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Study Forward the Fabrication of High-Efficiency White Organic

Light-Emitting Diode

Student : Jia-Wei Ma Advisor . Dr. Chin Hsin Chen

Dr. Han-Ping Shieh

Institute of Electro-Optical Engineering

National Chiao Tung University

ABSTRACT

We have demonstrated ‘high-efficieney i-i-i three-wavelength WOLEDs
with a new orange phosphorescent dopant of Pt complex which produces
excimer emission including green, yellow and red region of visible spectrum. A
maximum EQE of 10.94%, luminance efficiency of 19.68 cd/A, NTSC ratio of
60.9% and a stable chromaticity with a near constant CIE coordinates under
different drive current conditions were achieved. We also demonstrated a
high-efficiency two-wavelength and also color stable p-i-n white device with
double emitting layer and two blocking layer of TAPC and BPhen, that achieved

a power efficiency of 9.2 ImW™' (maximum : 10.48 ImW™), current efficiency of

v



9.86 cdA ™ (maximum : 10.13 cdA™) at 1000 cdm™, NTSC ratio of 60.9% and the
change of CIE,, coordinate from 100 to 2000 cdm™ was less than (0.02, 0.02).
Furthermore, we stacked two p-i-n WOLEDs. A color stable and high-efficiency
two-unit WOLEDs achieved a power efficiency of 6.16 ImW™' (maximum : 7.79
ImW™), current efficiency of 16.7 cdA ™' (maximum : 16.78 cdA™") at 20mAcm™,
NTSC ratio of 60.9%.The change of CIEy ) coordinate of this stacked WOLEDs
are essentially unchanged from luminance of 200 to 4000 cdm™ and with respect

to viewing angle of 0~60° .
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2 }P‘;Je P - faa £ 8 F 0 5\ (Interlayer sequential energy transfer) -

a-NPD(B)/ o-NPD : DCM2 (R)/BCP(Block layer)/Alq 7%%' CRE: AL L -y gl S

B BFR(R/ER)TE B o Rt ko #4205 a-NPD 7
BRAEA B Alqe £ 7 BRAEA w5 DCM2 o 11 b Sk g & sk ehd 3
Koy ke E g kR a2k TA B oM a0 EI Bk ey ;Ei’t—‘ﬁ
Brian W. D’Andrade et al. [19)% & #ef4 co3 £ & (UGH2)43 sems k iF £ %
(Fir6) ~ % & (Ir(ppy)s) ~ &= %(PQIr)iﬁ FR e R ESF 2 R Rae ko
R R R S K RBIET.6sec " P 0.75 usec FFERER F
R A B ki k o iRt 2 #h o TP Gangtie Lei et al. [20145d ¥ £ ¥
%45 kR4 A % X & (Flpic)dr iz % (DCITB) =~ i »c 5 7 2 9.2
cd/A> # ¢ Flrpic § ¥ & #|(phosphorescent sensitizer) o H % ]4- ] 1-6 #7

Foo i AR BREB LA 129
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F01-20 H KA R ki (F £ 4 1)

. CIE(xY)
Device structure EL Performance Ref.
& CI E(Ax,Ay)
15840 nits @17V 0.34,0.36) @SV
ITO/NPB/DVBi : 0.8% Rubrene/Alg/LiF/Al 5.8 cd/A @6V (0.02,0.04) 8
3.11 Im/W @17V @ 5~13V
7822 nits @14V (0.26,0.32)@4mAcm™
ITO/CuPc/NPB/DPVBI : 0.08%
2.45¢d/A@20mAcm™ (0.02,0.04) 9
DCITB/Alg/LiF/Al , ,
1.75 Im/W @20mAcm’ @ 4~400 mAcm
ITO/CuPc/NPB/JBEM : Perylene : 878cd/m’@20mAcm™  (0.32,0.38) (0.01,0.01)
DCJTB/Alg/MgAg 2.88 Im/W @4 mAcm™ @ 4~400 mAcm™
(0.34,0.39)
20400 nits | 8mAcm?
!@ . cm
ITO/TPD/SAlq : 0.5% DCITB/Alq/LiF/Al @810 mAcm™ ( on) 11
0.03,0.
2.3 1Im/W @ 1 mAem™
@ 1.8~36 mAcm™
(0.38,0.44)
20400 nits
ITO/PEDOT : PSS/TPD/SAIq : 0.3% 4mAcm™
@810 mAcm™ 12
DCM2/Alg/LiF/Al , (0.06,0.04)
2.3 Im/W'@ 1 mAcm’ X
@ 4~160 mAcm’
(0.32,0.34)
ITO/m-MTDATA/NPB/ADN : 0.5% Rubrene/Alq/ 64 cd/A @ 6V 20mAcm™ 13
LiF/Al 2.88 Im/W @4 mAcm™ (0.01,0.01)
@ 20~500mAcm™
(0.31,0.34)
20100 nits @14.6V R
ITO/NPB/ADN : 2.5% TADN : 0.025% 20mAcm™
brene/Alg/ MgAg/A >39cd/A (0.01,0.01) H
Rubrene/Alg/ M .01,0.
sagae CRI=78 ,
@ 20~500mAcm
(0.38,0.36) @6 V
ITO/m-MTDATA/NPB/Bepp, - 0.2% Rubrene/Alq/ 6.3 cd/A@ 7V
(0.07,0.05) 15
LiF/Al 31m/W @ 5V
@ 6~17V
42000 nits @ 14V 0.33.0.35) @6V
ITO/NPB/PAP-NPA : 0.025% Rubrene/TPBI/
6.11cd/A @ 7V (0.01,0.04) 16
MgAg
2.92 Im/W @ 6.5V @ 6~12V
(0.33.0.33)
ITO/NPB/BNA : Perylene : 0.5% 4100 nits @ 10 mAcm™ .
DCITB/Alg/MgAg 1.65¢d/A@20mAcm™ (0.01,0.01)

@ 10~200mAcm™

13



£01-20 H B A i (B R k)
. ClExy
Device structure EL Performance Ref.
& CIE(AX’Ay)
CRIZT (0.43,0.45)
ITO/NPD/TCTA/UGH4 : 20 % Fir6 : 0.5 % Ir(ppy); * @0.1mAcm™
P 8 Im/W @1000 nits 19
2 % PQIr/TPBI/LiF/Al (0.05,0.01)
10.5 Im/W @100 nits
@ 0.1~10 mAcm™
. 0.32,0.36)@9V
ITO/NPB/DCB : 8% Flrpic : 0.4% DCJTB 18200 nits
(0.03,0.02) 20
/BPhen/MgAg 9.2 cd/A
@ 9~17V
Blue Phosphorescence
Qrange Fluorescence
——s, ——S5 ——5
DCB ¢ Flrpic "’ DCJTB
Bl 1-6 © r2 gk 5 3R A o 3B
142 % K5\ %
?’é;;\?’sf;’éﬁié ;'éfu’*mﬂb‘i%—:ﬂﬁrﬁfé]'\’;\%%] B %g’ff’

PR P RO R ARES b ke R

B PATEERGR 0 FIH o S ol i

# (lifetime) i £ » @ ¥ %

WA IERRE R PCE > e fEd A5 AR E R T TARE NG iE

ﬁ%oiiﬂﬁ{;?uﬁgﬁgﬁnkﬁ%%@,%ﬁp@m

14
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Bl 1-7.

U

2

¥

ERAGAGEBIRER D

L3k kG et B o

REEE TN PR ERTA Gk D
R RS KGN e kAR AR e A Y
BYRFHR TR LR ERE DR BT AR R
SR d KT AL Z 8 4ol 17 0w o
'I Cathode
Electron Injection layer (EIL)
|Electron Transport layer (ETL)

1
Emitting Layer(EML) Yellow

Emitting Layer(EML) Blue

Electron Injection layer (EIL)

|Electron Transport layer (ETL)
Emitting Layer(EML) Yellow
Blocking layer(BL)
Emitting Layer(EML) Blue
Hole Transport layer(HTL) Hole Transport layer(HTL)
Hole Injection layer(HTL) Hole Injection layer(HTL)
Anode Anode
Glass (Substrate) Glass (Substrate)
Device A without:BL Device A with BL
'I Cathode
Electron Injection layer (EIL)

|Electron Transport layer (ETL)

1
Emitting Layer(EML) Red

Emitting Layer(EML) Green

Emitting Layer(EML) Blue

Hole Transport layer(HTL)

Hole Injection layer(HTL)

Anode

Glass (Substrate)

Device B without BL

.l

Electron Injection layer (EIL)

|Electron Transport layer (ETL)

Emitting Layer(EML) Red

Emitting Layer(EML) Green

Blocking layer(BL)

Emitting Layer(EML) Blue

Hole Transport layer(HTL)

Hole Injection layer(HTL)

Anode

Glass (Substrate)

15
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- EEREE IR f 12 EVRLER S5 SR 1
REBRELLF LM P FRF I A d R g
~RrRH eI E LR LEER R EF A2 HCRIERM-

b"_i‘.l"! ;‘—,:'. —’J ﬁgii‘&#‘- /I) :‘:5‘7 ,E%ri%ﬁ::;’ééﬁﬂﬁ% 3 'F—] ﬁlj)}" ﬁ;{g‘%’ 7’1_;,:‘:3’7? 5

¥

FORM AR S F M ks B A BB sk fgih
(Ref21~29) » iz 43¢ ik B § HFEcntydl 5 14 8 o (v M. Li
etal. [24] A= )I% ¢ § & E % k48 (Rubrene) & NPB : 0.7%
Rubrene(8nm) 4 Stph » AMFT IR B AE T AMA U EHEB P L
BB T RAT AR TR R o 50 Ry A g o B
Sk e H R A B EOE R [35] ¥ AL AT
g kA (30, 3R RS KA g S qepER [31,32,34] 0 £
d B F B a Moephk g (TR EE A i £ B (triplet-singlet
energy transfer) [36, 37]® % ™ 5t M. ey & > 4@ 1-8 #757 ° R.S.
Forrest % y* < }I‘;’c # CBP : 10%lIr(ppy)s : 1%DCM2 # ! Ir(ppy)s
4 &3P L 100ns & CBP @ 10%Ir(ppy)s & se@ 02 &3k 8y
500ns ‘2R P Ir(ppy)s (phosphor-sensitized) siFx i% i it £ &
# % DCM2(fluorescent dye) « *f 4+ 2. #h » F-F 3 LW 1 T
Fiew + @’}ﬁ%lé] ) }‘ggl T+ zﬁ;ﬁ;f]/é] few iF @ﬁr;f]}é] Fdrid & e

W RERE R AL NG [38,39] HEA NG kY b Aok &



B 1-8:

ARAEEE Y Al - B  JFd AFREREAL T R
EERBAWALN BES REFBIES LI gt 5] [40~45] ie
!

LR Y R Y R R o T T (R

e

T AR I

6?

S

REBERRE BB AEST h E

I

v

PR U S ol R AT R R o BT
BEA S0 R MMl R R T R R N ek T ke
PP AFRMY o m REDLERD R F KRGS

[46~49] o iput & BB PR L L 1379 o

S=——
]

|
|
I

energy
transfer

-~ = =4 -_
[T~ <[22T
Phosphorescent Fluorescent
Host

sensitizer dye
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30130 RN ESR L Bt

Device structrue

ITO/a-NPD/Zn(BTZ),(B)/ Zn(BTZ), :
DCM2(0.8%)(B+R)/Alg/LiF/Al

ITO/TPD : 6%DCDM :
2.5%()/CAN(R+G)/BCP(B)/Alg/Mg:Ag/Ag

ITO/CuPc/NPB/DVPB; :
Rubrene(0.25%)(B+Y)/DVPBi(B)/Alq/CsF/Al
ITO/CuPc/NPB(B)/NPB :
Rubrene(0.7%)(B+Y)/TPBI/Alg/LiF/Al
ITO/PEDOT : PSS/0-NPD/a-NPD :
DCM2(0.2%)(R)/DPVBi(B)/Alg/LiF/Al
ITO/2-TNATA/NPB(B)/24MeSAlq :
DCITB(0.5%)(R)/Alg/LiF/Al
ITO/CuPc/NPB/DPVBi : DCM2
(0.025%)(B+Y)/Alq : Ce(0.1%)(G)/Alq/LiF/Al
ITO/PEDOT : PSS/NPB/NPB : DCM2
(0.33%)(R)/DPVBi : BCzVBi
(9.1%)(B+G)/Alg/LiF /Al
ITO/CuPc/NPB/NPB : TBRb
(1.2%)/MADN : DSA-Ph(3%)/Alg/LiF/Al

Performance

0.27 Im/'W @11.2V

0.5~0.6 Im/W

11 cd/A
6 Im/W @5.8V
3.7 cd/A >
2.1 Im/W@5.5vV
3.1% E.Q.E
3.751m/W@100nits
1.74%E.Q.E &
182,10/ W@8.4V

5 Im/W(Max)

115im/W@7.75V

12.8cd/A@20mA/cm?

18

CIE ()
&CIE s ay)

(0.36,0.33)@100 nits
(0.02,0.02)@4~100mA/cm’

(0.34,0.35)

(0.04,0.04)@5~12V

(0.291,0.303)@6V
(0.01,0.01)@6~14V

(0.33,0.36)@6V

(0.32,0.28)@8.4V
(0.05,0.08)@8~13V
(0.30,0.36)@1000nits

(0.31,0.32)@7V

(0.31,0.38)@20mA/cm*

Ref.

21

22

23

24

25

26

27

28

29



Je A

7\ 1-3 : %‘}é] \"{;ﬂ)r’]ci‘g

Device structrue

ITO/NPB(B)/CBP : Dmbpy-Re(2%)(Y)
/BCP/LiF/Al
ITO/NPB(B)/CBP : Ir(ppy)s(3%) :
DCITB(2%)(R)/BCP/LiF/Al
ITO/NPB/DPVBi : DSA(B)/CBP : Ir(ppy); :
PR(G+R)/BCP/Alg/LiF/Al

ITO/m-MTDATA/NPB(B)/TPBI : Ir(ppy);
(4%) : Ir(piq),(acac)(2%) (G+R)/Alq /LiF/ Al
ITO/NPB/DPVBI(B)/CPB : Ir(ppy); (8%) :
Rubrene(0.5%) (G+Y)/BCP/Alq /LiF/ Al
ITO/NPB/DCB : Flrpic(8%)(B)/CPB :
Ir(piq)a(acac)(7%)(R)/BPhen/Mg : Ag

sk

N

% 1-3: %}é]‘\'rgl}'%}é]'fr 5

Performance

5.1cd/A@?2410nits

6.0cd/A@4V

4.11Im/W@3V

10.62cd/A &
6.071m/W@100nits

10.7Im/W@4V

9.22¢d/A@0.9mA/cm?

10.5cd/A@295nits

=

L 2= 20 e
orRs s RV E

.5

)

19

Y
2

5T

2
A

CIE(y)
&CIE s ay)

(0.36,0.43)@2410nits

(0.43,0.41)@4V
(0.02,0.02)@8~20V

(0.28,0.38)@100nits

(0.44,0.44)@4V
(0.15,0.1)@4~18V
(0.30,0.37)@1000nits
(0.01,0.0H@11~22V
(0.28,0.37)@6V
(0.04,0.07)@6~14V

oo

Ref.

30

31

32

33

34

35



CIE(xy)

Device structrue Performance Ref.
&CIE ax.ay)
ITO/NPB/TCTA : TPP(2%)(B)/BCP : (0.32,0.26)@10V 38
, 3.23cd/A@0.032mA/cm’
Ir(piq)s(0.4%)(R)/Alg/Mg : Ag (0.08,0.03)@8~15V 39
ITO/SA(B)/PBD/Alq :
40
DCM(1%)(G+R)/Alg/Mg : Ag
ITO/CuPc/a-NPD/DPVBI(B)/a-NPD /Alq : (0.31,033)@11V
0.7631m/W @220nits 41
Rubrene(5%)(Y)/Alg/Li/Al (0.15,0.2)@6~15V
ITO/PEDOT : PSS/o-NPD /CDBP :
) 18.0cd/A & 10lm/W 5
(CF3ppy)alr(pic) (1%)(B)/BAlg/ CDBP : @0.0ImAven?” (0.35,0.36)@ 0.0lmA/cm®> 42
JUlimA/cm
(CFsppy).lr(acac) (3%) (R)/BAlg/LiF /Al
(0.316,0.426)@5V
ITO/NPB(B)/BCP/Alq(G)/LiF/Al 4.43c¢d/A@]1.59mA/cm’ 43
(0.02,0.03)@5~18V
ITO/NPB/NPB : C545T(1%) : (0.34,0.39)@12V
12cd/A@7.8mA/cm* 44
DCITB(1%)(R)/NPB/DNA (B)/BCP/Alq/LiF/Al (0.03,0.02)@12~24V
ITO/NPB/NPB : TBRb(1.5%)(Y) /BAlg )
0.30,0.41 20mA/cm
/MADN : DSA-Ph(3%)(B)/NPB/ MADN : 9:9¢d/A@20mA/cm’ ( é@ o 45
(0.03,0.02)@6~200mA/cm
DSA-Ph(3%)(B)/Alg/LiF/Al
(0.34,0.36)@6V
ITO/NPB/DCM1(0.5A)(R)/DPVBi(B)/Alq/IiF/Al L:74lm/W(@125nits 46
(0.06,0.06)@4~15V
ITO/m-MTDATA/NPB/Rubrene(14)/ 2:941m/W@20mA/cm’ (0.39,0.41)@4V 4
TPBI/Alq/LiF/Al (0.07,0.08)@4~14V
(0.33,0.34)@4000nits
ITO/NPB/TBVB(B)/Rubrene(154)(Y)/Alg/LiF/Al 3.2cd/A@6V 48
(0.04,0.08)@6~16V
4.82cd/A@6V (0.302,0.328)@11V
ITO/NPB/Rubrene(1A)(Y)/DPVBi(B)/Alq/LiF/Al 49
3.18@4V (0.0.01,0.01)@5~11V
(b) glé;;‘éﬁé’#é—fr~“"ﬂfr‘v/}‘ajﬁv o — )’;&*Jc}é] v H B P oen

A RAE BIRR R RAE L LS bl A e

L ER ARG L ERABPLBERET LEF

CV

N
ﬁ?
g—ui
l%ft
[
S
l
)]
ﬁ
"
B
*m

a)g]f?,lc)g]é ,51»—@];

*%'E*; HAEREMAGEZEREL AL EEN KE T



DI RS Tt b [51~56] 0 @ H e dgk fow L kB e o

r_r:-’;g’(,

FHAAGARARBAPF P ABTREEFIRTARRELEE

?vﬁgg%fgr_ﬁi%

P
%W
ETN
M
e

ST R S R T
FhAcit hd iy > o (EF Stephen R. Forrest et al. [56] &% & ¢
Py kR X W(BCZVBIE e % % (Ir(ppy)s)fr i
% (PQINE 3 4l » F5d 33 48 25%H JURE B R H X F
ko~ T75%= € s i BApE kA DB oeF e ko 4R 1-9 o7

BB AEBEEBIEL L 140 .

light
ST/—
B
\
S— &S
Negligible due to short
diffusion{length
T~
== = T 2<:
~ =~ < Diftusive|transfef light
T~ <= ‘T —/
Blue fluorescent Red and Green
Host Phosphorescent

dopant dopant

P RERL BEBLBLF kT LE

__}é_"\ﬂ_,;.. ,: #bti“{ﬂb

CIE(xy)
& CIE(AX,Ay)

Device structrue Performance Ref

21



ITO/NPB/PAP-Ph(B)/Alq(G)/Alq :
DCM(5%)(R)/Alg/Mg : Ag

ITO/PEDOT : PSS/NPD/CBP :
FIrpic(6%)(B)/CBP :
Btp,lr(acac)(8%)(R)/CBP :
Btp.Ir(acac)(8%)(Y)/BCP/LiF : Al
ITO/ PEDOT : PSS /TCTA/ TCTA :
Ir(ppy)s(%) : Rubrene(%)(G)/DPVBIi(B)
/BAlq : Ir(piq)(acac)(R)/BAlq / Alg/LiF : Al
ITO/TPD(B)/TAZ/Alq(G)/Alq :
Nile(5%)(R)/Alg/LiF/Al

ITO/CuPc/o-NPD/DPVBi(B)/
a-NPD/Alq(G)/Alq :
DCM1(2%)(R)/Alg/LiF/Al

ITO/NPB(B)/TPBI/Alq(G)/DCM(1A)(R)/
TPBI /Alg/LiF/Al

ITO/NPD/CBP : BCzVBi(5%) (B)/CBP/
CBP : PQIr(4%) (R)/ CBP : Ir(ppy)s(5%) (G)/
CBP/ CBP : BCzVBi(5%)(B)/TPBI /
Alg/LiF/Al

(Exciplex) [57~64]s« | * p £ & 3

&I%luﬁﬁi

kB > 4cB 1-10 #77 o

P e BiETE 2

1.97Im/W@6.5V

6.4lm/W(Max)
11cd/A(Max)

13.8cd/A@6V
8.0lm/W@5V

3.8Im/W

@250nits

5.14cd/A
@4.82mA/cm’

13UmW @5V

28.81m/W
@500nits

(0.35,0.34)@6V
(0.05,0.02)
@6~12V
(0.37,0.40)
@10mA/cm’
(0.04,0.04)

@1~500mA/cm’
(0.36,0.37)@8.1V

(0.03,0.02)
@8.1~14V

(0.353,0.357)
@6V

(0.455,0.386)
@6V
(0.17,0.1)
@A4~19V
(0.40,0.41)
@lmA/cm’
(0.02,0.01)

@1~100mA/cm’

50

51

52

53

54

55

56

BRI R 2 A AL EEEER

+ A % jjesf 4 4 (Excimer) [65~70] > 4 4

22
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Donor Exciplex Acceptor

Bl 1-10 : /& e 48 3 B

R g i g kRS E 4§ 17 Jing Feng et al. [S9] &+ }}%’%

? 12 NPB 4r(dppy)BF & /i % & & #rass &4 o

Jrml.

3] W. D’Andrade et al. [65]
Flrugn i g Bz G Ly d WH LT TG EFE AT EFF S
R FFEAY o R EREF MY VED - B 3 ok
A2 o ¥ g 3 A7 48 & bond ground state 33 foc AT F R SR L Bk

R 2EA 2w R, P F AR RN EIFA o Ao Bl -1 7
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1
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Excimer Dimer

A g E= 3?} meV VA
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CIE(xy)

Device structrue Performance Ref
& CIE@axay)
(0.29,0.33)@10V
ITO/NPB/(dppy)BF/Alg/LiF/Al 0.58Im/W@9V (0.04,0.04) 59
@10~25V
(0.31,0.335)
0.8cd/A @10V
ITO/NPB/BPh,(pybm)/ Alg/LiF/Al 60
@!110nits (0.01,0.01)
@10~20V
3.4%E.Q.E
ITO/NPB/PPSPP/PyPySPyPy/Mg : Ag 63
@100mA/cm?
ITO/PEDOT/TPD/Za(BZT),/Al 64
ITO/PEDOT : PSS/a-NPD/ CBP :
9.2cd/A@S5V 65,
Flrpic(6%) : FPt1(6%)/ BCP/LiF/Al
12.2Im/W &
ITO/NPD/Irppz/mCP : 1(16%)/BCP/ 17cd/A@] nits (0.36,0.44)
67
Alg/LiF/Al 8.1lm/W& 1.3 @lnits
cd/A@500nits
11 Im/W (@ Inits
ITO/MTDATA : F4~-TCNQ/It(ppz)y/mCP. :
. 4.3 Im/W (0.35,0.43) @1nits 70
1(12%)/BPhen/BPhen : Li/Al
@500nits

PP w5 B E B4 A AELM R AT Lk N R
HofwF - BAFTHFELEFPMAL Fokfri k> A A T HD
vk o e 1.4.3 #73f » J* complex or excimer /£ F ¥ 1L iE = o gl AP

FAREAE G, FlLip g R F0 kehllap L BALE A S ATE Mo

145 F s ehip-i-n 6 kfrd B 24

25



“l/f”l P B F gk d BRI ¥ B ehp-in v ko
51 % pype e n-type U BIE R A S BRAFS BB T R 0 £ 0

21407 FEA AR B R RE BT U R AR TR

6‘3*

i et

W AR R Y sk & A (Im/W) o #73) p-type LR BE A A

6“}\

HOMO state (17 + @& ¢ v LUMO state » 2t g 52 F 43 it &) SbCls
[71]~FeCls [72] ~ 7 (iodine) [73] ~ F4-TCNQ [74] ~ TBAHA [75] ~ B (bromine)
[76] ~ V205 [77] ~ WO; [78] ~ MoO; [79] » &+ p A1 4B 3k ¥ 14§ G 2TenTif
A~ K o Rk @# K NPB e F-TONQ # 524+ 5 6] » ¢ 3+ NPB 57 HOMO
i I 82 F4-TCNQ 7 LUMO sl Ap 27> %] NPB 59 HOMO s¢ Fg 03 + 7 12
BrEE T F4-TCNQ =7 LUMO sgfg > @ & 7 &3 @;ﬁﬁlé; Ay pd Tk Fla A e
Tk fégﬂi;']/% T R [80] vk 2ol s e 0 T 3 z@;ﬁig?]%] 7 HOMO 5t F#
fr}i‘i%’ffﬁ’lLUMO o fEApiT o # E R %J/é] i HOMO state ch7 + B*i 3
$e 5 e LUMO state @ 2} = n-typee T'F—‘F‘T Pfeiffer et al. [81]> Weiying Gao et al.
[82] ~ #% 1 # * thermoelectric effect (Seebeck effect) s % 22 & *
XPS/UPS/IPES k& B3 #8440/ & & & §E (interface dipole)~ HOMO ¢
F#:8 3 LUMO it Fg4pe= & o Seebeck effect .- B HE = 5 * ch1 & » ¥ U

BrRERRIB F P (B) @RGP BY)LE o 25840 957 o

| {Er—E
sfrj__( r ”)—.-r

€ T

\m
%
s

i* K. Harada et al. [83]+ # 1% & = % [Ru(terpy),]’ #{1 F,-TCNQ 3%
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ZnPc %~ %% ¥ n-type £ 3 p-type chfEfeds o 4o@] 1-12 #75 o

Ru(terpy), F,TCNQ
r o~ LUMO Ny, N
» Y

N -'w—/\'v'r
NP g, HOMO AN
p— donaor M

'2.1 ;"’ - 1 —_— \-;3‘ &\
- 2 ! LUMG acceptor
donor
(a) ZnPc
host %/
HOMOHE N
QW\? -H- LL.I‘"ID
=N N= acceptor
f\ W
1
ZnPc“') KD
HOMO

B 1-12 : (a) n-type =it F& B (b) p-type it 14 B

AR RS B - BATAIPA IR 3 WO, [78] » 453 2 NPB{r2-TNATA
Fav F F 4 ik o i netype TRE #-H HOMO statesh g + B35 F + @
iﬁlﬁ] ALUMO state o J* 57 e dedk £ H4cLizt Cs > 5 H_d Kidof 5 %
ML s AlgY 0 Kido 11 Algid wee 8 feLiz Alqid st i UV-vis fc

Ko FIG Heliz TR e B MF S > BaLiva 2AlQE 4 F R A
4 LiTAIQ4E 2 48 [84] - F 5 LiACsF i3 3 8 Bk e F48% & -
P ey —%";é]}%fl# NEF A& dokk £ B o 52004 p 7 Canon =
w4 R R [85]4 F A 4 ik o %2006 > (%4 Chih-1 Wu et al. [86] %%’
d 2 RUPS:E ¥ » EP Bk 43 ‘T&{— BndlE ey o { £ & DI L LT
GARIEE T B dolit s Cs R F,-TONQ# 3%, » 4 it S i § cns %k

SRR Sk B E R E R AR B R
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(interlayer) o iz ¥ F kK 93 & P e i f 3 £ K fopdl & nd) @ﬁs?]}éi B
f o TEGRE A o

FHABpinha oAz k> A EV UK FF > (LRI A
BPRAETAET UEG{ & o BBV OLED a4 H.d P A3+ & Kido
FHEF D oW 1413 S o

One unit Tandem type
(Tang, 1987) (Kido, SID’03, 27, 1)

Emissive unit

Connecting layer

Connecting layer

Emissive unit

_.I Connecting layer

\ /| Emissive unit

® 1-13 : l-unit f- tandem OLEDs 7+ &, B

@ Ef]* Cs:BCP/V,Os % (T P el 424 [87] Rl ad k ~ i ¢
piide % o 8 ;Y OLED #&7 fF hg kaad » Haf ka3 ¥ 8 i~ i eh
B> VUSRS BESE DY AAplk TR H AT REF 0 B 5 OLED &
— % unit 9 OLED ey it M F - e e d 28 B ;8 OLED %453 &

ko Fpl ikl 2 AR R PF 0 B I8 OLED w3 & % 8 % OLED
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BE B e T REEEF R MR @ 3 o e -

2004 # Liao #23%F 245 L4 3 % 12 Li: Alg/FeCl; : NPB i 5 8 8 5% e
ik [88]c s iz Bk 2l 3] 130cd/A s o e s i
% H4c% E £ 02 n-doping/p-doping (5 ik > A BT REFTFFT A
H 4v > 37 A A_n-doping fr p-doping 7/ & F] & I AR AT H AL TR 0 F
Pohodder - @ B R (dri it N &)V e 761,

2004 # > 2 i ~ 5 OLED #7 7 B % 2 Mg : Alg/WO; 5 1T 454 -
L3 A WO, 5 B PSS - § 4B IFIL % > § WO3 hE A 5 30nm pF -
BHA B itaneF e Bt 2as 2o R E WO3 ik B S ok
FENUHAFGRAE P @A T B R EORET SR RpGR T
FRT e

£ Ting-YiChoetal. [89]# &1 - f&-F o L B B k3t 5§ 94 k= 4
R F A o AT U E e AL T AT A S E (waveguided
mode) ~ 5 B I A gk H (waveguided mode) ~ - F £ K& w B4k g
# (plasmon mode) M 2 ¥ dikm A A PdRfrdne AP K P 3 tandem
OLEDs ik & 5 2 % 4@ [-14 #7570 o AP e S 3 R £ B IA A g P

RIEHCE (plasmon mode) ABIT T F ¢ f S B A e LR 4o 2

Pl B RB T 5 - ARR RIS E R -
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30 1.0 30 10
@ (a) e L U AENICE L B (b} . o
£ o S = Waveguided {08 E E 2'5[ ' PR 0.8 2
E 20} $+*1*Il+-l-+4 Flz=ton log x .E 2.0 n. IIi' -y ‘Inﬁ &
£ 1] o 5 55 ) :
= 1 et 04 £ 1u[ 04

L] i 3 = 5 E
505. /"} o2 § 205 02 §

. h: g
lE 0.0 o 111 E 0 [ r"“*\u-i-t-:!‘. no

50 100 150 200 240
Distance to Top Contact (nm)

0 20 40 60 80 100
Distance to Top Contact (nm)

Bl 1-14 : (a) 7 l-unit = FERCAE 9t ) (b) & 2-unit ® fEHCAE b B

FEAI* B FEDITO § B4R ~ B F Seur (ADF 15te - 8244

et o B A2 B4 de Te#m e dhunit, glass/ITO (120 nm) /m-MTDATA
2 wt % F,—TCNQ (20 nm) /@ -NPD=2wt % FE,—~TCNQ (8 nm) / o -NPD (10 nm)
/TCTA (10 nm)/TCTA : 8 wt % Ir(ppy); (5 nm)/TAZ : 8 wt % Ir(ppy); (10 nm)
/TAZ (10 nm)/BPhen (10 nm)/BPhen : 20 mol % Cs (27 nm)/Al (1 nm)/Ag (150
nm) ; 2-units, glass/ITO (120 nm) /m-MTDATA : 2 wt % F,~TCNQ (20 nm) /
a -NPD : 2 wt % F,~TCNQ (10 nm) / a -NPD (10 nm) /TCTA (10 nm)/TCTA :
8 wt % Ir(ppy); (5 nm)/TAZ : 8 wt % Ir(ppy); (10 nm) /TAZ (10 nm)/BPhen (10
nm)/BPhen: 20 mol % Cs (40 nm)/ o -NPD 2 wt % F,—~TCNQ (40 nm) / a -NPD
(10 nm) /TCTA (10 nm)/TCTA : 8 wt % Ir(ppy)s (5 nm)/TAZ : 8 wt % Ir(ppy);
(10 nm) /TAZ (10 nm)/BPhen (10 nm)/BPhen : 20 mol % Cs (40 nm)/Al (1

nm)/Ag (150 nm) - i #- tandem OLEDs ek B2t 8 R o] 1-15 ST o
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AT UFRE 2-unit H g EE S T4 26 7 o

. B

g 7

8 6}

= b

2 5t

o 4L

g 3f

E E

£ 2r A A Noncavity

3 1 N g"‘r 1 1 i i ] - 1
1 2 3 4

MNo. of Emitting Units

B 1-15 : unit e B #2215 kg B adFd

e 2w ET RS & 549 % OLED ehil fFd »t 8 7 7 3
B ko s 8 R FUR B EER IR S E o F 0k 1T gk
- 7848% (PHOLED) » #5@ i e crfe Tt 7 £ - % M4Ese R % Lok

koA BT TMET E 15,0005 100cd/m’ 2 B T U e ety %

R AT pein ¥ LR RS fom ks A an 4ok

PEAe R BN ek ko BV U EFIZEY B xS e ko 4 AP

|

Agn™ st e 4 1-6 & iF P. Wellmann et al. [90] # SID’05 # ! P % p-i-n

RGB = &~ i e o
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# 1-6 : R ~ G ~ B p-i-n »% it

CIExy) Performance@100nits Performance@1000nits
% ¢ Bk 2.75V,69cd/A,79Im/W
_ (0.28,0.64) _ 3V,66¢cd/A,69 Im/W

(p-i-n) 13,000hr@500nits
P (0.69,0.31) 2.4V,7.5cd/A,10lm/W 3.1V,6.6cd/A,7.4 Im/W
"( ) 30,000@500nits

P (0.64,0.36) 2.5V,14cd/A,17.5Im/W 3.0V,11.3cd/A,11.9 Im/W
Fd ¥k 2.8V,6¢cd/A,6.7Im/W
¥ _% (0.15,0.24) _ 3.3V,5.8cd/A,5.6Im/W
(p-i-n) 5000hr@500nits

M Novaled %= 4 & SID’06 » #& 31 ik £= (2-color) fr= /A £ (3-color) p-i-n

Bk HEE ek 17 R o B Y AR ¥R kAe - AEEe Y

kfoph kL XA R EEEg e o] .

# 1-7 : p-i-n WOLEDs 2 ?%x

Wz

WOLED CIExy) Performance@1000nits
2-color (0.34,0.35) 3.3V, 14cd/A
3-color (0.42,0.45) 3.7V, 17cd/A
3-color

(0.44,0.42) 11.9V, 80cd/A
stacked
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AR

p%- BHEJ D OLED ot B3 1997 & BF & 2 %k o f:lﬁi‘%i W cg)
w %2 OLED 2_ B3 i& o

% p & Information Display Workshop (IDW’03):1¢ 3% ® > Sony [92]f+
Sanyo [93]#h7F 7 A Xk 24, OLED ¢hd B4 % » - £ 4 % < Fkx B,; ¥t
PIEAREITRET R °
B BHIEA B e - BHESHAE: < 2+ 24 OLED ¥+ Ben
TREF AR F S s R {oPREEE 4 T AR A © e
BREETR T ZEDIZEY BB cdopt B M DS TR FaiE Y
fEeh (> A EA B ATl g 5B > dok E b B RS
OLED shjig* » #eiv F xR B o FendZ 4 F D < tgende 2 o @ F f247
BR2UB s B Fr @323 BRI E 3 A TS
hod £ AR F N B ER SN F4EE 0 T mask UHEREB G KR
BFdeorcengg s REpR e Kb P gk P Fli AR

mask » 714 fRT R ek TR 58 pR P e AT E T LM kAT e

T

PF LR B R B G FREER B SRR AT P ERD

Sk G oo RNV AT R G kA L - BEEFEwT hE Lo

V= A

b2tk o d 2 4R ehi £ 4 (power consumption) £ 2 38 e 4
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P=I(RoLeptRi)+H4CV?

B TT A LG E LS BT S DL F B TR S
FATERACTRLIGE TRV PR BT A e APT UFR
- BRERFOAET L AMT IR T ROFETTAEF FHRAE > BT
DT g:jcg;;;{,}t—k RLE: f 2% B AL % Sk - & Ay ik
TR B A A2 15V 2 ALk p 2ty EWR Lt (TFT) M i o
Y- 25 o d WAREFINS B 0.04 kR RTT L FE fm- B RIS
BRI B HREZEI R TR TG KM 0,04 9 k2GR
OLED i B E e R e Flt Ashe #-¢ F& 0 % kS piko LA
feB e F chp-i-n v k22 gRdwh KNP L ko EaaF ad k FlF o

WA B K OEIH kB AT Rk Y eng R KT FI#R & o NTSC W
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B R AL

3.1 | ki 42§
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32 F &M
3.2.1 Fégiip
(1) NPB(N,N’-dipheny1-N,N’-(2-napthy1)-4,4’-diamine) : & /F i ﬁia?l 14
(2) TPAC(1,1-Bis[N,N-di(p-tolyl) amin -ophenyl]-cyclohexane) : 7 iF & ﬁi;f]
b

(3) Algs(Tris(8-quinolinolato)aluminum) : & &+ & ﬁ%l 7L

(4) BPhen(4,7-Diphenyl-1,10-phenanthroline) : & =+ i# Ty A

(5) BAlq(Bis-(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminium) : &

g A
(6) BCP(bathocuproine) = & iF FE3E44 42
(7) MADN(2-methyl-9,10-di(2-naphthyl)anthracene) @ 3k 1 % k44 4L

(8) CBP(4.4'-Bis(carbazol-9-yl)biphenyl ) : &£ 3 3 k44 4L

(9) mCP(1,3-Bis(carbazol-9-yl)benzene) : F& £ 1 3 k47 4L

(10) DSA-Ph(p-bis(p-N,N-diphenyl-aminostyryl)benzene) : ¥ % &k %
w kR

(11) Rubrene (5,6,11,12-tetraphenylnaphthacene) @ % % § & % % k44

(12) Flrpic(iridium(III)bis(4,6-di-fluorophenyl)-pyridinato-N,C*)picolin

ate : ik % ok g k4R
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(13)

Pt(F-bt)acac {(2-2’-(4-flurophenyl)benzothiozolato-N,C* )platinum

(acetylacetonate )} © F =k % & E 3 k44

(14)
(15)
(16)
(17)

322 A ¥

LiF(lithium fluoride) @ & &+ /& » ##L
WO;(tungsten oxide) : p 3|43 fe 4~
Cs,COs(cesium carbonate) @ n 3|43 324~

Al(aluminum) : & &7 42

(1) ITO .33

32387 4

(1) Tungsten boat

(2) Ti crucible

(3) NZ) 027 CHF3

335&@&&%

33.11TO ¥ ik

ITO FAfr teft ® 2% » § LGUE T enjiiedeh o 2 f - mip s
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(1)#-ITO fhHm % » b ? Fik Foeidg 3 AT T A 4802 15 % DI water
(2 H+-k)irix

(2) #- ITO #1453 » Detergent ® iFik > F e iAg Rk BT Abh > 2 s
DI water #*

(3)#-ITO 47 % » Dl water ® Fi£ > T4 IR F A RT T ~ 4> 216 IPA
(3P fR) e

(4)#-1TO {3 » P f @ ik > Toe QI A RFT A4 217" § F X

o0 PiFie 2 ITO A% 4502 110 °C #4715 30 4 48
3.3.21TO % A2

oo B ITO A4 B AR ’%'L’»/’Ei%’xi'ﬁ?ﬂﬁ@%ﬂ e

(D P ey h+ > g#ITO 26 kg hEFH 2o F > ¥ g 5

Q)P 1 RIfeg AT XL LT Meni. g € foik b A G aul

% i

34

E AP (TR RS R A)EF R an A, ko § R > 2 15 d

i
IR
=
=
‘&
.
G
(p4
=)
-
S
9
4
.3\
hpas!
3\

B)F h++ €3 » ITONEH2Z P etk ™ NI B VPF 7 £ 3% X Sn/ln
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Fut e JEr G S EINE T ITO Ghp e
D AP e R ASEH I #F L L 0 CHF: § #2T k
B T RRMEF ot F s § H(CF). ¥ 2 ITO fde 1 185 L L
M A R BRI R R TORGRT 1 ITO AR B~

(Coater)® & 73 k& fr & BA 4 -

333 R

Film thickness measuring
Instrument (quartz oscillator)

Crucible Boat

<

- 4L Al 4~ 3F OLED #Az7 #r% ch@ s H < 5 % * & 7 B #(Vacuum
Sublimation)$: #7 » @ % 45 4% (Coater) sk (T B < & 2 d B 2 (~107 torr)
Too#E v FHITHASLR A ITO B A 0 B B 3 A e

B FREEM D 2 R 107 Torr B T BALFRT BHA -
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GFBPE 0 d R R (Sowrce) BT 5T S Bl A AR P 4
ITO & § T o 4P > kP3P S iF &7 1LE 45 0050 & 2 e 58 g o
FERE Z R AR 4 F~107 torr 15 0 & B A W] 12 0.02~2.0 AJsec fig F 5

R Ak o B 32 5 A4S NIREe R R o

bo
oo

#1

main shouter

sub shouter

#2
cathode
LiF
P #5
< T m #4
/ | D2
HIL o1
NPB HosT ALQ

B 3-2 1 Z4gfsz pINpe E @

AT ML BT R ELFEERAD - §E R EELEE

1

F¥ o F A& & %3k % ¥ (Shadow Mask) » F1 5 g PR ETIAE R Y £

40



A BERRY AT RAH ERTAT ITO RS+ > Al chxidgid
F 4L 3~10A /s BA L2000 Ao & BAiEd w B3k gh(Pixel) » # kBt
(i # 2 9mm® (] 3-3)

¥ #&(1TO)

& & (Al) |.//: - -
N aw 1 =1
= FE:%'{&& 09 cu?

5 Bk /7%-:?_:

3.3.4 & 4t

OLED ~i* 4 £ FFRE e i¥2. T » v e

14
A
ETIRS
|
[
pL-t
o
flm
=
4
N

WA BRI o 23 A 2 TEGR TV o Ad g BN EE R

= — "

Y@y
?2%
g
+
,;p
Ja
i
4%
¥

Foooavkip g RRE RATR > & AR
Jem R EHARE o Ra o io- WP EPT SR { HRE TSR
LAFendt A H R E T e L -

IRHESDE O AR REF T DRI UVHE A LR AR

v UV A ek (TR F A PR § A MR T e B
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WA - B UV > 3 R F N e 2 G0% A 0 a8 B0 F RAET

e

L

g
3

UV sk s A4t L chiEAe? o BB FIRBEN I E T U4k E

=]

Wk F3-4 S HEE AT LH -

@ @ @ Glass
uv Lamp/ /

[ ——1 _Mask (Al foil)
/T

Device

UV hardener resin

Desiccant

Encapsulation plate (BaO, Ca0)
(glass)

B 3-4: 3% HE <7 B

335 Atz & &Pl

~ 23t te & LabVIEW 238 #3241 » 12 KEITHLEY & % 3 /it »PR-650
BRAEEFE AR RERT > Foesldf o 2 80 BRRI AR
¥ ~% # 4ap > 11 Photo Diode % i jp|= i# ek ¢ jii @ 12 KEITHLEY &%
T T n % A L 20 mA/em® 0 2R s & LabVIEW 4258 3247 £ B H =~ i ih
FiFE e LR3-S At oA TLRPnIRLIFFLERAE

193 A2dn R B 1 50% 4T F OpERY o
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Anode

Cathode —»

K D)
/ (
Photo Diode . ——
— > |:| ——

C
Device/v I

KEITHLEY
-

Bl 3-5: ~ i RpIEZL LR
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2;{ A “ 7'3 F‘j-’l‘

4.1 BEkFcF g e kA

WEH IR - R oA R pRw AR T I p s A S R AT
(Excimer) [60~64] » i & & =4 125 R 2. %2 » F|@ @F|- v % OLED %z
B o T4 W.D’Andrade et al. [65]F]% 14 5 @ ww £ 2 Bikss & 4 > d 0

Heo3oTgWdFla @ @Lr+F% 5ied ¥iid 203 A e 2 31T

LA T R I VR -5 3 E R e T ol s Y ST
FED- L3 BocE e 7‘::7141—-0"%1,”‘7 ’P"f'_ﬁ"‘ff&“"“"‘ i -] enfiE

Bty EAFLABIHF LD ¢ 515 - > 6@t Fra gL
- BAR LA BTl s N R e kg R § ik e stk g
€ & (overlap) %] » ¥ 3k H Dexter energy transfer e 3 % % 4 » 7]
MR Pz E el LR ez £ R I -
- H f'F—‘F'TJJ v2 Pt complex 7 fA#H LA - X FRePTFH o BHIPe
2 Ak mCP @ v FR - B R F ek e k [67]0 AP R T
AN EAE S PR R R H - BRIV AR kST @ WA
e AT Y o TR O SR v RS A R P
XEF TR BB s Y o & Bz mik e £ [94, 95] » Pt(bt)acac

Pt(F-bt)acac  Pt(OMe-bt)acac f= Pt(CF;-bt)acac » H 4 4- Rl 4-1(a)#77r ° o
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MAFETGHRENAIRE IR PR AL IR o AT (FE
A ERRIIEY AN HF WAL TR R > 4B 4-1 (b)
om0 LRk X R E R R (Flrpic) > B it H 2 K R 2 Lk

ek R - L3R g e ko

Q Dl :X=H, Pt(bt)acac

D2:X=F, Pt(F-bt)acac

S
7N\
Pt /
\o D3:X=0Me, Pt(OMe-bt)acac
D4 : X =CFs, Pt(CF>-bt)acac
X

Pt1---.Pt1 =3.369 A
Pt2-.-.Pt2=3.369 A

Plane----Plane=3.360 A

(b)

Bl d-1:(a) =67 B s A 3 B4 (b) D3 th X % S5id A 44

AT HRZTEMELEF AL B F Y % T Y
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S TR T%—‘F'f Inamur R. Laskar et al. [94, 95]45 41 + it w fd 3 & 43 chifsid

A P VI A ¢ BRI Pou gz ke £ F o 1 DCM LA Rk R

s

5 10°M 0 RIEH B R R 0 B IR oSN Nxe 0 Ao Bl 4-2 #1F o 4

PL B i # marsg D1 e D2 5 #2B chg + 22 o

107 M in DGM
.'J 1 Ptibti{acac)
H Y L 2--——-- Pt{F-bt){acac)
i ! "-I G- PriMaC-bt) (acac)
P 4———PHCF,biiacas)

PL Intensity (a.u.)

T T T T I T I T
400 500 800 700 800
Wavelength (nm)

Bl 4-2 : D1 ~ D2 ~ D3 ~ D4 2. PL 3

«ﬁ%%f%?‘f Inamur R. Laskar et al. [96] 3£ 2~ D1 = D2 4% 32> CBP ¢ - #

&1 5 ITO/NPB(50 nm)/CBP : dopant(20 nm)/BCP(10 nm)/Alq(65 nm)/LiF(1

nm)/Al(200 nm):c % H L LRk R A~ 95 5-7-9% 2 CFx § iTR &

2~ & ~N,N’-bis-(1-naphthyl)-N,N’-diphenyl-1,1’-biphenyl-4,4’- diamine NPB

T ROk @ ﬂi%l & ~ 4.4'-Bis(carbazol-9-yl)biphenyl CBP % i % % 4§ -

aluminum(I1I)bis(2-methyl-8-quinolinato) 4-pheny -lphenolate BCP % 7 iF [E
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4 ~ tris(8-quinolinolato) aluminum Alq 5 £+ @4 ~LIF 5 T3~ &

ERREEF AR Aot i fon 2 ELAEH4cB] 4-3 #777 o L 2 on g
EX A 4]l APV UFRA LA E S T T RE D REF R A

- PSS LU R

e it (e D-1
4 BCP 100 5) II." ......... O-2
EB-P+dol|:u|I ook |
0,05 T HPE (500A) ;
CHF,
ry 1m0
= COhss
m 004 -
.;Z"' .
g 0.03 o
@ i
=
i 0.02
L i
0.04 -
0.00
. . . . . | i : . |
200 400 00 &00 F00 ang

Wavelength {nm)

Bl 4-3 1 & 2 24 & 20 mAcm Bl 4R #

Performance@20mA/cm?
Cone.(%) CE Voltage(y) | LUm-Yield | Efficienc
cd/A) |y (Im/w)
5 (0.48,0.50) 10.7 12.9 3.8
Dopant 1 7 (0.49,0.48) 11.2 13.2 3.7
9 (0.52,0.47) 10.6 11.0 3.3
5 (0.47,0.50) 11.2 14.1 4.0
Dopant 2 7 (0.48,0.50) 11.5 13.8 3.8
9 (0.47,0.58) 10.7 12.2 3.3
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d % 4-1 ¥ & Pt(F-bt)acac e~ 2 »xF g » wxif H ek = £
Flrpic (¥ 50 £~ it o Fla g Kamef Ak p 3oy #F 57T &K
“ lifetime ¥+ Shih-Feng Hsu * BAlq #~i* BCP- # ~ i g4 At ITO/Oy
CFx/NPB (30 nm)/ CBP : X% Pt(F-bt)acac(10 nm)/BAlq (30 nm)/Alg3 (15
nm)/LiF/Al » #x % Pt(F-bt)acac )k & > & B 5 5~7~9% < H ~ 2 3¥mig e
% 20 mAcm” T SHEH > hoBl 4-4 1T o H A B I A 42 0 AT
ERA R AT E A R T R G R AR S B IR kA
» $ - ik o d ] 4-4 ¥ & Pt(F-bt)acac #g 2 7 = B &4 %] 5 > 540~ 580 -
628 nm ~ ,Tfa{,,ﬂ*ﬁ s F s daeipalle B 9 B Rl g R R R A
HiRAEIRL € M py ¥ Zp e EA20nm 3 4c 1 170 nmo 5384 fE §F
4 _F % B kR O PH(F-btyacac 3% A 4% AW cnfa B Ea A 2 0 E 1w
#8 B8 (excimer) o p* 7 i B X T F foh IRE F s o BT E 3] 15.94 cd/A
(6.6%)~ 14.46 cd/A (7.33%)~ 12.46 cd/A (6.98%) 2 1 7 124 3% P(F-bt)acac

SVERH A HAB LR AR T RTRAARMNT > 24 d R ER
e Pt(F-bt)acac A # /& i e 44 = @ (F 4 & ¥ Fp (lifetime) "% W F

triplet-triplet annihilation o
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10k 580 628 D2 —— 5%
—o— 7%
= . Rt
> 08}
Alq (35 nm) 8
b 3
BAIlg (10 nm) g 06k
Pt(F-bt)acac : CBP (50nm) s |}
3 <
Q 04p S 16f & 5%
NPB (60 nm) 'Té éii‘w
ITO S B 513' y
2 02 PSS
Glass (Substrate) e R R R
0.0 A . 'Curre:n deniity (m.A/cmz). . . . .
450 500 550 600 650 700 750
(a) (b) Wavelength (nm)
Bl44:(@~= A 0)5~7-9%D2 ~ & & 20 mAcm™ EL #7 2 > inset :

FHp m}if‘-"mm s enhd 7% B

1~ 4—2 U f:l‘- 7&;(}
Performance @ 0.5 mA/cm?
Conc.(%
onc.(%) Lum.Yield | Efficiency
CIEx.y) Voltage(V)
(cd/A) (Im/W)
5 (0.482,0.505) 8.37 15.9 5.98
Dopant 2 7 (0.514,0.477) 8.37 14.3 5.38
9 (0.524,0.468) 8.46 12.2 4.53

B- T'F—ﬁ Shih-Feng Hsu 3 7 % & % & & iridium(IIT)bis(4,6-di-fluoro

-phenyl)-pyridinato-N,C?) picolinate Flrpic @ £ | &4 2% che k> L33 F %

g v ot R B B 5 1 1TO/Oy/CFx/NPB (30 nm)/ CBP : 7% Firpic

(20 nm)/BAlq (30 nm)/Alg3 (15 nm)/LiF/Al - # £ 3 4 20 mAcm’™

o it ’f#'f‘-"
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e EL #43 3% 4o ) 4-5 #1777 o

1T | -
L
L -l l\
Alg (15 nm ] "
a( ) = os} /. \.\
BAIq (30 nm) g 4 .
> "
Flrpic : CBP (20nm) = 0.6 / "
% i " .\l
+— \
NPB (30 nm) E o4l / .\.\
ITO § . "
Glass (Substrate) 'c_é 0.2+ _/ "
= I /
() o k
Z 00 - L , \
400 500 600 700
(a) (b) Wavelength(nm)

Bl 4-5:(a) =~ B (b) &20mAem” « EL 413

# % Shih-Feng Hsu et al: [97]F 2 gk 3 £ & cnh R {oik & > H {338
Pt(F-bt)acac ###3 CBP F T H E Rt % H kR » ~ 2 BT
ITO/O,/CFx/NPB (30 nm)/ CBP : 7% Firpic (20 nm)/ CBP : X% Pt(F-bt)acac(10
nm)/BAlq (30 nm)/Alq; (15 nm)/LiF/Al> &k & » w] 5 10 (device C)~20 (device
D) ~ 30 % (device E)  # = i &4 fc EL 473 » 4ol 4-6 =77 o 4 7 125
BH L F R4 28 190 nm § P(F-bt)acac § & 30%:k A PFE L TR F &
240 nm ° &= H_d >t F )k & G Pt(F-bt)acac & 24 /5 i @ M etk 0 #® @0F
ke B o i - BRAOTOIN PR %‘%’E’ 3 % Pt(F-bt)acac 71k

BT LTI T E S K o A 2 BEHULL P PRI L5



ORI KB ER - K o

10 —0— Device C:10%
I —O— Device D:20%
= o - Doreem
S 08p
Alg (15 nm) s
b 3
BAIlq (30 nm) 2 o6k
[J]
Pt(F-bt)acac : CBP (10nm) _g i
_g 04
Flrpic : CBP (20nm) © |
€
NPB (30 nm) S 02p
ITO
00 [l 2 [l 2 [l 2 [l 2 [l 2 [l 2 [l
Glass (Substrate) 400 450 500 550 600 650 700 750

wavelength (nm)

(a) (b)

Bl 4-6: (a) = C~D~E£ng# () \ 7~ C-D - E s ¥

~ - 7. 2 v 2 N2 = v - 7, = = e
% 4-3 5~ 2 A 20mA/cmT EERER c Bl 4-7(@)E ~ 2 CHEE A F RS

=
O
‘.3;
T
=

BPRTIHEH D) iRpETEHY AR DTERNUE (¢)i o F
MHFZEREP RN ZFBAES R-G B e APFUFRAECT B3
g e 103 cdAT s ¥ - 2 @ 22 E end B (0.36, 0.39) #4217 %
(0.33,0.33) = #g gt 2 #h > S A 4 AR & 200~10000 nits T o (0.422,
0.466) :z% 3 (0.398, 0.444) > # 4 B 5 002 > Bz s > - 3
B REEAFMT L - BARATALR TR S 2 2 5 gt ke Tk gE
(375 nm~425 nm) fo X §k arcsk 3 & Ay (overlap) %) > ¥R H Dexter

energy transfer e 417 & 3 4 » @ ¥ MR ez £EF LB *1@ X i
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1Y
N
=
O

*
T‘f?‘é

“s

&

&

4

N
N

% 43 & C~D-~E ety

o i F g H NTSC ratio ¥ 3 60.9% > =8 %5 F£7 43

Performance@20mA/cm?
Lum.Yield CIE
Conc. CIE(y) (cd/A) and )
device | (%) of &CIEauy @ | Voltage | E.Q.E(%) of
Pt(F-bt)acac | 150~3000 nits (V) and R-~G-B
&NTSC ratio Efficiency
(Im/W)
(0.35, 0.42) 10.3 cd/A | (0.66, 0.34)
C 10 (0.01;0.01) 9.8 & 53% | (0.28,0.62)
61.3% &2.87ImW' | (0.11,0.21)
(0.36, 0.40) 8.2 cd/A | (0.66,0.33)
D 20 (0.02,0.01) 10.7 & 5.1% | (0.28,0.59)
61.7% &2.42lmW' | (0.11, 0.21)
(0.36,0:39) 7.7 cd/A | (0.67,0.33)
E 30 (0.02,0.01) 10.0 & 52% | (0.21,0.59)
62.1% &2.40lmW' | (0.11, 0.20)
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120
1ok —— 2mAVent —R
ffffff 20 mAVer’ 100__O_§
I e S 100 mAvenT ”‘
20 i . 460nm  532nm 5
2 N g or N
[0} W %) A A Q r
< 06F o £ A 0 /
£ c A Py %b ]
-5 \ o 60F “A' okk 1 l
] ‘\ = [ o
® 04F N ) i l A t
£ . g O ;oA
% .\.\..\ = 1 / \x })
o2} l RN
. [ A
; o A
R [ A
00 rull PR P TP TP TP T T O
400 450 500 550 600 650 700 750
(a) wavelength (nm) (b) Wavelength (nm)
10} NTSTratio=613% + R(©086,039
—0—G(028,062)
~ A20m ——B (044;021)
g 08F A
s A
> XX 532nm
2 o6} j " PQ)QO 620 nm
3 Uhd %
£ f?k QO J
§ 04} i I\ Q‘bq .,"
g R
s 02} R C}‘o
z - ] [ /-‘o
e} 1
VI
OOM ’. '%W 2
450 500 550 600 650 700 750
(C) Wavelength (nm)

BA47: @~ CEEF FRin G AR TIuEH (b)shE P HWZ BRI o

» 2

FHRUE (O A @ CHELMHEERL S RNPZ BRI (RGB)

d bt ¥ 0§ Py(F-bt)acac )k & 5 10%PF 3 B g > & 20mA/em’

=

.‘_
|~
=

T d 5 103cd/A o A3 > A2 57 BF A P kA2 ameE o

g
—_\\

#-EH/ * triplet energy $& % e 3 k48 mCPe %] ;3 £k & & chtriplet energy
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PE o ek A F kM ehtriplet energy 2 g R B AN Ew BSa F K
g 22 gL [98] 0 3% }I%#F] Triplet energy (Flrpic)=2.62 eV - Triplet
energy (CBP)=2.53 eV ~ Triplet energy (mCP)=2.91 3 3k % § -k £ 3 -k 48 #-a;

T wiBsa ks CBP H&k»ck % K > 4o @) 4-8 #757 o

S1 :
— P 1,201 eV

P Ker

T,=2.53eV | / ///////' :

1 +" KBET' é

P -Delayed

: emission .

S : :

0 v SO v

CBP Flrpic mCP

B 4-8 : mCP ~ CBP ~ Flrpic i f# 7+ &

A RF] s L0 Ak AR 1 mCP B CBP § 1%k
oo F15 0 ket k p Ekamed o U E AL T R Fkol
BRI TR % &~ 2B F: ITO/Oy/CFx/ NPB (30 nm)/ mCP : x % Firpic
(20 nm)/BAlq (30 nm)/Alq; (10 nm)/LiF/Al ; § 5 i% ¢ % #x % Firpic &)k & >
AW G 5%, T% f09% o B A R4 e EL 47 4c B 4-9 9757 o AP g

PR FERF A BLE > SR 5 472492 nm -
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—a— 54
0.0020F d‘b g
A ——
1 p
00015} T
Alg (10 nm) v \
—_ "!x
BAIg (30 nm) S .\'X
S 00010F \
Flrpic : mCP (20nm) i Yy
vy
[ )
[T}
NPB (30 nm) ooosh ':‘Ip
ITO } 'fa
Gl Substrat
ass (Substrate) 00000 2 . ) ;
b 400 500 600 700
(a) ( ) Wavelength (nm)
Bl 4-9: (@) ~# Felgip (b) ~# F iz

H A

7

S T BT R R R R R T e 4o B 4-10 H o A
&

A 20mA/cm’ chdE |4 BETEA Rodde H ok Tt g o et

5 5.77 cd/A (2.84%), 6.95 cd/A (3.38%) and 7.14 cd/A (3.42%)° # i 5 3% ik
R 4D % - AR Hond

T € G BF T 4 o d @ F 2o Firpic
FERG 9%
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9.0
160} ——5% I —=—5%
- —e— 7% . » 85F ——T%
140F —a—o% 8o}k —A— N
T ¥ < 7s)
< I RN N,
g 100 .- /l / % 70 .- .\:t:\A
‘% 80F u q_>)‘ 65 \.
% 3 o 3
o 60f < 60} '\.\.
c ] §A £ i ~n
E 40 L /A/ g 55 o \l\
—_ P L |
3 »l .// — 50
74
i / 45
Owl P R TR SR T | I P T
(a) 4 6 8 10 12 14 16 18 (b) 5 5 10 15 20 5 D
\oltage (V) Current density (mAlcn)

Bl 4-10: (a) TR-T B ESEE (b) TnDAE-T T F

% 4-4 1 A& F ehvicii

Performance @ 4 mA/cm?
: Conc. L - -
Device um.Yield Radiance
(%) | ClEq, VO('\t/E’;ge (cd/A) and
E.QE(%) | (WSr'm?
5.77 cd/A
172,0.332 64 11
5 1(0.172,0332) | 7.6 4 2 849 0.115
6.95cd/A
F 171,0. 01 1
7 1(0.171,0.338) | 8.0 2 3380 0.137
9 |(0.171,0347) | 775 ;1;2‘;/;? 0.138
. 0

- h 0 TR R ERBE A PREE LR Dk B L
B 2 B ipde™ [ITO/Oy/CFx/NPB (X nm)/ mCP : 7 % Flrpic (Y nm)/BAlq (30

nm)/Alg3 (10 nm)/LiF/Al » 2 # device G : X=30 ~ Y=20 > device H : X=10 ~
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Y=20 > device I : X=30 ~ Y=40 > device J : X=10~Y=40 - H F m~ iz %

7

Rl

i -

ELAF ~ R B-T B EME TR R -7 2 F agd i o dof] 4-11 #77 o

"N

0.0025
—a—device G
[ —O—deviceH
——device J
Alg (10 nm) [
0.0015
BAIq (30 nm) -
3
- s
Flrpic : mCP ('Ynm) d 0.0010
NPB ( X nm)
ITO 0.0005
Glass (Substrate)
0.0000
(a) (b) Wavelength (nm)
10.0
160} —=— device G —=—device G
—o—deviceH X P 95F —e—device H
140F —a—device | // / 90k —a—device |
e —v— device J — —v— device J
£ 120} < 85} N
5 <8
E 100F o N 3 80} \A\A\
> [/ ] T N ’
= 80 on v s, 75F . \\v
& S 70} ~ —
- 60F % \'\
£ F ¥ S 65F —_—
CR'o] 3 IS
/ 5 oof
3 —
® & 55r —— .
0 -_.’:fft!’__ﬂ 1 1 Il Il 50 PR TP SR TP RPN S S
2 4 6 8 10 12 14 16 18 2 -5 0 5 10 15 20 25 30
Voltage (V) Current density (mA/cm’)

(©) (d)
B 4-11:(a) =& G-H~1 ] (b) =2 GH~1-] 3% (c) ~
G H I J2R-ZmBAadEE d) ~2G-H-1-J2mg -7

P P
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d B 4-11(0)7 FohE F T b @ L5k R P 0 Pk h -
® shoulder #% » A P15 WM 4w FREFE Gy o ¥ - 2 5 0 A
FRGFREH B RFARFOR T B LR HoRF R ]
BRs B o 1B d R R K APEOAT TR @ﬁi%lég it + B 5 (carrier

mobility)#e £ > R R BBIF < o ¥ - 5 o d WA F LK ERT LR EF

FA AT AE Ko LR Atk P kR AT G A A
mAcm” e3ci; B L3t A 459 od & 4-5F dvx § % (Flrpic)% 32 & mCP ¢

S RE frY Y Rk - R Ft AP E IR OERSHES 1T

i @B 5 R S 30 nm -~ 3 R ARG, 40 nm -~ Flrpic 748320k & 5 9%

%0450 2 GrH~ 1~ dnek

Performance @ 4 mA/cm?

- Yi ian
Device X Y CIEy,, Vo(l\t/e;ge I(_Clér;l\;(;:g Radiance
E.Q.E(%) | (WSr'm?

G 30 20 | (0.171,0.338) 8.01 (6&9;?;/;2 0.137

H 10 20 | (0.177,0.345) 7.65 267;(;%2 0.111

I 30 40 |(0.171,0.360) | 10.58 16;33/52 0.159

J 10 40 |(0.171,0.342) | 10.39 7&5;‘?51{)2 0.148

58



BE
ko H A
mCP : 10 % Pt(F-bt)acac (10 nm)/BAlq (30 nm)/Alq; (X nm)/LiF/Al;
EC @%J}é] R R A WA

EL#f ~ ~ 2ehT R-2ABANE it

=+ en

e

2= ‘f#w!ir"f

I

\

& % § s Flrpic fr % Py(F-bt)acac *

WA 460 AT UET

| B = D7

EL /u‘

% %*ﬂiﬁ;—g g

: ITO/Oy/CFx/NPB (30 nm)/ mCP : 9 % Flrpic (40 nm)/

device K: X=10>device L : X=20- =~ i# %
T 0 e 4-12 #1oT o

REGEiS ‘fr’ P2RE 3 2%

G 5 15.85 cd/A (6.96%), 18.59 cd/A (8.48%) = 54 i ¥ 1 M F T +

G R B S

Ay 0 F A dek A TG $ 0 b 2 A 3 R § ek

» R F WY Ry ki B SRR o A PHPE

RA o AP RE TS GRE AR E 200m -

# 4-6 1 ~ it K~ L dmia
Performance @ 1 mA/cm?
device X Lum.Yield Radiance
ClEqy Vo('\tf;ge (cd/A) and
E.Q.E(%) | (WSr'm?)
15.85¢cd/A
.362.0.4 .82 .062
K 10 | (0.362,0.467) | 9.8 o ¢ oc0r 0.06
. A
L 20 | (0.377,0.466) | 10.62 1; 294:’;({/ 0.075
. 0
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0.00045

1 20000

Alg (X nm L
ik ) 0.00035

BAlg (30 nm) 0,00030 I

Pt(F-bt)acac : mCP (10nm) —~ 0.00025 [

=}

3 L

FlIrpic : mCP (40nm) ‘d’ 0.00020 [
0.00015

NPB (30 nm) |
0.00010

ITO |
0.00005

Glass (Substrate) I
0.00000

(a) (b)

Wavelength (nm)
18 20F
16k —=— Devicek _ oo +Dev?ce K
—eo— DevicelL " N 18 I ¢ \'\0\.\._. —e—Device L
‘E 14 - 16 o .F—l\.§.§.-.\.\.\.
S S aaf —— .
< S L
g 10 [ ] - 12k
o [ )
= sk / CI_>.>‘ 10k
2 o ot
S 6} g
= c
s 4 e °f
3 2f STE
e 2k
oF l——'l—g—'J'{. L
| PR P PR NP NP P P P B N O.I.l.l.l.l.l.l.l.l.l.l.
6 7 8 9 10 11 12 13 14 15 16 17 18 2 0 2 4 6 8 10 12 14 16 18 20 22
Voltage (V) Current density (mA/cm?)

(©) (d)

Bl 4-12:(a) 2 K-Lehgfp (b) ~# K-L s (o) ~# K-LaR

EL/H %)Aimﬁ@;‘r} (d) & K~L m/ﬁbm}i‘i{/fkiiﬁ E’f’b}'}'k}_

FE A A% Py(F-bt)acac ek B - H & 2 H-+4- (ITO/NPB (30 nm)/
mCP: 9% FIrpic (40 nm)/mCP: X %Pt(F-bt)acac (10 nm)/BAlq (30 nm)/Alq;

(20 nm)/LiF/Al > # ¢ AP E w2z Hh @tk o = B2 A6 s 10%
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(device M) ~ 15% (device N) ~ 20% (device O)14 %2 30% (device P)  H ¥ imen

~ it e EL AR 3¥ » 4ol 4-13 #7575 o

1T 10f
Alg (20 nm) ’; L
BAlg ( 30 nm) S 08
Py
Pt(F-bt)acac : mCP (10nm) g 06
Flrpic : mCP (40nm) §
D 04
NPB (30 nm) N
ITO E
E 02}
Glass (Substrate) § I J
00 {1 2 [ 2 [ 2 [ 2 [ 2 [ 2 [

b 400 450 500 550 600 650 700 750.
(a) (b) Wavelength (nm)

Fl4-13:(a) =& M~N-~OPHABHE () ~= M N0 - P vz

ApEv g A E P(F-bt)acac k& ] 4e > BRI R INL 4 AR

Fodok 2 TR AR P B R A g o AR DT R-TIRR R

id
PTG BoA T ek 3R E 3 aek A ) 5+ 18.81 cd/A (8.6%) - 18.57
cd/A (9.52%) ~ 19.68 cd/A (10.94%) 12 2 18.18 cd/A (11.63%) > ~i* O 5 # B
R A RPN HE R R A e > BRA NF I EEAAWPAES o V- 2
B oo AP A RNR I ok F R TR R R4 o kb2 v
e ¥ Iy Pt(F-bt)acac sk R 3 4epF > H A3 TR B AR T ) ke

BRARE KT > iz d v F kR en Pt(F-bt)acac & 4 & e 4ftm 2 94 &
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i (lifetime) "% K& -
20F
A/‘\ —=—10
L .> A —— 159
!
| =i\, A —h— 209
< " T N A a0
3 | NN
e NN
- 16} o A
© al
> i A L
S ub «
S ul
]
=
£ n}
-
10 22220 . a2 222221 22220
01 1 10
(a) Current density (mA/cm’)
Bl4-14:(a) B R-T D

%471 A M~N-~O - P g

S

External quantum efficiency (%)
0]

(b)

=
o
T v

# #F 4. triplet-triplet annihilation o

10

Current density (mA/cm’)

ek i (b) iR g A0 IR S ok g

Device Conc. Performance@ 1 mA/cm?
(%) of ClEyy Voltage | Lum.Yield | CIEyy
PiF-boacac | e clEvm@ | (V) | (cd/A)and of

100~2000 nits E.Q.E(%)

) N R-G-B
&NTSC ratio and Efficiency
(Im/W)

v 10 (0.377, 0.466) 10.62 18.59cd/A | (0.66, 0.34)
(0.01, 0.01) & 8.48% (0.30,0.62)
60.9% &5.5ImW"' | (0.10,0.27)
N 15 (0.386, 0.458) 10.63 18.57 cd/A | (0.66,0.34)
(0.01,0.01) & 9.52% (0.30, 0.61)
60.9% &5.49 ImW™" | (0.10, 0.27)
o 20 (0.399, 0.453) 10.59 19.68 cd/A | (0.66, 0.34)
(0.02,0.01) & 10.94% | (0.30,0.61)
60.9% &5.83 ImW™" | (0.10, 0.27)
p 30 (0.404, 0.442) 10.65 18.18 cd/A | (0.67,0.33)
(0.01,0.01) & 11.61% | (0.30,0.61)
60.9% &5.36 ImW™ | (0.10, 0.27)
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ZfaRd o
12 0 12 ( ,
—— % odn _ o —a—R(066,03
1o e 1068 el o NTST ratio =60.9 % G0, 08)
i T —a i ——B(010,0.
= .,-'l,ﬁ ool = | oot BO0.02)
< ; )
< osf ."',ay = o8
Z :
3 S o6}
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E 06 =N |
©
3 (0]
S o4} 2 o4f
cﬁ 3
: g 02
S 02} z, 02r
00 ) A ! 00
400 50 600 70

~~
o
N

avelength (nm) (b) Wavelength (nm)

Bl4-15:(@) ~2 0 a2 FRAETaHpz (b) ~# O£ 20mAcm™ T i i

Ja k5 AT ez R ¢

ApgEIH 4 g A 100~3000 nits T o (0.394, 0.453) =% 1 (0.407,
0455) 2 d /95 001 - ¥ 2 BenfEf s o - o S Ergusy 23
- BARLARE S 5 2 2 6 A ke k(375 nm ~ 425 nm) e =

Tk gtk end & (overlap) %] » ¥ 3 H Dexter energy transfer =74
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RS FENL RSV ES AR 5 SN VS T R 5 7S 3 T
4-16 #77 o & ¥ 115 H NTSC ratio © 3 60.9% > &4 F 5 E£7 5%

Ty %k 4 denihico

4.0

2 : Pt(F-bt)acac EL emission of Flrpic

3.5+
3.0+
25

2.0+

Absarbance (a.u.)

= e
Overlap is small

T T T T T T T T T
300 350 400 450 500
Wavelength (nm)

Bl 4-16 : Pt(F-bt)acac &wx % 3% fo Flrpic cc b4k 3%

F_*
(o8
=
B
<«
:m\
=
—h

| * % § & Flrpic {ri % Py(F-bt)acac thg 4 LMW iF |- B =

AP BB ey £ HE X F2E 5 19.68 cd/A 11 F &+ ¢t

A~ % % Tswen-Hsin Liu et al. [29, 99]% % B & ;4 v £ > » %[ * Rb
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TR EF LMD TF BEHAE NPB frx ¥ L3 L4 DSA-ph # 1
MADN © g+ ~ i# 4 5 2 ITO/CuPc (15 nm)/NPB (50 nm)/ NPB : 1.2% rubrene
(20 nm)/ MADN : 3% DSA-ph (40 nm)/Alq (10 nm)/LiF (1 nm)/ Al (200 nm) °
a&ﬁ$§&9mmo%yiﬂ,5#é%%$£&é:HDMHNHM%
nm)/ NPB : 1.2% rubrene (20 nm)/ MADN : 3% DSA-ph (40 nm)/Alq (10

nm)/LiF (1 nm)/ Al (200 nm) > H ~ & sxF B &34 4-8 -

% 4-8 1 v RLME S22

Perférmance @ 20 mA/cm?
CIE(ax,ay) W) (cd/A) and Pow. Eff. (Im/W)
@100~2000-nits E.Q.E(%)
) (0.310,0.389) 10.41cd/A
conventional 6.44 0.062
(0.01,0.01) & 4.29%

R ¢t » 4 2 % B £ Chan-Chin Chen et al. [78, 99]% % p-i-n% & » #-
WOs# 321 T F @ ﬁ%l & 2-TNATA § Ep-type ~ Cs,CO; #3231 T + & ﬁ%l L
BPheny fen-type» 2 ~ i 4 5 1 ITO/2-TNATA : 33% WOs (100 nm)/NPB
(10 nm)/Alg3 (30 nm)/Bphen (20 nm)/ BPhen:2% Cs,CO;5 (10 nm) /Al (150
nm) - ¥ K RAEWO B 3 T i @gﬁl@ 2-TNATAFRF » B ‘= eb kv g
% - B -] shoulder > 4r@l4-17#771 ° i& & d 3 WO34r2-TNATAZ = 7 T
4 A% 0B (WO /2-TNATA") » @ &3 % f= SbCIs/TPD ~ V,05/NPB 12 %
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FeCly/NPB A4 i1 ¢ » it + 4 LWO; : NPB+ § 4p o s 4 «

1 N

f Thin film

: Quartz
El
s 1
@
2 2-TNATA: WO
m 3
20.1p
o ]
i ]
0 b
< L

2 TNATA /

200 800 1200 1600 2000
Absorption wavelength (nm)

B 4-17 : 2-TNATA ~ WO; ~ 2-TNATA 2t WO; ek “h 5 e3 0z & 2%

bAthe o 51 EHBPHERER LY R NG e KB
p-type ~ n-type > RE I BrxFhp-i-n v k o P w EF S Hehp-i-n vk
AR H > o 4d 251~ p-type sn-type FFH A 2 & e fed HERE G s G
o L pin g LY AP I P G ERoF LB hhK P
B L FRH - sk K (single emitting layer)ie sk g4~ ,Th{ﬁz-% Fkiog
kLB AR o JRHAeS eI E D SR B ES T F it
B BBZE ]  FIF AR RIR AR TS ol blm R R o
%1 A 4= D ITO/NPB : 50 % WO; (40 nm)/NPB (10 nm)/MADN : 3 %

DSA-ph:5 % NPB:0.2 % rubrene (20 nm)/Bphen (20 nm)/ BPhen: 2 % Cs,CO;
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(20 nm) /Al (150 nm) ; # # NPB : 50 % WO; % % p-type ~ NPB % i 7 iF i@
ﬁ;f])g * MADN % % % & -~ BPhen § *% JF =44 ~ BPhen : 2 % Cs,CO;

4 1% n-type o H 3Eimena 2 4o EL4F 3 4ol 4-18 #5577 -

U= Y
b 2
BPhen : 296 Cs,CO; (20 nm) 22} 1 mA/lcm
5ok —e—20 mA/cm’
BPhen (20 nm) e | 2
= 18} —v— 100 mA/cm
5% NPB 3 16l
% DSA- >F
3% DSA-ph 2 1af
0.2% rubrene o I
@MADN (20 E L2 !
eonm) 5 10}
NPB ( 10 nm) % 0.8}
. € 06F
NPB : 50%WO; (40 nm) = [
= 04p
ITO 0.2 [
Glass (Substrate) AN 0], - DT T WP TP B
450 -500 550 600 650 700 750 800
(a) (b) Wavelength (nm)

F4-18:(a) =& AR (b)) AT FTiAg AT LIy

APTUGgRAZFHEITET o HER/FRantblicgpy 0 B R
A 100~2000 nits = % (0.05, 0.04) o fv L GFHY ¥ 5 3 5L PP
FARF DR o Pl R R R AV IR S R e
e PFFRAri TES LA L B EF N DS RG] 2P
F A HE U TR R e R £ F e F eH HOMO o i 7 LUMO o
FIOLET R Bk iR Gtk B S e A 3 g ks

4o i At arens d At R E L4 rubrene £ 3 K LUMO > #7r iE 7 R
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FEMTARATFIRENAG G AEL FL AR TAHAT AT
PR AR EATN FARI R BB RTFIR S E - PR S kY

S ko Ho F kKT A AoB 4419 T

24 evvevvees
MADN 2.5
DSA-ph 2.6
NPB
54 @

Bl 4-19 : single emitting layer it F# 7 & ).

F-26 0 30T Rk d o By Rk
% rubrene %323 BAlq> # ~# B Bit4-™ 1 ITO/NPB : 50 % WO; (50
nm)/NPB (10 nm)/MADN : 3% DSA-ph : 5% NPB (10 nm)/ BAlq : 3 % rubrene
(5 nm)/ BPhen (10 nm)/BPhen : 2% Cs,CO; (20 nm) /Al (150 nm) o =~ i* 3% 4m
Hfe EL 453 > 4o@] 4-20 77 o o 7 aog kant p)2bF 5 g L F
BAlq F FEdgT ik cimch a @ T8 %E 1 k> AptdaplF LR ad 3

INEETELS S S
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g=__ . N

2
—_——
BPhen : 2% Cs,COs ( 20 nm) 1 mA/cm

—e—20 mA/cm®
—a— 100 mA/cm®

BPhen (10 nm)
| o —————— |
BAlq : 3% rubrene (5 nm)

5% NPB
3% DSA-ph

@MADN (10nm)

NPB (10 nm)

| NPB : 50%WO; ( 50 nm)

ITO

Normalized intensity (au.)

Oo o o o o
Glass (Substrate) 400 450 500 550 600 650 700 750
Wavelength (nm)
(a) (b)

B4-20:(a) ~ 2 BiH (b) ~ 2 BMEFH b Lo h AT HAgs g

i~ # 2 P4 4o % % co-dopant 3 KUk 1546 » — & £ (MADN : 3%

[Gald

DSA-ph : 5% NPB) (double emitting layer) » ¥ 12 & {8 ¢ (> o H L FF7F R

i

Bl > 4o 4-21 #75F o A F g Rd 3t BPhen 3 4F T R FEAER 0 @ 1

Er

SEREIERE o Fla At LA T & rubrene 0 AT AR MTIRRAET
THiL 37 €4 rubrene “TH A B0 S o Bt kAL S REH

Wl S TAEHE Y ko FP R /T G ke

H \
K
o
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2.4 """""" 00 000000000000 00 L]
MADN 2.5 @ .

DSA-ph 76 feecccee D - h.\
NPB 5
5.4 @ ..@-ﬁ-@-...@.
55 RZ

i -

6.2

B 4-21 : double emitting layer &: F¥ 7+ % B

d v A F kA #»;? * K o BEF % **(MADN : 3% DSA-ph :

5% NPB : 0.2 % rubrene)/BPhen t# Jm - B1 rubrene #rig = 4+ 3 HC

J

CH LR P F oo A 1%@@ LK P¥ 0 % & % 50 (MADN : 3%
DSA-ph : 5% NPB)/BPhen }* # 64 s $ Jh o I & rubrene #7IR M
FHeOWH A REFF BEFTL o AP APRINTFHR AR
# 5 P ITO/NPB : 50% WO; (50 nm)/NPB (10 nm)/MADN : 3% DSA-ph * 5%
NPB : 0.2 % rubrene ( 15-X nm)/ MADN : 3% DSA-ph: 5% NPB (X nm)/Bphen
(20 nm)/BPhen : 2% Cs,CO; (20 nm) /Al (150 nm) ; device C : X=0 (single
emitting layer), device D : X=5 (double emitting layer) - =~ * ;¥ ez £ f- EL
B 0 AoB] 4-22 A7n o APE F IR B e 100~2000 nits T PP &g chik

L » j&_single emitting layer 174 i#(0.05, 0.04)3] double emitting layer ¢ i
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(0.03, 0.02) -

g=__ . N

BPhen : 2% Cs,CO; ( 20 nm)

BPhen (20 nm)

5% NPB
3% DSA-ph

@MADN (Xnm)

5% NPB
3% DSA-ph
0.2% rubrene

@MADN (15-Xnm)

NPB (10 nm)

NPB : 50%WOs; (50 nm)

ITO

(a)

Glass (Substrate)

22F
20

)
&

Normalized intensity (a.u.

(b)

14F

12

Normalized intensity (a.u.)

—s="17"mAlcm’
—e— 20 mAlem’
—A— 100 'mA/cm’

500 600

700

(C) Wavelength (nm)

B422:(a) 2 C~DRH (b) 2 CHFA k2o

() ~2DEF* kRN

AT HAEE
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e A g g 736 cd/A - H A A BaF ] 0 T3 g

% (1,1-Bis[N,N-di(p-tolyl) TPCA  4e 3% {1 #55 » — i 245 chafs 5 peffi s 7 1

% 1" i\.—-)— ﬁm";"’f%ﬁ]““"ﬂxﬁ‘.m@F; i\"‘*% H %ﬁ—;ﬁﬁguigii,;ﬁé
I3 AF M d g ko TPAC e(h HOMO 5 5 5.4eV~LUMO 5 % 2.0eV -

# LUMO it Fg o £ & MADN g ¢ £ 5 0.5eVo Fg# 2 =R BT + ¢
F 3 ek orp gt 2 ¢h TPCA S HOMO it I§ 3 5.4 eV &4 & & MADN
ST HOMO s fp— # > FFH R F LT3 €5 AL - %tbi o AR R A
10" Vm" T > # TPAC et 3 # 8 F 9 5 10°-10° em’/Vs > 5 Z_NPB ¢
ot borif s TPAC 4 - b Bl e i@ g & {1358 - hsn~ ¥ o
Aqeig* TPAC 5 T F 1l kB<A-NPBs # ~ i E &4 % : ITO/NPB :
50% WO; (40 nm)/TAPC (20. nm)/MADN * 3% DSA-ph : 5 % NPB : 0.2 %
rubrene ( 10 nm)/ MADN : 3% DSA-ph : 5 % NPB (5 nm)/Bphen (10
nm)/BPhen : 2% Cs,CO; (20 nm) /Al (150 nm) » ¢ ~ # dflmigH ~ # + 5

#.022 EL 473 4c ] 4-23 “57 -
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O‘O

TPAC
1 540y
BPhen : 2% Cs,CO; (20 nm)
C ELUMO: 50eV
BPhen (10 nm)
5% NPB : 3% DSA-ph 10
@MADN (5nm) '; 08
59 NPB : 3% DSA-ph 8
2
0.2% rubrene g 06
3]
@MADN (10nm) e
e
TPAC (20 nm) © 04
©
NPB : 5096WO; ( 50 nm) £
c .02
=z
ITO
Glass (Substrate) 0'3(1) . — . — =

(a) (b) Wavelength (nim)

Bl 4-23 1 (a) = E s 4 (b) ~ & E e EL 47 3%

TR F AR M s A E-TROESM I H ELAEHEERE SR D
Z R oAl 424 i o R E AR LN L 49 ¢ o A PEF UFR A
g e d 74 cd/A %P2 L 99 cdA ¢ H 4 (0.03,0.02):x L i
(0.02,0.02) o o @ 5% %7 & TPAC & — B 1245 cF0F i @%]/é] fod F ¥
Koo B¢ REFRALHE 0 RR-TROFEA K 0072 L u ek B

TPAC B i e gt = fe TR A e 1 — 1t o
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Power efficiency (Im/w)

~~
o
N’

Luminance (cd/n)

10
: NTSTratio=609% '+ R(064,036)
: —0—G(031,061)
. —
(100093 508 468nm Sagnm B(0.12,0.17)
Né\o - 8 A P
AN = I
' = 06k X Y
' oooe\§> 2 \ I
\E. O O\O 9 o I o\
f u N o 04F A OQjo 8 600 nm
’ N | b
: < o A he ®
: ] I x 1N l_.
. £ i ]
: s 021 1 A ?\o
. Z l \ .\o
10° ’1 P A“*&“ .l ‘O‘O
...: 1 OOM R o
1000

(b)

Wavelength (nm)

Bl 4240 (a) # & - B chgbfd | inset © & B -7 R chgbfd (b) EL 47315

WBWim sk Fm iz R d

Performance@ 20 mA/cm?
Lum.Yield
Device CIE ) (cd/A)and | 1o
HTM &CIEuyy) @ | Voltage | E.Q.E(%)
100~2000 nits (V) and R-G-B
&NTSC ratio Efficiency
(Im/W)
(0.332, 0.433) 7.37cd/A | (0.64, 0.36)
D NPB (0.03, 0.02) 3.61 & 2.62% | (0.31,0.61)
60.9% &6.42  {(0.12,0.17)
(0.319, 0.427) 9.86 cd/A | (0.64, 0.36)
E TPAC (0.02,0.015) 3.77 & 3.61% | (0.30,0.61)
60.9% &8.22ImW' | (0.12, 0.17)
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R SHEIT S DRI > AP ER - BRRFE R

Fep-i-n v ko H Ak L 9.2 ImW! (maximum : 10.48 ImW™) ~ ik
% % 9.86 cdA'(maximum : 10.13 ¢cdA™") % 1000 cdm™ ~ NTST ratio 4 %
60.9% % & & 100 to 2000 cdm™ ¢ # .9 5 (0.02,0.02) o £ ¥ 10 R

# NTSTratio # B 1 FIE % £ 7 434 o

BFLE NPB g Lk frdientd > APRIF T NTHEK S A

I

F %4 5 * ITO/NPB : 50% WO; (50 nm)/TAPC (20 nm)/MADN : 3%
DSA-ph : 0.2 % rubrene ( 10sam)/ MADN : 3% DSA-ph (5 nm)/Bphen (20
nm)/BPhen : 2% Cs,CO; (20 nm) /AL (150 nm) > £ ¢ NPB ¥ /25 et &
kv Eimiha it ‘gﬁg s EL AR 22 -3 % B it 4@ 4-25 47
;oo ANPEE MR AR FeanEkippat A EfRiLE &3 485 NPB pFd
TR HE - o AR A TS NPB & end § 5o Fet ki
"B A FTRF gk E kA rubrene Uk R o Flutid 2 TR R Moy kot

B i 14 EPTRL e o

75



g=__ . I

BPhen : 2% Cs,CO; (20 nm)

BPhen (20 nm)

5% NPB : 3% DSA-ph

@MADN (5nm)

3% DSA-ph
0.2% rubrene

@MADN (10nm)

TPAC (20 nm)

| NPB : 50%WO; ( 50 nm)

ITO

Glass (Substrate)

~
Qo
p—

EL intensity (au.)

(b)

| —s— DeviceE
| —e— DeviceF

5 8 3 8

(564,100) /,/(5.98,100)

§ T

Current density (mA/cm?

8 T

(4.04,20)

(C) Voltage (V)

3 4 5 6 7 8

m&------ﬂ

—=— DeviceE
—O0— DeviceF

@20 mA/ent

450 500 550 600 60 70 750 80
Wavelength (nm)

H1

Bl 4-25:(a) ~ 2 FH (b) ~2 E~Feuish (=2 E~Fh i A~

R g g

ﬁﬂjﬁﬁ’ﬁﬂgé%%%%%%ﬁ%@@nMwe&@?ﬁ%&T

;}ﬁ“}ﬁ\\lé—r‘ﬁfééﬁé
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Bt ERERTREF R TR Bt E g Y > Tt L R gk
TR R E R H o AL A EEF Mo P § KT F Wk
B2id ol ow Flptag A ARt 0RE e p 2 b MR Bebpind %

Bt gk 1E > TS At R B R R TR E BT AR

L 4F e

"R
A
=
o
Iﬂ
o
4
B
‘T..
I
-
A
g
H—
S
)
q?
3
)4_\ ~
A
—h
a}
e
ER
&
N
>
o
>/
paig

B F AP o 2k fe St 0 2 AR -T R AR 4-26 4T -

OB L AT A 410 P oo BN R L TREE AR p-i-n ek e 1t R

bal
é_.
@3
B
Sk
ag\\
1
|5
o
o
(@]
&
>
[
Py

R AR (£ R A6V T AR

d 1236 nits &= ~ B 3 9937 nits °

[ +anventional O/O//./.
L —0— p-i-n
10000 E P o 6,9937) ="
3 O/O/ ./
O/
S _/
o
1000 (6,1236)

Brightness (cd/mz)

[ (]
100F o /
|

Voltage (V)

Bl 4-26 1 o k2 itfrp-ine k2R E-TREF
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% 4-10 : %ﬂ.%w K it ‘fr’plnw ki3 HT e

Performance@ 20 mA/cm?

Device (xy) (Cd / A) of
&CIEnxay) @ | Voltage and
100~2000 nits | (V) 4 R-G-B
&NTSC ratio Efficiency
(Im/\W)
(0.332, 0.433) (0.64, 0.35)
10.4 cd/A
Conventional (0.01,0.01) 6.44 2&52z' (0.29, 0.59)
60.9% ‘ (0.11, 0.16)
(0.319, 0.427) (0.64, 0.36)
. A
p-i-n (0.02,0.02) 3.77 &988262(1:21/W1 (0.30, 0.61)
60.9% ‘ (0.12,0.17)

e o Hogh ks

R R T

;X OLED & &

g m P @

454G

4.3 2-unit ¥ %k = it

4o 1.4.4 51 > F RSB p-i-n s 1 B B k> 2 T R F AeF 0

i 3 (waveguided mode) ~

RIFEPF 8 B3¢ OLED ¥ -

Bifhd w

HEEF B B2 B o

Bkt E g 8 L Rk Fon gy o & W7
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£7o ¢ W5 OLED $&7 # 3 e &

FUAREKSE A Ak

g 4 o xFJF,z Ting-Yi Cho et al. [89] { # 4

# (plasmon mode) 1 % ¥ 15k @ 4g A PR BT (F¥

f# unit 57 OLED % t {4 § — % o
ed 3 g FCOLED dhd 4o % RS » FlR s 2 B iki R R PF > B TR
Bt B OLED & > Rigfa e T BRREEF ~

- T R

T Iy ek B (waveguided mode) ~ i F

A




#-tandem OLEDs sk £ 2+ 5 & % F 14 2-unit 22 Jrir % 3uH g sk

Bk TR 4r 2.6

o

",fﬁ“i“ » P B3 OLEDs 7 — B3 »eedndidnk £4p 5 € & o
TRIgRNAETRAIGH ¥ 2252 8 o A7 % % > Chan-Chin Chen #
. NPB : WO;(1 : 1)/BPhen : Cs,CO; # - B {247 crdidzk o Flpt i@/~
A s B RS B launit chd kAR FAe k> H A gL
ITO/NPB : 50% WO; (40 nm)/ TPAC (20 nm)/MADN : 3% DSA-ph : 5 %
NPB : 0.2 % rubrene ( 10 nm)/ MADN : 3% DSA-ph : 5 % NPB (5 nm)/Bphen
(20 nm)/BPhen:2% Cs,CO; (20 nm) /' NPB : 50% WO; (40 nm)/TPAC (20
nm)/MADN : 3% DSA-ph 2 5% NPB-: 0.2 % rubrene ( 10 nm)/ MADN : 3%
DSA-ph:5 % NPB (5 nm)/Bphen (20 nm)/BPhen : 2% Cs,CO; (20 nm) /Al (150
nm)e & ELAFZE - R B B-T /R~ Diised -3 m BB L E o Fondk -2
Boendr it s 4o 4-27 1o oo AP B I % 2-unit eR R X 5 1-unit 0
A RF R G 16 B 0 A L BREAE GRS F A

AR A R R R K S SR
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10F o N lun?t 300F —%—1lunit
(L \ J —0—2units | —0— 2units
o) " n
— [ 2 L
ol fly (1 ommer| om
O AV NN < 0|
Z ] l\ !I) o\ l". £ ZD u
2 os} AR = |
g \ qf Lo >
c 1 1 n = L
sl | ¥ 150 /' /
y |
2 04 %% 1 S (564,10 (114 .10)
£ Q [ S ./ O/
= o = [
g 02 Oo 8 a) . l/ OIO/
,J'(342 19 (78,10
0.0t et L L (0] N T N T N
450 500 550 600 650 700 750 800 4 6 8 10 12 14 16 18
Wavelength (nm)
b \oltage (V)
(a) (b)
20 12
. r —8— 1 unit !
18} —&— 1 unit 1k .
- —0— 2uriits [——2 um.ti- )
6L 8@@ 00—, - 10 L
) o -
< u} B T T Y ® D
3 s
s 2r > sl :
© e | O—o—o :
> 10F o -, R . T
s r
o — N 4 '
£ 6} i |
1S % s5F .
3 4 a | .
2} A :
o N N N N . 2 . 2 2 N 2 3. Py | ....; ey |
0 50 100 150 200 250 300 100 1000 10000
Current density (mA/cn) Luminance (cd/m’)
©) (d)
B 4-27: ~ # l-unit §= 2-unit (a) EL #3% (b) 2B R-T B (¢) & insx3-
TR () E P IR R
AR BRRARLE OB TR A AR E DR R A RS Bk
Fom ez R d oo 4ol 4-28 #7570 & i 1-unit v 2-unit st B S 3T & 4-110
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B RN E O B Lambertian B £ 47 0 { £ & AR £ 0~60" 7
% ¥ (0.03,0.02) « ¥R % HfR R 0 £ 3 F F % 4R ITO 4o WO, #
P& ¥ H-5 (non-cavity) ° — B B »x3 * 7 d 4% ¥ 0 tandem
OLEDs ~ i » # 5 F 2% % 6.16 ImW' (maximum : 7.79 ImW™), 3 /i
% 16.7 cdA'(maximum : 16.78 cdA™") at 20mAcm™, NTST ratio 5 % 60.9%,
A& B 200 to 4000 cdm™ ™ H ¢ %9 5 (0.01,0.01) 2 &AL & 0~60° ¢ B F

4 (0.03,0.02) -

# 4-11 © ~ & 1-unit fr 2-unit£393<s,

Performance@ 20 mA/cm?
Ratio of Lum.Yield |
Device Lumlnaonce yield Voltage | (cd/A) and Oifx,y)
at60" and ClExy (V)& | E.Q.E(%)
ClEqybetween | & C1E (y ay) NTST and R-~G-B
0~60 ratio(%) | Efficiency
(Im/W)
(0.319, 0.427)& 9.86 cd/A | (0.64, 0.36)
. (0.02,0.015)@ | 3.77
1 unit 0.5 100-2000 nits | &g0.0v, | & 3-61% | (0.30,0.61)
7 &8.22ImW! | (0.12,0.17)
06 (0.266, 0.402) < 5 16.7 cd/A | (0.63, 0.36)
2 unit 0 03.0 02) (001,000 @ | "0 | &647% | (0.26,0.61)
R 200~4000 nits 77 &6.16lmW! | (0.11, 0.17)
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700

600

Wavelength (nm)

500

0.012

I I 2 I 2 I I m

g 8 8 & 8 8

3 3 S S 3 S~
(‘n"e) A1ISUSIUI PaZIfewIoN <

2-unit (a) & B -k & g (b) AL & cgElE (0) & w4

S
2] —~
= 885 J
S - o S o 0
S - .
o~ 12 884
.\. ssgo 3
+ \ X O o =
. e [ti1 - .
/ g BE S
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o —_
7 =
./. 3 z g 3 A de
~ _ WAP\M 2 5
g —_ 1 % @
= o IS} S o S~ — IS} IS} =] S S 5 ) .
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- BRaF A ETd Bk gk o &AM p 3l4e n A
BFa g A g B a ZDg2cF o AW PiEAH < FS BB ox
Foeh Ao - A Al F oo F oahphk 2 F ok EF kR

iridium(IIT)bis(4,6-di-fluorophenyl)-pyridinato-N,C”) picolinate (FIrpic)ir%
M K sk § kR P k8 > (2-2°-(4-flurophenyl)benzothiozolato-N,C*)

platinum ( acetylacetonate ) (Pt(F-bt)acac)’ ™ & 3 # st F¢ 1,3-Bis(carbazol-9-yl)

m(mcp)éi%ﬁ%%§°‘ﬂ'ﬁi"”’)’?J,;@@‘I;Lm;,,\_i_gr}]@, H‘ﬁ'l%
T L+ BT £BA 2 T RS AT RS 4F W (Excimer) » & T35 A 2

;""‘Lﬁx‘\ EL/” 9::‘_-%"}3

x\”\

AR R R X Fa@ 3 B e koo 2
19.68 cd/A» B+ FIRE 3 523 210.94%5 7 A& 5 (0.399,0.453)F ¢ H(Xy)

B3 0.02 2.9 ko

¥ bt WOs fe CspCOs 4 %48 5220 2 iF @ 5 & (N,N’-dipheny]-N,N’-

2-napthy1)-4,4’-diamine > NPB) 4v & + & 5 & (4.7-Diphenyl-1,10-phenan
l

-throline » BPhen)§ % p Alfrn 3] - 5 &7 +1 Qﬁﬁ@if‘?@‘%’%ﬁ PR e~
kg kR (BAFLRE) i éF 2ann FEREE( 1,1-Bis[N,N-di(p-tolyl)
amin -ophenyl]-cyclohexane TPAC){r % + [E3§ & (BPhen)¥ iz ~ i 4 7

PR R TE B RGpHE R F L) v EFR B xR TF
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10.13 cd/A » B < i EcF 4 1048 Im/W > ¢ & 5 (0.319,0427)F &

100~2000 nits © ¢ #(x,y) & 3 0.02 2 ¢ % o

BFHRping A2 d ity AMEEFLREFLERLERN

FHFIMEARHTRE - B kA A BRrraFirng 1687 A

IR
N

Eg s T F 5 167 cdA> Bx w23 F 5 779 Im/W > & AR5
(0.266,0.402) ® & im 4 %] % 200~4000 nits T % 4R & 0~60 & T & im A W]/ AT

0.02 42 0.03 z & % -
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