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Calculation of SNR for resting
For the calculation of SNR, we obtained the power spectral density (PSD) of the signal by Welch's method in MATLAB software 1. We set the parameters for the pwelch function to a 1000-point Hanning window (sampling frequency) and a 50% overlap. Since the frequency range of interest for ECG signals is typically below 100-120 Hz, the region below 100 HZ was used to represent our signal in the calculation. the power was summed over those frequencies and normalized to be in units of dB. The noise was averaged from the range of 400-500 Hz and this range was chosen because it was obviously in the noise floor. The following formula is used to convert the ratio of the signal and noise to power in dB:

where P(s) is the power of the ECG and P(n) is the power of the noise.
Calculation of SNR for motion
Due to the signals recorded during motion had obvious motion artifacts, motion artifacts to be isolated and treated as noise to calculate the SNR. All the filters utilized were Butterworth filters in the calculations. The specific method is: first, the motion artifact signal is extracted by eliminating the majority of the ECG signal from the raw signal using a 1st order low-pass filter with a cutoff frequency of 3 Hz. Second, the raw signal is filtered using a first-order bandpass filter with a cutoff frequency ranging from 400 to 500 Hz to obtain a noisy signal. This value has been selected to align with the noise range used in the previous SNR calculations. Third, the synthesized noise signal is obtained by adding the extracted artifacts to the noise signal during the time period when the motion artifacts occur. Last, the SNR is obtained by calculating the the ratio of the root-mean-square (RMS) values of the signal after artifact removal and the synthesized noise signal. The following formula is:

where Vrms(s) is the rms values of the signal after artifact removal and Vrms(s) is the rms values of the synthesized noise signal.
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Fig. S1. Diagram of fabrication and assembly process of BKSEE. Fabrication of (a) BKS copper electrodes, (b) copper interconnects, (c) PDMS anti-adhesion layer, (d) PEG & PDMS adhesion layer and (e) the assembly process of BKSEE.
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Fig. S2. Diagram of the structure and dimensions. (a) Structure and dimensions of Janus adhesive patch. (b) Structure and dimensions of BKS copper electrode. The red dotted boxes show the two different structures.
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Fig. S3. Diagram of biomimetic structure. (a) The rigid tiles of the electrode are inspired by the carapaces of armadillos. (b) The flexible joints are inspired by the hexagonal pattern of snake's abdomen. (c) Principle of deformation in kirigami flexible joint. (d) Principle of deformation in arc-shaped flexible joint.
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[bookmark: _Hlk183288828]Fig. S4. The electrode consists of Kirigami 2 flexible joints and rigid tiles.
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Fig. S5. Tensile testing of copper foil. (a) Dimensions of the type of copper foil. (b) Stress-strain curve of copper foil. The pink area represents elastic deformation, the blue area indicates yield deformation, and the orange area signifies rupture.
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Fig. S6. Change in the resistance of the Kirigami2 flexible joint.
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Fig. S7. Adhesive ability of adhesive films at a ratio of 1:9. (a) Tensile strength of films measured through peel Tests. (b) Tensile strength of films measured through shear tests. (c) Tensile strength of films measured through pull-off tests.
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Fig. S8. Change in pull-off force on arm skin after varying durations of wear for films at a ratio of 2:8.
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Fig. S9. Change of elongation at break with different ratios.
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Fig. S10. Change of modulus with different ratios.
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Fig. S11. Photos of janus adhesive patch.
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Fig. S12. Zoomed-in view of of boxed portion in Fig. 5E and Figure 5F which showing clear P, Q, R, S and T waves.


[image: ]
Fig. S13. Photos of epidermal electrodes. (a)BKSEE. (b) fractal-structured epidermal electrode. (c) mesh-structured epidermal electrode.
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Fig. S14. ECG under various conditions. ECG measurements obtained using a fractal-structured epidermal electrode during (a) walking, (b) standing, (c) riding, and (d) sitting. ECG measurements obtained using a mesh-structured epidermal electrode during (e) walking, (f) standing, (g) riding, and (h) sitting.
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Fig. S15. Comparison of the SNR of various epidermal electrodes across five distinct states. 


Table S1. Comparison of recent studies on epidermal electrodes
	Ref
	Materials
	Structure
	Adhesion strength
	Elongation
	Active surface
	Applications
	Measurements in motion

	This work
	PDMS/PEG/Cu/PI
	BKS
	6.48kPa/Dry 5.02 kPa/Wet (pull-off tests)
	53.82%
	32.66%
	ECG
	Yes

	2
	Silicone/ fabric medical
tape/Au/Cu
	Fractal
	4.5 N m-1/Dry (peel tests)
	108%
	-
	EEG/EOG/EMG
	No

	3
	Graphite polyurethane
	Fractal
	-
	20%
	-
	ECG
	No

	4
	Sterile dressing/Au/PI
	Serpentine mesh
	-
	26%
	40.47%
	EMG
	No

	5
	PEG-LA-DA/POCO/Mo
	Fractal
	0.3N/Dry (peel tests)
	70%
	30%
	improve growth of cardiac cells
	-

	6
	Fabric/Cu/Au/PI
	Fractal
	9 J m−2/Dry 5 J m−2/Wet (peel tests)
	15%
	-
	EMG
	Yes

	7
	TPU/Silicone/PI/Au
	Serpentine mesh
	10.299 J m−2/Dry (peel tests)
	30%
	66.93%
	EMG
	No
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