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Abstract

Opto-electrical Properties and Reliability of ITO/Ag
NW/ITO Thin Film for Flexible OLED Device

Woo-jin Yeon
Advisor: Prof. Dong—Chan Shin Ph. D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

We fabricated ITO/Ag NW/ITO thin film on PES substrate and investigate
degradation of mechanical and electrical properties through bending test.
Transparent conducting layers are fabricated in three type of single-layer ITO,
ITO/Ag thin film (TF), and ITO/Ag nanowire (NW)/ITO. The total thickness of
TCO layers is set to be 150 nm. Single ITO TF shows the highest transparency of
97%, ITO/Ag NW/ITO 90%, and ITO/Ag TF/ITO is the lowest of 81%. Sheet
resistance of ITO/Ag NW/ITO is reduced to be 1274 Q/[] compared to
single-layer ITO TF of 3242 Q/[]. Figure of merit of Ag nanowire inserted TCO
shows the best value. According to bending test, single-layer ITO TF layer shows
abrupt failure on just one time bending, resistance of ITO/Ag TF/ITO increase
130% at 60 times bending, but ITO/Ag NW/ITO shows only 26% increase.
Considering mechanical and electrical properties, ITO/Ag NW/ITO is promising
candidate for the flexible OLED applications.
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Abstract

Flexible OLED-& ITO/Ag NW/ITO ®r2te] A 7]- 3383
S AFA

Woo-jin Yeon
Advisor: Prof. Dong—Chan Shin Ph. D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

ITO/Ag NW/ITO ®tehg PES 7)ol S#3om bending tests §3sko] H7]14,
ZIAA e Aet A4S st B dE T2 single-layer ITO, ITO/Ag thin
film (TF)/ITO, ITO/Ag nanowire (NW)/ITO Al +/F& A x3At TCOZF9 + F
Ae Z+ZF 150 nmE LA A F. Single-layer ITO #He 97% 2 713 =& E3n
£ ®9a ITO/Ag NW/ITOE 90%°1™ ITO/Ag TF/ITO: 7Hd $& 81% F =g
Btk ITO/Ag NW/ITO WA 2 @35 single-layer ITO vake] 32.42 @/ H]a}
o 1274 /1= ol Ag NWE A st TCOZ}F Figure of Meritell Al 7H8 $-<7

3 =XE HYt. Bending testoll A single-layer ITO 2 3l 2] bendingo 2

AEs =4 3 £ Qdda ITO/Ag TF/ATO vFHe 603 bendingol Al 130% H# &)
7SS HAAIR ITO/Ag NW/ITO 28 26% S 7Fskith. ITO/Ag NW/ITO=

flexible OLED 27 $-&ol 4#& 54& molFaArh

- VI -

Collection @ chosun



A 173 A&

AA AA717] 714 58S wearable 71715 @3 3lojH o]z 3 AR
flexible 7]1715 & 3tet= WFo= Eej7kal Ut flexible 71715 A-&3tst7] 939
2 EWAdT 2Ad A bendingo] 7153 AMEE 2A7F oA
1oy BAETALY Ae 7S] ALgsd faldA i Auge A AR
el Zo A T Ao Ao E ITO(Indium Tin Oxide)d] =& T3z e W
AAE FFs] AFEE I Stk sAIRE ITOS FA4w2! indiume 34
1= 005 g Hrol EAstA] ol A7t =il v AYdS AHAHo2 FHw
olE & BEFol GG LETE vrolA e Fo 3o ThejAAY WF-& o] %ol
HoubEbe] cracke] A WAEt] W7l dEAo] "otk oA d ITOw= -3 %
714 EAS 7HAaL QARE 7AA 5 o] vhikA flexible AAboll A &5tV = o
t}. wrebaA] ITO9 A graphene, carbon nanotube(CNT), Ag nanowire(Ag NW)<} o]
ZIAA EAo] 43t bendingel 7hedtal Ade] v Aw7F ZhEa
graphene, carbon nanotube, Ag NW<2| o]22 3l H[A &2 Table 1] YElHd FHAH
5800 x 10° Q-cm, 3.333 x 10° Q-em, 1.590 x 10° Q-cm= v LEapAw AFA=, ¢
d, FaE, HA AAY, 34 55 TFHeE vudEd Ag NW7F ITOS A
A "o g Hghslth A4 Ag NW 93 7]£& Cambrios Technologies
Corp.o] E3sta 9gooem W3 touch panel, OLED(Organic Light Emitting Diode)
display, B1% A & tiF&Eo A wbete] 4.8 7hs sl
oo A gw uhaol el oxide/metal/oxide ThETZEEA ITOQ ®& F¥
L9 Ag NWe 3 714, 7|44 SA4& THHLE dogs 530 3l
Single-layer ITO, ITO/Ag thin film(TF)/ITO, ITO/Ag NW/ITO B3 A x3 S
w2z & dHe Ag  metal

2 A
single-layer ITOZ oA & 4 9l FRAFo] Folax FHalstgct

"

=

2

I

2

-

gAgosn ANH, BeH, JAdew

A B}

Collection @ chosun



Table 1. Conductivity properties of graphene, CNT, and Agl[1]

Collection @ chosun

Resistivity | Conductivity Density Conductivity/Densit
onauctivi €N S1
(Q-cm) (S/cm) (g/cc) Y Y
Graphene | 5800 x 10° | 172 x 10’ 2.1 821 x 10'
CNT 3333 x10°| 3.00 x 10’ 2.0 150 x 10"
Ag 1590 x 10° | 6.29 x 10° 105 599 x 10
- 2 -




A2 o4 WA

5 A =2 transparent conducting oxide?] &9 %=Z TCOZ HWHH 7= 3t 4ks}
= stgERE FHstHA AVdR 58S Ze Asoltt. FH =9 band gap>
ef 35 7 4 eVolal ZRAEA el 80% ol e FHEE Holw B AEE 1.0 x
10% Qcem ~ 1.0 x 10? Q-cmolar WAL 50 Q/[] o8t a< 7F7 ). Application©.
Z touch sensor, e-paper, OLED, OPV, solar cell 5°] 2w Hz}7]7] Fofol] F4
A AFEEI Aot dA B AT thegst applicationdl A &3t7] i AEHHo=
AMZE QS st o A Al AR E57 & F Atk Al SR FEAdS
e =5, g4 /\Zﬂ AxA iAol F4LS Indium, mesh film(Cu, Ag, Al,
Mo), metal wire(Ag NW)7} 131 &4 F4 3= CNT, grapheneo] 9lom HAEA 11
# 2= PEDOT(Poly Ethylenedioxythiophene)®] $1tH?2].

Erx=e FE£23E A< ITO(Indium Tin Oxide)7} FE AFEXEY oA <99
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Fig. 1. A schematic diagram of In,Os bixbyite structure

Collection @ chosun



ITOXt 100 ~ 10008 wtar di@stell frefet F2o] ofd A4 TR o] A &0l 7t
atal = A Zo] 7hsEl flexible deviceol k= &0l 7hsattt. Ag NWe 7Hd & &
e A7NA, BA, 7IAF R o 5EAS 2te Aoy dA dY AFEEH I Q=
ITOS <4 FaHE=s A7 A=EE 7FAL doWA 34t ddo] Holv ¢
T3 71AA 5EA7A Bl EgE ITOC vlste] 744 A= o] 2lo] metal mesh &
AX= 7HE weol AF7F RaE a gk

Ag NW 7]& Al F3e v AAAls AlZPAel Cambrios Technologies
Corp.] Ag NW Ink 93714 (ClearOhmTM coating film)S HEf3t2 o
Sputtering™ %59 ZF processE L7 3= ITO filmoll ®) 3} <Akl wHolA £
stal = B ARA, fdA, Bl A E(invisible) HEA o] Hoju} Fof A, ~np
EZ HEY PC 5o EAEE= BA ddo] A& 7bssicth g oistd B4 gde
s87EE A AFsrr sbssta, % 3 Ao BHA sidoly A,
AMOLEDS A= o= A& 7FsAol Atk ITOE dAGH = AAd FHAS &
A ko] A &x 1 9lal Ag NWE ITO tha)|®et oz} flexible display2} & =
Al device 7S M= 2 g Fokolrh. @Al LCD, AMOLED $]59]
display A]7go] flexible display &< AAlt] display= 3@l o], o]t FH

= A9 T4 HE 714 Aoln4l

rr

-

%

il

Collection @ chosun



Fig. 2. Microstructure of Ag NW (Cambrios Technologies Corp.)
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Table 2. Merites

and demerits of various TCO candidate

Development

Issues

Needs

PEDOT: PSS CNT Graphene Metal Grid Oxide/Metal/Oxide
: . i * Low Sheet Resistance
* Superior Superior Flexibility | ; e Ve .
* Superior Flexibility Theoretically Sup(_erl'o_r High Transm|tta!1ce
e : : Flexibility » Large Area Availablefor
Flexibility + Large Area Superior Electrical | 1 come bk Coatin
» Simple Process Available and Optical R acictain : Super\'gr Flexibility
Tarsoanng i » Various Oxide Materials
Complex .
it Expensive
+ Low + Leakage Egbncaﬂon Process . High Pri f Ind
Transmittance Current Plrgaiiiion Production : W',gt Etrclii?no TenchIrL:gﬂlio
* High Sheet + Difficult Wet Technol Technology et me%t s ay
Resistance Etching ECANIDY Development P
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A 24 Ag NW Coating %

1. Brush Painting

Brush painting& £33k #H] glo] brush =7 Uz 7+eélAl coating & 5
3 FANZE A9 9o spin coatingd] B3| MBS HAGESHLE sHHoR IFEH:
At} SFA|TF 7]£€ 9] spin coating, dip coating, doctor blade, screen printing, inkjet
printing @+ 27 handling®] <3&ko] 714 & vt P Aol 7| %= 3t} Brushs &
ool dipping3tA Lt 713 EWol painting YA HAFHor g8 24 7] ofFH
i brush7bF &3 Ag NWE NS coatingoll 100 % &8 & 5 gtk £3] brush?
Ho| §&42 gdo Ax ko] &1t} T3 Brush painting2 A &AM 7F4 8
g AEAEE FHE7] oH ] v FAHHSRE specimen®] A EFAAE WAEH 5 3l

t}. Brush painting®] ¥4} =3+ Fig. 39| Yebi A oH61[7].
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Ag NW Bottom ITO
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Fig. 4. A schematic diagram of spin coating
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3. Dip Coating
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Ag NW in
PES 4 Distilled Water

Bottom ITO
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Fig. 5. A schematic diagram of dip coating
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1. Glass 2 PES 7|3

Adlo] ALE¥ 7] 3L eagle 2000 glass®} glass transition temperature’} 225C
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713 ARt PES 7]de Adstr] Aol glass 7oA =& A
glass 71389 dAA+= 253 AFH7E o] &3te] HAISHA AL acetone & ol 5 Al
=] ethanol & o] 58S A H3sla mpA o 7 ZF4o] 58 AHsle] FFees &
TE== AAS Y. PES 7|9 Eg wreks FAEE7] Hdol| vk HAsHE flke] 7]
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Fig. 6. Microporous of PES membrane (STERLITECH Corp.)
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A 24 TCO vt F&

1. Single-layer ITO u¥}4}

Single-layer ITO ¥r4te] F7+= 150 nmZ A A3k 52 #AH]E= RF magnetron
sputtering system< o] &35ttt At om A7|H EAS JAHsty] 98 we =3
T dAHYE AN 2 AFAA AFtgk were A [TORY BvA A ITO7
bending testoll A§& Aoz FAdy o] A& shA &drh FFHEHALS Ar gas 90
scem, O gas 0.1 sceme FYgom 50 x 107 Torre] nAFS 423ttt RF
magnetron sputtering system< ©]| 83921 powers 300 W= 1350% B¢ 43

.

2. ITO/Ag TF/ITO ®49t

ITO/Ag TF/ITO 922 bottom ITO, Ag TF, top ITO &A= F2dh ITOx
Ar?t Op gasE TURAT Ag TFS SHIAAA AgZF Azt & 5 17 wjZel O
=2 A3 Ar gasWt FLsgT =22 A1E 70 nm ITOE £ Ao+ RF power
300 W2 6302 %< &893 10 nm AgE 5% & 7 9o= RF power 200 W=
102 &<t =235kt vy &= F7)= ITO (70 nm)/Ag TF (10 nm)/ITO (70 nm)
2 AA FAZE single-layer ITO9 43 150 nm= A4 A HOI.

=)

N
o

3. ITO/Ag NW/ITO 4=

ITO/Ag NW/ITO 922 bottom ITO, Ag NW, top ITO &A= 23k F2
712 bottom 55 nm ITOE T #3t7] 18] RF power 300 W= 495% &<+ 3
Atk Top ITO %3+ Bottom ITO% U3 55 nm F72 FFakait.

Ag NWE Seashell Technology Corp. 2R ¥ Gwjdlgdom AF%ES Table 39
BRIt Ag NWe| A2 15 7 35 nmelal Zol&= 15 7 30 ymel™ EA-4EH= 5
2 ZHT 2AtE ATt Ag NWe 77} 2&55 " EH A o] yol &3
o] ¥lgle ko] At olHd 5EA4E &5A7]7] 9@l Seashell Technology Corp.<-
Aol & EAQ FTHF EAAZ T Ag NW coating A &7 oA Ag NW7}
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Table 3. Specification of Ag NW

Property Method Value Specification Units
Ave. Diameter Microscopy 26 15 7 35 nm
Ave. Length Microscopy 24 15 7 30 um
Silver Content TGA* 0.53 < 0.7 wt% m/m
Silver Concentration TGA=* 5.3 < 55 mg/ml
* Thermogravimetric analysis
- 20 -
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Single—layer ITO

Bottom ITO

Bottom ITO $58

Fig. 7. Schematic diagrams of a) single-layer ITO, b) ITO/Ag TF/ITO, and c)
ITO/Ag NW/ITO
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Table 4. Deposition conditions of ITO/Ag NW/ITO, ITO/Ag TF/ITO, and
Single-layer ITO by RF magnetron sputtering system
Deposition Parameters Conditions
Target ITO, Ag (99.99%)
Substrate PES (0.7 T)
Deposition Temperature RT
ITO Ag
Ar 90
Gas Flow ’ seettt Ar 90 sccm
Oz 0.1 sccm
Chamber Vacuum 50 x 107 Torr
Working Pressure 2.5 mTorr
Distance of Between
150 mm
Target and Substrate
RF Power 300 W (ITO), 200 W (Ag)
ITO Ag
Deposition Time 495 s (55 nm)
630 s (70 nm) 10 s (10 nm)
1350 s (150 nm)
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Fig. 8. Operation of radius bending tester, a) stationary state and b) 8 mm bending

state
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Fig. 9. specimens of a) spin coating, b) brush painting, and c¢) dip coating on glass

substrate
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Fig. 10. A schematic diagram of soot formation in homogeneous systems or in

premixed flames[14]
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Spectrum 1

Ful Scale 5573 cts Cursor: 6659 (22 cis) ke

Fig. 11. a) microstructure of soot formation on glass and b) element analysis of

soot on glass by EDX
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Table 5. Element analysis of soot on glass by EDX

Collection @ chosun

Element Weight% Atomic%
C 2.11 3.56
O 4957 62.65
Na 0.13 0.11
Al 8.67 6.49
Si 33.63 2421
Ca 5.88 297
Totals 100.00
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Fig. 12. Soot residue after Heat-treatment of Ag NW/ITO thin film for 1 hour on
air, a) 140C, b) 160C, ¢) 180T, and d) 200C
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Fig. 13. Specimens of a) single-layer ITO, b) ITO/Ag TF/ITO, and c) ITO/Ag
NW/ITO thin film on PES Substrate
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Fig. 14. Microstructure of ITO/Ag NW/ITO thin film a) surface, b) cross section

and single-layer ITO thin film c) surface, d) cross section
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Fig. 15. Transmittance of single-layer ITO, ITO/Ag TF/ITO, and ITO/Ag NW/ITO
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e/ /L

Fig. 16. Schematic diagrams of a) single-layer ITO, b) ITO/Ag TF/ITO, and c)
ITO/Ag NW/ITO
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Fig. 17. Sheet resistance of single-layer ITO, ITO/Ag TF/ITO, and ITO/Ag
NW/ITO
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5. whebe) EW 54

Fig. 182 wule] ¥w 54 BEAsr] 9ste] AFMS 53] 10 pm® 3ol 4]
single-layer ITO, ITO/Ag TF/ITO, ITO/Ag NW/ITO ®He] surface roughness=
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Fig. 18. Surface roughness of single-layer ITO, ITO/Ag TF/ITO, and ITO/Ag
NW/ITO
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7. heke) A4
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Fig. 20. Resistance change a), b) according to radius bending test of ITO/Ag

TF/ITO and ITO/Ag NW/ITO
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