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Figure S1: Schematic illustration of the fabrication process of the metal crack
strain sensor based on helical polydimethylsiloxane. Scale bars are 200 pym.
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Figure S2: Electrical circuit model of the helical sensor.
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Figure S3: Variation of resistance of helical samples with forming channel
cracks under repeated stretching with 10% pre-stretch.

Helical design
Helical microstructures exhibit “J-shaped” stress—strain behavior [1-3], and

the geometry is described by the contour length (L), pitch (p), radius (R),
width (w) and thickness (), as shown in Figure S3. The conditions of %, <1

and v <1 were fulfilled in this paper. Thus, the helical PDMS is much stiffer

to bending deflections along the width than deflections normal to its thickness.
A series of analytic expressions were developed by Pham and co-workers [1].

A term for the bending force can be obtained:

i =(3)252 “[l(p%ﬂ—l 1)
)

where p, and B are the initial pitch of the helix and the bending stiffness,

respectively. [ is the contour length of a single turn. The twisting force can be

defined as follows:

2
F = (%j 8’; P (S2)

where C is the twisting stiffness. We combine Equation S1 and Equation S2,
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and the total force is found to be:

=220 | Hp% )Zj ) l_v_
31 _J[l_(%)zj 1+v_

where B =7/, and C=2%+v). E and v are the elastic modulus and

Poisson's ratio of the material, respectively.
From this equation, the non-linear mechanics response force increases as the

pitch increases upon extension until the pitch increases to its maximum
extension (p=1).

Helices can effectively suppress strain concentration because of the small
physical coupling to the substrate. Under the applied strain, the helix

meritoriously absorbs the strain, which leads to highly elastic mechanical

behavior [4].
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Figure S4: Geometrical illustration of the helical microstructure.
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Figure S5: The resistance error range of samples upon stretching.
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Figure S6: Images of parts of experimental procedure.
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