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Abstract: Recently, silver nanowires (AgNWs) have had a great interest as a conducting materials for flexible and trans-
parent electrodes. In this paper, we studied the embedded network structure formation of AgNWs in polydimethylsiloxane
(PDMS) by stamping transfer process and various surface treatments. We have designed various conditions of AgNWs
surfaces using silane-coupling modifiers. Transfer yield of AgNWs was adjusted by the variation of surface treatment
condition with silane modifier coating such as methacryloxypropyltrimethoxysilane (MPS) and octadecyltrichlorosilane
(OTS) on top of AgNWs. Transparency of embedded AgNWs film has increased up to 20% at the optimum surface treat-
ment condition. Especially, MPS treatment process was found to be appropriate for thin film organic device substrate due
to its generation of transferred AgNWs with low surface roughness. Transparent electrodes with OTS treatment showed
resistivity with three times at 40% elongation at 200 cycle test. An organic solar cell with 3.2% of power conversion effi-
ciency was fabricated with MPS-treated AgNW networks in a PDMS substrate.

Keywords: surface treatment, stretchable, organic solar cell.
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Figure 1. Schematic illustration of embedding process.
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Figure 2. Illustration of transfer system with silane treatment: (a) OTS; (b) non treated; (¢) MPS.

Table 1. Analysis of Contact Angle with Various Conditions of Substrate

Substrate Glass PDMS AgNWs film AgNWs film AgNWs film
Treatment material OTS Non treated MPS
Contact angle 62 109 119 86 71
(deg)
Surface energy*
(mJ/m?) 46 18 7 31 42

. dd. 12 1/2
“Analyzed from equation: (1+c0s0)y,= 2(, ypl) +2(]}S) ;{;1)

Zan, 41404 A63, 2016\

, where % and p, are the surface energies of the substrate and the probe liquid."'
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Figure 3. AFM images (scale=10 um) with root-mean-squared
(RMS) roughness measurements of substrates: (a) OTS; (b) non
treated; (c) MPS.
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Figure 4. Optical transmission of embedded substrates: (a) OTS; (b)
non treated; (c) MPS.
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Figure 8. I-V curves of the organic solar cells based on embedded
films: (a) OTS; (b) non treated; (c) MPS.

Table 2. Characteristics of Organic Solar Cells with Various
Conditions of Substrate

(a) OTS (b) Non treated (c) MPS
Jo(mA/cm?) 4.68 6.25 10.33
FF(%) 455 42.7 43.8
Ve (V) 0.715 0.710 0.710
PCE(%) 1.52 1.90 3.22
R(Q/sq) 14.69 11.21 10.68
R,(Q/sq) 1330 589 408

“Analyzed from equation: /= I, ,—AA4x (eBBXV— 1)- V/R, with V=E

+1x R, where [ is total current, £ is total potential, V' is internal
potential across solar cell (= excluding potentialdrop over Ry, I is
shortcut photocurrent (¥'=0)), AA is saturation current, BB is
exponential constant related to ideality factor.
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Figure 9. I-V curves of the organic solar cells based on embedded
films: (a) OTS 0.01 mmol; (b) OTS 0.02 mmol; (c) OTS 0.04 mmol.

Table 3. Characteristics of Organic Solar Cells with Various
OTS Conditions of Substrate

(a) 0.01 mmol (b) 0.02 mmol (¢) 0.04 mmol

J(mA/em?) 8.84 7.62 591
FF(%) 502 50.6 49.1
Vie(V) 0.700 0.695 0.710

PCE(%) 3.10 2.68 2.06
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