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1. Calculation of the resistance under strain relative to the intrinsic resistance

For a conducting film, its intrinsic resistance (Ro) can be expressed as
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where the conductivity, the length, the width, and the thickness are denoted by o, /, w, and ¢,
respectively, under no strain. If the conducting film experiences certain dimensional changes,

the resultant resistance under the strain (Ry) is given by
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where vr and vs are the Poisson’s ratio of the film and that of the substrate, respectively. The
fractional strain is assumed to be €' = ¢ / 100. Under stretching, the increase in length is
described in terms of (1 + €'). Accordingly, the decrease in the width and that in the thickness
are (1 - vs€') and (1 - vee'), respectively. As shown in Fig. 4(b), based on these changes, a

theoretical plot of R«/Ro as a function of € can be expressed as
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Here, the reported value of vr of the PEDOT:PSS is 0.35, and the value of vs of the PDMS is

0.5.



2. Calculation of the surface energy using the Owens-Wendt method

Thermodynamic wetting can be described in terms of the well-known Young equation®’,

cosOYy = Vsy — Vsl — Te» (1)

where v and jy are the free energy of the liquid and that of the solid against the vapor,
respectively. Here, j represents the interfacial energy between the liquid and the solid. The
contact angle between the liquid and the solid and the equilibrium pressure of the absorbed
vapor of the liquid on the solid are denoted by #and ., respectively. Under the condition that
Mv corresponds to the surface tension of complete wetting (), namely, 7. = 0 when 8= 0, Eq.

(1) can be written as

costyly = Ve = Vsv — Vsl (2)

Moreover, following the Fowkes equation in the theoretical consideration of the total free

energy at a surface®?,

Vs1 = Vsv + Yiv — 2\/Vsdyld - 2\/Vshylh > (3)

where the surface energy of water sy = 1® + n" (the superscripts d and % refer to the dispersion

force and the hydrogen bonding, respectively). This can be expressed alternatively as

Yol = (JF - J?F)Z + (JF - ﬁ)z (4)

Combining Egs. (2) and (4), the relationship between the contact angle and all the relevant

surface tensions is given by
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where %® and %" represents the solid case. Using the above Eq. (5), we analyzed our

experimental data. The results were shown in Figs. 2 and 3.
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3. Supplementary Figure S1
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Figure S1. The microscopic images of water droplets on the surfaces of the dewetting

region on (a) the bare PDMS and (b) the SHP-patterned PDMS.



4. Supplementary Figure S2
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Figure S2. Applications of the SEA for the stretchable interconnects.

The photographs of 10 LEDs, interconnected using the SEA, showing no appreciable
degradation of the luminance under (a) twisting (the angle up to 120°) and (b) stretching

(the strain up to 20 %). The rectangular regions enclosed by orange dashed lines represent

the stretchable interconnects.



5. Supplementary Figure S3
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Figure S3. The light emission characteristics of the S-PLED with the stretchable anode of
500 pm wide depending on the stretching. (a) Current density and luminance of the S-
PLED before (black triangles) and after (red circles) stretching of € = 20 % as a function of

V4. (b) Current efficiency of the S-PLED as a function of the luminance.




6. Supplementary Figure S4
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Figure S4. The geometrical profiles across the pattern of the SHP as a function of the

UVO treatment time after etching.



7. Supplementary Figure S5
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Figure S5. The FE-SEM images of the surfaces of (a) the bare PDMS and (b) the SHP-
patterned PDMS at ¢ = 20 min. (¢) The FE-SEM image of the PEDOT:PSS patterns

formed on the SHP-patterned PDMS. The width of each pattern is 200 pum.



