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Characterization of Ag Nanowire Transparent Electrode Fabricated on PVDF Film
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Abstract

In this study, we have successfully fabricated a highly conductive transparent electrode using Ag nanowires, based on piezoelectric
polyvinylidene difluoride (PVDF) film, that can be applied as transparent and flexible speakers. The structural morphology of the Ag
nanowires was confirmed by a detailed scanning electron microscopy. Ultraviolet-visible spectroscopy demonstrated that the transparent
electrode fabricated by the Ag nanowires exhibited a transmittance of above 70%. The transparent electrode also showed very low sheet
resistance with high flexibility. We have further developed an anti-oxidation coating layer by using a tetraethy! orthosilicate-poly trimeth-
yloxyphenylsilane (TEOS-PTMS) slurry technique. It was confirmed that the transmittance and sheet resistance of the antioxidant film

depends critically on the humidity of the film surface. We believe such Ag nanowire electrodes are a very promising next-generation
transparent electrode technology that can be used in future flexible and transparent devices.
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Fig. 1. (a) Schematic illustration of the transparent electrode coating
process using Ag nanowires, (b) Spread bars used for Ag
nanowire coating, Bar 3, Bar 5, Bar 10, (c) Schematic dia-
gram of Ag nanowires on PVDF film.
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Fig. 2. Images of Ag nanowire electrode coated on PVDF film using
Bar 3, Bar 5, and Bar 10.
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Fig. 3. High-resolution SEM images of the Ag nanowire electrodes
coated on PVDF film using Bar 3, Bar 5, and Bar 10.
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Fig. 4. Different spectral transmittances of the Ag nanowire elec-

trodes coated on PVDF film using Bar 3, Bar 5, and Bar 10.

Table 1. Different resistances and transmittances of the Ag nanowire
electrodes coated using Bar 3, Bar 5, and Bar 10

Bar coater th:::}(hr:lss Resistance ressi}sltilezce Transr;)ittance
(mm) ©@ (Qm) (%)
PVDF Film 0 - - 85
Bar 3 1 11.72 55.27 76
Bar 5 3 5.24 299 73
Bar 10 5 3.6 23.6 71
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Table 2. Solution synthesis ratio for TEOS-PTMS insulator slurry.

TEOS PTMS IPA  H,0  HNO,
Mole Weight ¢ 33 19820 6001 1802  63.02
(g/mol)
Mole Ratio 1 03 10 35 0.1
Weight(g) 20833 5948 6001 6307 63
700g Batch(g) 15558 4442  448.17  47.1 47
Uestolo] 7ut 55 o] A=l vhS Fo 9ok @
T Atk

e v 22 A ALERS 3185l A o] Alzlak
Ak &g Az WHS st 2a-84d 2] ksl Wk at
&gl Az sAMe v 2ok WA, Table 20 A= £
4 E4E5S 3o veRd gl wy E3ksith o9 o
33 A8 k3o £ F 3A17F Bt 60°Coll A 12} 1
S-S Al WZo] i 718 LSk |, 248 7F B2t A
B3Aste] 23} WkS-S 1A ZITh miA o 7 23} wkgo] T
S Ay £7]0 Qo 87|15 ZEof Wol 308 < W
S Ao zH Abel WRYE SejE] ] ARRS SRt

PVDF ZE 9]0l AzHd Ag theglolo] A= (Bar 5 (coating
thickness: ~3 pm)e| 243} WA L Qfs), WA, A3t WA
o S E XS ARESte] =fAIZ] F Spin-coater A
2"S ARE31e], 30% F<t spin coatingdle], ¢F 10 umF7<]
S8 ks FAIT 2 o, e HAS ~30%,
~40%, ~60% ] T FI= 91715004, 40=2] 29} 9
3A7E EE AxAIIh A e R, AxE AES HAAlOlE

of AT eIA SAIZ Bt AIsle] Akt AR 2] A)
A gEw
Azt % P %@% Gk fstel, g G

(30, 40, 60%)2] 2715} X A =2pg FeJute] £ =E Ultraviolet—
visible spectroscopyE AHE-31] S35t Fig 59 Hol= H]—
o 7ho], 4ks} WA dho] Ql= Aol A= oF 76%2] 3%

el = 21 & 5 Aok pAIRE, Akt WA et SES ﬁé*é =
FHE7F F43] fashks AS B Aok FE 9F 30%14
Wxek T8 A2, FAe vt oF 8% AAaet A 68%<] At
= HAFAL, 40%E Z7H e JJrJ} 65%71A] 7Hadhe
AL & 5 Aok Al FE7F 60% A= FH=7 us
2] 62%7H =askiinh. AL, 30% 016} ToAE At

m

[e-

spypA el v A G ol i AP, 60% o1 2] el
e F3hg 3 AGo] 27 Wsksiel AshpA o 2x 4
& 3 2 ol 371 F9) FERTE, WA 12N,
P FET £3717h 2P Qo) Y Aoy
F Tk &, B GEE U B BEEe 295 ol £7
AR o] Y AZRE, Ak A AN FEE 7Y
wo] Fabud] Aoje G 7R Aol AUt

sk WA AR FEE AGOlE ATke GFS plAE

80

75
704

T 65

o

e |

g 60 -

E 55 :

@ g —— No coating layer

S 50 —~30% humidity

1 ——~ 40 % humidity

45+ ——~ 60 % humidity
404

300 400 500 600 700 800
Wavelength (nm)

Fig. 5. Variations of transmittance and wavelength as a function of

humidity.

Table 3. Variations of transmittance and resistance as a function of
humidity (30, 40, 60%).

Humidity Transmittance (%) Resistance (€2)
No coating layer 76 11.72
~ 30% 68 40
~ 40% 65 115
~ 60% 62 278
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