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7378 16001 oA,

A7) AFA BREES A7) F% deT2AEY v B & 100 WA 100 BmohE EASE, §7] %
tho] @ =(OLED) 4],

A7 18

A3 1600 oA,

A7) AFA AREES A7) BE JeTRASY 0 BWA 3 100 UA 100 Emol)® EASE, 7] 2%
t}o] @ =(OLED) #X.

A7 19

A3 16 WA 73 18 3= o] 3 3ol lo]A],

A7) A YREES Fol ANSAAES], #7] W tho] 2= (0LED) A,

7% 20

A8 17 WA 738 19 F o] 3b do] o],

71 == 5.2 - 5.7 Ve LS THAE, 7] 2 tho] @ =(0LED) A

B oubmgo gukx oz HALF(EL : electroluminescence) FAE, £3], 7] &34 t}o] 2 =(0LED : organic
E =]
= [e)

light-emitting diode)ElA % A=< g4 (working function)E

g7 e

OLED= Aol &9ste] F3 w3t = 12 719H(20) el Pd¥ AP A< OLED(10)E =AIg). of
1:(30)—5 T 7)9H(20) Jdel WA stof oA e Fo] WEIEF vl WFTE o
(anode)(SO) W F) A= (cathode)(50) Atelell wiX %= 7] W3d A=A (organic emissive stack)(40)9]
2ﬂEHE 7RG #7] EE ASA40)= 27)e] sk 15 (charge injection layer)E(70 3 80, A+ 59

2 A% sk 3T FUS AR shhel s Eelwel AAWY A9 SAFBEE0) g BE(thin

B
oE 2

3= (IT0 : indium tin oxide)> BAA o2 OLEDANA FH HAFo2A o] &AL, T4 YT
7ol B AFES tepdth A% Ao ¥
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o 11070 whuss ofw At Aleks
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recombination)ol 7]%3FaL vk, AARES] AF7F OLEDE B3] NAEZHEH ot 35 v, AxEL 7L

ZoA {71 5}%% HAAZFZY ¥AS B2 A=QM0 : lowest unoccupied molecular orbital)® F
(inject)¥ 1, oo ME HuE9 HAF 2 AIX=(HOMO : highest occupied molecular orbital)2H-E 3]

S=(withdraw) 1_13} HOMOZH-E AAES = Z2A2E AF(hole)ES HOMOR FY3= Aoz Adwy=
TFE 9 A A7) ¥ (electrostatic force ARE 2D AFES A2E FeleE st A7), =, A
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ERrE Y, o] HARde] FukgE ZRAl 49 (380-800 nm)olth. HARA L] FabaE= HOMO B LUMO Akel o] el Aol
of, A=59] oA AEERt ofyet A RS (HOMO H
b l

e 7HIv. = 2% OLEDS] oA =ws JfEfH o=
EAIRIE. ofl=X BLHOMO Abole] el zpol= A TS A% AuA AHE) S HERY. fARsHA, A

(e HAT)Y dEF(work function)sE T (EE AH|AT)e THOZXRE AAES AAs7] $8) 2
a3k A FHAiwo| ettt = 26 EAJE upe} o] oo UGS (4

= =
e e AUA FHEIS FEA T, ol met, djwszREd 4T FU BE

Fe] dee g 249 o8 ZAeA 9GS vtk dE 59, 1109 deaE 4ka ZEk=vH(oxygen
plasma)el o3l 4.2 eVEHE 4.8 V2 F7FE 4 vk, odE Eol, Wu, C.C. T2 Appl.Phys.Llett.
70(11):1348 (1997)& F=x3hcy. AH7) 4 #=Ak(electrostatic dipole)E ztE E49] kS =9 F4q ¢
 Age A4S WA= Aol I BuEHAY. oE 9], Gu, D. 59 J.4ppl. Phys. 97:123710 (200
5)E Fxgr).

OLED &AM = a4 vwmrz2A-7 51 A=A Jd3+E =4

i)

287t ot sl

=
B g E 35 YxeTFZ2A-7)9 (nanostructure-based) A=A FE 9 A3 (work function)E ZAs}7)
SR EWE A7 2E Brel 35 verRAsS Azehe w9

Kol
7] & YeTzAY v 9 39 Ao A=A #W Z(dipole surface layer)S #dAslE dAES
1

kg AAEANA, 47 B4 ePaA] 4] 9% ER gl 434 W & F4she wAE, 3]
ugo] B4 JupRAs 9 A B4e ASa a7ed wdes 93 2488 4 w2 ] A
T4 455 Awsty] st 718 el A7l A 2A=S A¥ste dAlE 23T

oW AAdEelA, 37 AR5 2dE e 4TI EW L 2A @b 35 JeTEASE 949 A
Z=A e s oF 0.8 - 1.2 eViEE 7] dE SIS AS 23T

theksl AA G B A, A7) A gies AdEgdAet ge ZA Ex}(polar molecule)o]th. & EA3
HAA S0 M=, Fol EA AHEdA (anionic

w3, B Aol = 9JT ZAE(ink composition)o] AFEH I, AV AT ZAHEL EFo F5 Y9lo|d

5 9 AR Gneg xgen, 47 AR dies 3] 7 z gEa #
-4 -

10 E(mol)Z EA 3},

oo A doA, A7 A gzies A7) 24 ez ASe] n mEA 9 ok 100 ulH] 100 Z(mol) =
A g,

gE  AAdqEoA, A7l 3 AHELS olcE2ANZrY wWYAEZAHPMC : hydroxypropyl
3 )

3t
methylcellulose)9 22 HE ZAAE ¢ X3 = o},

T o2 Ao e AMAE(cathode), of=E(anode), E 7] AT D 7] o= Apolo] wjxd 7] ¢3FH
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EqQastshe theTRAE AR4 BES ATH Qs AR Ao 93 2B aPi: A
£ged.

aemE, oZldd HRE PEe vheraA-ln AR 25 FH) AT SO0 Foun gt
vk folslE, 4EA AReEe AA(liaid phase) A AEH 34 b

Aelm, 2 xqBel A% AN AxSAG Asel et A wn
2] 3ol G,

st AAjd A, A2 21 T EA A, 55 J=T2AES A5 21 TS A GAW 593
T4 YeTZAER2 vEold Ay dFo Hs] &84T oF 0.8 eV - 1.2 Vi S71e § e Ay 2
EES AT 5 Q.

o'l AAd S, HIA e o] AWBAA A (ionic surfactant molecule) olaL, o]AL Lol (&
Fo2 3HY) Ee Jol(gFoR AYE) A F o= Y 4 Urt. 9% gk AAJ EA A, AW

®

ZONYL  FSA(H &

FO

FA A EApE Lol EA AWEA A (anionic fluorosurfactant)o]th. B]-AEH <l o5&
®

Ft2 B A g o] E(carboxylate) 20l &4 AWIAAE EF3c.

i

59, ZONYL  FSN, ZONYL” FS0,

ZONYL FSH(DuPont Chemicals, Wilmington, DE), % NOVEC (3M St. Paul, MN)< >33k, ONYL FSAS}
AR EHES e e 43R RSl ol & Atk dael dolAe] WaE 44 miEe]

o whe} Ajgel st

gy, AWSAAE Aolw wpel o] RIEA]l A=t el AL ofuEteE AL ol dof g}, Hl-o] &
(non-ionic) AMIAHAEL (o] oz vz Ut ZAE Ao S&stozH
20 ANBYASZA AL S %1\;(]1:!]- SE=N: A5 (monolayer )& A 31A]
% Fr 9tk AXA o] ol AWTYAES Y= ) A X (critical concentration
threshold)oﬂ Tgx] grow, ofgo] e ‘i‘r%l TS BAA B &= vk, wEpA, o] AA =
49 & yYxgolos, AATAA, = ZHA|(viscosity modifier), R =zt =g Xdsty, 7]

A2} PtEE 24 Y rrAse] 0 284 2 oF 100 WA 10 Emo)® EAjeks g3 2AERS AT

o E OE AAdEA, A3 Pte
At

TEA ook 100 YA 10 E(mol)E =

rlr
v
I
v
t
-
@
P
lo
=]

shte] 248 AN oo A=, Z0NLY FSA 2 & Uololo]=S ol 2AERZ A4 (formulate)dtil, 1 ThSo.
e}

2, 93 =S 7 B ZHEY Axd 58S FAToEN, AxA 59 d¥se 4.5 eV - 4.7
eV(FSA §15)9] HAERH ¢F 5.2 eV - 5.4 eVe] HHE F7}sith

7)ol AHE AxA FEL OLED A9 of:m=(anode)ZA HBatrh, FEo AgHol] ojre] Frhe
OLED Aol a&& 74 Aolgtal o dd 4 A, mweba, stue] dAAlde Ais, s, W L=
2 ofji-= Alo]o] wiXE #7] W3 A ZEA (organic emissive stack)E XSl OLED XS A 33tal, o=
55 545 b TxAEY 154 455 2¥eta, 449 545 dxeTxAe o5 329 % oF 1Y
o WjxE =2 xW TS AL, A Bl T E5Y A2 g ES E9s)

ThFsl AAd SO A, FTA ANESS 2% TS5 n 94 3 100 WA 10 E(mol)® EAFT}.

g oF 10° A 10 E(mol)= EA)e

oo e AAAEIA, T4 GNEES fole AUBYATIL. E e AN, ommi 5.2

A%y BEY BRE THLEEE okl t% FAsH o AgEr,
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75 YT ZAE

B AAOA o §HE vl o], "EE ePRAE B URFEAS E 500 m R, 6% wee)
=, 250 nm, 100 nm, 50 nm, FE3= 25 nm WYY Hojx o] X]4=<1 7] AEAS YT 7](nano-sized) T

UxT2AES doe] 84 T e Taxd 7 vk o' AAd BN, YeTFXAES T (isotropic)
gaolth(F, F3 ] (aspect ratio) = 1). A WA YeTZAELS YUY A(nanoparticle) 55 33
o v g AAdEAAME, YetRAEe] Bl5WA (anisotropic) FAoIth(F, 38 + 1). 2 gl
Al o] &E = Hiel Zol, "FYH|"= YT EA 9 o] R F(EE AA) Atolo HIES X AT}, HlFTHA U
ETFZAE 2 dolE ulgl HdE”ow AlZF(longitudinal axis)S 7FAT. oA v YT EZAE
& of7lolA Holw uiel o], yiololol(nanowire)E % Y=FH (nanotube) 5 ¥EgHIC),

UxT2AES Fo] 2 JAY o] Hlo] J& F Ut Fo] I UxTRAELS A& Eo], YxgdxE 2 Y
wefolol &g xFgt). o]d uwhgf, "vifolol 5" fo] I HTHA UnTRAES AHdrt. AFHoR
Z}ze] v-gfolo]= 10K 2, HPE”]%}H]—‘E 5080 2, dS Al AlE 1008 2 E3u)(do]  FA)
& 7K. dgHew, %+%°1ﬂ & 500 nm 23, 1 m 23, E= 10 m 23hs oot

Zo] Wl YxFRAELS dF B0, UxFEES 239t AFHeR, UxfFHE 1080 &, v
508t &, o% H}%}X—]O}ﬂ]t 1002 & F3v)(He] @ AR)E /IR, APHoZ, YeFHELS 11 Zold
9Jo]A 500 nm =¥, 1 m 23, =X 10 mE =33},

% YeTZAES do9 7] AEA aF A2 F4E 7 vk 55 A5 718 550 E B0, "ol
=& (transition metal)) HEE &% SFHE(AE B9, 55 AgE)d & Jdvh. E=3, 55 ASE dfojdg
AF(bimetallic material) ¥ F5% TFd 4 da, o] F% T2 2/ ol #89 F5& £}, 3

I3 FHEELS S(silver), F(gold), & (copper), UZA(nickel), F-EF%F 2(gold-plated silver), W&

(platinum) ¥ Z#tE(palladium) S EFeA|NE, o] RO 7 A|ThEx] k=1,

A=A 4

ditdow Ay dEL APHoz HE-IAE FAolx, 7% Ao ZHE YuT2A F& Hoj= ¥t
ok Ytz 52 A AEol(liquid carrier) @ 559 3% U=TEX2AES E35eE AJI 2AE("EHY
%4 E-(coating composition)" o]|FIE A HE)S 7|9 Ao ZEdozn FAHAT

Uz S Ee 35S AR FANR BxHa deddd YerTRAESs

HZ ol AAA (percolation threshold)el E=&sh wf, ok AFL 77|

olel vl (binder)E, AWMEEAE B F7HH He
3

QU =
(non-volatile) TARLAES A=A HE AFE FAT 4 At}

EAF(dispersion)S $13F A FlglolE= E(water), ¥F(alcohol), AE(ketone), T 1 %FFA &= gl
Al dFELS o] AXTZEHS(IPA : isopropanol), ol&¥S(ethanol), TlolHE L=(DAA : diacetone
alcohol) X TPA ¥ DAASl %3S T 4= ut. oA zel AEEL wY oEd A=(MEK : methyl ethyl
ketone) & wWE Z23 AEPK : methyl propyl ketone)S 3Z&3 4 glt}.

2

AR DGA S Y7259 & (aggregation) & F2A71 =S 283n. A3 AdddA=2] A<l
52 ZONYL® FSN, ZONYL® FSO, ZONYL® FSA, ZONYL® FSH(DuPont Chemicals, Wilmington, DE), %

NOVECTM(3M, St. Paul, MN)S ¥3§3}+= ZONYL® AHSEAHAET} 2L B4 AWUIAHAES Es3th. U2 oA
2ol ARBHAEL dZH = =AU o] E(alkylphenol ethoxylate)Eo] 7]Wkal B]-o]2& AW AES ¥3F
3k, vlERE AHIHAEL dE 5o, TRITON™(x100, x114, x45)3 & =2=HHE JdEAYOE

(octylphenol ethoxylate)%, ¥ TERGITOL™(Dow Chemical Company, Midland MI)¥} Z& =dH= o E A 9]
E(nonylphenol ethoxylate)5& XEgtalt). & g2 dA|F<Ql H]-o]2 AHIAAEL DINOL® (604, 607)(Air
Products and Chemicals, Inc., Allentown, PA) ¥ n-Edu]|a B-D-UEA}o]=(n-dodecyl B-D-maltoside)<} %
2 oM EA AWMEGAES 23

0>1ﬂ rl

E4 ANdEdAM, AdBGAE A2 2=t 598 &= . g8 AA s, AWIAAs Bt
gres} Aold 4= a3 BN AFA 2gtee) FES = Q)
vl (binder)E YT FAENAM HE ZHEARZA ZEsta 38 Z2ZAA Tl 593 @224 (rheology)ell
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FIFS = 5 Jdo. E3, vl e 73 AU 2AES 2G4 E AE Feth. 493 vkigEe] dE
o lolEEAxZrd HYEMAMEZA(HPMC ¢ hydroxypropyl methylcellulose), dl¥ AEZ(methyl
cellulose), et (xanthan gum), Zuld L= (polyvinyl alcohol), 7IEEA] wE AEZ (carboxy

methyl cellulose), @ 3}o]=FA] AEZ A (hydroxy ethyl cellulose)& ¥3t3hc}.

TAAR]D AAegolM, AY &AM 9 741‘345““%1 ol mRQltie] Sl (weight ratio)= WFEHASHAIE oF
80:1 W= °F 0.01:19] Wl glar, BP"]H o % *é LJr ?ZiﬂEO TEH= At s Al oF 5:1 WA oF
0.000625:12] Wfol 9z, A FTFH|= v AsHAlE oF 560:1 W#] oF 5:1
of ®efel Ao, =¥ 71% R ol g5 =X el w2l =dd o =Y

Q ol
S
elol @ AT AR WAL 12 10

AEA 59 A7) AxdL FF "H A3 (sheet resistance)"el 23 A, W &2 Ohms/square(F+=
"ohms/sq") el old] RAEY. W AL Hojx qH HA U(surface loading density), UeTZAEY A
21/8RE, B YR IFe A7A 549 depolnt. Aol A o] &E= HRel o,
gre W20l 10 ohms/sqi T} HA] 9& W AFS X A9, o] gre WEL AN Ao HFHAT}. Hl
A=, d A 10" ohms/sq, 3,000 ohms/sq, 1,000 ohms/sq, 350 ohms/sq, T+ 100 ohms/sqE.TF X
g, 8-z, F4 Yyegx2AE o8 dAd%EE x4 W(conductive network)e] W A &2 10 ohms/sq
ZHH 1000 ohms/sq7FA], 100 ohms/sq@Z%-E 750 ohms/sqZ7FA], 50 ohms/sq WA 200 ohms/sq, 100 ohms/sq®
F-E 500 ohms/sq7F<], 100 ohms/sqZ%-E 250 ohms/sq7F<], 10 ohms/sq WA 200 ohms/sq, 10 ohms/sqZ4-E
50 ohms/sg7FAl, HE& 1 ohms/sqZHF-E 10 ohms/sq7bAe] WHejo Qvh. A7|oA AwE F-%7](opto-
electrical) FXEo] dste], W A& AP o2 1000 ohms/sq W%, 500 ohms/sq ®I%F, 100 ohms/sq
ulwk, 50 ohms/sq PI%F, 20 ohms/sq P]9F, Hi= 10 ohms/sq W RFO]T},

Aoz YuefzA-7|v By ARASL 7FA 99400 mm - 700 mm)oA =L 3 FE(light
transmission)S 7HATh, d¥FHo R F FIgo] 7HA GGodA 70%E ZHsAY, e HE dFHoZ 85%
g 294E o, By Jd=A= F @ﬁﬂi Fost o= FHEY. g vadFsAE, 4 FHES 90% x4,
93% =¥, & 95% ZFo|th. B WAHAA o] &= ni o], P EAHFHA oW, M= "ELS 33
Koz Fyslti(dE , —Erl}%ol 70% 23, wEbd, B AEA; By ARA 25 5 £ 29 A=
dEE, T EE i‘%}, 2 =1 HFo] weky}sdtA ol g¥ .
71%
718 Y x2A & AA g of' HAAldEAA, 7|8 AXA o], o] AAA e dA 2AE] A
A ZYE], 7oA Aolw uiel e UntZA ES AT, U2 AANGENHE, da 2AE =
BE7] Ao, 7+ (=, dyFZE(undercoat))o] 7] Aol mIEHALH

ot (glass), ZE|7FRU|E

718 A (rigid) e ZIAAE(flexible)¥d & Ao, FA 71FE9 &

(polycarbonate) &, oFd™H(acrylic)E &9 X3t ZYAE 7|HE9 dE2 ZAZHEE(AE E91,
Zdoddl  elel T o]E(PET : polyethylene terephthalate), Z&olxH|l2 UZEgo|E(polyester
naphthalate), % Zg]7tRUlo]E(polycarbonate)), ZFZHBE(AE £, HA¥(linear), wA
(branched), ¥ 2] ¥ (cyclic) ZSHAE), ZZHLE(AE £, ZH]| s, ZEHdyd s,
ZEHld oM (polyvinyl acetal)E, EYL~EHE, ZZoladAEE, §) 2

(& B, AE22 EgopH | E(triacetate), R AEEL opAHE), ZEwEE d7d, EodH=
EE, Fon=E, AYI(silicone)E, F & B4 Y FEES X FSAN, oz AFEA

o) 1o
=

AN s
AR 1
& vhestolo o] 34

o
e

& YiololojE2, dE £, Y.Sun, B. Gates, B. Mayers, & Y. Xia, "Crystalline silver nanowires by
soft solution processing", Nanoletters 2(2):165-168, 2002014 AH¥ "Z2&(polyol)" WHE W= =
rd #EYE)(PVP : poly(vinyl pyrrolidone))o]l EA| Aol oddll FEFollA &3le= HAi2(silver
nitrate)®] 3ol o3 FAHHAUTEH. TE-AlFTolal TE-2FHE Vw 53 =9 A11/766,5525. 4 AT
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H 7 E28E Y 34 "EEE UHEY H 52 FEE 4 7Y & Yoo ES A
o] Y2 I HAY B HAAM FxE fd TFEY. A3AA YegoloEL oF 13 mEFYH oF 17 m7t
Z)e] dolg 9 oF 25 - 45 mme] HAFES THAT
/\1;\] Oﬂ] 2

YeFzAEY] I8 245 1|

Uimololo] 55 T&ely] 93 ¥4 Q FY FAAELS TSR, 0.0025 Z5-E 0.1 97kA12] AW A
(A2 So], nfEz s W= Hl-0] AHEA A ZONYL® FSO0-100¢] thaled 0.0025 %25 0.05 %7}A o]t})
0.02 %2FE 4 2779 HE ZEA(AE S, ugds Hee sfol=FAZzg wWEddEZA(HPMC

0.5 %°lth), 94.5 %=5F¥ 99.0 %71x]¢] &, 2 0.05
| B249 79 g J1F BEGD, F, 999 47

_>|~l_,
i)
N

f

i
N

M
Y
&2
r1r
i
HN
e
alil
tilo
oft
ox
ofi
ol
N
fo
ofi
ol
s
o,
o
i
32
T

FEas 7] fste] o] &H A, E3, 2 mstolojm B FSA M= 1:0.1 WA
[e)

Y 2B YngololEe] uste s 7|22 gt FHE 4 Qlal, o] FEw 7| A FAH= F
T A 59 A dxe A xoltt

I ZEL dF B9, ¥F AF FA v 53 9 Al11/504,8225 04 A W E weEl 73t Aol
=4 4 I

FA ol oaf olsjw = ulel Ho], dE o, F& A4 8 A=HE AA F5(sedimentation flow), ©f
o] f&(die flow), ZAAFH(incline) AolAY &, €5 F®(slit coating), IH]o] F¥(gravure
coating), wlol|aZ1elu]o] F® (microgravure coating), H|E F®(bead coating), ¥ FH®(dip coating),
&% tho] FH® (slot die coating) ¢ t& F2 7|&E0°] A2 & o). S, I 2AAES HHE 2A
U zk7) ke IR e E AR Q1Ashr] flske] 14 VlEEe] o8d F k. dE Eo], dAA(inkjet),
Zdx QM (flexoprinting), @ 23 Y A (screen printing)7} AFHEE F AUtt. vx=glolojs Alolo] A R
|LEWT olyg} f-A49 dx L A A% (shear behavior)S Z2EE UxoolojEe] X 2 AsdAAdA
TS & 4 vk AE g olssor it

Al 3

a3 54

dg4= | EdA(tip tracking) 7% ZH= Adl ~7M(absolute scan)ol o8] ZAHE 4= Aok, Ao 2~0e

2 A =28 g (Kelvin probe tip) &2 M3zl 6x6 en 8] ZAF AFEe] Ao}, §

SAHA ¢S F BUS VEoR gxgg]Mﬂ, S 9§ 5.10 eVoltt,

P e He Al 2As 5 Eo}ﬂ Ak 270) olfrEol vtk HolE e A
o] @A (homogeneity)S MZ 74

o ZAtElal, EF A A& (stray capacitance) &E¥EC] A g vzt

J(absolute nature)-<
sk dA B o] &3}

|
?r?
o
E
w2
&‘3
flo
™
(L
L.
HU
HU F::
)\
o
=
4/
Auj

&, &, EdA(tracking)d 4 k. HEL

= AC-2 FAA B34 7](ph0toelectr0n spectrometer)(Riken Keikioll <8 AXH)E o|&3}

Ay BEEY e BEEE AAd 204 4P Pyol weh FHHACKSL - $3). Ao BEE 15 x
15 m'olQleh, A5 AE4 HolxXz BF E(sawple holder)ol FHHYULh. S1& elo] FACHSA ¢
7E)E EFA Qe JFowA o g

_10_



=
1
gl

=
R

=
=,

=°] glo]
[eXez]
-

=

10-2014-0020957

[

k= (macroscopic work

e A4 xw
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W
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H
(fingerprint)

bubel wmaA,

S

e
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. ©
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ZS|

L
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ke)
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= At

o
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238 A (scratch) S
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93]

2] 2% (lint-free tissue)ol <

-3z

- o
HES HE

22

P& 50], 8 x 8

70
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=]

A A
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L
L

=
=

7] dlolH

}Z;]'

o] X4 wuke] o}lE]HWE (artifact)
1o Z=A[E]o] r}.

-
It

ofe) o]

L
o

2 mme] ATt

pi
o

AN (A7 o] 2 mm)o] =2,
I dlolg
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o
&

.

A )
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[0080]

e
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uhg} o], S13} ]

949 AGFEL 7}
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It
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