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Abstract

A thermally cross-linking hole-transporting material containing terminal vinyl
group and triphenylamine (FTV) was synthesized via Witting reaction. The
characteristics of FTV were analyzed by 1H-NMR, elemental analysis, DSC, TGA,
optical spectra, cyclic voltammetry, and AFM. The FTV exhibited good thermal
stability with 5% weight loss temperature thermal decomposition above 478 °C in
nitrogen atmosphere. The FTV is readily cross-linked via vinyl groups by heating at 160
°C for 30 min to obtain homogeneous film with excellent solvent resistance. The
HOMO levels of FTV (-5.20 eV) is closed to that of ITO/PEDOT:PSS (-5.00 eV),
facilitating the injection and transport of holes. To demonstrate the application of the
cured FTV as hole-transporting layer, multiple-layer OLED with a configuration of
ITO/PEDOT:PSS/cured FTV/PF/LiF(0.5 nm)/Ca(50 nm)/Al(100 nm) was fabricated to
investigate optoelectronic characteristics. We tried two concentration(0.1% and 0.25%)
of FTV solution and three spin rate of spin-coating(1000 rpm, 2000 rpm, 3000 rpm) to
find the Optimal conditions of FTV. The maximum luminance and luminance
efficiency of device with cured FTV (0.25%, 2000 rpm)as hole-transporting layer
device are 2625cd/m2 and 0.17cd/A respectively, better than the performance of device
without cured FTV(795 cd/m2,0.04 cd/A). Current results demonstrate that the
thermally cross-linkable FTV not only improved device efficiency but also prepared by
spin-coating. It is promising hole-transporting material applicable for the fabrication of

multilayer OLEDs.
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1-Bromohexane: Acros (98%)

Fluorene: Acros (98%)

Triphenylamine: ACROS (99%)

Paraformaldehyde: SHOWA (95%)

Hydrogen bromide: Acros (33 wt% in glacial acetic acid)
Sodium ethoxide: ALFA (21 %)

NaH: ACROS (60 wt% dispersed in mineral oil)
Triphenylphosphine: Alfa Aesar (98%)
N,N-Dimethylformamide (DMF): Tedia (LC)
Potassium tert-butoxide (t-BuOK): Lancaster (97%)
Chlorobenzol: Aldrich (99%)

Ferrocene: Acros (98%)

Tetra-n-butylammonium perchlorate (n-BusNCIO,): TCI (Guaranteed Reagent)
Al: ADMAT (99.999 %)

Calcium: Alfa

Ferrocene: Acros (98%)

LiF: SIGMA (99%)

Poly(3,4)-ethylendioxythiophene-polystyrenesulfonate (PEDOT:PSS): Bayer4083

1. %z ¢k &k 3 ik (Infrared Spectroscopy, FT-IR) :
Jasco Fourier Transform Infrared Spectrometer Volar I
2. FhE X 3= k¥ &k (Nuclear Magnetic Resonance, NMR) :
Bruker 400 M Hz-FT NMR

3. 7~ % & 17 ik (Elemental Analyzer, EA) :
3



Heraus CHN-rapid 3] ~ % & 47 &
4. ¥ %k (Mass Spectrometry,MS)
JEOL JMS-700 3 t
5. # £ & & 47 ik (Thermogravimetric Analyzer, TGA) :
Perkin Elmer TGA-7
6. HciHFpm g+ 2+ (Differential Scanning Calorimeter, DSC) :
Mettler Toledo DSC 1 Star System
7. % eh Sk ik (UV/Vis Spectroscopy, UV/Vis) :
Jasco V-550 UV/Vis Spectrophotometer
8. Ik k% 3+E 2 (Cyclic Voltammetry, CV) :

BAS cell stand CV-50W = & &5 &1

9. 4% (Vacuum Coater) :
Diffusion pump (UVLAC), otary Pump (Leybold): £ % & ;p|(erranova) -
15 £ iP1(TM-350 Thickness Monitor)
10. ~ & 2Pk %

Ocean Optics usb2000 fluorescence spectrophotometer, EITHLEY-2400
11. &+ 4 B pc4(Atomic Force Microscope, AFM) :

Digital Instruments 2. Nanoscope IlI
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247 4-(phenyl(4-vinylphenyl)amino)benzaldehyde
T’ri’s[methylene(triphenylphosphonium

bromide)]-9,9-dihexyl

fluorene

160 °C, 30 minutes

>

\

4,4'4"-{[9,9-bis(hexyl)-9H-fluorene-2,4,7-triyl]tri-2,1-ethenediyl} tris{(N-
phenyl-N-(4-Vinylphenyl)}oenzeneamine (FTV)

At- FTVens &4 %
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4,4°4”-{[9,9-bis(hexyl)-9H-fluorene-2,4,7-triyl]tri-2,1-ethenediyl}tris{(N-phenyl-N-(4

-Vinylphenyl)}benzeneamine (Compound FTV):

EtONa
CHO >

DMF

\

FTV

#-2,4,7-Tris[methylene(triphenylphosphonium bromide)]-9,9-dihexylfluorene
1.33 g (0.95 mmol) F= 4-(phenyl(4-vinylphenyl)amino)benzaldehyde 1.00g (3.34
mmol);3 »+ 30 ml DMF »x » gL ® > &% B T & B 30min > £ 4 » & figdp 3.2
mi(8.55 mmol) = & 24hrs » & & s » if » K ? Rk > g ~ Wi ¥
n-hexane/CHyCl(V/V=3/1) ¢ 4 & 47 4 3 > (74§ ¢ B4 > #-F ¢ F48/3 3t CHCly

i » Ethanol &5 £ ik » & B8 > 98 o A5 143%
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AR A T
1. ITO (Indium Tin Oxide, 4FEF§ 1+ )pt3g 2 jFi%:

ITO BB AF 26 ¥ 447 B s rd % BB BFw;

Prenikle R EREA LR TR RIR Y Z & FEHI

(1) ITO 33 A4 trk /i AI=3/1R & 2423 A B 20 & 4
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(2) = Bk tAg ORI BT 20 A 481 0 AN BRI RALS AT
RE20A&G B rESZRPM L RPMH-

(@) s M Bk RFAIRT 2048 OB ENE TR
SR T I

(4) %3 #0 d2 > 45 &G DR Y DG PP o

T~ K~ T IEHA T8 kR el E

(1) %- & 5 PEDOT > 1z 3000 rpm/min % i ITO g2 + - %
TE T A K HIL G BT A ITO THeer g kA3 3
BEAE FARe B2 T ERA 6 i RF ST ind ET
-L?EFFE‘EE°

(2 =% 5 FTV R F @85 4 AR M-FTV 7 FERDE ¥
e 00 e i g g 50 % - & (PEDOTPSS)2. ¢ » & d
BT 0 ML BEA 2 1600C T - MAIL 30 44 & FTV
A R R

(B) = k& % PR £k »#-PF fe < 10 mg/mL % *3 7% > £ 12 3000

rpm/min #&:& % %3 FTV 2. + o

Bl-~Fl7 5@% nikEo



Wetl & 4

* B R XA LIF(EAROS M) BF LB LELR
E5(5- AR50 M) R FF 542 & BEE(R R 100 nM) T LT - 4R
SAcBle Sn ke kG A S EWZITORBEF £ BB - A1 T
FNFBBP I MR GEE S ERENGEL Y LR
2107 tor 2 %> WS F TR EREF G b
) - R ATeEE £ o EARL 2 2 RIEAR 5 20720 mmPEa) - A
%0 A LAmmiEa) L SRR ITOR 314 A A & Bl4eF - ()
Shg o AR Ao Bl S ()97 o OLED R 2 R % 2% § 4 9L £ 4
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|_
-plane
-C
4000 . . . . 30IOO ZOIOO lOIOO
Wavenumber (cm™)
B~ FTV & FT-IR &3 F
3. R d ~E 247 (EA) Bk
- FTeh~id A4
C% H% N%
Calcd 89.54 7.02 3.44
FTV
Found 89.45 7.09 3.36

FEYHEAITEM AR RN L
4,4°47-{[9,9-bis(hexyl)-9H-fluorene-2,4,7-triyl]tri-2,1-ethenediyl}
tris{(N-phenyl-N-(4-Vinylphenyl)}benzeneamine (FTV)

- R

(= )BT A 37 Bats 2 B2
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AP AN UBRELSFTEMRAFREFT A ERERANZER
(Decomposition temperature, Tq)¥* 3t 55 # 4% )8 & (Glass transition

temperature, Tg) °
1. #+& 217 (TGA)

B4 5 FTV > § # %8BT » 12 10 0C/min eh8 5 & & #718 3| en
TGA#EAHTH » d %% T LR F A F5%PF 5 #4528k Td>
FTV enTd % 4780C> &7 FTV £ § 24F g fg 4 - 4 $1 1 900 oC
PN A% TR AT AR ET FTVE A= 2 A% R F 5
FTV 3 = B TG4 BIZEF »F A2 BIBEY > 24
RIRET > 2 S AfE TR 2R ET

110

100
FTV
90
80
70
60
50

40

Weight loss (%)

30

20

101

100 200 300 400 500 600 700 800 900

Temperature (°C)
Wi FTV i@ €L H(H E#E F:10C/min § §F E5i2T)

2. HeA ¥4 A+ 4 47(DSC)

- %2 FTV 2 10°C/min h8 8 & & ~ £ 30°C~220°C & #7

2 , 24

By -2 5-ZDB RV R F- A FdRTVERN A
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160°C 2+ F — B i arcgsE > ot e ff 0 7
56.4 J/g > 48] &

Y e

£x2 FTV $ - L9

—I/’g”p‘l

(RS SR 2L Ty=91°C - % =

4 A o M LG AR -

ERIETE

FTV & 33 gt amofiid o % — S 2R o R 5o

- -».J.wa }ﬁﬁi

B+ - 5 FTV £ 160°C %8 & arc#d 5 > 7 3 I a2 5
%30 A4 0 e d %ﬁz\ji%l B gl M A B g L 58.13

g el - % - R AR OB R ST ke e

WP FTV £ 160°C ™ » #4092 30 4 48

UEERE SIS LS Sl S

0.2

R RS

first scan
second scan

0.0

Exothermic (mW)

-1.4

50 100 150 200

Temperature

W+ FTVeDSC W (ZHE#F:10°C/min» § F

XA FIMR, EREF - FE M
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1.0

0.8
Isothermal 160 °C

0.6

04 r

Heat flow

0.2

0.0

_0.2 1 1 1 1 1
0 10 20 30 40 50 60
time (min)

W-L- FTV#&160°CEE T anrcsd 5 H

32 FTV édlb

TACC) TCC) TACC) AH(J/g) AHie0’(J/g)
FTV 478 91 F 56.4 58.13
Eos R R(E 244 SN ER)

T B
To R BEHLER
‘AH: 10 °C/min =g & g §

IAHgo © 12 160°C 4c 4t 30 min & e £

(=) UV-VIS 38R < B 18 sk 5 25T

*F & AHM-FTV e = 25 mg/mL & %% 7% > 12 2000 rpm/min & i&
BE T ERIP o3 F 5T A 160°C #AIE 30 A4S 0 LU E F
AT E GBI FTV 2 2R, ¢ o & W 2RI UV-Viss ek 3§ -

BLERRIWT 2 FTV > 2 UV-Vis s jess & 1 > 2] 203 # e dult g

15



Absorbance

f LRI FTV ) S Fia Mg 6 Huox
BAST AR RAE- K FTV SIS Ea S BB hFTV - 58
[T 18 Boojesg B BT AT R ARIWMEAFTV

A it 2 ARG H AT BAME FTVE SR &

Behie e S 0 A RA L B R IS o

0.12
FTV

— T 7 FTVcrosslinking 160°C

0.10 F for 30min

—_——— cured-FTV after spin-coating
with chlorobenzene
uncured-FTV after spin-coating

0.08 with chlorobenzene

0.06

0.04

0.02

0.00

300 400 500 600 700

Wavelength (nm)
W= FTV & UV-VIS sofcsksd @ R85 FTV A5z e Aae ;

ERRLFTVEBI0CH AWML 4 - £- Eh%

kTR

EE A FTV(H 4 cured-FTV) 4 § $3RF g 6 1

B E A SR AWM FTV(§ 4 uncured-FTV) 2 § ¥i3 #w

(Z )iz eh k3% FT-IR B3 & 4740 2 B {8

A

’
B
)
b
o
A

AR A MFTVR S E 0 0 30 B » 25 2

4160 °C# 2 56304 48 ¥ 1 H FT-IR & 3§

Bl = 2 FTV# 2 9% 5 nFT-IRE 3% > 7 4 41 2900 cm™ 2 1000
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cmteni=® o L FTV % =3 g4tout-of-planesex Jc ik » 1t fdt 2 BFTV %
> %900 cm™2 1000 cm™lss B e EE o B A FTV dt 2 Bps 5 & 28 4
LA, ek 4R 0 Tt R SR A 4 0 3 $900 cm™ 2 1000 cmTix B
peak 3 & 733 o

FTV
i — — — cured FTV
I

e S U 5 )
o\o B ~
> \v/\ ‘{ \,1,'\ ’ ,j\ N \’A“f ry/f
o T vy i
S | I U !
£ '
= vy
[72]
C
St
|_

4000 3000 2000 1000

Wavenumber (cm™)
Wtz FTV#E2EHMSHFT-IR k3

(2) R FRF AR RE 2 (CV)

1. FTV eaHOMO&LUMO it F# & 7|

i pRRE 2V d B RE R R T 38 0 R g LUMO
( Lowest Unoccupied Molecular Orbital ) &% F# > %»%J.,‘ T REeT
Goeniid id OV g e R 3 b 2 HOMO ( Highest

Occupied Molecular Orbital ) &% F& » %ﬁu RS FREL T R4 o

d ¥ LB R T 4 A cn HOMO 4v LUMO & Ff R 12 8 Ae
= 4 (ferrocene, FOC)hE 3 st Fi4pt - FOC eng i B R ¥ i 5o
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FUANEF B RT e 5-05V X B %k s e 4r(0.48eV)
d 3w g 4 HOMO e LUMO se B oo oo 38 40T
LUMO it F# = - (Eonset(red), Foc + 4.8) eV

HOMO EE I‘E‘b: - (Eonset(ox)’ FOC + 48) eV

—,ﬁ L Eonset(red), FOC ‘f‘? Eonset(ox), FOC ;3 37‘— ferrocene (FOC) %QJE Z 33
R (§ [ )i{ '/f—:Eonset(ox), FOC :on vs.Ag/AgCl = E1/2, ferrocene eV=E ox vs.Ag/AgCI

-0.50eV ; Eonset(red), FOC — Ered vs.Ag/AgCl = E1/2, ferrocene eV = Ered vs.Ag/AgCl

-0.50 eV

B-Le 2 FTVORREXREH 1 TR RIBABRATIE E5
234 = od Bt ¥ i
Eox vs.agiage1 = 0.90 V> Eonset(ox), Foc = 0.90-0.50=0.4
—#712 HOMO 5 F¢=- (0.4 + 4.8) eV =-5.20 eV
Ered vs.agiagel = -1.92 V > Egnset(ox), Foc = -1.92-0.5=-2.42 V

1l LUMO £ F4=- (-2.42 + 4.8) eV = -2.38 eV

1000
800 |-
600 -
~~
<
S 400 +
—
c
o
S 200 -
O
O L
- ﬁ\f
_400 | | | 1 1
3 2 1 0 1 -2 3

Potential (V)

Bl-Lte FTIVHORRRIB(E TITRIAFRTE)
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4z FTVeg S BF

Eonset(ox) Eonset (red) Evomo Erumo Egel Egopt

vs. FOC (V)* vs.FOC (V) (eV)’ (eV)® (eV)! (eV)®

ETV 0.40 -2.42 520 -2.38 282 256

® Eroc = 0.50 vs. Ag/ AgCI.

® Eromo = - (Eonset(ox), Foc + 4.80) V.

° ELumo = - (Eonset(red), Foc + 4.80) eV.

99 3 i #52 ¥ 4 Band gaps (EgY = [LUMO —HOMO))).
® d k&2 § e Band gaps (Eq” = he/Aonser).

BIEFTV 22wt 2% e %

FTV S8 20§25 £ G RkaR &5 BA T L3R i

P RFETREBRE- A FTVo & * AN ITORB TR AP g3
b7

‘-FE 2 B FTV‘ Eox vs.AgiageI= =0.9 V> #r1u Eonset(ox), Foc =0.40 V>-HOMO

g 5 -5.20eV -

160 °C #: % 5 30 A 452 FTV|: Eoxvsagagci=0.89 V > Eonseton), Foc

=0.39 > #2328 FTV v HOMO s F¢ 5 -5.19eV -

d A ITO B T FH U] - @2 RN R Rz 2d
LB E D FTV 2 £ 5 FTV i 4 BB (ES) 5 2566V > 41
2 FTV en LUMO 5 -2.64eV > # <28 FTV en LUMO % -2.63-d 7+ &

BT eI FTV 5h (SR TE G B -
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200
//’—\\\
s/ ~—
0F Ve /_,__:==.====—.——=
7 e
/// // Eonset(ox) = 0.9V
/
) 4 / —
< -200 / / 27N
/ / ot Ve S P —
= |/ / 7 -
c E 0.89
|z / Eonset(ox
g -400 -// / 1-100',/ (%
S /] & /
O / /g
/3 -200] /’
A / \
-600 1\ L/ \ p
N
\ // 300
\\,/ ‘ ‘ ‘ ‘ ‘
-800 14 1.2 10 08 06 04 02 0
Potential (V)
1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0
Potential (V)
WL I FTV ik K= Fle > 0.1M n-BudNCIOA(H 4 T f2 ) -
FHREF I00mMV/se < Bz RBLBHFTV > o] B 5 5EFH
IWMHFTV . 1543 ITORT

(I ) g

B R AR (- o i g

=N

zlﬁrgg&

[ERF g x4 3"@ Eg]_l-—

H 4 5 e kE R (RMS roughness) ~ %)

—”_’) ﬁg‘m"ﬁ—mi’la f}«frlﬁ’r&#ggﬁ.i ,
c R S

i ITOgtsg + > £ PAFME RIFTVehd 6 Az A RMS > #7534 4 & 2 40

e
N %

< AFMGR| B FTVZ # % B FTVA 3 3

% 1.94 nm{r1.09 nm > % % FFIZ At

fow oo BABFTVI A B LBAFTVA 6 (355 » AR HIHFTV 7

BFTV& e { T -
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FTV # 2 5 FTV

5.00 5.00

2.50 .50

0
2.50 5.00 0 2.50 5.00

B+ FTV 2 #38 FTV A 3 %4 6 0 AFM B

R FTVREFSME FTVTRREYREEMERE LR

Film Rms roughness  (nm)
FTV 1.94
cured-FTV 0.90

- s ,V-’L—?ﬁ‘f&l_/?d

A~ F% - & 5PEDOT » 123000 rpm/mind & % i >*ITO# 3 + >
TR R KHIL) 2 ETELE - K SFTVRG TiF S8 50§ 0F
T K (HIL) R 7 @ L ITOTHREFTVE BEfr 546 B2 T8
BOERR G AT TR SN F K SFTVE T Ok 0 %
FTVfe # 1mgfe2.5mg/mL# %3 /% » 121000, 2000, 3000rpm/mindgi# # i »+

PEDOTF » %160 °C™ # 2 7304 4 % = & % % % A& polyfluorene(PF) » -

i

PFpz = 10mg/mL# %% » 23000 rpm/mingg & % > FTVz2 + » H < iF
4T © [ITO/PEDOT:PSS/FTV/PFILiF(0.5 nm)/Ca(50 nm)/AI(100 nm)] » +* %

e TR @ﬁ”l}é‘ FTViS A & 2 /= > 112 10 i kR Ar? e #
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g FTVERS & JLJF o+ 45 3 boif 1 iE 2 o

2R Ca&Al
LiF

515 I PRI )

&$— J&:PEDOT:PSS

PEDOT:PSS

_, ITO MBI

ITO-glass

ML= A s K26 W

AR RS B A

LiF
-2.38 -
'255 Ca

-2.9

FTV
Al

ITO PF -4.3

—— PEDOT
-4.80
-5.00

-5.20 .
unit: eV
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(=) TR AU-REV)-R A L)L

R BB R R T A

B~ vk § P

"
Erid
Al
™
ok
o
=3
=5
=¥

L1 ABEEL-RIF R4 TR ORA

;u»i%-ﬁ‘-_

BT IE

ITO/PEDOT:PSS/PF/LiF(0.5 nm)/Ca(50 nm)/Al(100nm)

A e R

ITO/PEDOT:PSS/FTV/PF/LiF(0.5 nm)/Ca(50 nm)/Al(100nm)

FTV 55 & i 885 4

e U FTV (55 Lk 08 A o §58a ik R o #7e = AE k

Boif i oenig i o

B ABEEE-REARTH O FC

L kR % i&
FTV(0.25%, 3000rpm) 25mgFTV/ImL ¥ 3000 rpm
FTV(0.25%, 2000rpm) 25mgFTV/ImL ¥ 2000 rpm
FTV(0.25%, 1000rpm) 25mgFTV/ImL & ¥ 1000 rpm
FTV(0.1%, 3000rpm) Img FTV/AmL & ¥ 3000 rpm
FTV(0.1%, 2000rpm) Img FTV/ImL & ¥ 2000 rpm
FTV(0.1%, 1000rpm) Img FTV/ImL & ¥ 1000 rpm

MlLd o~ 2w s s kAt a0)-TRV)RALR
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3000

—4— PF

—m— 0.25% 3000rpm FTV/PF
2500 - | —w— 0.26%,2000rpm FTV/PF
—a— 0.25%,1000rpm FTV/PF

2000 +

1500 |

Luminance(cdme}l

1000

500

0 S—B—B—£8

W4 AL VTRV

A & % 4§ ITO/PEDOT:PSS/HTL/PF /LiF(0.5 nm)/Ca(50 nm)/AI(100 nm)

HTL i i2:Jk & :0.25% FTV ; #:# :3000 rpm ~ 2000rpm ~ 1000 rpm

2000 | —a— 1% 3000rpm PF

—— 0.1%,3000rpm FTV/PF
—4— 0.1%.2000 rpm FTV/PF
—&— 0.1%,1000rpm FTV/PF

=y
(%3]
=
=

1000 |

Luminalr‘u:en[c:::ifm2

500

Vaoltage(V)
W=+ RL)VS.TERNV)-

~ i# 54 ITO/PEDOT:PSS/HTL/PF /LiF(0.5 nm)/Ca(50 nm)/Al(100 nm)

HTL i% i2:k 2:0.1% FTV ; #:#%: 3000 rpm ~ 2000rpm ~ 1000 rpm
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mt Ay R ARE 10cdm2 T R A TR d B4 T o
AL B R 2 ade ks TR S 4.09V-0.25%FTV, 3000 rpm 2000rpm,
1000 rpm € 5 7 F @@?ﬂi g E e TR A B 5 375V 375V 2 4.09
V;d Bz -+ %5 - 0.1%FTV, 3000 rpm 2000rpm, 1000 rpm % 5 & &
i e Ak TR A Y S 370V 398V 2 400V e S - A
Aty FTV ehHOMO it 1f 5 -5.20 eV PF c7HOMO i 1§ 5 -5.5eV >
]t & F d PEDOT:PSS /L » FTV frPF s e 4 %] 5 0.2eV - 0.5eV »
i FRAR K o Ao de TR L AR o ARG o AT S D FTV RS i AR
PO ARG AL T RAR -

ERATG O RF AR BEE S RE S RA S 795 cd/m2 > 1
0.25% FTV, 3000 rpm, 2000rpm, 1000 rpm % 5 % iF & %Jé] SEECREIRIE W
R R 4~ B 5 2650 cd/m2 ~ 2746 cd/m2 4= 2859 cd/m2 - 12 0.1 %FTV, 3000
rpm, 2000rpm, 1000 rpm i® % 7 iF @;ﬁgﬁ]é} it o B R R A WG 1640
cd/m2 ~ 1636 cd/m2 - 2058 cd/m2 -

ER L O02%FTV s bt r®llyg i khaid, Ao
AAER Z 01%FTV iEiE > Bt £ @ epl > kR 5 0.1%FTV i 235

BN T T R T e

Lo4ed T @A ch~ 29 2 h [ hBd TRT EDRF HRA -
2. IR BIRRARR A E B RARS o frd R RARS o

. ER e € BEFTV 4 & pFara; 2 w5 & - % & £.0. 25% FTV, 2000
rpm , 3000 rpm iE i fiE o
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4000

—b— 1%,3000rpm PF
—— 0.25%,3000rpm FTV/PF
—&— 0.25%.2000rpm FTV/PF
—e— 0.25%,1000rpm FTV/PF

ad
=
=
=)

o™

2000

Currert density (mAfcm

1000 |

04

Voltage (V)
W=-+- TRBRI)Vvs. TERV)

% % 444 ITO/PEDOT:PSS/HTL/PF /LiF(0.5 nm)/Ca(50 nm)/Al(100 nm)

HTL &% ik & :0.25% FTV ; &% : 3000 rpm ~ 2000rpm ~ 1000 rpm

4000

—&— 1%.3000rpm PF

—k— (.1%,3000rpm FTV/PF
—¥— (.1%.,2000rpm FTV/PF
—— (.1%,1000rpm FTV/PF

(o8]
[a=)
=
L)

2

2000

Current density (mAJjcm

1000 |

W=+ TRmARI)Vvs. TEV)

% % 4 44 ITO/PEDOT:PSS/HTL/PF /LiF(0.5 nm)/Ca(50 nm)/Al(100 nm)

HTL i% i2:k 2:0.1% FTV ; #:#%: 3000 rpm ~ 2000rpm ~ 1000 rpm
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N AT LT RS R T e
BREFAEFTV 3 B30T F @ﬁia?] o # ¢ 0.25%, 2000rpm 7 FTV »x % 4 0.1 %,
2000rpm en FTV if 2 en@ i @ B d % o

AT A R T R e T R PR T e A
¢ 0 0. %= 0. 25%0 FTV & 202 2000 rpm & i % R & < o

10000
o
1000 F
—
S
o
=
S 100
=
£ —&— 1%,3000rpm PF
= —%— (.25%,3000rpm FTV/PF
—I —C— 0.25%,2000rpm FTV/IPF
10 —¥— 0.25%,1000rpm FTV/PF
1; 1 1 1
0 500 1000 1500 2000

Current density (anmz}

M- L= 2A(Ccdmd)vs. Tinmi @)

i

~ i* % #ITO/PEDOT:PSS/HTL/PF /LiF(0.5 nm)/Ca(50 nm)/AI(100 nm)

HTL % i2:Jk & :0.25% FTV ; #:# : 3000 rpm ~ 2000rpm ~ 1000 rpm
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1000 |

100 |

Luminance(cdfmzj

10

—b— 1%,3000rpm PF

—k— (0.1%,3000rpm FTV/PF
% —o— 0.1%,2000rpm FTV/PF
—w— 0.1%,1000rpm FTV/PF

0 500 1000 1500 2000

Current density(anmz}
- -te 2A(Cdmivs. Tima )

ik

~ 12 B4 ITO/PEDOT:PSS/HTL/PF /LiF(0.5 nm)/Ca(50 nm)/Al(100 nm)

HTL i% i2:k 2:0.1% FTV ; #:#:1000 rpm ~ 2000rpm ~ 3000 rpm

h o5
n-

RIRARF S G G Tk BEE bt TS & 0.04cd/m® - FTV iF L
T @K b Tiega B4 0.12~0.17 cd/A - # ¢ 0.25% FTV, 3000 rpm 52

B R M i o Bk BTEAN A < o

- FIV § %% @8 % ©ifoed o B3 20023 R b WAL =~ it -
RActEi ¢ B FIV 3 6 pF oty & e &+ »ef 2.0, 25% FIV
3000 rpm #F & #iE o

=

i)
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4 = devices® e g g k F 1L

R YL Sy o Turn-on Max. Max. Current
voltage (V)°  Luminance efficiency
(cd/m?)° (cd/A)"

PF (A) 4.09 795 0.04
FTV/(0.25%,3000rpm)/PF(B) 3.75 2650 0.17
FTV/(0.25%,2000rpm)/PF(C) 3.75 2746 0.15
FTV/(0.25%,1000rpm)/PF(D) 4.09 2869 0.15
FTV/(0.1%,3000rpm)/PF(E) 3.7 1640 0.15
FTV/(0.1%,2000rpm)/PF(F) 3.98 1636 0.12
FTV/(0.1%,1000rpm)/PF(G) 4.09 2058 0.13

*[ITO/PEDOT:PSS/HTL/PF(1%)/LiF(0.5 nm)/Ca(50 nm) /AI(100 nm)].
AT R (R R G 10 cd/m’ pEenE )
“hA AR

i S AT S
(=) T s 6 k3% (EL)

Bl- L1 5= a R 400cdm? > = i e s L (EL) R 3B > 5

SgF sk £ oA w] L 480~500nm s gFkkd LS o pgpkkd kop o

EL intersity(a.u)

PF -
000 + — FF 4000
4 0.25%,3000rpm FTVIRF
———  (0.25%,2000rpm FTVIPF
0.25%,1000rpm FTVIEF o
2000 | ~ 3000 — 0.1%.3000mm FTVIFF
00 5 — — —  [0.1%2000mm FTVIFE
2 1%, 1000pm FTVIFF
o
2000 | 2 2000
]
w
1000 | 1000 |
o L I ] L h
300 420 500 600 700 200 a0 400 500 00 700
Wavelength{inm) Wawelengthinm)
EL specira of the devices at maximun lumiance.
(a) (b)

W= L7 TpgFkki#@FTVikR:0.25% (b) FTV kA :0.1%
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- AN EEE N 2T E > SOLERER PF VEDE

5

-gg

FI* Wittig # & & & 1 3 BB EET w AP TR @;@?]}é]
4,4°4”-{[9,9-bis(hexyl)-9H-fluorene-2,4,7-triyl]tri-2, 1-ethenediyl}tris{(N-phenyl-
N-(4-Vinyl phenyl)}benzeneamine (FTV) » ¥ &2 _-

SR XA

FTVegi 4 j38 R Ta= 478 °C > % B Tn=91°C > &160°C% 4§ — i %
Lol o BB E560g 0 b kAR YT A

= N BAEF G

FTV % 3 2 F g1 + > ¥ 1160°C4e #1304 450 8 2 & 4 £ 2 5 »
B G & FAA > Jd UV-Viss e L B mA LIS L 5 LE g e dals o
FT-IR 3§ %900 cm™ 5 & =4 g4 chpeak » £ % 515 900 cm™s5 & $ <% &

A bR TEET  FTVRGR) S ek i Tl R i SR g
LI AR 1%

FTVehg § T F b3 #3 (HOMO) 5 -5.20 eV » & K § F 4 ik #u
(LUMO) % -2.38 eV » F] & & + & 7 triphenylamine & & » #712HOMO 2 LUMO

=

g TR HL A BRIBEFTVE R TR -
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I o~ F RS G

AEHEIFHFTVE L 5 ek R (RMS roughness) 2 1.94 nm > & £ 2 B
FTVenZk o degd g 521.09nme £ 2 BFTV S 5ifis 3 » FIp FTV. S 4 2 B s

GRS - 3
=N ;ufi.t}_%‘r—% H

AT UEIBFTVE T F @ ﬁ%]é] (hole-transporting layer) » £ % i 3 &
BPFELE ~ o fok @ % Tk B85 o~ v o £ 45 IFTVIE B g i 2
1‘# = [ITO/PEDOT/HTL/PF/LIF/Ca/Al]» # # MFTViT 5 Tk 13% R P

B3 8k & (0.1% ~ 0.25%) > ¥ fiz = A 4 :# (1000 rpm ~ 2000 rpm ~ 3000 rpm)

gy i e FTVE T BB K T d R R BT E T B 2

Aok R o € BEFTVE v pr o7, 2 woen & & > 0.25% FTV > 3000 rpm

EE R E e

SN AREBEY

N A DY et RS T LT

5

e i & £ PI(AFM){r
W5 e Rl (a-step) 0 45 I B R o=t O L B @i o T

ENEEE Py SCEEEEE ST
S ERERAFECRR A BEER) RAE PBE -

ZoEE R T BEAR TR SRR R A2
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