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(57) Abstract: The present invention relates to a transparent conductive film having a transparent substrate and a network of a plur-
ality of carbon nanotubes and a plurality of nanowires, formed on the upper surface of the transparent substrate, wherein welded
parts are formed between the nanowires of the network, wherein the welded parts are physically welded by plasmonic welding. The
transparent conductive film maintains a high transmission rate of 90% and above and has low resistance while having the high trans -
mission rate by having a mixed structure of the nanowires and the carbon nanotubes. In addition, the transparent conductive film has
greatly increased flexibility and is manufactured into a structure of which nanowires are welded by plasmonic welding and thus has
minimized change in resistance due to the bending of the film.
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A A4 1.

EY A=A 9E Alx

Houbd &l B 7 9] & E](Anodic Aluminum Oxide, AAO filter)oll & 2] %] 0.5
DA FAE U= E 7o ® &)=, &9 A AKtransfer) B2 0 =
|gel] YA E52 Azt S mg/mle] 55 A A

s}olo] g} 45 pg/ml Q] FEE HALE ONT £ & 28] 19o]o] 9]
&5 pg/pb = 3178 8kaL, B Ay T B o] kR WSl A (717 0.225 pgl/ul,
(gl e, 0.9 pglph, 1.35 pglul, 2.25 pg/ph, 4.5 pg/pl) =38kt 71 oh &

v F Y= AF3}HE(AAO, anodic aluminum oxide) Wol] Z-F-o 1} HF2l 0 2
AR Ao o A Y EH(NaOH) -8 9ol &1 F &=
AFEE S o] B3k AR ol vhabnkS Zejo e |l e o) e o] E(PET,
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AgNWE Nanopyxis Co.(3H)oll A -] 8k Bo] 2570 A E3to] AgNW
WA S A 23 Th AgNWE H o oF 50 nm X 53 20-30 ym A o] & 2=
A7) AR A AgNW O] "5 5= F 5.0 mg-mé 1] 1 TF SWCNT+= Top Nanosys
Inc.(3+h)ol] Qalo] A xd Ao R 1 WA 5mHY e Aol &zt 1.5
nm©] $1tH SWCNT 5 mg 2 Y EF 5o o] 5(SDS, Al 1v} &=¢2]3]) 500
mg2] E3HE-5 50 mL g0l ol AMA[ 7] 4L, 80 % AL 5ol A T2 H
Z~1] 7| o] A (Sonics VibracellTM)2- o] &3} 30%-7F ¥ -2 53} F-AHA| A ¢}
A SWONT £ 98- 10,000 rpmol| A AR 2AA 2o E-ES
A AL AL, TN g 24 WA bl A 54 SWONT #4F -8 Al 2313l o
H & SWCNT 9] & 55= 20 pg-mé 1o A} 7] 24272 AgNW e SWCNT 9
Fakole thofst L) 2 S35l t) o 714, 7] AgNWa= 5 1025 pg) TEi=
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100 1£(0.1,0.2,0.4, 0.6, 1, 2 pug) & Z 3= Atk A7) =35 AgNW/SWCNT
Wkl e B AEA A0 ®2 Az Yal 4,02 m A A 7 EE 2=
etF 1] g Y= 42F3}HE(anodic aluminum oxide, AAQ) 2ol & o] 3} (vacuum

filtration)(Electroc Aspirator VE-11, JEIO Tech) %2} & 2 &35
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47 % 20) VhER uhs} o), wlsa] 19] F QR4 BEE 7 A
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2 1
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[108]

= 29 E = A Y glolo] o F3]7t5
23 O}, EHE = AH Y glo]o] o] 3716
10(30 pg)el A & FH(SWCNT)7} A 7FahA] ghot e A A o] 48]
Aty = Ag Flegit) oY ¢ Aui= 3] A Y gfolo]e] BT} 6
1030 pg)R Bl el 19] Frd HMEA] HEo] e ek whako =2 1k B F o] o]
32 AR UEAE P Y] Wt o= o AT A v elo]of 9f
3716 1030 1g)Q! Aol = BAYU R EIL H I A ol d A8 v

EAAGE AL 5 Qs

% 9lon}, 79 iz 0w thsholof 7ol 3 3}
T 2 71AH Askol ek g o] Bab R Esl T3 Y AR
@ gl ]3] AA 3 v,
g, A o 29] F A5A DE) A5, A8 vhxstol o o 237} s ul(25
ug)R) AT 6 (30 pm)9) Fo] EAAGo] o vgrort, HA 40w,
wFH Lo} 5 p] | keleb B 4 9ol B AT A3
g o

L5 Hlald 1 vl 2 2 A Ao 22 B Az F A dEo] 3}
FoE A EQ O R oju, Y] A 28R AxE 58 A=Ad EE
Foll A Adw i gho] o} 5 4025 pg), BV T H S p0(0.1 pg)o] B2 R
Az T AxA HE(NW with SWCONT_A 5 5) 1 28] v -2ko|o] 6 (30
(8), BFAV =T H 100 w2 ug)l H2 w52 Alxd £ A5 dENNW with
SWCNT 315 5)S o] 23}3it), v alel] 1-& 1832 4fe] "NW", H] 1ld] 23=
1 3E AFof] "SWCNT" 2 %715 Sl o).

T = v efo]of ZpA] IR & S ol A o] HhARE o] G &S Wk, Lt 50
e vlef gho), AAfd] 20 B AEA BE(HS v 5, 2 §5)S vl
29] 59 A5 S5 FH 5Tt FAFSHA o YA, Bl ol 19] 518 A
dEo] Fyrrtvhe AL Folst 5= gt}

= A 20 B ARA BEGS FE, L BE)S Wb

) [e] O -, 3L O -1

S RHo} ihestolof & g v stolojo] w540

MEksHl 5 31, o= Wb ol o o] IR 9 9j9] HEARE F7HE o) 4] ek upehad,
Ao 20] B AEA BEL v]se] 19] F A4 AE R FohEs)
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323k,

tr

T 62 F2= Y 8% (plasmonic weliding) &2 7 3H¥ 7] A A Ao 2 2
HlaLe] 22 2H Alz2d 5 A5 252 w3 o e A3 HsE
S4%k agiazo|)h W= el Al 8 s mmE 23St

olw), 23 Aol E7]¥ "SWCNT 0"= €7 A v 04 29 T A5 A]

HE 0|31, "SWCNT 5" WA] "SWCNT 100" A7 H o] H5](5~100 ub)ol
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g g A A4l 29) £ AEA BB e

[109] %60l vhEReE vhs} gol, fhabmRrRroE Hojglis £ AEA
g e 29 F3 AGoNA 857 FoHgel wheh 2 Fow B Gol
F7hEE A% BN 5 ov], AAld 29] £ AR AR ] B
amsholojal Qi AR BT 4@ 9] F7h7k Arkis @ B 5 ek o] =
Ve RHb 7 02 QM 90 Q18 /]9 thsholof o] o g, e,
uhe] @2 of7t Rl Erhal o AT}

[110]
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[112]

[113]

[114]
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[116]

57 E o] e £ AR A guAgel] Eekxre 845577t
=
AA P AshE vebd 2o ok 24 o) A 9

"NW+SWCNT"= &3] 2 A Ao 298] 51 H =4 dF o], "NW with
welding"> &7 & v)ale] 19 1 A% HEoln, "NW+SWCNT with
welding" 875 & AAld 29 £93 A= HE & HeH

L= 70 vhebd vkl o] Hlale] 19 £ Ak HE2 &4 delE Y
Slp7F S S AW Y etolof o 7] whate] #g], -4 F (break),
n]E#H (slide) I} -2 A2 el A H A 8ol 53 Q-sqetoll A 478 Q-sqe! H A] 3]
Z718k ) 83 Foll = Hlale] 19 54 AxA HEL 61 Qsqe'ollA 309
Q-sqe! A 3] F-7}at Gl

S7 A Ao 29 £ A BELE 73 3 57F Skl ufe) 73 Q-sqe!
ol A 203 Q-sqe' & F7F3FA T o] = gAY R H o HUFR Qd w3 54l

BEA S o gt whH, 85 = Ao 29 B HnA 5 27
FAA o) 26 Qsqe © B 7HF Hoko v, F 3157 SR ¥
2,39%H 1t} W& 7S BSlth
A7 ARES T &4 A, 5o A v efolort o ® A4 H 7
AL H5 2 &7 A9 gavefFael Ay Yxololo2 Ay £y
A% 52 PETO &2 7o § 33 22 &4 Wslol o) 44
Y EHAY Ago] WAt g AW vimelo]o]& A H A7 4 Aol
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e £ AR 2

77~ 5] A48kl o)A,
7] dmstolo)i= A7) w4
F7hR EFFehE AR Sho] B

[ -3 6] A58l Qo)A
7371 ¥ES A= Si, InP, GaN ® ZnO o] o] 31 ol A A Bl s =
o}L} oL 1= :Lo]/ﬂ—o] Aol O],O]H‘j/] U2 A] 9] B A A

413 7] A5l Sl A,
A7) E8 ™= &2 ol Al E @l (Polyacetylene),
2] old Y (Polyaniline), = ¥ ¥] & (Polypyrrole),
2] B] 2 %l (polythiophene) 3 & 2] ¥ Y E 2] =(poly sulfur
nitride) & ©] F0 X1 wrol| A Al ¥ = s} = 11 o] 4k}l B9

}O]HF/] L}l,—__/,\_xﬂ/] =1 ;QI:H .ﬂ%.

(%1% 8] A 13kel] Aoy A,
71 MIEY A= 7] 5529 vhmglo]of of 7] =9
HAYFEIFA R Aol li= S AR stel B =
Ul 518 HEA dE

813 9] A1atel] 2ol
71 MIEY A= 7] 5529 vhmglo]of of 7] =9



WO 2014/196821

[7d7-8 10]

74738} 11]

[7d -3} 12]

(7478 13]

[7d -8} 14]

[7d -8 15]

PCT/KR2014/004998

gAYy FHIF wxpA o fﬁii ]ﬁ b (layer—by -layer) -2 %!
A

} d 52 WA, 1, e oy
’?}E}%(reduced graphene oxide), L&A A3}l = 2 F4 A=
O] Fo e A ’\JEHQ# O}Ur L= O]/\o]'% F7tE x5k

7 5 A BEE 535795 %ol dolan, A o] 100
Q/sq o18F31 A& 57 08 8= sfol B & A o] F1
HNeA] dE

(i) 778 713 2ol Yimgfo]o & sk Wl
(i) 2= FHE RX 5= @A ¢

(iii) 471 518 71%%011 X

}o] o= Ao By A A g2 A
A 123}l Qo] A,

A7) R (1) GAE A B sAA o2 J9gE 5 = Ale
SR o R k= slo| By E Y pAle] £ AEA HEe] Az
.

() HYxelolof o} gt = FH E E3ah= v,
(11) 37l == % EFDS‘ 713 2ol sk v AL 3

o}OlHEl LJrLAXIH 51 A
A 128 WA A 148 5 o] = &t
71 (i) EANA F7] k=
Lol 2 A 5% Et 53



1/8

WO 2014/196821 PCT/KR2014/004998
[Fig. 1a]
Ag L =2t0]0f
i\ - e e
3 e wx\i”%f"%”ﬁ o e gﬁw}
82y
[Fig. 1b]

Ag NW+SWCNT s}etE




2/8

WO 2014/196821 PCT/KR2014/004998

[Fig. 2a]
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[Fig. 8a]
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[Fig. 9b]
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