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Supplementary Note 1. Maximum pre-strain for the substrate with finite thickness

For a thick substrate, the strain in the film reaches a maximum when the substrate is

released from the pre-strained length L, to the initial length L;. This shrinkage, corresponding to
&y =(L,—L)/L,, is imposed on the film. For a relatively thin substrate, the substrate only
shrinks to Lo, and therefore the shrinkage of the film corresponds to & ion = (L — L)/L, -
Therefore, &, in Eq. (1) should be replaced by &0, for a substrate with finite thickness in

order to avoid plastic yielding, i.e., &, <é&l/(4e,). Together with Eq. (3) this gives the

ransition

maximum pre-strain for a substrate with finite thickness
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P " 4e 4| EHP ) | 4e,

C

Supplementary Note 2. Local wrinkling versus global buckling

The critical length L, that separates local wrinkling from global buckling is given by [20]

— — \2/3
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where the effective bending rigidity El is

=2 = n2)? - uc 2
(ESH +Eh?*) +4E:HEh(H +h)

El = J
12(EsH +E (h)

(S3)

For H>h, Egs. (S2) and (S3) degenerate to Eqs. (5) and (6), respectively. For a substrate

thickness reduced to a critical value, L, reaches zero, corresponding to global buckling at all

lengths of the film. This critical value is given by (Eo/Er )" +[Eih® /(ESH3)T'3 =0.064"° .

For Es/E <1, it becomes th3/(EsH3):O.064.

Supplementary Note 3. Effect of delamination

Figure S4a shows a model of interfacial delamination between a 1um -thick PI film and a

Imm -thick Silbione substrate with 36.0% unidirectional pre-strain. The length of the crack

(interfacial delamination) is 195um, which is about half of the buckling wavelength 4=390um

for the system of materials without a crack. A crack is placed at the peak of each wrinkle (Fig.
S4a) where the strain reaches the maximum for the system of materials without delamination.
Stress-strain curves with and without the crack, obtained by FEA, are very close, which confirms

that the effect of delamination on the stress-strain curve is small.

SI figure captions

Figure S1. Normalized length L,/L, versus thickness ratio H/h for the PI film on several

substrates.
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Figure S2. Numerical results of morphologies (scale bar, Imm) for 1um-thick PI film on 1mm-

thick Silbione substrate subjected to a) 15.1%, b) 25.6% and ¢) 36.0% pre-strains.

Figure S3. a) Interfacial delamination morphologies of lpm-thick PI film on Imm-thick

Silbione substrate subjected to 36.0% pre-strain (crack length: a, a/1=0.5). b) Comparison of

stress-strain curves for cases with and without delamination.

Figure S4. Stress-strain curves for x-, 302, 452, 60<, and y-stretching of a 1pum-thick Pl mesh

(width W =0.1mm and spacing S =0.4mm) on 1mm-thick Silbione substrate subjected to pre-

strains of ¢X_=30.8% and &’ =15.7%.
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