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=B {714FARHOLED) ol AE 445 (hole injection layer, HIL) 22 AM-5= NN—di—1—naphthyl—
N, N—diphenyl—1,1’—biphenyl—4,4'—diamine (NPD)7} A& F%=(hole injection layer, HIL) & A%
PEDOT-PSS % 9= 2% Z2= 30tk PEDOT-PSS 32 ITO #2 ¢of A3 519 5jo] Alx=glch X8k NPD
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Abstract: Vacuum deposited N,N—di—1—naphthyl— N N—diphenyl—1,1'—biphenyl—4,4'—diamine (NPD)
as a hole transporting (HTL) materials in OLEDs was placed on PEDOT-PSS, a hole injection layer
(HIL). PEDOT—-PSS was spin—coated on to the ITO glass. Cgo—doped NPD—Cgo(10 wt%) film was
formed via co—evaporation process and the morphology of NPD—Cg films was investigated using XRD
and AFM. The J—V, L—V and current efficiency of multi—layered devices were characterized.
According to XRD results, the deposited Cgp thin film was partially crystalline, but NPD—Cgg film was
observed not to be crystalline, which indicates that Csg molecules are uniformly dispersed in the NPD
film. By using Cep—doped NPD—Cg film as a HTL, the current density and luminance of multi—layered
ITO/PEDOT—PSS/NPD—Ceo/Alqs/LiF/Al device were significantly increased by about 80% and its
efficiency was improved by about 25% in this study.

Keywords: NPD, OLED, Cgo doping, current Efficiency, co—evaporation.
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Figure 1. Chemical structures of NPD{(N,NV~di—1—naphthyl—
N,N—diphenyl—1,1’—biphenyl—4,4'—diamine) and PEDOT—PSS
(poly (3,4 —ethylenedioxythiophene) —poly (styrene sulfonate).
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Figure 2. Configuration of a multi—layered OLED.

=98 frgdtie| e As Y AT 409

PSS F3 1F SAH R Az NPD-Cep & 018319 ITO/
PEDOT-PSS/NPD—Ce/Alqs/LIF/ALS] T 42HE AlZsole
o, 22K AY F9050% PEDOT-PSS(A0 nm), FE 5552
2 NPD: Ceo(60 nm), 23591 Algs(50 nm), LiF (1 nm), AI(100
nm) o2 FAHULE v 2xte] 1713 5442 JE|aan|E
(Keithley 2400)Z AFg-810] OPC—-21002.% &35}, 3,
0% 2] Zsk-3e 538 2 5797 (optical spectrum analy—
zer, Optel 2100) 2 Z743I3it} Figure 2= A4-3% 54 532
A3l AR O axfe] BA Zolch

A A EE

PEDQT-PSS HHato] =M %|2|2} NPD-Cg, BIEIC| EZZ K|,
PEDOT-PSS & A% 3" 2JalA Alzsjn, dx] 24& 5
3lod PEDOT-PSS & 2] Heislr} olFojzict. ojuf 100 T2
AAe] 2xeflM 5AIZES] FT)2 AAE] A0 E 255 "ol A
o] 3 -geke Ak, e FWe wiA) spho|ut I
A& AefaiA Aok 32 the PEDOT-PSS 58 ZelwlE 34
& Agsly, Al A5 ¥ WelE #Ee SEM olulAlE Figure
3of] B3ivk Gxly) 35 2Jele] PEDOT-PSS 78 & wi$- Heh
WEE 7, 3t EREmt Mg AR $ PEDOT-PSS 79
AR 07 BekPHAE Lhe F17]2) ulidh 5715 Ho)
sl 39 EEEA HEGeS RIS s
She g4t Eeizrl ARgell elled PEDOT-PSS 5 1]

¢

&

% rr ofw et
" rtu b

o

Hok

(b)
Figure 3. SEM images of PEDOT—PSS thin film: (@) PEDOT—
PSS thin film as spin—coated; (b) PEDOT—PSS thin film as
plasma—treated.
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Figure 4. 3D AFM images of vacuum—deposited thin film: (a)
NPD thin film as deposited; (b) NPD—Cgg thin film as deposited;
(c) NPD— Cq thin film treated with zn—situ thermal annealing.
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Figure 5. XRD analyses of vacuum—deposited thin films: (a)

Ceo thin film as deposited; (b) NPD thin film as deposited; {(c)
NPD—Cgp thin film treated with 2—ssfu thermal annealing.



PEDOT-PSS/NPD-C60 47 FU/5% Fo] TYUd 7ol e = A gt A+ 411

1000

= in-situ apnealed
""" as-deposited

800+

600+

4004

Current density(mA/cm?)

2004

Voltage(V)
Figure 6. J—V characteristics of multi—layered OLEDs: (a)
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Table 1. The Features of Multi-layered OLEDs

Features Device® Device®
Structure  Cathode AL(100 nm)
Buffer Layer LiF(1 nm)
Emitting Layer Alqs (50 nm)
Hole Transport Layer NPD—Cgo(60 nm)
Hole Injection Layer PEDOT-PSS (40 nm)
Anode ITO
Turn—on voltage ‘ 43V 41V
Maximum: Maximum:
Current efficiency 14 cd/Aat 500 3.0 cd/A at 40
mA/cm? mA/em?

‘ITO/PEDOT-PSS/NPD-C60/Algy/LiF/AlL “ITO/PEDOT—PSS/NPD— Cso
(in—situ annealed) /Alqs/LiF/Al

T ARG deans 7ldiskuat dAele NPD-Cyp 52 &3]
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Figure 7. L—V characteristics of multi—layered OLEDs: (a) ITO/
PEDOT—PSS/NPD—Cai/Alqs/LiF/Al; (b) ITTO/PEDOT—PSS/NPD—
Ceso(in—situ annealed) /Alqs/LiF/Al
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Figure 8. Current efficiency characteristics of multi—layered
devices: (a) ITO/PEDOT—PSS/NPD—Cgy/Alqgy/LiF/AlL; (b) ITO/
PEDOT —PSS/NPD—Cgo (in—situ annealed)/Alqs/LiF/Al
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Figure 9. EL spectrum of multi—layered devices: (a) ITO/
PEDOT—PSS/NPD—Cg/Alqy/LiF/Al (b) ITO/PEDOT—PSS/ NPD—
Ceo(in—srtu annealed) /Alqs/LiF/AL
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