ¥ £k =% v DPA

o
5 B
[

S fh 410nm - AR ¥ AR 3 ocd v DPA B F 0 0.00 & -
T T T ' I
300000 - —« pPa H
. —o— TBDPA
o TBDTA
#/l O\o
N\
10
200000 4 ﬂ \ i
) / Y
g /Y
(3 %Y
c [ AR
1000004 |/ A i
f N
/ N
/ .\ \o
’/0 \\I\O\O\
':o{; \.\.\C'):E:, O-q-
0 ' I . =g _L(T):ﬁ - :hJI\— . T |
400 450 500 550 600

Wavelength (nm)

B]5-2 DPA, 4;]J/ﬁ4*ﬂm/p/& ¥k k ‘H"I’Lir"*gl
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# 5-1 DPA s 7[j72 4 03 % ¥ . fe UV-Vis s
UV-Vis szt £ (nm) B+ #F kg E(hm) | £ 3 F(hm) | £ F %13
DPA 375 410 52 1
TBDPA 375 420 54 1.03
TBDTA 375 410 50 1.09
3. ADN i 5|p72 $ e ¥ L2 pHE F 2o

B 5-3 & ADN k5| j74

# 5-2 & ADN %
L3 %2 2 ADN
R R R
B t-butyl > & X & ADN

Ly o A
i

VEEA

(tert-butyl)-2-naphthyl]anthracene (TTBADN)-

MoPL g o JELGR U T AP T

% W 4= DPA

FHEE

R = £ P I SRR A N )
FI A e UV-Vis B2 B2 ¥ k£ =% -
AHEREEOpEHE FRF M RE o B
A S v i R S

ADN Jx 7
Eaglte
2, 6-di(tert-buty|)-9 10-di[6-

4t 7 3% TTBADN 4

ST EAR R - R 0 7

£ 4+ t-butyl B & 4 TBADN & £ 4+ 7" Ao MADN - 41
¢ # < EADN #p#*t ADN i ¥ £33 i=8 7 4nm-> £ 3 5% F
fas ADN < %+ g 2 7 0.15 8 o T4 bz B t-butyl B A
¢ TTBADN 4p#>t ADN { & =# 7 12nmz % » £ 3 5 4p
3t ADN £ # 8 7 0.3 8 - #710 AR RMEBEHET » F A8 § b
Ao REREREEEBAEL RIS g HARAAES
250000 —————— .
—O— TBADN
200000 - ool TTBADN
/.f%v%’ —— MADN
i 'Hq& EADN
- { \/‘
_. 150000 H %
= %> Y
2 [ W
2 100000 s W3 T
= i W S~
i R, RO
500004 /I &, .
m %
,.:'éj V%wa\,\ TTBADN
02 : : b2 9090 —— T
400 450 500 550 600
Wavelength (nm)
B5-3 ADN i 5472 $ i i % k31t R




% 5-2 ADN k3 |jm4 5 i ik

¥ £4e UV-Vis sfe b 1

UV-Vis sjgid £ (nm) | B+~ ¥ & (hm) | £ 3 5 (hm) | £33
ADN 377 426 53 1
TBADN 379 430 55 1.19
TTBADN 399 442 60 1.32
MADN 380 430 54 1.15
EADN 380 430 54 1.17
4. #PEFRE
EAAE Ui mAﬁGCkﬂi%'%%ﬁ+mﬁ%ﬁ%m§
(Tg) %8 (Tn) &2 fEE R (Tg) > B HEpHpF LHFHENP L
W’H*‘%‘L LT AEER LR OB BFESER VT R~ 2
TREL A FORLSBERCMNTELLEL T FEFHE L EOR

o A 5-3 AATAF R P ABBLE o

# 5-3 ATA g K Pl

TBDPA | TBDTA | ADN | TBADN | TTBADN | MADN | EADN

Ty 76 78 - 128 - 120 103

Te - - 297 265 - 206 -

T 118 136 388 291 - 255 -

T4 251 231 397 408 450 396 395

5. ATE kA 3k DPA -~ ADN i F|ehE i 4 & S

OLED ~ it £ %5 s H i Fa>§ 5 » Asdé OLED =~ #
FoRBLEMmT IR R E DL LAWIFHELELHTF TR L~
#Yjedd T g2 (Joule heat) » £ B # 4 AR5 A A2 RINE
BHF 2 - o FR o R LT x%mﬂﬂﬁﬁaﬁuﬁhﬂﬂ
%ﬁﬁ+%w¢m% ﬁﬁm%ﬂﬁﬁéﬁ P E RS E
- o ME AR A FATL P R RE FES moAmmm’ﬁﬁ

B
T A

i é'r_

WoAe A 3O B H AT g AR BREAES A RBOE Y TR
PR AREERRZR- gk RaEnLie iAo
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-i
N e
.i

B5-4 sc# 95 °C - [ Pisd B3 4 BAAEET] DPA k53718 Ll
% 1+75 (a) DPA (b) TBDPA (c) TBDTA
d BRI P hfF A, F g 0 o DPA S TBDPA i 6 352 D4R §
L hiE R 2w < o TBDTA Bl & DPA 43¢ 4 4 & 2 3
ket s Bl AT F A A G ¢ 24k 2T DPA kA
AT F R P EFERARL I E FRIESAEE T N E FE
A EDP LA At RTDER

.i

100

< Wl




(©)

52 )
ave%e
Salbe'

(d)

Q-0
e

(€)

Q8-
O

BI5-5 “4v# 95 C - /[ PFisd R+ 4 BACE 2T ADN i ZIATL 3 R L
4 % 173 (a)ADN (b) TBADN (c) TTBADN (d) MADN (e) EADN

N

ADN # » B &pjimd $hiwd 6 5 EHARLS Mg T ERLT ®
it sm ADN # 6 Bl A2 7 3d o @ HF A AR AT H
Mt it 2 HoanmfaiAl s ADN Fw T2 £ 3 0 AR
% ADN i s ##LE B # @ 3 * > OLED ~ 2 i 3 % #4

£ k5 ADN i 7| it i’i"oﬁn‘ ik ZIH R

ok MR e L B TR 0 DPA k5 iTd BT 7
fi’ADN A A BB R G A s @ ADN 4 B A
cae fE T om i/:’ff' ADN "ﬁ?ffl 0 2. fw 0 F] L o0 SN

- ADN it 5'17%?“' R A AR A I B A
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| iE A P it r%fre'uri%,;ugﬁﬁ; Moy F ﬂig{%%’ﬁ%“ﬂ‘l?—{

PR & o7

2% 20 mA/em? 2 T % R T 40 18 el o
6-1. ADN ik 7Ji g kil = 4l iv g £
RpAF&RZT 2Py BEAE L EEEFI & & Z
LRSS MBI 5-6 5 g #F kAR S ADN kFa gk
Mo T - kA~ 2 dcdpacd 5-40 Bl 5-7T RS A2 RHFF R D
R R T e T ] e
Algs ( 2004)
AR (2004) 1
NPB ( 400A)
CuPe ( 150A )
ITO ( 2000A)
| s
R15-6 A7TE 5k A kb~ i B4R
% 5-4 ADN i 7|33 kHp = g
voltage [luminance| Yield | C.LLE.(x,y) |Peak position] FWHM power
V) (Cd/m?) | (Cd/A) (x,y) (nm) (nm) |efficiency(W)
ADN 6.48 372.7 1.86 | (0.18,0.20) 460 88 0.90
TBADN | 6.35 353.8 1.77 | (0.15,0.13) 456 72 0.88
TTBADN| 7.65 283.8 1.42 | (0.16,0.18) 460 72 0.58
MADN 6.18 368.0 1.84 | (0.16,0.15) 460 72 0.94
EADN 6.20 274.2 1.37 | (0.16,0.17) 460 80 0.69
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Brightness (Cd / m?)

Luminance (a.u.)

o
N
1

o
o
I‘/

—O— ADN

—O— TBADN
TTBADN

—— MADN
EADN

U 12
'008

> 0.4%

2.0
——
16{‘% o ]

0

Current Density (mA/cmz)

20 40 60 80 100 1

®5-7 ADN i

Bl 5-7 & 7 £ anthracene = ¥ %
T R
T A R PR AR A S @ anthracene 4z
;}b & 3 9:—1 % 5 Fj ’
y L iE Sk “{-;ﬁ qs 7 B & i&» A
o 2 R T R 0 R BREE T
ﬁ%ﬂ@&”ﬁ#ﬂuq

7

¥ ~ 1931 =&

Srig o

BB A
ADN

’Lééﬁgﬁé_giﬁ

§|J  {E

¥y oob

T
500 600

Wavelength (nm)

C.LE &35

P

"L;],‘

g sk oan o

1600

1200 +

800

400

Blafo? b o im® R T iha ek

R e
ADN

3

P B o

B

SN R
e fe ko
EENRNE T XS 8
anthracene
& 5 MADN

anthracene - % = %

L BT

2
v

2

HEEFECRBE L DR F &

100

0]
o
1

[e2]
o
1 s

40

201

Current Density (mA/cm?)

o

FEIpFOARERS TR ARAF
0 TTBADN =~ i #7 & s 4 &7 power efficiency e ¢ d

Voltage (V)

4%

B5-8 ADN i

g] 5'8 ":Li_%\' 7T

- g

SRR ERTE e

—— ADN

—O— TBADN
TTBADN

—— MADN
EADN

7
~

&

DT
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TR AR 2

Voltage (V)

533
u

%R B (B-1-V)

R IR G
TTBADN

TRk TR

=
v




T PE o - phoep

ADN #7242 $ 4 o #7100 f3 i 2 8 R H R P i
% power efficiency

== ’%“']‘F Wi < B g kg R

GARIRE L
6-2. ADN i7ja gkl TBP 2 ~ & @ ivg £
195 ¥ oAz ao - TBP #3220 ADN @ = ~ &7 g 4 i
iﬁﬁ;’@]L“l*ﬁ’%né*ﬂ56mm1«,‘ A Ui X F g 2 % TBP
#exr ADN Gl g ¢ d @S kk Fkc® TBP #
1%%ﬁﬂmﬁﬁ%§,&%%¢/mN%ﬂiﬁ%ﬁﬂaﬁw&
d TBP #ERHLZ 1% "# ~ F#cdp4-4 5-5 # 1%TBP
2 ADN 7l kHH ~ & F org o
# 55 3 1%TBP 22 ADN i 71| 2 4 ksl = i 28T
\oltage (luminance| Yield | C..LE.(x,y) |Peak position] FWHM power
V) (Cdim?) | (Cd/A) (x,y) (nm) (nm) (efficiency(W)
ADN 6.58 753.5 3.77 |(0.148,0.242) 468 52 1.80
TBADN | 6.25 629.9 3.15 |(0.135,0.194) 464 52 1.58
TTBADN| 7.75 357.4 1.79 {(0.154,0.229) 464 60 0.73
MADN 6.67 770.5 3.85 |(0.137,0.214) 468 52 1.81
EADN 6.33 578.7 2.89 ((0.137,0.222) 468 52 1.43
A YRV g Mo e TBP i 0 A EL XL W%
?\@ﬁm1BPm¢%,@Aamw ADN & 7] 3 3 sk k3%

B 4F e

TBP 327 £k o0 1931 & CIE4 RAEEKF
B EA AT g kB TBP &40 % ADN @ 3| fée ir

HEL > FfeABRra A 2L LR o
—O0— ADN
V. —O— TBADN
4014 N TTBADN
—— MADN
35 \ \ EADN
. 3.0
< 7 \
o
L 25 ©
©
o
> 2.0
1.54
1.0 T T T T T T T T T T M
0 20 40 60 80 100

Current Density (mA/cm?)
B5-9 4% 1% TBP 2. ADN R AZ AT FRIADRET vk
sef o el

PSR
I 7| A

28



Current Density (mA/cm?)
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T T T T T T T T T T T T T T T T T T T
1004| ——ADN 0w . 1| —o—ADN
—O0— TBADN —Oo— TBADN 0y
TTBADN 3000 TTBADN i
80 —— MADN i —— MADN
EADN — EADN
£ I
ko]
60+ 1 S 20004 ]
0
0
40 an)v] E 8 1)v4
= //
e
/// -595’ 1000 /) -
20 c E 7
s Q//C
o 7o S
0 T = T T T T 0 . f;@l_\f, y . : ; ;
4 5 6 7 8 9 10 4 5 6 7 ) 9
Voltage (V) Voltage (V)
R15-10 423 1% TBP 2 ADN (7|2 F kPR A2 TREARZ TR A
B (B-1-V)

4 Bl 5-97 MR 1% TBP & - g dat ADN ha 4 &
e % 7 e MADN AE S B v 3 g ki) ¥

% X B 5-10 RIAE s T & e B2 M rEEE L t-butyl B A
i TTBADN fig- k5~ @7 chif iv @ B iv R L 5§ v Fpt o 4
ARG H ADN A F RHE o Ak EB R
o a%ﬂ»’%xi&%mi\%‘wujﬁkm’ AR LR ML &
!

£
TR PR R x B A ¥ R g ke F 2 # F oo F (power
efficiency) s m 2 B A B~ 2 ka7 LB oo

7. BRFBHF
7-1. #7E § % DSA-amine HpLi & ¥ 4 %

T- Al nE % E 3 k8 ) * Horner-Emmons Reaction & ) #7
F e at o - 4@ 3 Horner-Emmons Reation % Sg i i § {1 *
Arbuzov Reaction & = I #r 2 & 7 Trimethoxyphosphine 3% & > 4e ]
5-11 -
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n=1;7
n=2; 7Dsa-BiPh
n=3; 7-Dsa-TriPh

+ Horner-Emmons reaction

O\
o
I
—o-R
~0 o= + é
5=
no

A

i Arbuzov reaction Vilsmeier reaction

W5-11  ATAR E KBRS i & 2

7-2. ¢ R §4[4"-(Diethoxy-phosphorylmethyl)-[1,1%;4',1""] terphenyl-4-ylmethyl]-

phosphonic acid diethyl ester i & =

1
SPZO Br

O Arbuzov reaction

SO V-

Dadba®

= Br
o= 2y

L)
PZ0
Suzuki coupling reaction \Og Arbuzov reaction X
J
- e
HO, OH
B—<: :>—B
4 Y
O HO OH X
X
0=R¢
1
e

®15-12 4,4’-bis(chioromethyl)-1,1"-triphenylz 5 & = i i
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d 3t @ 2 pE{F 4,4°-bis(chioromethyl)-1,1"-triphenyl » #& % 3+ ¥ -
B & =ik S4B 5-12 - & 4 12 Arbuzov Reaction #dz4s4 + & - if
trimethoxyphosphine » £ 1 1,4-diboronic Acid Benzene i 7 Suzuki
Coupling Reaction = = g g 4 4 % > & 4| * Arbuzov Reaction v
Suzuki Coupling Reaction $* ¥ &% ! 2 B =% } thdy % £ 5 F# &
m g 4] & 2 7-DSA-triPh en® 48 -

7-3. Rz pME T IR E

PO B B AT B A HEPE R T T T ¥ R KA

Rl BB m g %o dot TR E ML b ¥ ksl £ 2 ks
LEFEFR T Fha- c oIS 5 T A5
BT B R R R R R ook o L R T O RAT
T kR e -

cI)S Area ,S OD ,st QSt

cDSt Area St OD S QS

CI)S. ] e kB3 ek
PR ey kB S o
Area,s: TR ey R R T AT S chG 7%
Area st -+ FiPl & d L EFET TR = chm &
ODs: FRl& UV-VIS T Amax 975 T
OD 4 : DA UVEVIS T Anax SR
Que * # % s & R IR 8-k 1k g 5
Qs 3 ks K RFHEE S orfk ik E 5

AR ERT o 8P Qi / Qs FALG 1o FH RN F
kHRATRIE hE Ra Y UV-Vis #“tRlF etk (9
PEHE R O P 2N T @I gp R oS o ATAE kR
By Rz pME S xF hp € 4% 5-6 2 B 5-13 -
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Intensity (a.u)

—=— Dsa-Ph

.

a

—v-—7-Dsa-TriPh

7-Dsa-Ph
7-Dsa-BiPh

400 450 500
Wavelength (nm)

550

600 650

B15-13 % % Sk @2 3 ik & Sk ko

#5-6 FREF LMW ELL L BE IR
ERES UV-Vis sdgid £ (nm) | &R ¥F XA E(m) | £ 3 5 (hm) | £33
DSA-Ph 409 458 58 1
7-DSA-Ph 406 449 63 0.95
7-DSA-BiPh 399 447 62 1.26
7-DSA-TriPh 389 443 58 1

d 3 d4e x - BERPERES S BHRT LGS C-N 2 e Twist
AN A e
9nm - 4§ 5-13 -

L) & 42°
PP d 2

oa 2. 4 9

“‘}?J %

<9

2

7-DSA-Ph
®15-14 DSA-Ph#! 7-DSA-Phsz 48 # 3]
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4567 FAHARMABFFL LT DT RED T LR SRk
BMEFAOFECHR G o d WM FTHEP X Edkn iz 2 F
LROE RMgE 2 T am g > 4o B 5-15 -

9 <4
% X

ffﬁ DD PP HY igv

5 "
7-DSA-Ph
22
<
‘%J -9 % A2
K eE N e hane »fmo%,
J“f ? > b ) 9
7-DSA-biPh
S
B, bd

1 ] 9
r >
-

7-DSA-triPh

s 9 "
‘A 09 29 J < - Y
\ R d‘ aa aauaau
g‘
3d

®15-15 7-DSA-Ph ~ 7-DSA-biPh# 7-DSA-triPh = 48 13

7-4. A FERE

A kapl o A R FES N RAF RN ES R
LR ESES NP ERBY S AR E S AR Sk
&r’ﬁﬂaa,ﬁ;"i’”m«m LT ARFIFEPER RS 2B W
BHEBONR I TR GOBREAY AT BRERAFLT EA
;,}%ﬁ;%’ﬂ*xﬁ%’u:}!@#%ﬂw’wﬁﬁwﬁ%o‘ww\xrw—ljfﬂDSAPh
7-DSA-BiPh 2 7-DSA-triPh it — % h B i & £ @ o 11 £ F 45> ;N
ﬂé?—?-DSA-PhA\‘%IJHZFﬁm;;&}i(O%\l%\3%\5%\7%\9%)
Pt F ks MADN ? » 1l X % 5 & 52 400 A =3 % > 2 380 nm
LBk kRt £ o d B 5-16 7 % B 0 ¥ 7-DSA-Ph 12 5%t ] 33 3
* MADN ¢ pF > B3 Bt an¥ £ R R BB 2Y 2 25 § 8

e
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REFEBINTNMALRERFL A X KB RBLG P HETEDAESR
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2
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=
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30000
0

400 500 600

Wavelength (nm)
B15-16 7-DSA-Ph#% 32 & MADNF i 4 % k3%

d B 5-17 ¢ ¥ % L > ¥ 7-DSA-BiPh v 7-DSA-triPh 12 7% b
B MADN # pr > 24 bt en¥ X BT i BB 24 2 2 1 4
AEBRERKFI O%FALERTL A FLBRBLG P HT

L5 rf—,jj@zg‘u o

400000
200000 |- . —— undoped
e e o —— undoped ) - = 3% 7-Dsa-triPh
o . = 3% 7-Dsa-BiPh 4 5%
M A 5 300000 |-
. l - 7%
2 150000 | ] o7 E- N I R — 9%
2 : S e 9 g 0 .
g o o 2
£ ¢ ) = ,
o M \e @ 200000 |
2 L 2 |
g 100000 F ] 3 g o
& be % x ,
4 ;
: 100000 | 1/
50000 = )/ f
0 0 L L L =
400 450 500 550 600

Wavelength

Wavelength (nm)

B5-17 7-DSA-biPh¥2 7-DSA-triPhi% 32 . MADNF] AL ¥ % ok 2§

7-5. #ETRE
il % TGA &2 DSC AR EAMAF EH P OABFES E R
Ta)

(To)~ %8 (Tn) fr# AR R (To) » EEERT HRBEA PR

HEH R B AR R S L R PR EBER T R S
R R B A A BER AT B A LT T FEEH A R

m
g sk ihdk 2 Tgom 8Pk AR R h

Mo TR S f R
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ko kg o

(-

3057 FAEE LM BT A

e Ty(C) Tn('C) To('C)
DSA-Ph 89 172 448
7-DSA-Ph 120 325 391
7-DSA-biPh 131 335 399
7-DSA-triPh 137 344 397

7-6. 5§ BRET B R IE R guE

A A AR TR o AP o hkd H s HOMO (Higest
Occupied Molecular Orbital) 4= LUMO (Lowest Unoccupied Molecular
Orbital) 22 = i B> XFRTFELTFLEEDHTEE L EEHEH D
2 % o HOMO fr LUMO g » & ™ JI % 5 3k R4 % 12 ( Cyclic
Voltammetry > §§ £ CV ) #rp|#@ vy tEFR T = L 5d o588 # 5 >
#3 #FBH HOMO & LUMO & -

CVHhBEERY - Bingm , RBERT T DA TS S
Lo F L rdINERPOFRBRTERFFCAERE BETS
Ao ETASEFT gl Tinhr L d FEFNT R
oo DR ATE F TR A T Y BT F AR N e R
o A DA G NF e BT R L FT AT REIT R
R AT @I ERS Sy P ERTE OV RRHE 2
FLE I AT = ((Epe ) BT = ((Epa ) K% TN

(lpc)> B 1% T8 (lpa) £ s UV-visehe Jc kB » 1 * T 7
>3 s FTE £ HUMO ¥ LOMO g -

HOMO = Eox ( Or Eox, onset) + 4.8

LOMO = HUMO - E,

N

‘:‘ —i TL?L‘: (EOX) E\‘—i TL %?i'&\;'?.,f: (on,,onset) J'l ik*j’_é‘ﬁ
o N3P 48 5 - ¥ Eg i UV-Vis B3 B dom jo iz & ehi B

e
B o

<

L F I # 2 Ferrocene 0§ i ¢ = (Ep)> ¥ 0.53eV, £ £
FRlyhgy P23 FApR TS N B el ¥ 8k 4.8 W
B3 FRy HOMO : ¥ ¢b > d UV-vis X3¢ > ool £ 5% > T
Bofo kL RlE R T Mg AR R A E g O
E=hv=hc/A » 7 £ &F @ & i I (Energy Gap) » £ # HOMO
4 Eq %7 # 3 #FRFH LUMO- % 5-8%F % £ = i* #4175 HOMO-~LUMO
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h

# 5-8 & A~ #4149 HOMO ~ LUMO i 1 B 4 4

Compound HOMO (eV) LUMO (eV) Eq (eV)

NPB 5.2 2.3 2.9
Alg3 5.5 2.7 2.8
DSA-Ph 5.4 2.7 2.7
7-DSA-Ph 5.2 2.4 2.8
7-DSA- biPh 5.2 24 2.8

7-DSA-triPh 5.1 2.3 2.8

BEF¥FEige#HLas HUMO ~ LOMO Level » A v w4 = i a9
sc F# BB » 4B 5-18 #77

2.3eV_ 2.4eV 1 2.3eV_ 2.4eV - 2.3eV -
1 2.8eV 3.2eV 1 2.8eV 3.2eV m 2.8eV 3.2eV
2.5eV 2.5eV 2.5eV
4.7eV ﬁ'IF o Ui
7e i i i
7-DsAph 47e 7IDSA-BIPh LiF 4 7ev 7-osatrien  [|HF
ITO 520V Y10 ITO 5.1eV
5.3eV 5.3eV 228y 5.3eV
NPR 5.5 NPB  5.5eV NPB  5.5eV
MADPN 5.6eV 5.6eV 5.60V
Alg3 MADN  Ajq3 MADN .

FI5-18  § % & i 1

Z2d CV PR & %% » 7-DSA-Ph~ 7-DSA-biPh ¥ 7-DSA-triPh =
HOMO 4 %] 5 5.2eV~5.2eV v 5.3eV~LUMO » % 5 2.3eV-~2.2¢eV
fr2.4eVa it My 3 2.8V ¥eho gl g LW ONE Y &)
5% 1 % %48 MADN i 1 (3.0eV) > 27 MADN &2 i & % L # 7 &
53 7 £ 4 # (FOrster Energy Transfer) & 2 2x &k eh I % o

8. DSA-amine e~ 2 ] iver § p
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Bt AR A Ao @ 5-19 ST 0 b AP P A SR LR
ehiddE - o R ARHKY N AR BRF TF LR By ik
EGA vV e R e R R Y ARG R LR RLERES
Fep R R TREFH AT TSP T Bl A iy p £ F NP R A
T At 20 mA/ecm® 2 TR % B T 4T il df o

~

. f}f;’//o
S AN
&
Al 1248 2000 A Alg
LiF 10 A OO
T ek 375A CUCY won
(v %33 324~ +MADN) 400 A O
e b T00A ~ O
L Bk 700 > C>NN
Rl NPB
ITOt 15 \ o
X

B3 A

F5-19 % = & 2 H

# 7-DSA-Ph 7 2 B 5eng 32 E R 0% ~1%-~-3% -5%-7%
# 3 MADN ¢ » #f @@ cha 2 L F 5 4 5-9 ¢

# 5-9 7-DSA-Ph z =~ 2 |5 2

Peak
7-DSA-Ph Voltage [Lum. Yield| E.Q.E CIE. position

# ek & (%) V) (Cd/A) (Im/W) (x,y) (nm)
0 5.7 1.48 0.81 (0.15,0.10) | 452

1 5.6 3.58 2.08 (0.15, 0.24) 468

3 5.8 7.16 3.59 (0.15, 0.29) 488

5 5.9 9.08 4.75 (0.16, 0.28) 488

7 6 7.35 3.75 (0.16,0.28) 488
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2 5-90 srachiedp ¢ A A% A 2R %A 20 mA/cm® T # R
BT REETBRFEAK A AL 2 L TR
.+ 5 % 7T-DSA-Ph i sk & 5 5 % » =~ 2 4 &
¥ g ik 9.08Cd/A F ek R DIE T %R 5 WD
BRCF R G OER SN K F HT9% H A X hhmE I ook
AT75c drfe oo B Y XD %EE > §HBRERD - TAER  §F &
R T E A E T FARS o

G

3

|-

T
!

1“\ ‘m\\
T

B 5-20 3 ~ 2 ehd & FTR-FkR AN fi%‘:iﬁ?liﬁ(ZOmA/cmZ)
B FenE Y BOple A A4 R R L 1976 nitsy F R T I A 40 R
B ¢ 60 %pF > & % 450 hrs» S i 5 & 100n|ts*fﬂ;uii%€w?:~
1,3000 hrs -

1.0
e—=me=7-Dsa-Ph
0.8 : : :
= "Hn'~'..-"
< 0.6 [ oo DO
< ]
04 b
0.0 o [ o [ o [ o [ o [ o [ o
0 100 200 300 400 500 600 700
Time (hr)
B5-20 7-DSA-Ph: Fk 24z ~ 2 & &6 PIB
# 5-10 7-DSA-biPh z_ ~ i* |+ 5 %

Peak
7-DSA-biPh | Voltage | Lum. Yield E.QE CIE position
BRERE®) | (V) (Cd/A) (x,Yy) (nm)

0 5.7 1.3 1.61 (0.15, 0.09) 448
3 5.9 25 1.73 |(0.16,0.19) 464
5 6.4 4.6 2.92 (0.16, 0.21) 456
7 5.7 5.7 348 |(0.16,0.23) 460
9 5.9 6.3 3.73 [(0.15,0.24) 460

P d £ 5-10 % 3 - % 7-DSA-biPh & 9 % st ik & - # 1
B} g ke F 6.3 cd/A> # 4 R AR (0.16,0.24) gk > H & <

38



vk 2R

i\4
g

d %

3% 5 3.73 -

3.9 cd/A - H

5-11 % . » % 7-DSA-triPh hdp b chiF & = &2 24T
T% 45 ek BB - F B ik n g k ok F

F_L

¢ R &G
(0.16,017) ehix E X > § Bk R D& 7 % > oy ks ¥
ER D %pFEF k2 F 79 %o HE A EF2xF 5 3420 4ok g F
RN FHRES T BRERAD - AR FEXBRTRALIRT

% 4B A o
# 5-11 7-DSA-triPh 2 =~ i+ |4 5 4
Peak
7-DSA-triPh | Voltage |Lum. Yield| E.Q.E CIE position
ek B (%) (V) (Cd/A) (x,y) (nm)
0 5.9 1.3 1.67 (0.15, 0.10) 448
3 6.1 1.7 1.98 (0.16, 0.12) 452
5 6.4 2.4 2.18 (0.16,0.14) | 456
7 5.9 35 3.42 (0.16,0.17) | 458
9 6.1 2.8 2.82 (0.15,0.17) 458
d B 5-21 # & ¥ 3% B HiTE T M ,Fi*{m—p— gz BEk A

Bkl L3 HEFANFEEHBRGE o

Intensity (a.u)

1.0F gﬁ%\ —=— EL of 7-Dsa-Ph
Lol L-\ —o— EL of 7-Dsa-biPh
A —»—EL of 7-Dsa-triPh

08} { / !

0.6 |

04}

02}

0.0 Bant e vee RN IR S0 COVLCCVN |

300 400 500 600 700 800
Wavelength (nm)
B]5-21 Fk itz ELB#

—=h

2512 L FEAHEDRE T U FRE N - RSB SAT LG
sechfh 3 DSA-Phiz— 1% F X 23 L Mhd ik ¥ 4 d 3 ok
g R BF LI R G T IRACD PN R R
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N
g
i

i jRdaa E I o R ik o

%512 FhAEpEpik

By %32k & |Voltage| Lum. Yield CIE
(v %) (V) (cd/A) (Xy)
DSA-Ph 3 7.9 9.8 (0.16,0.32)
7-DSA-Ph 7 6.5 9.4 (0.16,0.28)
7-DSA-biPh 9 59 6.3 (0.15,0.24)
7-DSA-triPh 7 5.9 3.5 (0.16.0.17)

9. ¥ kA

Ed HBRESE T GLE XA AT RFEI o d Pk H
B3R 4 Tl s kA MADN #fe < E X85
@@ CIEd Bty B2 o dopt 7 FIHRF DRI S o0 g 2
;;u;, Mg kA BIFLRS fried oFmd @k kiR TXihE A
FpE P E T REIERHEFET RS 20% Flt A FH L I
A ER R R YT L9 kR o

-k A T oA Y kAR - B EkP kR RE EF K

AER G ke Fv kA E@mEE s fI* PR LMW 7-DSA-Ph
L EXkRI-E k2 XA th-Rubrene iF % § k X R pT 1@
- BEAER R

Al Br#® 2000 A

LiF 10 A

TR 375 A

AR AR
%3% 5t 49+ MADN) 400 A

L ER E A

NPBE+4% th-Rubrene 200 A \ GC;
CR SR 700 A ;
— NPB

EiREA R

ITO [ 4% \

s AR
%
M5-22 ¥ k< SR

CFx

)

% 5-13 2 DSA-Ph 5 e s v % = & 4 20 mA/cm? i
9.8 cd/A > C.I.LE & & % (0.31, 0.41) » #h & 3 »c % % 3.83 %+ @ 1

40



7-DSA-Ph i 3 kB e P

Hio k2 A 20 mA/ecm? B > % 11 cd/A >

CIE % (0.29,0.36) » ¢t 3R & + 22 % 5 4.76 % - %“gvﬂ B F P fkE e I
kA APpT EIFoFe kit CIE? 2D Y B¢ {
#1717 033 B EBRB AL FE0 k- H ELB#4-®B 5-23-

# 5-13 DSA-Ph

22 7-DSA-Ph z_ v & = i [ i

FTx#xedy | HER | Voltage |Lum. Yield| E.Q.E CIE.
(v %) (V) (Cd/A) (Xy)
DSA-Ph 3 7.9 9.8 3.83 | (0.31,0.41)
7-DSA-Ph 7 6.5 11 4.76 | (0.29,0.36)
10 -
08 -
3
:_,5 06 -
= 04 = -
02 -
0.0 [l [l [l
400 500 600 700 800
Wavelength (nm)
B15-23 M 7-DSA-Ph: % %Ltz v KELR#
Bl 5-24 5 Attehd b Fi9Reon £~ 21223 A (20 mA/cm?)

AL FhE e Baple it

B 80 %pF > & % 420
4,4000 hrs -

A7 4o B B 5 2198 nits F R i I A 40 B
hrs» SiE4 & A& 100 nits * 2 ~ 2 & & %
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Intensity (a.u.)
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Abstract

A series of highly efficient blue dopants based on the
iminodibenzyl-substituted distyrylarylene (IDB-DSA) fluorescent
dye using the concept of steric compression of a rigidized and
over-sized ring have been designed and synthesized. When doped
in the stable 2-(methyl)-9,10-di(2-naphthyl)anthracene (MADN),
the seven-membered DSA (7-DSA-Ph) doped device achieved a
Iluminance efficiency of 9.1 cd/A at 20 mA/em® with a CIE,, color
coordinate of (0.16, 0.28) and a maximum external quantum
efficiency of 4.8%. When used in a 2-element WOLED system, the
7-DSA-Ph doped device achieved a luminance efficiency of 11.0
cd/A at 20 mA/em® with a CIE, color coordinate of (0.29, 0.36).

1. Introduction

In recent years, there has been considerable interest in developing
blue organic electroluminescence devices with high efficiency,
deep blue color and long operational lifetime [1] for full color
OLED applications. Recently, we had modified Kodak’s basic
ADN structure and developed an improved host material, 2-
methyl-9,10-di(2-naphthyl)anthracene (MADN) with a stable
thin-film morphology and a wide energy bandgap [2]. When
doped with p-bis(p-N, N-diphenyl-aminostyryl)benzene (DSA-Ph),
the luminance efficiency is 9.7 cd/A with CIE,, color coordinate
of (0.16, 0.32) [3]. But the y-value of CIE,, color coordinate is
still too high to be adequate for application in full color OLED
display. To find a new stable blue dopant and its matching host
which show better CIE,, color coordinate value as well as high
efficiency remains to be one of the most important research topics
of today.

As presented in SID’04, if host materials of deeper blue color,
such as 1,3,6,8-tetra(o-tolyl)pyrene (TOTP) was chosen, DSA-Ph
doped emitter produced a luminance efficiency of 8.64 cd/A and a
CIE,, color coordinate of (0.15, 0.28) [4]. This result suggests
that we can only modify y-value of the blue CIE,, color
coordinate slightly by selecting a wider bandgap host material.
But, further shift into the deep blue region will need to derive
from additional molecular engineering of DSA-Ph dopant.

Recently in NCTU, we had been successful in the design and
synthesis of a series of new blue dopants which contains a 7-
membered N-heterocyclic amino-substituent (7-DSA-Ph) and
found by high-speed computer molecular orbital simulation (DFT
with B3LYP) that the emission wavelength could be shifted to
deeper blue with increasing the number of phenyl moiety in the
center core. We expect these new blue dopants will be potentially
useful in producing a deep blue emission with a properly matched
host and a 2-element white OLED system as well.
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2. Experiment

Scheme 1 shows the synthesis of the 7-DSA-Ph which was
prepared by coupling iminodibenzyl (IDB) and 4-bromobenzene
with a palladium-catalyzed aromatic amination reaction [5]. After
the reaction was completed, the intermediate (A) was purified by
column chromatography then mixed with phosphoryl chloride in
DMF at room temperature for 8 hr under nitrogen (Vilsmeier
reaction) [6]. The mixture was quenched with sodium acetate and
water to precipitate the grey solid which was purified by
recrystallizing twice from ethanol to afford the key intermediate
(B) as colorless crystal.

A mixture of p-xylylene dichride and triethyl phosphate was
heated at 200 °C for 24 hr under nitrogen to produce the
intermediate (C) (Arbuzov reaction) [7]. Finally, The novel blue
dopant (7-DSA-Ph) is readily synthesized by the Horner—
Wadsworth—-Emmons reaction according to a known procedure
[8] from compounds (B) and (C) at room temperature in the

presence of sodium fert-butoxide. The crude product was purified
by chromatography to give pure 7-DSA-Ph as a yellow solid.

O
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Scheme 1. Synthesis of blue dopant 7-DSA-Ph.

At the same time, we also want to study the structure-activity-
relationship of materials by increasing the number of phenyl
moiety in the molecular core. As a result, we designed and
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synthesized two IDB-DSA derivatives, 7-DSA-biPh and 7-DSA-
triPh. The chemical structures of DSA-Ph and new blue dopants
are shown in Figure 1.

%0 N
O
O@ e

DSA-Ph Alg; (10 nm)
Q Blue Emitter @
N MADN (40 nm)
ONOh o 1A {4
O (70 nm)
n=1 7-DSA-Ph & CF,
n=2 7-DSA-biPh ITO
n=3 7-DSA-triPh Glass

Figure 1. Structures of DSA-Ph, 7-DSA-Ph dopants and blue
device.

All novel blue dpoants were further purified via train sublimation
prior to spectroscopic measurement and device fabrication. UV-
Vis and solution photoluminescence spectra were recorded in
toluene by Hewlett Packard 8453 and Acton Research Spectra
Pro-150, respectively. Electrochemical properties were studied by
cyclic voltammetry using CHI 604A. The energy gap can be
calculated from the edge of UV-Vis absorption peak. Melting
points (7,,), glass transition temperatures (7,), and crystallization
temperatures (7,) of the respective compounds were measured by
differential scanning calorimetry (DSC) under nitrogen
atmosphere using a SEIKO SSC 5200 DSC Computer/thermal
analyzer.

Figure 1 also depicts the blue device structurein which CF,, 4,4’-
bis[N-(1-naphthyl)-N-phenyl-amino]biphenyl (NPB), and #ris(8-
hydroxyquinolinolato)aluminum (Alq;) were used as the hole
injection material [9], hole transport [1], and electron transport
material, respectively. After a routine cleaning procedure, the
indium-tin-oxide (ITO)-coated glass was loaded on the grounded
electrode of a parallel-plate plasma reactor, pretreated by oxygen
plasma, and then coated with a polymerized fluorocarbon film
(CEy). Devices were fabricated under the base vacuum of about
10 Torr in a thin-film evaporation coater following a published
protocol [10]. A multilayer structure of NPB/EML/Alqs/LiF/Al
was deposited on the substrate by resistive heating with a
thickness of 70, 40, 10, 1, and 200 nm for NPB, EML, Algs, LiF,
and Al, respectively. In the evaporation of EML, the fluorescent
dopant was co-deposited at the designated optimal molar ratio. All
devices were hermetically sealed prior to testing. The active area
of the EL device, defined by the overlap of the ITO and the
cathode electrodes, was 9 mm” The current-voltage-luminance
characteristics of the devices were measured with a diode array
rapid scan system using a Photo Research PR650
spectrophotometer and a computer-controlled programmable dc
source. The encapsulated device lifetime measurements were
performed in a glove box at a constant drive current density of 20
mA/cm?,
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3. Results and Discussion

The photo-physical, electrochemical and thermal properties of
DSA-Ph and new blue dopants are summarized in Table 1. From
our previous report [11], we found that the rigid 7-membered N-
heterocycle iminodibenzyl (IDB) would increase the steric strain
and cause the iminodibenzyl moiety to twist slightly out of the
plane defined by the m-m conjugation of the distyryl benzene (see
Figure 2). We found this steric-compression effect can cause the

Table 1. The photo-physical, electrochemical and thermal
properties of DSA-Ph, 7-DSA-Ph, 7-DSA-biPh and 7-DSA-
triPh.

Blue Agmx | N emma HOMO LUMO Band Gap T,
Dopant (nm) (nm) (V) (eV) (eV) (C)
DSA-Ph 410 458 5.4 2.7 2.7 89
7-DSA-Ph 408 449 5.2 24 2.8 119
7-DSA-biPh 399 447 5.2 2.4 2.8 131
7-DSA-triPh 389 443 5.1 23 2.8 137

92 .
** 34
“:zd {J ¥ @ 5 A2
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P ) - @ A
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7-DSA-triPh

Figure 2. Conformational Structures of DSA-Ph, 7-DSA-Ph, 7-
DSA-biPh and 7-DSA-#iPh [DFT with B3LYP/6-31G(d)].
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blue emission wavelength of 7-DSA-Ph to hypsochromic-shift
about 9 nm as compared to that of DSA-Ph. It was also found that
the emission wavelength can be shifted to deeper blue with
increasing number of phenyl moiety as the molecular core. The
hypsochromic-shifted phenomenon can be rationalized from the
conformational structures of the blue dopants by density
functional theory (DFT) with B3LYP/6-31G(d) basis set of high-
speed computer simulation shown in Figure 2 in which the added
phenyl moiety appear to enlarge the twist angle and thus decrease
the m-n conjugation. As a result, the effective conjugation length
(chromophore) of the molecule is slightly shortened and shifts the
emission wavelength to deeper blue. From the DSC result, the Tg
of DSA-Ph, 7-DSA-Ph, 7-DSA-biPh and 7-DSA-triPh are found

at 89 °C, 119 °C, 131 °C and 137 °C, respectively, which

indicates that the steric N-heterocycle aminosubstituent and the
added phenyl moiety would also improve the material thermal
stability.

The EL efficiency of the undoped MADN is 1.5 cd/A at 20
mA/cm? with a CIE,, color coordinate of (0.15, 0.10). When
doped with 7-DSA-Ph, 7-DSA-biPh and 7-DSA-triPh, the EL
efficiencies are increased to 9.1, 6.3, and 3.5 cd/A with CIE,,
color coordinate of (0.16, 0.28), (0.15, 0.24) and (0.16, 0.17) and
EL spectra peak of 488 nm, 460 nm and 458 nm at 20 mA/cn’,
respectively. The overall EL performances of the new blue
dopants doped devices are summarized in Table 2. The maximum
external quantum efficiency (E.Q.E) of 7-DSA-Ph doped device is
close to the theoretical limit of 4.8% and the half-decay lifetime
(t12) is 700 h with an initial brightness of 1976 cd/m*. Assuming
the scalable law of Coulombic degradation [10] for driving at L,
of 100 cd/m?, the half-decay lifetime (¢;) of the7-DSA-Ph doped
device is projected to be over 13,000 h.

Table 2. EL performance of the blue doped devices (@ 20
mA/cmz).

Voltage | 1931 CIE  [Lum.Yield|
Dopant E.Q.E
[V] X y [cd/A]
7-DSA-Ph | 5.9 0.16 | 0.28 9.1 4.8
7-DSA-biPh| 5.9 0.15 | 0.24 6.3 3.7
7-DSA-#riPh| 5.9 0.16 [ 0.17 35 34

In NCTU, we also developed white OLED structure incorporating
a dual-layered emitting layer (EML) of blue and yellow to
synthesize the white emission additively. The blue and yellow
dopants used were DSA-Ph and 2,8-di(¢-butyl)-5,11-di[4-(z-
butyl)phenyl]-6,12-diphenylnaphthacene (TBRD) [12],
respectively. The structures of MADN, TBRb and the 2-element
WOLED device are depicted in Figure 3. The EL efficiency of the
white device was 9.8 cd/A at 20 mA/em® and 7.9 V with a CIE,
color coordinate of (0.31, 0.41). In this 2-element WOLED
device, the sky-blue light emission was generated by doping the
highly fluorescent DSA-Ph into the stable blue host molecule of
MADN while the yellow emission was derived from the doping
TBRb in NPB where the optimal concentration to obtain a white
emission was 4%.
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Figure 3. Structures of MADN, TBRb and 2-element WOLED
device.

To improve the device performance, we replaced DSA-Ph for 7-
DSA-Ph as the blue emitter in the 2-element WOLED system.
Figure 4 shows the EL spectra of the 7-DSA-Ph doped white
device which achieved an EL efficiency of 11.0 cd/A at 20
mA/cm?® and 6.5 V with a CIE,,, color coordinate of (0.29, 0.36).
We attributed the improved result to the novel blue dopant, 7-
DSA-Ph, which emits deeper blue light with higher efficiency
then that of DSA-Ph. Therefore, when this new blue dopant was
used in a 2-element WOLED system, it can achieve a high E.Q.E
of 4.8% and generate a more balanced CIE,, color coordinate of
(0.29, 0.36) as well. The 2-element WOLED device performances
are summarized in Table 3.

EL Intensity (a.u.)

2 2
400 500 600 700
Wavelength (nm)

Figure 4. The EL spectra of 7-DSA-Ph doped 2-element
WOLED device.

Table 3. EL performance of the DSA-Ph and 7-DSA-Ph doped
2-element WOLED devices (@ 20 mA/cm?).

Voltage | 1931 CIE  [Lum.Yield]
Blue Dopant E
vl X y [cd/A]
DSA-Ph 79 [ 031 | 041 9.1 3.8
7-DSA-Ph [ 65 [ 0290 Jo36 ] 110 4.8




4. Conclusion

By molecular engineering of the di(styryl)amine-based structure,
we have designed and synthesized a series of highly efficient blue
dopants based on the iminodibenzyl-substituted distyrylarylene
(IDB-DSA) compounds. The steric-compression effect and the
added phenyl moiety in the core can shorten the effective
conjugation length (chromophore) of the molecule and shift the
emission wavelength to deeper blue. When 7-DSA-Ph, 7-DSA-
biPh and 7-DSA-triPh doped in the stable blue host material,
MADN, the devices achieved a luminance efficiency of 9.1, 6.3,
and 3.5 cd/A with CIE, color coordinate of (0.16, 0.28), (0.15,
0.24) and (0.16, 0.17) at 20 mA/cm?, respectively. The maximum
external quantum efficiency (E.Q.E) of 7-DSA-Ph doped device is
close to the theoretical limit of 4.8%. When 7-DSA-Ph was used
in a 2-element WOLED system, the doped device achieved a
luminance efficiency of 11.0 cd/A at 20 mA/em’ with a CIE,,
color coordinate of (0.29, 0.36).
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