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Abstract — An electrically conductive and transparent electrode was created by applying a dispersion of pristine
single-walled carbon nanotubes (SWCNTSs) and silver nanowires to a polyethylene terephthalate (PET) film using a bar
coating method. The SWCNTs were added to increase the electrical conductivity and transmittance of the silver
nanowires while also preventing the haze from increasing due to the stacking of multiple layers containing SWCNTs and
silver nanowires on the PET substrate. The silver nanowires in the electrode were also found to be stable against
oxidation. The transparent electrode displayed excellent electrical and optical properties, with a sheet resistance of 47 (/[ ],
transmittance of 96.72%, and haze of 1.93%. Additionally, the sheet resistance of the electrode remained stable over
time, with a change of only 6.4% after a constant temperature and humidity test, making it suitable for long-term use. A
hybrid transparent electrode that is economically feasible and environmentally sustainable has been developed through
the utilization of pristine SWCNT and silver nanowire.
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Fig. 1. SEM images of (a) silver nanowire and (b) single-walled car-
bon nanotube.
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Fig. 2. Sheet resistance of single-walled carbon nanotube (SWCNT)

and silver nanowire (Ag NW) coated PET films with differ-
ent concentration.
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Fig. 3. Optical transmittance of single-walled carbon nanotube (SWCNT)
and silver nanowire (Ag NW) coated PET films with differ-
ent concentration.
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Fig. 4. Optical haze of single-walled carbon nanotube (SWCNT)
and silver nanowire (Ag NW) coated PET films with differ-
ent concentration.
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Fig. 5. Schematics of the layered structure and the electrical and opti-
cal properties of the multiple-layered PET film using single-
walled carbon nanotube (SWCNT) and silver nanowire (Ag
NW).
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Fig. 6. SEM images of transparent conductive films prepared by
stacking (a) silver nanowire (0.05 wt.%) coating layer, followed
by SWCNT (0.025 wt.%) coating layer and (b) SWCNT
(0.0125 wt.%) coating layer, followed by silver nanowire
(0.025 wt.%) coating layer.
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Fig. 6(2)%} 6(b)i= 22 21bi2lo]o] §-94(0.05 witve)o] WA 5
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U5tk SWONT §-9(0.0125 wi%e)o] WA FEE 31 7 9]of &
theglolo] £-94(0.05 wi%)e] THE Fofl Al thsEke]
n|7g Apzlo)ct,

SWCNT/Ag Nanowire ©] %5 217+8] F7= A ollA] AHE-H
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A1) 64 Fro) St sfolo]e] ZH o] Ho)a 0.025 wi%e] &
NG AL 79 Al 37 FEe] F3o) WA= O Fig. 69
SEM o]u] A of| A #arE| 2 21t-glolo] ] it 2 70] 40 nm

oz Zb7}o] Fof 240 nme} 120 nm 2 5= ). o] SWCNTS]
2742 1.5 nm 0] oA %i9+°1°17} A Bh= ) oB] of
T A greolet 719 AUE T E AzbE

L} oolo] = AR FHES
AZslo] T3 TP o) A E
Ao w FAF o7 o] Folzl A-g-of
B AE 1 o] Wyt A 7hast
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Az 5 A EA T
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o O I~
OL‘E & 9151

Lb slojol 2 FE © A AEAF] 75% F7I8FA AL o]
29] Atgle] oA M7 AEET} ZFAsE Ao F B 5 gt}
SWCNT 5 38 9] 9= & <5 HAE 3 848%714] A E

AFo] 718l ol A= 7]Eel Bare ahieFH.e)
e Atst oA ol tiulH = Akl ﬂ £ ATl A AHgE
SWCONT= A & AAA &2 8 =5 JElE A7
A ARl wet 3 A ARRE 5 S7h R o] 9l e
G5 AldA AbshE 54 Sl kR0l SWONTRES] 1S 8
afal7] miell Aol 523] Trkeh= 2o Azt 121 g
& P HAES] & FEE $57]7F SWONT 1] HIES) =]
htE o] g3o] WAk UES T 1he] AFo] 8] a8l A
F ST o A 2 Hieslolo] Y| E L] A olA BT

Qi1 o) QAaN] Feae A F kEFo AxE TRl
A5 WA Z717h A ol 4 9lek. & theslolols] 4§

SWONT tli] Bl 802 1lZo] 7] wlie] $:37)7k =92
Aol sk 717 4] erobA] @ A G F7E A 0w A
Sk 3 SR e B 84 2l 2 Aol A
ol wlate] Al A o] Aol 7k e 2

Frtshd gl Qgdol e

¥

Table 1. The electrical, optical and properties of the multiple-layered PET film using single-walled carbon nanotube (SWCNT) and silver nanowire
(Ag NW) before and after temperature-humidity-bias (THB) test

Sample Coating Sequence Total Transmittance Haze  Sheet Resistance before ~ Sheet Resistance after A (Sheet Resistance)
code £5¢d (%) (%) THB test (/) THB test ((V[J) %
1. AgNW (0.05 wt%)
AGSWI1 2. SWCNT (0.025 wi%) 95.62 1.79 70 93 329
1. SWCNT (0.025 wt%)
SWAG1 2. AgNW (0.05 wi%) 96.72 1.93 47 50 6.4
1. SWCNT (0.025 wt%)
SWAG2 2. Ag NW (0.02 wi%%) 96.13 1.84 260 283 8.8
1. SWCNT (0.0125 wt%)
SWAG3 2. AgNW (0.025 wi%) 97.51 2.10 128 131 23
AG AgNW (0.05 wt%) 97.47 2.54 80 140 75
SW SWCNT (0.025 wt%) 97.84 1.28 8,250 70,000 848
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