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A study on improvement of OLEDs luminance property using PEDOT:PSS
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Abstract - OLEDs based on organic thin films are similar to
semiconductor base light-emitting diodes in that they were also
considered to be one of the next generation flat-panel displays. They are
attractive because of low-operating voltage, low power consumption, ease
of fabrication, and low cost. In this study, we used
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate}(PE ~ DOT'PSS)
as a hole injection layer. In this experiment spin coating method was
used with various speed rate. The fundamental structure of the OLEDs
was ITO/PEDOT:PSS/NPB /Algy/LiF/Al. As a result, we obtained the
enhancement performance of OLEDs when the spin coating speed was
4000 rpm. We obtained a maximum luminance of 24334 cd/m' at a
current density of 967 mA/cd

1. B

L2¥Y OLEDst ¥¢ 589 228 yTF4E Ay ¥ 248 gux
Be Ropoq dxst AYsn A =¥, &Y OLEDsE Agsin
3l AZldez £aF g49 A3} F4, ¥4 ¢ 4B WSS
dto] 23 Aol A AT H49 F44e] FUH= YdH1-2).

OLEDse Ao Uy 2xolmg $En $Fo8 e 433 A%
o FU3Ae] Fasit 2B OLEDsY Q3ige FYHE Hsd
Avgo] Fojud siele] A4 (recombination)d 7137} EeivtA ol
BHE Lo FrEIAT, TALE YFAA AHMAE A dgsid dehd
B Aot A4EE & £ =t s Ao d3-4]

B AFoME Gaddg BE FUg 488 3] ddM dEA
IEAEAQ PEDOTPSSE Al&sidth PEDOTPSST HE B4 1
ol ol g5td AAE AFsH fgo) FAHY FEAY] WA &
7t gleHs). ¥ d¥eiAs ITO/PEDOT:PSS/NPB/Alay/LiF/Al 22 &
A ARssic

2.2 B

2.1 A8

£ AYolA AHES ITO 71982 07 T T2 & 719 o 344
ITO wetel HF SFre 1200 Aejlen B9 A%E 10 9/ ol
&8 Azl Aol ITO 719g 1§ ¢ UV-ozone B9 el &gl
UV-ozone BB Hzle ITO 9 A& Ut 2¢E84 AAss OLED
o BEAS #4 Azi6l

¥ A¥dMe H3d F9F 4% 44 7] Agd, FFFYFe
PEDOTPSS, 3844322 NPBE oj4sigled, #3502 L AlpE
o} g8t AAFZ+ ITO/PEDOTPSS/NPB (40 nm)/Algs (60 nm)/LiF
(05 nm)/Al (100 nm) 2 F484ct AFFY3e2 A4¢ PEDOTPSS
9] FA wE 4o EAS gotir]l gk, PEDOTPSSY spin
coating 458 WAA 482 APt F71EF F&E 5x10° torr
o AFEAAM 10 Al 10 Ak 482 44 F3add 29 1& 4
249 ¥ 728 Jehligig ® 1o A8l ALR 44 F2E Ve

uigen, 29 28 Ay AHEE 249 energy level diagram® =413

. pefe
o003 30

s
s

NPB PEDOT:PSS Aly

I8 1 % B BAex

(B 1> L7RE

AAFR

Device 1|ITO/NPB(40 nm)/Alqs{(60 nm)/LiF/Al

Device 2 |{ITO/PEDOT:PSS8(3000 rpm)/NPB(40 nm)/Alq3(60 nm)/LiF/Al
Device 3{ITO/PEDOT:PS8(4000 rpm)/NPB(40 nm)/Alga(60 nm)/LiF/Al
Device 4{ITO/PEDOT:PSS{5000 rpm)/NPB(40 nm)/Alqs(60 nm)/LiF/Al
Device 5(ITO/PEDOT:PSS(6000 rpm)/NPB(40 nm)/Algs(60 nm)/LiF/Al

Device

Vacuum level

Device 1 Device 2~5

<% 2> Energy level diagram

2.2 Un ¥ 2@

2% 32 PEDOT:PSSY spin coating $59] W& (a) AY-AHUE,
(b) BL-H=Z (o) BRHYUE-A& SAclt ¥ 28 4 29 +53¢ ¢
e vtk a9 3-@dd RE X7 AgHe) ¥dY FAe
Ye $3 glon, PEDOTPSSE ATFYEL2 AEHoEM & A
oA AFYEs Frlste Aol vetg a9 3-@dA 2FU=E 100
mA/crdl A BFF4E0 g 2 device DY FF AYL 87 vy
8), PEDOT'PSSE 3000 rpmidevice 2), 4000 rpm{device 3), 5000
rpm{device 4), 6000 rpmidevice 522 spin coating¥ £+ 2 81
V, 74V, 82V, 82 VE 7% Ago] Relirh

- 1293 -



1200

NE' ®— Device 1
[—® - Device 2
Q1000 - . pevice 3 ry I.
2 |-v— Device 4 Fod
E 800 | ¢ Devices ‘ J
z i
‘@ 600 - 1y
5 o
= L Ts
E 400 S A
° X @1.(
= 200f - 93:‘
= A .I.
O ol =
1 ' I 1 1 1 1
0 2 4 6 8 10 12
Applied voltage [V]
(a)
[—®— Device 1
25000 [ o — Device 2 b
o [-4-- Device 3 A‘
—v— Device 4 iy
g 20000 , Device § A /
z S
2 A
o 15000 4y ue
< i 7../
= X
« L 4y BY
= 10000 £ 7 f
" A
E L4
5000 LI
=2 e
»
of
1 ) i 1 1 1
0 4 6 8 10 12

2
Applied Voltage [V]

(b)

—u—Device 1
—eo— Device 2
- & Device 3
—v—Device 4
- -~ Device §

P e et e e N
S N A & O

e
)

Efficiency{lm/W]

e e
PO

o o
@ N

A 1 1 1 1
200 400 600 800 1000 1200
. 2
Current density [mA/cm ]

(c)
E 3 (a) HY-HRUE, (b) HY-HE, (c) UEUS-5F BY

<E D> Z axe] FENY F 2§

Device |T¥A( at 100 mA/cm®)| A& ( at 200 mA/cm®)
Device 1 87V 1.07 Im/W
Device 2 81V 091 Im/W
Device 3 74V 1.38 Im/W
Device 4 82V 1.28 Im/W
Device 5 82V 119 Im/W

a3, A EE device 2, 3 4, 5, 22 18180 cd/m', 24334 cd/nr, 21051
cd/mt, 21601 cd/m'2 2 AZF Y202 PEDOTPSSE AL43tA ge Ax
(device 1)9] 16701 cd/m' Xt} F713He 89 & 4 Ak =8, 11
3-(©)elA, ARYE 200 mA/crol A E&L device 2, 34,5 &7 091
Im/W, 1.38 Im/W, 128 Im/W, 1.19 Im/WZ PEDOT:PSS& Al&3}x &
AZHdevice DR F718Hh B3], 4000 pmeZ 2¥W3IY & A%
(device 3)9] FE ALl 718 Bkon, Hu A= 2 58] 7% 2715
Atk ol FFFYEE AL ¢ 2AHdevice D)o w8 11 Ve T
FALY A9 oF 1599 AT FE9 4L AL o
A= 29 29 energy level diagramoiA 2 W, FA3Q ITOY Uit4
= 48 eV, AF+439 NPBY HOMO #€ 55 eVE oz zols} 0.7
eV ot} Wk PEDOT:PSSS HOMO #€ 52 eVE ouR] 7t 04 eV
oJ2 2, PEDOT:PSSE A& 4x7l Al4stal @ 2yt AN
F7182Y FZFYA oA Feo] oM o BL Fo] AFe] 39
o] wFFA A FFo] 2¥Hoz APTed 2749 EXel #
24 =9
3.8 E

2 A7 E AFFYF 22 PEDOT:PSSE At4stglon, Ax3zs
ITO/PEDOT/NPB/Alq/LiF/AlY] +22 FA&gc. 48 A3 PEDOT:
PSSE ol 8% 2AV} Algeix] @& Ay FEAge] Fisgoed,
A 3=z7t FMgE 49 & + AU 53], PEDOT:PSSE 4000 pm
S 2 spin coating ¥ AAHdevice 3)= AFFYZE AHE3lAl 4L A
o FEAGe] 11V Zastged, Adg Hx9 1go o 158 FHge
A & & ANt o RE FAZTY ITOY Y49 7129 HOMO 3t
oz dYgod 4 ok F, ¢33 ITO o)A AZE FYAl PEDOT:
PSSE A&& &ate] ofuA] FYE 04 eV, AR G 24E 07 eV
oltt. matA, PEDOT:PSS A& 2419 ojux] Feo] o wo} Ao
Fol o AgsA, HF2AM WA AFLE £+ U= o e g9
T FUHY 2A9 EAo] 4 gAY}

2

€ 97 #3449 547)2 9 F(R01-2006-000-11120-0) gz
TYHAFUS

[# 3 2 8]

[1] R. F. Service, “Organic light emitters gain longevity”, Science, Vol. 2
73, p. 878, 19%.

[2] K. S. Yang, H. K. Shin, C. Kim and Y. S. Kwon, “Synthesis and Lu
minescent Properties of Algs Complex”. Synthetic Metals, Vol.152, p.
245, 2005.

3] #7114, A9, 254, AFR, A9F, “ITO 7199 ¥4 Zdzu}y
gld o8 OLEDY A7) H - 384 EAo] A¢ A7, dad g3
&3], Vol. 54C, p. 8, 2005

[4] S. Jung, N. G. Park, M. Y. Kwak, B. O. Kim, K. H. Choi, Y. J. Cho,
Y. K Kim, Y. S. Kim, “Surface treatment effects of indium-tin-oxide
in organic light-emitting diodes”, Optical Materials, Vol. 21, p. 235-24
1, 2002.

[5] David Vaufrey, Mohamed Ben Khalifa, Marie-Paule Besland, Jacques
Tardy, Cosmin Sandu, Marie-Genevieve Blanchin, Jean-Alain Roger,
"Electrical and optical characteristics of indium tin oxide thin films
deposited by cathodic sputtering for top emitting organic
electroluminescent devices”, Materials Science and Engineering C Vol.
21, P. 265, 2002.

(6] ¥4, F&7), B4$, “ITO BW A9} &A= ¥sle & OLED
9 B4 A7, #FANAAR R EEA, Vol. 18, p. 1143, 2005.

- 1294 -



