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Abstract: In order to develop stretchable substrate technology for stretchable devices, locally stiffness-variant stretchable
substrates were processed with two polydimethylsiloxane elastomers of different stiffnesses and their deformation behavior
was characterized. Low-stiffness substrate matrix and embedded high-stiffness island of the stretchable substrate were
formed by using Dragon Skin 10 of the elastic modulus of 0.09 MPa and Sylgard 184 of the elastic modulus of 2.15
MPa, respectively. A stretchable substrate was fabricated to a configuration of 6.5 cm length, 0.4 cm thickness, and 2.5
cm width. The elastic modulus of a stretchable substrate was increased from 0.09 MPa to 0.13~0.33 MPa by embedding
a Sylgard 184 island of 1 cm width and 1~6 cm length into the center part of the Dragon Skin 10 substrate matrix. The
elastic modulus of a stretchable substrate was improved to 0.16~0.2 MPa by embedding a Sylgard 184 island of 4 cm
length and 0.5~1.5 cm width and to 0.1421~0.154 MPa by embedding a Sylgard 184 island of 2 cm length and 0.5~1.5
cm width. With increasing the tensile strain of a stretchable substrate, deformation restriction of the locally stiffness-variant
Sylgard 184 island was further enhanced due to substantial increase in the strength difference between Sylgard 184 and
Dragon 10 at large strain.
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Fig. 1. Schematic illustration of a stretchable electronic packaging
of islands structure.
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Fig. 2. Schematic illustration of a locally stiffness-variant stretch-
able substrate consisting of a high stiffness Sylgard 184
island embedded in a low stiffness Dragon Skin 10 matrix.
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Fig. 3. Schematic illustration of the process flow for a locally stiffness-variant stretchable substrate: (a) acrylic mold, (b) attach a Sylgard
184 platform in an acrylic mold, (c) pour and half-cure a small amount of Dragon Skin 10 onto the Sylgard 184 platform, (d)
charge and fully cure Dragon Skin 10, (e) flip the sample, charge and fully cure Dragon Skin onto it, (f) take out the completed

sample from an acrylic mold.
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Fig. 4. Photographs of the locally stiffness-variant stretchable
substrate (a) before tensile testing, (b) at a tensile strain of
0.3, and at a tensile strain of 1.
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Fig. 5. Elastic modulus of a locally stiffness-variant stretchable
substrate with a Sylgard 184 island of 1 cm width as a
function of (a) the length and (b) volume fraction of a
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with Eq. (3).
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Fig. 6. (a) Schematic illustration of a locally stiffness-variant
stretchable substrate used to obtain the results in Fig. 5 and
(b) its equivalent spring model.
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Table 1. Tensile strain of a locally stiffness-variant substrate and its
Sylgard high-stiffness island of different width

Sylgard 184 Island Tensile strain

length (cm)  width (cm) substrate  Sylgard 184 island
0.3 0.15
0.5
1 0.25
0.3 0.15
4 1.0
1 0.213
0.3 0.125
1.5
1 0.175
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