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ABSTRACT

We have fabricated silver nanowire (AgNW) films as a stretchable and transparent electrode on polydimethylsiloxane
(PDMS) substrates using a spray coater. Inherently, they show poor surface roughness and stretchability. To tackle it, we
have employed a conductive polymer, poly (3,4-ethylenedioxythiophene) : Poly(styrene sulfonate) (PEDOT : PSS).
PEDTO : PSS solution is mixed with AgNWs or spin-coated on the AgNW film. Compared with AgNW film only,
PEDOT : PSS film only, and polymer-mixed AgNW films, the AgNW/polymer bilayer films exhibit much better surface
roughness and stretchability. It is found that spray-coating of AgNWs on uncured PDMS and spin-coating of PEDOT : PSS
solution on the AgNW films enhance the surface roughness of electrodes. Such a bilayer structure also provides a stable
resistance under tensile strain due to the fact that each layer acts as a detour route for carriers. With this structure, we
have obtained the peak-to-peak roughness (R,,) as low as 76.8nm and a moderate increase of sheet resistance (from 10/

[ under 0% strain to 30Q/] under 40% strain).
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Fig. 1. Measured AFM images of (a) PES substrate and
(b) PDMS film on PES substrate.

Table 2. Process parameter values of spray coating

Factor Value
Nozzle pressure (psi) 14
Nozzle height (cm) 14
Nozzle speed (mm/s) 60
Plate temperature (°C) 100
Repetition number 6
Nozzle diameter (mm) 0.2
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Fig. 2. Measured AFM images of AgNW films spray-
coated (a) only one time, (b) two times, and (c)
three times in series.

Table 3. Surface roughness values of samples in Fig. 2.

Table 1. Surface roughness values of PDMS and PES. # of coating R, (nm) R,y (nm)
R, (nm) R,y (nm) One 243 268.5
PDMS on PES substrate 0.5 44 Two 17.6 268.4
PES substrate only 0.96 15.8 Three 16.2 264.4
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Fig. 3. Measured AFM images of (a) PEDOT:PSS, (b)
AgNW, (c) AgNW:polymer composite, and (d)
AgNW/polymer bilayer fabricated on glass sub-
strates.

Table 4. Surface roughness values of films in Fig. 3.

R, (nm) Ry (nm)
PEDOT:PSS only 33 58.5
AgNW only 16.2 264.4
AgNW:polymer 12.3 97.8
AgNW/polymer 10.4 111.0
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Fig. 4. Measured optical transmittance of those films
fabricated on glass substrates.

Fig. 5. Measured AFM images of AgNW films fabricated
on (a) cured and (b) uncured PDMS substrates.

Table S. Surface roughness values of samples in Fig. 5.

R, (nm) Ry, (nm)
Cured 25.6 358.5
Uncured 12.8 150.8
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Fig. 6. Measured AFM images of (a) PEDOT:PSS only,
(b) AgNW only, (c) AgNW:polymer composite,
and (d) AgNW/polymer bilayer fabricated on
PDMS substrates.

Table 6. Surface roughness values of samples in Fig. 6.

R, (nm) R, (nm)
PEDOT:PSS only 1.6 62.9
AgNW only 12.9 150.8
AgNW:polymer 8.7 92.3
AgNW/polymer 5.6 76.8
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Fig. 7. Measured transmittance of those films fabricated
on PDMS substrates.
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