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Figure S1. Preparation of PDMS foam by a sugar-template etching method.

Figure S2. (a) FTIR spectra of pure PDMS and PDA@PDMS. (b) SEM image of pure PDMS 

foam. Water contact angle images of (c) pure PDMS foam, and (d) PDA@PDMS foam.

Figure S3. SEM image of the PCPP foam with CNT fraction of 100 wt%.
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Figure S4. Electrical resistances of (a) PEDOT:PSS/CNT@PDMS foams and (b) PCPP foams 

with different CNT contents.

Figure S5. Comparison of the Seebeck coefficient of this work with those reported in the 

literature.1-10
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Figure S6. Seebeck coefficients of PCPP sensors with different thicknesses.

Figure S7. (a) SEM image and 2D simplification of a PCPP sensor structure. Simulation 

results on (b) stress distribution and (c) current density distribution of a PCPP sensor under 

different compressive strains.
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Figure S8. (a, b) Stress-strain curves of pure PDMS foam under different compressive strains 

(50%, 60%, 70%, 80%). (c) Cyclic compressive stress–strain curves of pure PDMS foam.

Figure S9. (a, b) Stress-strain curves of a PCPP foam under different compressive strains 

(50%, 60%, 70%, 80%). (c) Cyclic compressive stress–strain curves of the PCPP foam.

Figure S10. (a) A schematic diagram of regularly pressing the PCPP sensor with a finger, and 

(b) corresponding changes in both output voltage and ΔR/R0.
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Figure S11. Digital photos of self-powered series-connected arrays: (a) Array-1; (b) Array-4; 

(c)Aarray-9; (d) Array-16; and (e) Array-25.

Figure S12. Output voltages of (a) Array-1, (b) Array-4, (c) Array-9, and (d) Array-16 covered 

by commercial hydrogels.
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Figure S13. (a) The testing process and (b) the output voltages of the hydrogel-covered Array-

1 within 2 h. 

Figure S14. A single PCPP sensor detects external pressure without power driving (ΔT = 

~10 K, pressure = 20 kPa)
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Figure S15. 5×5 E-skin array circuit diagram: (a) bottom surface electrode; (b) top surface 

electrode. (c) Optical photograph of a 5×5 E-skin array. 

Multiphysics Field Simulation:

The stress distribution, current density distribution, and potential distribution of the PCPP 

sensor under different external stimuli were examined by the Multiphysics Field Simulation. 

The model is built by observing the microstructure of the PCPP based on its SEM images. 

Assuming that the PCPP is an isotropic linear elastic material, its deformation process under 

different strains can be described as follows:

0 = Fv +∇·S                                                  (1)

S = Sex + C:εel = Sex + C:(ε-εinel)                                  (2)

ε = (1/2)[(∇u)T+∇u]                                           (3)

C = C(E,v)                                                   (4)

Where Fv is the volume force, S is the stress, which is determined by the extra stress Sex (e.g. 

initial stresses and viscoelastic stresses), the elastic matrix C (determined by the Young's 

modulus E and Poisson's ratio v of the material) and the elastic strain εel (the difference 

between the total strain ε and all inelastic strains εinel), u is the displacement.11,12

To obtain the current density distribution, we consider the whole system to be current 
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conserving, and the process can be described as:

J = σE + Je                                                 (5)

∇J = -∇·(σ∇V－Je) = Qj                                        (6)

E = -∇V                                                    (7)

Where E is the electric field intensity, J is the current density, σ is the electrical 

conductivity, and Je is an externally generated current density.13

The heat transfer in the PCPP can be described as follows:

Q = ρCpu∇T + ∇·q                                            (8)

q = -k ·∇T                                                   (9)

Where Q contains additional heat sources, ρ is the density, Cp is the specific heat capacity at a 

constant stress, u is the velocity vector of the translational motion, q is the heat flux by 

conduction, k is the thermal conductivity.14

Thermoelectric effect is adopted to obtain potential distributions of the PCPP under 

different temperature differences and strains, which is described as follows:

-∇ ((σS2T + λ)∇T)－∇ (σST∇V) = σ((∇V )2 + S∇T∇V)                 (10)

∇ (σS∇T) + ∇ (σ∇V) = 0                                       (11)

Where σ is the electrical conductivity, S is the Seebeck coefficient, and λ is the thermal 

conductivity.15
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