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Abstract

Low Leakage Current OLED Lighting Devices without
Photolithography

In-Ha Seo
Advisor : Prof. Dong—Chan Shin Ph. D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

Organic light emitting diodes (OLEDs) display and lighting devices have attracted
much attention due to their unique properties such as high efficacy, fast response
time and so on. Especially, in the lighting industry area, it is believed that OLED
lighting will lead the paradigm shift with light emitting diodes lighting devices.
However, to be launched in the lighting industry area, OLED lighting devices
should overcome the price competiveness compared to other lighting sources.
Therefore, it 1s imperative to develop new cost-cutting fabrication process for
OLED lighting. In general, conventional photolithography steps are required to
fabricate OLED lighting devices. It is repeated three times for patterning of
auxiliary metal electrode, indium-tin-oxide (ITO) anode, and insulating layer after
depositing each layer by sputtering and evaporation. Moreover, photolithography
process requires many steps and time. Therefore, if photolithography patterning
process carried out after depositing each layer could be replaced to photoless
pattering method using shadow mask, the production cost of OLED lighting devices
will be reduced dramatically. In OLED lighting fabrication processes, ITO
patterning steps using shadow mask was already reported.

In this study, OLED lighting devices have been fabricated without

photolithography patterning process and characterized. We discuss a low-—cost

_IX_



fabrication process for OLED. It does not require ant cost-ineffective
photolithography process, but a sputter-patterning process of ITO and a formation
of insulator layer. To block off a leakage current induced by the spike-like surface
of ITO, We cover the ITO edges with sputter—deposited AlOs thin film,

PMMA (polymethyl methacrylate) thin film deposited by flash evaporation. It is
found that leakage current blocking capability(i.e. current efficiency and lifetime) of
OLED with PMMA insulator layer is comparable with that of OLED with
polyimide insulator patterned using a standard photolithography process. It seems

that pinholes exist on the AlOs thin film and act leak channels, degrading the

device performance.
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2.1.3 OLED &%
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Fig. 8. Schematic of OLED device
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Al 2.4 Sputtering
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Al 3% 49 B

A3.12 OLED backplane A3}t
2 AgNE % b4 A= o2 24 P $8 OLED backplane A% 33
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Fig. 12. photolithography vs photoless
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3.1.1 71 #A=

B A8 o A= OLED backplanes AZ3F7] €814 719S Z7]7F 200 x200 mm?
o F &7ty glassE A& WA FFstr] A e 3W EaE B A4S
o A7 e 29Es AAS7] $181A 5% detergent®= Al A F QDR(Quick
Drain Rinse)¥} SRD(Spin Rinse Dry) 2o & /ﬂ] 2lsle] ALEEATE. T 7| H g @
UE TR A7 et 10T Az, Fednde ot 719 &

ol o]z o] ol gl=A gl

o

3.1.2 ITO @9 3 ¥ gy
ITO ¥re+2 photolithography & A 3 shadow metal maskE ©] &3+ photoless
o2 7+7y g Y At

of
o

7}. photolithography process
A2 E glassE in-line sputter® o] &3t 7|3 Ao ITOZE 1500 A FA=Z £
star 71 9]l PR(Photoresist) ¥ ¢ % shadow metal maskgs &3] =3 % ITO
A zkE AAe . =3 PR AIAE flste] 7718 A5 o] &3k stripper &5 A}
fex]

2
&ttt

2

o
-

b9

A

# ITO A" €4 &4

- Photoresist(ZPP-1850) Z® : F7 1mm (spin coating 100071200 rpm)
- =3 0 & AWE 405nm, 15 sec

- developer(MIF 300) : puddle type

- ITO etchant : €% A2 ITO etchant (2min, at 45C)

- 71 &4 : PR AAE, dEAF PR stripper (20 min , at 80C)
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1}. photoless process
photoless &482 9l 7]1#H9lo] shadow metal masksS H23 %  in-line
sputterZ o]-&3lo] ITO WS 500 A F7& =32 9tk Fig. 139 9

shadow metal maske]™, 282 192 shadow metal maskell ¢3a gt

Fig. 13. shadow metal mask for anode
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Loadlock  Plasma treatment Process
Module Module Module
[ [PT] [SP]

Heater Gun#{  Gung? Heater

Fig. 14. in-line sputter (SUNIC - IS3000)

Table 1. ITO thin film deposition condition

Taget ITO, In203-SnO2 (90:10wt%), 4N
Substrate 200%200 E-glass
Base pressure (Torr) 5.37x10 "

Ar flow rate (sccm) 100
02 flow rate (sccm) 1.0
Working pressure (mTorr) 2.0
DC power (w) 500
Target to substrate distance (mm) 50
Heating Temperature (C) 250
Time (Sec) 650
Thickness (A) 1500
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3.1.3 ITO v2 FHA g

ITO urete]l [A7]x 54 2 AAVE &S &) xdAHZE 9t xHA Y
M2 RTP(Rapid Thermal Processing)®@ A 2] ¢} O, plasma *2]& 3}t Table 2+

ITO wvtate] Ao AH-88 RTP €32 x7e]H Table 32 O, plasma Z=7<
HojFal gl

Table 2. RTP(Rapid Temperature Process) condition

RTP(Rapid Temperature Processing)

Temperature(C) 250
Time(Hr) 1
Table 3. O2 plasma treatment condition
Plasma Treatment
RF Power (W) 150
02 flow (sccm) 50
Pressure (mtorr) 20
Time (sec) 90
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3.14 2449 F3
photolithography ¢} photoless &7l ©J3] #HE ¥ ITO Butjo] vBlHdE=Ade dA

Be g4 20 gwe ARE Aol TR

7}. photolithography Process

o

photolithography & AolA+= AWtz oz 713 @o] AL83= Pl(polyimide)S A<
2 52 AFEEAT PIe 2% ZYHS Fle S3% § photo maskE AFE-EF
AEd UV =3S AAste] Q3 BES AAS7] $18t9] developers ©]-8-3}¢]

e skl

- PI 28 (DL-1602) : 57 1 pm(spin coating 100071200 rpm)
- =3 0 L2 WX 405 nm, 15 sec
de

-300)

N d

veloper (A

Y. photoless process

photoless 42 A AAste] |23 274 2] shadow metal maskES AF&3Fe] HA
oS 528k th Fig. 156 2% A A8t Alzte shadow metal maskel 5 2Hsld &
AE= Y oHAE vERdh oju] AAEHEAN = EA] PMMA (polymethyl

methacrylate) 9} ¥F=A passivation 42 2 43 F7]E20 ALOsE ARS8t

_30_



HYE

Insulator mask #1 Insulator mask #2

+ p1 Insulator pattern
|

Fig. 15. shadow metal mask for insulator

Al PMMA ##2 Flash evaporator(SNU Precision) 8| & o] &3to] 533t
Atk 2 A PMMA 5422 253415715 Ssto] nHAa ez e & 22y
o] #AF W& Totel SRS UVE Sl A At olwf PMMA =49 F7
Alol= scan £&= B FAME 2213l scan 3ol o8] AT SF AH| o di=f
A Fxo} ¥4 20L& Fig 167 Table 4°] Yebd A
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Syringe Pump Heating |—> High vacuum
& UV 73}
ki Ultrasonic 170 glass &
Ex) o|2Ix = o :>

Shadow mask

- 44 M4

ofA
b

Fig. 16. schematic of flash evaporator

Table 4. PMMA deposition condition

PMMA Deposition

UV Power (%) 75

UV Process Scan Speed (cm/min) 60
First Stable Flow Rate (ml/min) 0.50
First Stable Flow Rate Stability Time (sec) 10
Scan Speed (cm/min) 75

Process Flow Rate (ml/min) 0.30
Process Stabilization Time (sec) 33
Ultra Sonic Power Voltage (V) 2.5

(2). ALO; Helur 2%

AlO3 ¥reHe Al BRAS AFE38}9] reactive sputtering= E3d F23 ¢ t) reactive
sputter FHel ©gk Bhato] FA ML AWHA QL sputteroti= ©HEA FF AIZE Hth
+ scan count # scan speed Wt 2H HTh olE 59 50 nm FAE S 51714
A= 4919 scan R o™ 100 nme FAE A7) A= 839 scano] E Q3
=2 3 =21 9 AH] FxE Fig. 17 2 Table 501 YERH AT}
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NormalSpeed

‘ Qhiamber =
Foreline Valve  Rough oL er| 100
Dry Pump 02 Gas

3504 Control

i =

02 Gas

Fig. 17. Structure of reactive sputter chamber

Table 5. AloOs thin film deposition condition

Alx03(50nm) Deposition

Scan set

Procress Scan Speed(cm/min) 55

Process Scan count 4
Power set

DC power set point (watt) 1000

Pressure & Gas set
pressure(mTorr) 2.5
Ar gas set point(sccm) 100
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A13.24 OLED 4 A A Z+

OLED %™ Z#}i= photolithography &% 3 photoless 34 &3t Alzd 7|3
Aol F71E 2 55 Ad=5& et AxsATh Fig. 18r2 Fig. 19 OLED ¢ <l

Y & FaG AN TEE =A% Aol

Encap Glass

Al(15004A)
1.G-201:Liq(300A)
TMM-004(1004A)
Resin PGHO2:Ir(mpps)-8%o
KHT-001(2504)
LG-101(100A)
KHI 001(50A)
ITO

Glass

Fig. 18. Structure of phosphorescence green OLED

Cathode

Insulator = = =

Organic layer . |

| | ®|Ns |F—>Cathode

I il

= | [} = |
. Sputter-IT0 | I ==l

L—— Anode

Fig. 19. Cross-section view of OLED test device
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321 §71& =3

#F71% AE+= small molecule polymer® €]y plasmad] ¢Fs}7] o] Lukz ol

sputtert) CVD=Z F2tsto] #det ws PAd3st7] offH 7] wfZol thermal evaporation
HS AbE3a 2l thermal evaporation WS S &o] ofgfo] A7] wjFe] 7]gto]
ol & 38Fs}l+= phase down WS Alg3dtlon Mald 28 935l shadow metal
maskE AH&-3 AT

Fig. 202 ¥ #7]1&% & Al€% thermal evaporator ¥ H WH 25S YERA

o]},

Fig. 20. Organic Evaporation Chamber (SUNIC SYSTEM plus200)
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o8 F&ett. OLED £7 Azt EF 593 31y AxE A&stdtt. #7]
£ KHI - 001¢] HIL(Hole Injection Layer) / LG - 1013 KHT - 001 9]
HTL(Hole Transport Layer) 9% / PGHO2:Ir(mpps)©] Green EML(Emission Layer)
95 / TMM - 004 7F HBL(Hole Blocking Layer) 9% / LG201 : Lig 7}
ETL(Electron Transport Layer) / EIL(Electron Injection Layer) &= A3ttt
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[‘0
kv

oo

wyolth, o A ek o] Boat HEfQ CellS o]&3to] Al &
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Fig. 21. Metal Chamber (SUNIC SYSTEM plus200)
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A 3.34 §4

331 1TO wtete] W78 2 727 54 24

200 x 200 mm® 71#$lel FFE ITO vhete] WAFE 4 point probe(RT-3000,
NAPSON Corporation)& ©]-&3te] ZAsAow 54 a5 =o|7] fd F 16
pointE &Aste] XS AAu} ITO ool #1 Az AFMXE-200 System,
PSIA)S- ©]£3}% 31, Cantileveri= non—contact mode® 0.5Hz9| scan rate® =43}
tt. ITO wruete] dAdAvw F74 52 Alpha Step(P -16 + (KLA Tencor)¥}
FE-SEM(Quanta 3D FEG, FEI COMPANY)< o] &3le] S48tk ITO Bhdhe] &

=+ UV/VIS spectrometer(Lamda 35)2 %3to] =43t

_I

332 4% §4

Flash evaporator® %3te] 2 © PMMAY Reactive sputter® F3to] 23
AlLOzol thet ddA EA L 4 point probeE AFE3te] HZ &gtk AAvte E
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1. OLED &7 % 573

2ol 4me OLED life time Tester® Ab&dle] AL o17bsta 3000 cd/m’S

o
NEoR 4 FHE HE WEE B4 H4SA 7 245 power supplyE
=
=

7F skl

7 el gegdE AEER/E Fotol 7

2
o oolE Fatel AlA @ 2Ae NS B
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4% A3 3 1F

A 414 ITO qtee §4

4.1.1 Shadow metal mask AF-& A] ITO tail

Fig. 24+ Photoless & 4% & Ax¥ ITO veto] Tail 8-S AFMS o] &3519]
A% Ad3s BoFa Atk "l Feld 4 kol ITO Tail ##2 HUA=
ZFEHE oF 60 mBELS & & Sdrh ITO Tal F-#e a7 A7le ofe
shadow metal mask®} 7] 3AFo] o gapo] A &to] shadow effect’} LERL} = Ao ®
Azr=lol Ao webd ITO Tail H+#9] shadow effectE &o|7] flair= 7|3
mask Abele] gaps HAISIAIA & Q= FF WHel Fastthal AlRE

Fila Mama 12074 TTopagraphy02

Head Mode MC-AFM
i Source Topography
M Data Widh 125 (o
Data Height 137 ()
X Stan Bizg 79.9 {rri)
nm ¥ Sran Size 18,64 (mi
1204 0 ! San Rate 1M
20 l, I Sienv Gain 1536
40 1 Set Point -366 {nm)
g Aripitide 0 (o
0 g el Fraquancy 0Hz)
E
g
#
0 =
“o

Fig. 24. 3D image of ITO Tail
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412 vt ERA S e Adr] ¥ AA

o
Jm

3

Fig. 25+ in-line sputterE ©] &3t 2% ITO 2y} ¥4 A2 9yd wE ®
H AZ7I AA AstE Uebd Aol Zhzbel tE ko] AdiHluEs 95t Z

ol HeE BT sdotA A&t

aPo A BolFE= AX Y as-deposited ITO 22t FHo| 7vtak spikeso] &3
dom AA7|E= 225 nm o]al HAFL 2066 Q/ oAk Z# Y 250 TAAA 14
b &< RTP €A g "t x = FolEdem ARA7|= 7644 nm, WA 125
Q/ ol AT O, Zet=nt A& 3 WA= spike 0] A9 EAEHA
dkom AH7E 3877 nm WA TS RTP 25 3 vty Foldt Ays A
ol o} o] WA Mol YEl= spikeE> OLED &#k A% Al spike F-3#9] A
of HFH A7 FAHAR Qlsto] Aol EAH gl gaFs v A7 wjol] FWx
g & Foto] W ARV B HARS A Ak

.ﬂ 52

S 4

RTP(250C, 1hr) +

As-deposited RTP(250C, 1hr)
Oy PT

Ra (nm) 1.849 Ra (nm) 0.329 Ra (nm) 0.169
RPV (nm) 22.512 RPV (nm) 7.644 RPV (nm) 3.877
Q/ 29.66 Q/ 12.50 Q/ 12.50

Fig. 25. WA g =] w& ITO #ehe] 19 7127
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4.1.3 dr=te] A2 wE B 54

Fig. 262 2@#¢ 2 O PT A& e 45 ITO e F3d&S YEW AT
RTP ¥gx¢]E& %3 sampleo] 550 nm 3o A 97 %= 7MY =& FXE ®Hgon
As-dep. FEI7F 95 %= 7HE @S FAE BRAFAL olF E3t EAEE A ES
749 1TO "rte] Ry = o Foldts A4S A 4 At o= ITO v 5
A A8 E Tl B oY xRV AFE R AN T FES 7 L7
uj ol ghar Abs T

Transmittance (%)

300 400 500 600 700 800
wavelength (nm)
Fig. 26. £¥ A2 X w& ITO 9o Fih& W)
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424 Ad9

421 PMMA 2] W47z 2 29§ 54
Fig. 275 150 nm ITO7} Z&xo] gy A 7]3E& A}83Lo] Flash evaporators
Fste S2E PMMA®C F7AE SEMo= A st A3E yEd Zolt),
ago A HelFE AXHE PMMAR 150 nm ITO #HEfd @ vteh9lel] 1.14 ym 77
2 ddstA A E U= Aol <l AT
T3k Elispsometers %3] PMMAZS A3 Ay F7+=
=

et olsh 2 1 mE ZAE deane G o

=

-
=
== 4
-—
e

HWV WD mag vac mode | —— 1 ym
AM | 20.00 kV | 9.6 mm | 50 000 x | High vacuum KITECH

Fig. 27. Cross—Section image to PMMA Insulator
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42.2 Al,03 %9 PAFx 2 S HE SF

Fig. 28& 150 nm ITO7} S#Eo] digd ® 7]#9lo Al BAS AESHY
reactive sputterg F3to] S ALO; AAwe] FAE SEMo= SA AxE o
Bl Zlojtt, oA BHolF= XY FEd ¥ 150 nm ITO ke 43 A7
ol & FA7F 200 nm §1 ALOz o] #dEA FFEH e s & F U
224 reactive sputter W Al BAE Ab&ste] T A Foll AbsARAH S F5k]
AlLO3 T2Fst7] wiiel Elispsometers &3dte] =HES HSote 2ol Hastt. wet
] reactive sputter &3] F2E AlLO; ¥ Elipsometer= 43 A3 =4 E0]
155622 AlLOs7F 7HA a1 e =d4&% sdsiAl SAEHJeH FAE 200 nm=E =
R

Fig. 28. Cross—-Section image to Al-Os Insulator
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432 OLED £#¢ §4 H7}

Fig. 29% photolithography &4 PIE AAAZ AF&38t9 3L photoless &8-S
PMMA®} ALOsE ddwoz Agste] Alzd 91318 OLED &xbe] wioln x| &
HolZx olu}. PN BolFE AAY BE AR 4Ve]l AY¢S ¢l7tee] 58
oA A 9 AxFAel wEt wFd oo Aol AAT FEolE wAlglel %

Photolithography Photoless Photoless
PI PMMA Al,O,

Fig. 33. Image of green light emission
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4.3.1 OLED A #}9] EL spectrum

Fig. 302 photoless 34 & A9 A 57} photolithography & Aol 2] #|x=%
22F (Ref.) ¢F 4 Vol EL spectrum= =743 A3= el Zojt)

T i I
10 - Retf-PI T
—PMMA

5 | — AL O, (50um) |
-~ —— AL O, (2000m)
™
®
~ 06+ .
2
=
3 o4p ]
—

0.2 F .

0.0 :

400 450 500 940 gO0 B&0 700 750

Wavelength (nm)
Figure 30. EL spectrum of phosphorescent green OLED
A HoFE= AAH 520 nm oA Ref. 242 EL peak F =& 12 IS
Q
O

] PMMAZ AF&3 22171 09 o] 200 nm T2 ALOsE A3+ 227} 0.740] 3L
50 nm FA9 A2A7F 0712 7FE A YERST
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43.1 OLED &9 AF A= &4

Fig. 31 Fig. 34¢] EL 2~HEHS A3 5Ad3 A5 o] &3ty Aol e A
7 EEE S8 A% U |l Zojnk gldA HoF= ZA [ photolithography
FTA o AxE Ref. 227 Mg AFEEY V€77 Ax 1 ggoR
photoless &A% A X d 2z T AAAZ PMMAE 1 mm ZHYE 22931 ALO3
E ddA=z AES AL FA7F 200 nm7F 50 nmX. v} = A yERGT 28l 4719
22 A AVl A W7k A3 Ref. A& E ARF EE7F 1561mA/cm? o] 3L(Eo]
F4) PMMA®I A= 1221 mA/cm® 200 nm ALOsol A= 7.28 mA/cm” 50 nm AlLOs
T 4247 7V @A YER

|

Table. 6. At & AFEE 54
Photo
Photoless Photoless Photoless
Process
PMMA( lum) Aleg(SOnm) Aleg(ZOOIl)
PI(1pm)
0] ti
perating 4 4 4 4
Voltage(V)
Current
Density 15.61 12.21 4.24 7.28
(mA/cm?)
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200

I T T T T T
—a— Ref. PI(1um) - with photo process
[ —e— PMMA (lum) - Photoless

150 | —*— ALO, (50nm) - Photoless
—v— ALO, (200nm) - Photoless

Current density (mA/cm®)

Fig. 31. Photo Process& # &3t Azt9} dAute mE PhotolessE 483k A%k
AF-d 54
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43.2 OLED &z9 At - &3 &4

Fig. 32+ photolithography &3 ¢a] A Z% Ref. 2%}¢} photoless 543 A
AE WA 374 Ao gk L-V 54 435 vErd Aol ASskS 3.6 Vel
w2 wrtst A7 Ref. 249 A% Luminance ¥ 4361 cd/m’® Y€ wow,
PMMA Z2:2be A= 3520 cd/m?o] 32 AlOse] F77F 200 nmell A= 1667 cd/m*e] 3 50
nm ALOse1 A+ 1008 cd/m’2 et ®3 Luminance 7]1&7]7F W%&4:% 2.2 Vol
st e =A YEhdE A8 & 5 Ak o9 e Ade AFolA FAARIE T

et gdoks AL ofu g

Table 7. Ao & A" Fi{o wWE 3= 54
Photo
p Photoless Photoless Photoless
T SS
oce PMMA(Lim) | ALOs(50nm) | Al,05(200n)
PI(1pm)
Operati
peratng 3.6 3.6 3.6 3.6
Voltage(V)
Luminance
5 4361 3520 1008 1667
(Cd/cm?)
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! T ! T T T T T T T
- —%— Ref. PI(lum) - with photo process
- —8— PMMA (1um) - Photoless
10000 f—A— Al O, (50nm) - Photoless E
(G:a\ F—v— AL O, (200nm) - Photoless ]
<= 1000} i
O E
~ :
0) -
g L
< 100 E .
= :
g [
s L
— 10 §
1 1 l 1 l 1 l 1 l 1 l 1
0 2 3 4 5 6

o

Fig. 32. Photo ProcessE 243k 2x}9} dawte] w}Z Photoless &4 &3 &

Aol Agtnd 54
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4.3.3 OLED 429 A - A¥8YFE EA

Fig. 33& Ref. /\X}Q} phtoless 54 Zol ZAA AEE PMMA, ALOsE Al-§3}<]
Azxd 2o Arded e A8 2&S SAS 2342 vedl Zojt LEedA
HolF  AAY  AFLEZ 10 mA/m’ld  dF¥E&s #rkE Ay
photolithography 34 <& #AZxH Ref. A olAE 4821 Im/w7t YENS
photoless &4& Alg&3tar PMMA & HAAR ARE3ste] A Z23 2xpo A= 46.37
Im/wol L, 200 nm T2 ALOsE AAAZ 3t LA = 43.02 Im/wolal 50 nm F+
Aol Al,Os AAbell A= 3953 Im/wiz 7H BHAl yebstth o] 9f o] dAfFd e wE
AEas 2dzs 3= A3 FASHA Y

ol

Table 11. AFE =0 WE AHgE EA

Photo
Photoless Photoless Photoless
Process
PMMA( lum) Aleg(SOnm) Aleg(ZOOIl)
PI(1ym)
Current
Density 10 10 10 10
(mA/cm?)
Power
Efficiency 48.21 46.37 39.53 43.02
(Im/w)
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Fig. 33. Photo Process&

ARAE-AH TS 54

il

I T I T I T I T I T I T I T
—=— Ref. PI(1um) - with photo proces
—o— PMMA (1lum) - Photoless

—A— AL O, (50nm) - Photoless
—v— AL O, (200nm) - Photoless

o
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4.3.4 OLED £%¢9 ¥4 AF A4

Fig. 34+ photolithography & Aol o3} #| =¥ Ref. 229} photoless 34 = A4
A Azt FAR FIANA Axd 229 FEAARFE 4% 2435 ekl Zlo
% oA HolFE A9 photolithography &89 2|8 A|Z¥ Ref. 2xF2] 759l
£ -10 Vel 0.01 mA/ecm™7F YEbg T -5 Vel 44 X 10 mA/em’2 743 o
A Yebk o4 photoless &4 5 PMMAES ZAAAR AFE3 Lxtol A= -10 Ve -5
Vel z+zF 013 8 X 107 mA/cm’® YEREe ™ 200 nm F719 AlLO; A A=
2 Abgste] Al xE AAdAE 083 0.07 mA/cm®e] L 50nme] ALO; A Z AL
& Aol M 63 0.95 mA/em’® UERETE photoless &4 3 AAdA Agel F7A7}
SHAl T2 AR A ARV A dEE T 53] ALOsE AT o ® ALES A
shadow metal mask= ITO e $ dAdto] F2hx 7] of

= of ¥ Awal
2ol AR A7l AR AsdY

>

e 2

Table 12. A tel] u}

— =1 =
TAARF 54

i

Photo
p Photoless Photoless Photoless
rocess
o€ PMMA(Lym) | AlOs(50nm) | AlLOs(200n)
PI(1pm)
Operating
Voltage -5 -5 -5 -5
(V)
Leakage
Current 4.40x10™ 8X 10~ 0.95 0.07
(mA/cm?)
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T TTTT

0.1}
0.01

1E3 |

Current density (mA/cm®)

F —=— Ref(PI)
IE4E o pvMA
L —&— Al O(50nm)
1E5E 2 3( )
F —v— AL O,(200nm)
1E_6 [ 1 l 1 l 1 l 1 l 1 l 1 l 1 l 1 l 1 l 1
0 9 8 7 6 5 4 3 2 -
Voltage (V)
Fig. 34. Photo ProcessE #83F Axlel ddulte] u}E PhotolessE

T
Ag-rAF 54
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4.3.4 OLED &£%9 &9 £4

Fig. 35+ photolithography &7 2ld] #|Z% Ref. AA}e] photoless &4 <
PMMA ¢} AlO3 AAAE Ab&ete] Axd 229 98 5EA4S H7ig 435 e
H Aot 2z EAL 3000 cd/m’ 7FOR tEFHS Atk 400 A7
A= Ref. 22F9] 82 92 %, photoless 342 PMMA AA9-& ALE3F 2zt A=
91 % 50nm FA9 ALO3 AAS AFEgE Aol A &= 76 %5 YEF AT =3 7t
T H2EA 3000 cd/m2E AEdS u input AF8E Ref. 222 49+ 0.16
mA7F YERS I PMMA HAE AFEg &xbel A= 017 mA©]al ALOs Addg A
|3 Aol A 026mA=R 7HE =S s UEAT webA Ref. Axbel W s A
photoless &4 & PMMA ddwoz A& &x7F 7hd b Al A& Yeh

.

rot

o~

Table 13. 714 74 H2E 4% 2xbd 28 ¥ Input A7 3t

Life Time Test

PI - Photolithography 0.16 mA - 3000 cd/m”
PMMA - Photoless 0.17 mA - 3000 cd/m*
Al,O3; - Photoless 0.25 mA - 3000 cd/m?
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Luminance( @ 3000 cd/m?)

Fig. 35. Photo Process&
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