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Solution processed doping to the polymer hole transporting

layer for phosphorescent organic light-emitting diodes
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Abstract

In this study, a facial way to enhance the electrical properties of organic light-emitting diodes (OLEDs) via the solution
process doping method based on the poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(4,4'~(N-(4-sec-butylphenyl) diphenylamine)]
(TFB) as a hole transporting layer (HTL) is demonstrated. In the TFB solution of the hole transport material, 1,4,5,89,11—
hexaazatriphenylene hexacarbonitrile (HAT-CN) was doped by 3 wt% to improve the electrical properties of the HTL.
According, the OLED with HAT-CN doped TFB showed the increased current density and luminance at the same
driving voltage on behalf of the improved conductivity of HTL, and the reduced turn-on voltage from 13 V to 9 V.
Furthermore, the maximum external quantum efficiency was dramatically increased three times from 3.6 to 10.8 %
compared to the reference device without appling doping methode.

2 o
2 ATelMe fIATERLEAe] AV1A 54 TV s e R, &9 Eglol =ywl &4 poly
[(9,9-dioctylfluorenyl-2,7-diy1)-co—(4,4"~(N- (4-sec— butylphenyl)dlphenylarrnne)] (TFB)7]‘j o] IS ALt A
F4EZ= 27 TFB 29 el 1,4,5,89,11-hexaazatriphenylene hexacarbonitrile (HAT-CN)E 3 wt% =32 3to] AaFS
o M4 E4E I AT o] F8 HAT-CNo| =% TFBS o] &3 {7 A7 ddiztid A s 4 4355S
o AEEE B3 59 75 AY Al A/ U=} =7t U3, AE MAl Aol 13VellA 9VE Fol=v g 89l
stk gl =gy o] A857] e VE A giY] A RFRE S| 36%014 10.8%= oF 38 T HE AS FQl
7=

Key words : Organic light-emitting diodes, Solution process, HAT-CN, TFB, Doping

Department of Creative Convergence Engineering, Hanbat National University

* Corresponding author

E-mail : jonghee.lee@hanbat.ac.kr, Tel : +82-42-828-8802

% Acknowledgment

This research was supported by the Basic Science Research program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education (2018R1A6A1A03026005 and 2019R111A3A01056075).

Manuscript received July. 10, 2020; revised Sep. 14, 2020; accepted Sep. 17, 2020.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

(699)



24

. ME

& T4 K714V
diodes, OLEDs)+=

Wk 2 2} (organic light emitting

Tl AT 5H RO A

OLEDs$} vaste] Ajge] Anvt fom 23 Adua
FE AfrE7] witel] ok A e vj8os 4xpe] A
zho] 7hgskH, qa A TS AEA17] 7] FH o]
ATHI-2]. o] &9 A OLEDs:E ¥ 52 &4
OLEDs®} P72 7} f17]1&50] Aot 763, 3
% 5 99 7K JEe] FERE ATH FAAHY A=
), o] & &4 OLEDs® A&+ sz 7P w

o] dg] AME3}= poly(34-ethylenedioxythiophene) :
poly(styrenesulfonate) (PEDOT : PSS)&= 7h¢tsl &
Aozt HA FHysh wts A& 7 Un

BEDAI AHe vjLos {HFAH OLEDs?

o
3L T

[e)
s

PEDOT : PSS¢] 4% E5A40] =1
o} gi7]ell =ell # kgt OLEDs®| &
Sieis ixM T AR o]oj A=
o] 9lt}. & PEDOT : PSS9 &2
1.2) 918to] OLEDsolA 7} de 2
= Indium tin oxide(ITO)7} Ato &
A Q1F o]&o] {7 "uto g o
OLEDs -5l PrX%lE' do7l= A T
A 7F B g PEDOT : PSS¢} A4 7]
glulol Ao A AAE A HH(exciton quenching)
o2 23] OLEDse w4 a8 A3l FA7F oF
719 eH4-5]1. 7] A5 vkek 22 PEDOT : PSS
o oz Qe oF AT AIFES A A
T kel H EEetA o] FojAaL k. AR
Prof. Y. Yang ZZ&9lA+= £ 434 OLEDsolA
PEDOT : PSSE A& A5g dolg&HitstEel
foHo g A xsto]
Z1 85k 5L[6],

k5

pul

3
A)

o 2

molybdenum trioxide(MoQO3) S
AFFIFoR ALgeE AT
National Tsing Hua &2 Jwo-Huei Jou L5 9l
A= MoOs9l tungsten trioxide(WO3) & o5 A3
S%% 0% ALgste] PEDOT : PSSE AL 4
2 tH] = v FEASE 1B vk 9l
oH7]. E AT A= PEDOT : PSSE A Aa=
a9 1Ll =AEY & polyl(9,9-dioctylfluorenyl
-2, 7-diyl)-co— (4,4~ (N-(4-sec-butylphenyl)
diphenylamine) (TFB)E & 9374 OLEDs® A&

FEz08 Agtud gk TFBE $93%

E

[e]
‘E_'V

(700)

j.inst.Korean.electr.electron.eng.Vol.24,No.3,699 ~705,September 2020

=)

ol 4

s &7] A< PEDOT : PSSA
A7l = B FE AME ol gfom,
2} 7]\t XHEE 7] 8o & == Edon
g 3} spin coatingg E 3k
WEEE Bt 1F4de 749
A e A ATH8) TFB
Al OLEDsolA A3FEsZFo =2 ALE
3}7]ll A g-sk HOMO(the highest occupied molecular

OLEDsel A % PEDOT : PSS 4
AN E 2

J 13} o

= oA

Ei

H

Q]

¢

ofo
2
OH

o,

A 751-
1

=
=)
I

7

2

1= A=}
[o
ki

o
P

il

e

o]

l:l

lo @ oox 94 Hr wo

FUQ

obitals) =% 53 eVE 7FA 3L AT, AEE7} 7]
<& PEDOT : PSSY th& A3 oA v o
o} OLEDs 154 &&o] 9& a4 nr o
Hesly] Qe B AFoM = TFBY d=:E

=
=
&+

o=

e ol T =

]7] AA 1=

% 2. (bl EAIE 1,4589,11-
hexaazatriphenylene hexacarbonitrile(HAT-CN)<
Sy WHow =gsto] £ A=ITO)NA
TFB Fo29 Aerd 545 7z 4
=2 TFB WA HAT-CN9 LUMO +%1&
Aol ol sl MY Ao O ¥ B
=°] TFB Weoll =Ajst%=
111, o1& S w3 o
aAe] AEEsL 2 el =
TFBE AH&-3 7|44 thH] HAT-CNoJ
TFB 4§ &Aool 95 wgol o
100 cd/m* 715 35 %14 96 %= =LA Fd
AL % A

=

(% o

oY °1N

i

3

Q‘L

LPOH

[y

FU v
o

(r Koo o 32 ro o
_\ﬂ PO §2 ofy

(a) TFB

NC
NC CN
Chemical structures of the organic materials used
to fabricate OLEDs (a) hole trans port material of
TFB and (b) dopant of HATCN.
T\ 7| UKL K Zof| ALZE
TE () & (o)

=

Fig. 1.

=
N3TE5 AMM(TFB)



Solution processed doping to the polymer hole transporting

25

layer for phosphorescent organic light-emitting diodes

. 2
1. 4 %

HAT-CN k=g ] wa} OLEDs?]
Hlask7] el A& |l 2z FxR= 19 260
¥ whe} o] HAT-CNS TFBel| %33}~
a27ket, HAT-CNS =33 &Axb5 22 A 46kl
o}, AlZFeE Ak ITO(150 nm)/ TFB : HAT-CN
(0.3 wt%) (50 nm)/ 4,4’ 4”-triNcarbazolyl) trip—
henylamine(TcTa)(10 nm)/ 2,6-bis[3-(9H-Carbazol-
9-yl)phenyllpyridine (DCzPPy) : tris(2-phenylpyridyl)
iridium(ID) (Ir(ppy)s) (20nm, 7Twt%)/ 1,3-Bis(3,5-
dipyrid-3-ylphenyl)benzene(BmPyPB)(60 nm)/ LiF-
AI(100 nm) = A4 5o Ut
150 nm F71¢] ITO7} il | 2] 7|38 o] &
tol &b AAE WA, 2a Az d 7]
7] &uE ol &l AFEA L, 2 &4 A
st=& Au A 7]ghe] UV-ozoneol 20

3 4 AsnsY A9 2gstd
FB =& p-xylene &1o] 1 wt% w22 &
, SIEHOlE oA 45 T=

- O
qdess
TA]

oro
5

ol
[e3
= :[0

o]

re olo

b

a3

R

e oMo 2 o
- off
e

tjo
iy
2

9
A AN FATt, o] &
torr o]ste] 1z H
3l Azttt TeTaxs B35
#3o BEFALHS S43HA
ol stAl
blocking layer) 2. & 2]

10 nm 77 & 3 2] 9l
24 DCZPPy Wol =
7 wt% HlE&=
Ao

2~ O

T= i
ol 3
=1

tH12-1

A o]
R B

A=

bl

E A& Keithley 238
o5 =43} 11, EL spectra®l “4-$- spectro-radimeter
(Minolta CS-2000)2.2 &As3sle] 22 48 A

Wakgth, L o] ALgE AAEe] oA @

(701)

holoj 1@l 19l 30] wAE vhe} gt

LiF/Al 100 nm LAFFAL 100 nm

BmPyPE (60 nm}) BmPyPB (60 nm)
DCzPPy:Ir(ppy), DCzPPy:Ir(ppy)y
(Twts, 20nm}) (Twi%, 20nm)
TcTa (10 nm) TeTa (10 nm)
TFB (50 nm) g oy :;;
| 110 (150 nm) ] | ITO (150 nm) ]
| Glass | Glass |
Bottom Bottom
emission emission
Device (a) Device (b)
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Table 1. Turn on Voltage and Luminance Characteristics of
TFB only and HAT-CN doped TFB devices.

i* 1. TFB 2t2 ALE8H &X2F HAT-CN2 TFBO|
T3t x| TEM-FIE SN 8|
Device (a) Device (b)
Turn on V 13V 9V
Luminance 2 2
(at 15 V) 54.57 cd/m 1509 cd/m
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