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Figure S1. Fabrication process of heterogeneous substrate-based stretchable strain sensor from the 
view of cross-section. (a) Silicon wafer is prepared by deionized water, acetone and plasma treat-
ment; (b) SU-8 photoresist was deposited on the silicon wafer by spinning coating method; (c) The 
mold of microchannel was developed by mask lithography; (d) The pre-prepared PDMS elastomer 
is poured into the mold; (e) A glass slide was prepared and spin-coated a thinner layer of PDMS 
mixture; (f) The microchannel layer is peeled off from the mold and bonded onto the thinner PDMS 
layer via wet-bonding. (g) The sensing layer which composed of graphene and carbon nanotubes is 
deposited on the surface by spray coating. (h) LM is injected via syringe. 
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Figure S2. The schematic diagram of the electric heating system. 

 
Figure S3. The image of the cross-section of the sensor. The thickness of each layer is as follows: cell 
layer (t1): 208 μm, bottom elastomer layer(t2): 230 μm, upper elastomer layer (t3): 260 μm, total thick-
ness (t4): 698 μm. 
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Figure S4. Schematic of the formation of cracks along the boundaries of graphene flakes of the 
Gr/CNT composite after stretching. Cracks are formed after stretching on the Gr/CNT film surface, 
especially along with the connection between graphene flakes and the MWCNTs. 

 
Figure S5. The SEM images of the cross-stacked Gr/CNT hybrid film on the heterogenous PDMS 
substrate in the view of the top. Scale bar: 500 nm. (a) The initial state before a tensile test; (b) Return 
to the initial state after multiple cyclic tensile tests. 
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Figure S6. Strain distribution in the substrate along the picked path (shown in Figure 3a) with the 
different number of “liquid cell” in the substrate. (a) the cell at the center of the substrate is in solid 
state; (b) the cell at the center of the substrate is in liquid state. 

 
Figure S7. The relative resistance changes along with the applied strain. 
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Figure S8. Relative resistance changes during cyclic stretching under difference maximum strains 
of 5%, 15%,25%,35%, respectively. 

 
Figure S9. (a) Statistic relative resistance change(ΔR/R0) versus applied strain(ε); (b) Relative re-
sistance change variation versus applied strain during stretching and releasing. 
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Figure S10. The hysteresis curve of the heterogeneous strain sensor from the cyclic uniaxial tensile 
test under different states: (a) All solid state; (b) 1/5 liquid state; (c) 3/5 liquid state; (d) All liquid 
state. 
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Figure S11. The thermal imaging distribution of the LM cells during the electric regulation pro-
cess. 

Table S1. Performances of resistive-type strain sensors. The sensitivity of conventional strain sen-
sors is always scattered and independent. 

Reference Active materials Maximum gauge 
factor 

Maximum stretchability 
(%) 

[1] Graphene/CNT 3 20 
[2] CNT 75.8 50 
[3] CNTs 80 100 
[4] Graphene 88.4 55 
[5] Aligned graphene 10.28 22 
[6] Porous CNTs-GR/PDMS 186.5 120 
[7] Graphene ink 1054 26 
[8] Graphene/PAA ~1 500 

This work Graphene/CNT 90~220 30~45 
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