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Solution-processed small molecular electron transport layer for
multilayer polymer light-emitting devices and study of the
phosphorescent dendrimer materials
Student: Tsung-Yu Liu Advisor : Prof. Hsin-Fei Meng
Prof. Jenn-Fang Chen
Department of Electrophysics
National Chiao Tung University
Abstract

Solution-processed electron transport layers (ETL) have been fabricated by solution
process and applied in multilayer polymer light-emitting diodes with tris[2-(p-tolyl)
pyridine]iridium(l11) blended in poly(vinylcarbazole) as the emissive layer. Three kinds
of small molecular electron transport materials, including 2,2',2"-(1,3,5-benzinet
riyl)-tris(1-phenyl-1-H-benzimidazole) - (TPBIi), 3-(4-biphenyl)-4-phenyl-5-(4-tert-but
ylphenyl)-1,2,4-triazole (TAZ), and 4,7-diphenyl-1,10-phenanthroline (BPhen), are
tested and dissolved in methanol to form electron transport layers by blade coating.
Such electron transport layer provides efficient electron injection and electron transport
ability in the devices. The efficiency of the devices with the combination of ETL and
LiF/Al cathode reaches 32 cd/A at 1,000 cd/m2. The efficiency of the device devices
without ETL are 3.5 cd/A for LiF/Al cathode and 17 cd/A for CsF/Al cathode at 1,000
cd/m2. The crystallization of the solution-processed ETL can be controlled by annealing
temperature to further optimize the device performance to maximal efficiency of 53
cd/A.

Finally, we fabricated all solution-processed multilayer devices based on
phosphorescent dendrimers and tuned the doping ratio between PVK and the emitting

materials. We found that the dendrimer materials can be doped at high ratio. Even at



high ratio (host:guest=1:1), the maximal efficiency is still higher than 20 cd/A. This is
one of the differences between the phosphorescent dendrimer materials and common

phosphorescent light-emitting materials.

Key words: PLED, phosphorescent, multilayer, solution-processed, small molecular

electron transport materials, dendrimer
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TAFER Rk o g g 2 Ay TR RMBRARHRS DI FEHEY 2

e

L3 W AHOMO £2LUMO it fg 844 ¢ 7 i 4 k4 shHOMO/LUMO i Fy
P AHFAFERMONHE ST R FTERTFA LI ATIAF R AFEE
BA FIEF R EFLELR TR LML o 4o HOMORXLUMO it F#
R HAY - Be 7 i e aHOMO/LUMO it Fep > BIZ B 2% 5 Ll
Frenkel jpo# + 8.7 Eat $ iy f > 4% £0) € Mo 30272 28 L g =
Fek o dok F AR §A A BFERMFOT I TR Fla 2 ko

¥ 2B EPFFREHI A AARF G ad D ARRERDT R o
E-oBAl e AR mF kg AP BB OFES g LAY > FEEEH
G s L I‘js'iifw“ Fk o HE ﬁ%i’é:}?ﬁai A e g R R R sk g
B RFRMT N RS REL REP IR L AP Lk

SRR LR BRER S LRTABAT P LR g k]
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Chapter 3 g & QA4 %

3-1 g iEmse
BRI R R SRS TRt R AT

IPlITO 7 | >PEDOT : PSS & #i->[% it i &y + >[asb i iR & i @43 &

ITO & =
ﬂiﬁ%ﬁwﬂﬁéﬁﬁﬁﬁwﬂ@ﬁiﬁﬂiﬁﬁ%ﬁiw

T oK R s AR .
3-1-1 ITO £ 4 %]
ITO 5 5P T4 - L E By 5 At s ITOMAEH 1 » »3 %A ITO &
BB s B EA P EeITO A &% 5 7 3 8 F end  (pixe) T 4B 2& 4 % -
Bl & & &R #rf1 * ¢ Shadow Mask » # 12352 2mm x 2mm 93 & k& T 3 o 1Y
TR B m-H}E'F
(1) ITO &4 #i%
I 2 Ak (Acetone)dz 5 A & 10 » 48 > @ {512 DI water i# £ 577 o
I. 2 IPAAZS A BT 10 2 45 0 @ {8 12 DI water i* i % o
ML 72§ § rkizf4 4 & » %> 190°C e hot plate #4% + (ITO 47 1 ) -
IV. pb+ f Skreis#-H 3% Shadow Mask ¥_% 3 & %3 » 2 UV Lk
62sec °
(2) B¥
kg 927% 5 (50mg/1000mL water) =78 it 49 (Ko,COs) K iz i @ > BRI P AY 5
90~120 #) = AE R+ 5 11 * DI water i i£357% » * & B M H-A & B48550E 11 1B
P RFTEEREEFLITO &6
(3) 4%
I FE-k4e# HCL A% 2 50~60°C 4 % PF R 5 50~60sec: 4% %] {4 * DI water

J»\.{r
/ Bu =+ °

q'.

v

Il 3 fe 5%:5 NaOH -k i3 it » #-1TO # ¥ ** NaOH ki3 it ¢ 7 4 1 k2 -
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I &% %28 5 1TO A4 §1% Dl water # iz - & % § f RizT7 %

A o

Bl 3-1 Btk it 2 ITO A4r 7 & B

3-1-21TO 5{--;;'5

(1) ¢ PeB#ITO Ry A RF 15 A4 T2 % 25 HFLBE > 2 12
* DI water iﬁ-;‘;t FEiE e

(2) ™7 k] ITO 3 4 % » F P2 DI water i » 12 2 R RS A i
* DI water i+ & 5z %

(3) Btk is N ITO BLI ™ § F Hrrjz > @ (& #-H 3% & 120°C# hotplate + & #-
AR PR o

(4) 14 UV-Ozone #-ITO f45 % & i£% 20 A 48 > # 4 ITO # & 2 #-k42 > F 1

32 kL~ #42 PEDOT @ PSS = %2 o

3-1-3 PEDOT : PSS = %
* @ g7+ PEDOT : PSS(AI4083) » 1 0.2um 2_ filter & > @ {4 1% 2k % 5

A 5 2000pm 0 30 ) 0 AR FIEL EE O BT T A RS

12 200°C e A 15 448 0 3 ’$ KF o FEE R Y 5 40nm~45nm e
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PEDOT:PSS

Bl 3-2 W ITO + % & PEDOT:PSS 7 & M

314 1B HF K A

SR N B2 R

FRER R - LB U R R

A 1% AR R E 2T A CAPLA] 7 HAI0]A £ A R T A A kB

R B (2 B EE A BRP) ¢ SOKE 0 R ES AT B AT T &

oo 13 ﬁ?/A’E?' °

ETL

Spin-rinsed TFB

PEDOT:PSS

B 3-3 % PEDOT:PSS * % % 3 8% 7+ X ®

3-1-5 #|7 &5 e(Blade coating) fj 4

AR AT g7 F A Fingap AR R E R SRR R aEH 7

BR O BE 7 BTG B RRA IS EDEE 0 50 R TS iR

R EELT R PR T AR AR BEE HL KRR GE AN G

TR b RN A o R
VRN R o

EE R RIS 0 Bk T RREE A 0 1 e
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Solvent evaporation

B34 2]7 Ry Xy T ARMERRED I B0l s
3-1-6 MEtm e
e otk 5 B 3 48T tR e Shadow Mask F 0 B O A4S BB 7T
110 Torr ehF25T » 4 %4 Inm 1 LiF & 2nm 0 CsF » £ % 4% 100nm 0485
oo EEFUES S 1 0.1A/sec 485 §E LiF » 0.2A/sec 4% 5 45 CsF » 5A/sec 4585 4%

Al -
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3-2 ~idengt ke §

3-2-1 3%

G 4P 1 UV - 2cmx 2cm 03 g3

Fafmt oo E AR UV BT
AERAASREF B HERBVHRE A F P avkir 2 o

3-2-2 &R

(1) EL % 3§ 8 i8]

#-1% & % > Photo-Research PR-650 4= 4.2. £ 8L F » Tk B &HF- B
R Bk org 0 sk PR-650 1 k3 6975 58 8 T K o

1% Keithley 2400 2. % s B 8 ) % Sefie & T %6A25° > & SiplR ik

2.2

(2) RAESER

BB S A PBTR B X K & 5 J1* Photo-Research PR-650 & & i
oA keha B > 8 5% od/m’ (nits) o

B 3-6 =Rk & Bl °
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33 HAE

[N

TREREET RS RIS VRS S Ui L X

EARE NP 7 b

PEDOT: PSS : Poly-(3, 4—ethylenedioxythiophene): poly-(styrenesulfonate)

WP - BETEAS O FBLI ARTALIS LM WO DR UL~ HE

gflet » A PLED Y ¢ B 5% o

PEDOT-P55

T R
TFB . poly (9, 9’-dioctylfluorene-co-N-(4-butylphenyl) diphenylamine)
3% : ADS259BE

WP LB A 3eVei B B 0 X2 TR UM EsL L E FRFESF 2L

<k

TR er FF 0k @ﬁﬁjﬁ; B KITF A HF e L AF P R RA MRS 1wt6% *toluene
r24000rpm > 30sec > * |7 % i A PEDOT:PSS} » B 7 @ 4c41180C » 404 45{8

£ rtoluene T g B R EHF1 5 R G10nmi3 2 HE > A (S L @

nOeValy
(D :
H,.C;~ ~C,H

a7

IR

g

TFB

TPD : N,N'-Bis(3-methylphenyl)- N,N'- bis(phenyl)-benzidine
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- Y Rk B £ Q&iﬁ??i}?@ﬁ%ﬁé Ao HARI BRI

-z

3 sz
V *

Fesaid kv eng F B -

O O

£% Ty

\
ran N e
s halialts

3 10 v oA ¢ 33 chlorobenzene » i &k ¢ e F 2 6] 0 %

B

Ir(mppy); : Tris[2-(p-tolyl)pyridine]iridium(III)

PP Lk gk & s £ 0 5 In(ppy)s 2 P 2 F] > #-In(ppy)s e A b 4 » K
7 R8rEsgpinene A B 0 K F NS gEk A F BT o i DFUE R

o HXA4mhg e, 0 F 035us 0 Fl 5 - oomengE kg o

m-G1-Ir & p-G1-Ir :

HLP AR R K 3 Sk 8 (Dendrimer) 0 1 Ir(ppy)s & & #EE kKo o R FEEE L A
EREEEF e BAp R @FLMTTY 4 42 R g o d 3
P A S - R R A B F LT RS R S O LR D 4 %
RATE T o o E AR 2 - o b — kA d dendrimer 4L d R

Queensland University 7 S-C Lo ¥2 P.L. Burn & i 374 & -

14 D= no—©~~

4-G1-lippyD

m-G1-Ir (meta-substituted) p-G1-Ir (para-substituted)
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T R

PBD : 2-(4-Biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole

WD S BT B BT ORI S R

% v A+ chlorobenzene » i # & ¥ BrE T 6 kFTraid kP g5

B - N—N
/B \

H,C o} S

H:C' CH, s

TPBi : 2,2',2'"-(1,3,5-Benzinetriyl)-tris(1-phenyl-1-H-benzimidazole)
PP Itk A5 d Kodak #1302 3 #i) enLUMO E(2.7eV) £ #i ~ chHOMO

B(6.7eV)> EF miEenT FIEdEa 4 o F S R AT kg TR @A T R

i -
A

i B -

TAZ : 3-(4-Biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-triazole

Spi¥ L A3 T3 @k M2 LUMO & 5 2.6eV-HOMO & 5 6.0eV -

R ET S @A 4 A R E T o
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BPhen : 4,7-Diphenyl-1,10-phenanthroline
PP A OLED &% i * chg + @fE+k2. - » 2 LUMO & 5 3.0eV-HOMO
% 6.4eV o

V) O

o
e

3TPYMB : Tris(2,4,6-trimethyl-3-(pyridin-3-yl)phenyl)borane
WP - A B) R e an F @448 > B Ea (electron affinity) & 52 3.32eV -
L - S e I8’ ..
Ip (ionization affinity) & 5 6.77¢V> £+ B 4 & 5 10 TP » ¥ Tg (glass transition
* S

temperature) = 106°C -

34 RERRVEHE
d 3k AL e B IR o R IEFRN IME F AL F T F 2590+ g T 100
9% » Flpt i kR A FE 5 FRGB =2 4 k- 7 £ F % PLED ¢ £ &
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HERALZ - 0§ 5 B v ki H - 2 EPLED ¥ 4 chp 2 - v e
EFFERESET R AW IE T B BF BRIAT o

RGB = ¢ k7¥ » kv E I A g ooy » HRFIEIRE Tl E %2

™

PAPRARE BB B R o FP LB Bk A A# > F1 2 In(mppy)s &
RH K Bheo AT PR AR RS S5 0 PR ST O Rk kR
B R eF Bt LEF R I AT A FRMPHEY Rt F L d N
Pk i g R B B EF R ks Bt F R4 PLED B F ¥
HPVK (T4 28 X4 F15 v i g~ (3.6eV) @ ® AL krgd 2 i ¥
# a3 1%® (1,100,000) 0 7 A5 A4 E R F A - A4 A KR A
¥ % PVK & 1 4 552 Z % 648 Ir(mppy); 2 # # TPD ~ PBD % {*+ @ﬁ%]
ML R feip i 17 &g R M o F 1395 Friend BIFf & 2005 & 4 B g 2 R
FORE AR A G B A 30 4ol 3-7 0 H B IF3 0 A RRHE g G ehy - K
T Rk A2 T o FIT 0 10nm ENCE S TS T B £
AT - K 2 %k BT B R AL o 5]t Choulis Al - £ & T 1Y
TFB g B R0 2 [12] ™ F In(mppy)s » % # .M LEP B9 > 4o 3-8 -
Hreg g 7 EF~50cd/A > TN A T HARP M B S AR G Rk e
AT KPP o AR RAEEE] 7 FRTI R SR b
Bk 2155 - KR BB RIS K T OLED ) A 3 T3 B H A
BRI T AR R R R AR R R g3 v

L A N B A T R B R LART B R &
W RIETF A L5 P A AR R By &

RS § BT - RRER
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10°

Ty oy

TFEB

LELBLELE IR LS LA AL

E (b)

Ty Ty TR T T T T TT T Ty

8 prerrrrrer

[l 1
frrrrrrrr e
4

1 1
0 50 100 1
F&BT thickness (nm)

b ® wTFE L
:_(a} o woTra E(C)
6F i
= F :
S 4F 3
< F ° c ¥
5 o =
8 2F i
E . i
- =] =
4 55'“']5"( 3 4 5

10*

=
[
L (Cdim?)

Photometric efficiency (Cd/A)

Bl 3-7 g B R 0T 5 K LRI B

T L
aley
ST B 4
2d eV =15 g 34 ¥
CsFiAR
50 eV !
PEDOT:PS ;
Homg 235 g4y EEPY
TFE
Fmppsls  pp
e 586V
FFO YK |
eV
BD
LEP

Chapter 4 %% %82 4 47
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- E S %Y o HEER LB I 2 B A Bk AR

F’_*

[12]- Kf 7 A A7 d @ YLehspin-coating (17 3% iz = 12 blade-coating 07 5% = RS

hi

S RPN A D R R A B 2 (SRR AR S e B
OLED e &+ £ =+ i@ @?]’Hf}:i k&7 2% Afic & blade-coating =1 ;0T > #] iF
M5 B HENF RS kR A gt AR S Wt B OLED B A S
TH@EHRE LR ERTH T A BRI NEE L M A
EET

gh- ke B fed $5 K 354 1 Ir(mppy)s £ PVK fhi %

N %, e X
T

a3

=1
'F_k
&3
4y
B
.
-
T\
Py
&
o
L
&
"
3
H
(1-\
=
&
-
3
o
[&3
b
o
s
&

R BEEE e
L2 K EF HRMEDAL TA BB AR APFR TR
Boehif B ¥ s AR B an f o IR R R O R g R 3 Bk hRlAE
LA REN > m GRS RS BF - BRELOFSLAAEHER LS FI
FAE R R GRS > T MR- kR R
Bl 4-1 5 00— ko) Bann i A ghiEdE(a) 2 o £ E 0~ 2 5 45(b) 0 vt

PpA B S  F 0 T B Lt T RIS . d R A CsF/AL 2
B % OLED % * ¢nLiF/Al > o ** CsF &% &'k ¥ ¥ 72 ffE e @~ 2 ahd &

&

A

~=h

FASBE el S EE P LIFAL £ f £ 5 BE g R A

EFHORRAR G L - kPR Rl - o
2.3eV
LiF/Al
3.0eV
TFB [ o
PEDOT:PSS ETL
52eV 53ev

(a)
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CsF

Spin-rinsed TFB
2.3
Al
4.3 eV
PEDOT:PSS LEP :
5.2
5.3
(b)
B 4-1 LED ~ i¢ fﬂf#f % B
EML ETL
2.26V_ 236V 540y 246V
3.0eV

PVK TPD Ir(mppy), PBD

5.8eV

‘ |
‘ |
I |
I |
I |
‘ |
| |
| |
| |
| |
| :
|

i TPBi TAZ Bphen |
| |
. _____5.5eV 5.5eV |
| |
‘ |
‘ |
| |
‘ |
| |
| |
L |

Rd2 Agseidhegs @ﬁ%llé] i e EA/IP 7+ & B
& Ir(mppy)s & PVK i S— % 7R k2 1> gt - kv enig g flAgir it 4

AH O FeF P R R Ir(mppy)s B 5 = Bk gk 3k 4 (Dendrimer) X R

Fo RS LB EHG -
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1 R KRS T R A
4-1-1 2% PEDOT:PSS g2 3¢

#48 PEDOT:PSS ¢ CH8000 %] 5Lzc 5 AI4083 4|5t fix

B fpiE

ITO # & /&2 :UV-Ozone » 15mins

M p R

-TFB 1wt% in toluene

-Ir(mppy);: TPD:PBD:PVK=6:9:24:61 2wt% in chlorobenzene (EML)
R

1. ITO/PEDOT:PSS(CH8000)/spin-rinsed TFB/EML(60nm)/CsF(20A)/Al
2. ITO/PEDOT:PSS(AI14083)/spin-rinsed TFB/EML(60nm)/CsF(20A)/Al
DR SE

-TFB 4% E 7% 4c#t 180°C » 40mins

-EML 3¢ Z 7% 4c 4 80°C » 60mins

WA 7 gap A 60 um

BHEES:
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Current Density (mA/cmZ)

Luminance (cd/m2)

240 (2) —=— ITO/CH8000/TFB/EML/CSF/AI

200 F
160 |
120}

H 0
o O

o

—— ITO/AI4083/TFB/EML/CsF/AI

o

15000

12000
9000
6000

3000

> 4 6 8 10 12 14
Voltage (V)

(b) —&— |TO/CH8000/TFB/EML/CsF/AI
— == |TO/AI4083/TFB/EML/CsF/AI

Voltage (V)
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w
o

| (C) —=— ITO/CH8000/TFB/EML/CSF/AI
—o— ITO/AI4083/TFB/EML/CSF/AI

N N
o (6)
) d )

[EE
o
 —

ol
—

Current Efficiency (cd/A)
|_\
0

o
)
[ —

N
~E

6 8 10 12
Voltage (V)

¥] 4-3 PEDOT:PSS % AI4083 £2 CH8000 ~ % z_ (a)F /i % A& (b) & A& (c)2x 3 et i
SR H
AT4083 +- CH8000 :B& % § HenT kL > it 4 > L » N IR H 4c > FPt 7
vt CHS000 e & 48 -k » A ®ETF TR GETIER S > A2
Fihg s RIoRR FIURF LN IBEDOTFEIH P FHE TS

R amr g PREFRS o B ERT RO %3000 Al4083 S F E e
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4-1-2 BT F B ﬁ?j’h‘f}v’ gy -2 fg‘

Lad M i fi?ﬁi%]%ﬁ‘iir} TFB = % DMFL-NPB z_ +* #2

B fpiE

KITO % & &J2:UV-Ozone » 15mins

AR pe B

-TFB 1wt% in toluene

-DMFL-NPB 1wt% in chlorobenzene

-Ir(mppy);: TPD:PBD:PVK=6:9:24:61 2wt% in chlorobenzene (EML)
MR

1. ITO/PEDOT:PSS(CH8000)/spin-rinsed TFB/EML(60nm)/CsF(20A)/Al
2. ITO/PEDOT:PSS(CH8000)/DMFL-NPB(20nm)/EML(50nm)/CsF(20A)/Al
NI L GE

-TFB 3¢ E 7% 4c 44 180°C » 40mins

-DMFL-NPB # E % 4: 4 80°C > 60mins

-EML 3¢ Z 7% 4c 4 80°C » 60mins

WA 7 gap B A:60um

S
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Current Density (mA/cmZ)

)

AN

Luminance (cd/m

120} (a) —=— Spin-rinsed TFB/EML/CsF/Al

=
o
o

N S (@] oo
o o (@) o
| B S B S R S

o

——— DMFL-NPB/EML/CsF/AI

@)

3500
3000

2500}
2000

1500
1000
500

2 4.6 8 10 12 14
Voltage (V)

L (b) —=— Spin-rinsed TFB/EML/CsF/AI

—— DMFL-NPB/EML/CsF/AI

6 8 10 12 14

Voltage (V)

34

16



(C) —@— Spin-rinsed TFB/EML/CsF/AI
2 10 === DMFL-NPB/EML/CsF/AI
S 8}
>
c 6
S N
O
o AT
c
s 2f
S
Q 0 N N 1 N 1 N 2
4 6 8 10 12 14 16

Voltage (V)

Bl 4-4 % F BH 4 #c 5 DMFL-NPB 2 ~ & £ () £ 5 % & (b) % & (€)% vt i

B ECH

R B % ¢ TR R R WT MR TFB chi jF @454t 4+ DMFL-NPB
B F AT @G 2 TFB R > TFB i St i 5 enTiv 22 T3 i
Fooreng g o L F R R 22 B R 40t DMFL-NPB & > “f2 {89 5%

Gk @GP R Y S L TFB G E

35



4-2 | & F 7T F @ﬁ%ﬁifﬁliﬁﬁﬁ DI SERE R PRt AL

4-2-1 o} &3 T QR iR

ITO % & &JZ:UV-Ozone ° 15mins

M p R

-TFB 1wt% in toluene

-Ir(mppy);: TPD:PBD:PVK=6:9:24:61 2wt% in chlorobenzene (EML)
-TPBi » TAZ > BPhen 0.5wt% in methanol (ETL)

R

1. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/TPBi(15nm)/LiF/Al
2. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/TAZ(15nm)/LiF/Al
3. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/BPhen(15nm)/LiF/Al
4. ITO/PEDOT:PSS(AI14083)/spin-rinsed TFB/EML/CsF/Al

5. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/LiF/Al

DR RE

-TFB 4% E 7% 4c#t 180°C » 40mins

-EML 3¢ Z 7% 4c 4 80°C » 60mins

-TPBi » TAZ > BPhen ¢ %% & T & ™ 4c 4 50°C > 10mins

AL 7 gap A 60 um

DL
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Current Density (mA/cmz)
o
o

250} (a) —m~TPBI/LiF/Al
= TAZ/LiF/Al

200} -e- BPhen/LiF/Al
-o- EML/CsF/AI
-4 EML/LIF/AI

=
o
o

a1
o

@)

Voltage (V)

0 2 4 s 10 12 14

L (b) —a—TPBI/LiF/Al
15000 F - TAZ/LiF/Al
[ —e— BPhen/LiF/Al

=
N
(@)
o
o
T

" ——EML/CSF/A
6000 f
3000}
OF

2 4 6 8 10

Voltage (V)
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35F (c) —=-TPBI/LiF/Al

[ —~TAZILiF/Al
—e—BPhen/LiF/Al
-o=-EML/CsF/Al
—A— EML/LiF/A

10}

o1
T

Current Efficiency (cd/A)

2 4 6 8 10 12 14 16
Voltage (V)
Bl 4-5 4v » 2 penT + Bk ch 22 ()T B AR(D)R AR (c)paF 2 ¥ AR
B ECH
R k% 0 SB Y 5 vt i EML/TPBI/LiF/Al, EML/TAZ/LiF/Al,

EML/BPhen/LiF/Al i& = 48 % 4§47 EML/LIF/ALT 2038 it » T3 @4 2 153 7
RILHAT M AESERS S AR PR B RS S F G PR d T R
* AR AR S e S fw%]/%; R NG %»;:fw%]a; F vtk o g E R LSRR
EML/CsF/Al #0b > Tin B G P B en™ i Jaiplig st € 3 1 Mzﬂ@ * K @@?J
TH a4 o4 FRFE G T F (hole-blocking) s % o j& {5 e & 55 5 Bl
VUFIRT S @ﬁﬁjﬁg % TPBi PFPr R s 5 5B > o 2 iE 33 cd/Ay 2B R

] §_TPBi 7 HOMO #(6.7cV)Ap it 4 & faft 2 & % e t4(F 4-2) > 24 @

BT st il ke o 4 B SRR Sk 0 B R F BT B R
gL h o RETF DR AR R B At ameF g i AE R

TPBi & fif & 50+ WML 2 150 T - H R (iT- H 8 E R T o

TPBi 7 ki@ Vg B T4~ 2B B 8 4 5 $4 o



4-2-2TPBi &7 Fi¥VERTHARMELTE T L e FiL

#5148 - TPBi ch@ A2 i 1t

KITO % & &J2:UV-Ozone » 15mins

AR e B

-TFB 1wt% in toluene

-Ir(mppy);: TPD:PBD:PVK=6:9:24:61 2wt% in chlorobenzene (EML)
-TPBi 0.5wt% in methanol (ETL)

MR

1. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/TPBi(15nm)/LiF/Al
2. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/LiF/Al

NI L gk

-TFB 3¢ E 7% 4c 44 180°C » 40mins

-EML # E 7 4c#. 80°C » 60mins

-TPBi %% # & B ™ 44 25°C 50°C 100°C 150°C » 10mins
WA 7 gap B A:60um

BT %:

180

| (a)—=—TPBi 25°C

150} ———TPBi 50°C
—e— TPBi 100°C
120F ——171pPBj 150°C
[ —&— Without TPBI
90

(o2}
o

w
o

Current Density (mA/cm®)

o

o s 10 12
Voltage (V)
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18000} (b)—=—TPBi 25°C
< [ ——TPBi 50°C
15000
% | —e— TPBi 100°C
© —O— TPBi 150°C
—a— \Nithout TPBI

Luminance (
|_\
W O O© N
o O O O
o O O O
o O O O

4 6.8 10 12 14

Voltage (V)
60 —

i (C) —— TPBi. 25 C _1.0f
< S0 —€—TPBi: 100°C o/
8 I —O=TPBi: 150°C £ 4]
— 40} —A— Without TPBig g,
c 30k a 2 7200 500 600 700
GJ Wavelength (nm)
o
= 20}
Ty A
-
c 10F
)
|- b
5 0
> _
O [] [] [] o []

4 6 8 10 12 14
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4-3 Bk & 3k H kL (Dendrimer) s73p] 3%
4-3-1 p-G1-Ir & PVK i Svenfl A L 2 %—’]‘#_/?'];é

#2148 A PVK i it@ § L e Ir(mppy); 22 & p-Gl-Ir #d~ 4 ipl &
B fpiE

ITO % & &JZ:UV-Ozone ° 15mins

AP B

-TFB 1wt% in toluene > p-G1-Ir 2wt% in toluene
-p-G1-Ir:TPD:PBD:PVK=6:9:24:61 2wt% in co-solvent (chlorobenzene and toluene)
R

1. ITO/PEDOT:PSS(AI4083)/EML/CsF/Al

2. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/CsF/Al

DR SE

-TFB 4% E 7% 4c#t 180°C » 40mins

-EML 3¢ Z 7% 4c 4 80°C » 60mins

AL 7 gap F A :60um

BT %:
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KITO % & &J2:UV-Ozone » 15mins

AR pe B

- TFB 1wt% in toluene » p-G1-Ir 2wt% in toluene

- p-G1-Ir:TPD:PBD:PVK=6:9:24:61 2wt% in co-solvent (chlorobenzene and toluene)
TPBi 0.5wt% in methanol

TAZ 0.5wt% in 1-butanol

BPhen 0.5wt% in methanol

3TPYMB 0.5wt% in methanol

R

1. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/TPBi/LiF/Al

2. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/TAZ/LiF/Al

3. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/BPhen/LiF/Al

4. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/3TPYMB/LiF/Al
DR RE

-TFB 4% 7% 4c#t 180°C » 40mins

-EML 3¢ Z 7% 4c 4 80°C » 60mins

-ETL & 53§13 L 4 2

AL 7 gap A 60 um

BT %:
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4-3-3 p-Gl1-Ir £ PVK 2 Z 3 L2 F et 533 R
o 48:d 0 dendrimer # S e F Ak < ) > F kP ik Bl L4 B F
EE LT A A4 SRR A RE VORI PFLMERA A T

I

P B T Ft A Bk kALY b gt Gl BT BT kehy

B - K p-Gl-Ir 22 PVK vt ) Sk i BEpI2 o

B AR iE

%ITO # & &d2:UV-Ozone ° 15mins

g

-TFB 1wt% in toluene > p-G1-Ir 2wt% in toluene

-p-G1-Ir:-TPD:PBD:PVK=1.1:9:24:65.9 (p-G1-Ir:PVK=1:60) 2wt% in co-solvent
=2.16:9:24:64.84 (p-G1-Ir:PVK=1:30)
= 6:9:24:61 (p-G1-Ir:PVK=1:10,standard)
=13.4:9:24:53.6  (p-G1-Ir:PVK=1:4)
=33.5:9:24:33.5  (p-Gl-Ir:PVK=1:1)

R

1. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(p-G1-Ir:PVK=1:60)/CsF/Al

2. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(p-G1-Ir:PVK=1:30)/CsF/Al

3. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(p-G1-Ir:PVK=1:10)/CsF/Al

4. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(p-G1-Ir:PVK=1:4)/CsF/Al

5. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(p-G1-Ir:PVK=1:1)/CsF/Al

DR RE

-TFB 4% E 7% 4c#t 180°C » 40mins

-EML 3¢ Z 7% 4c 4 80°C » 60mins

WA 7 gap B A:60um

BT %:
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4-3-4m-G1-Ir & PVK % e & = (% 34527 40 » TPBi ifl 3
48 A PVK k3@ §= i L oo Ir(mppy)3 2= m-Gl-Ir #4= # B33

B fpiE

KITO % & &J2:UV-Ozone » 15mins

AR pe B

- TFB 1wt% in toluene * m-G1-Ir 2wt% in toluene

- m-G1-Ir:TPD:PBD:PVK=6:9:24:61 2wt% in co-solvent (chlorobenzene and toluene)
- TPBi 0.5wt% in methanol

MR

1. ITO/PEDOT:PSS(AI4083)/EML/CsF/Al

2. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/CsF/Al

3. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML/TPBi/LiF/Al

DR SE

-TFB 4% E 7% 4c#t 180°C » 40mins

-EML 3¢ Z 7% 4c 4 80°C » 60mins

-TPBi & 5813\ 3¢

AL 7 gap A 60 um

BT %:
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4-3-5 m-Gl1-Ir £ PVK i %3 L2 F b 533 BpE
o 48:d 0 dendrimer # S e F Ak < ) > F kP ik Bl L4 B F
EERRE Y 5 A4 BRI ARE S TR F KRR S 3§ BB

I

P B T Ft A Bk kALY b gt Gl BT BT kehy

B - 3B m-Gl-Ir &8 PVK et G ks BERIE o

B AR iE

%ITO # & &d2:UV-Ozone ° 15mins

g

-TFB 1wt% in toluene * m-G1-Ir 2wt% in toluene

-p-G1-Ir:-TPD:PBD:PVK=2.16:9:24:64.84 = (m-G1-Ir:PVK=1:30) 2wt% in co-solvent
=6:9:24:61 (m-G1-Ir:PVK=1:10,standard)
=13.4:9:24:53.6 (m-Gl-Ir:PVK=1:4)
=33.5:9:24:33.5 (m-G1-Ir:PVK=1:1)

AR

1. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(m-G1-Ir:PVK=1:30)/CsF/Al

2. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(m-G1-Ir:PVK=1:10)/CsF/Al

3. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(m-G1-Ir:PVK=1:4)/CsF/Al

4. ITO/PEDOT:PSS(AI4083)/spin-rinsed TFB/EML(m-G1-Ir:PVK=1:1)/CsF/Al

DR RE

-TFB 4% E 7% 4c#t 180°C » 40mins

-EML 3¢ Z 7% 4c 44 80°C » 60mins

AL 7 gap A 60 um

BT %:
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