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Figure S1. (a) AFM image of the surface of AgNWs/parylene hybrid film. (b) The height

profile measured along the dotted line in (a). The measured maximum height is about 27 nm

with an average roughness of 6.66 nm, which is far smaller than the diameter of AQNWs of

100 nm.
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Figure S2. (a) Impedance of the skin/electrode interface. AgNWs/parylene hybrid film
electrodes (red) and commercial electrodes used for reference (black) were attached onto the
skin of the forearm. (b) Impedance of the skin/electrode interface after the AgNWs/parylene
hybrid film electrodes were repeatedly used for 1 time, 5 times, 10 times and 20 times. The
impedance spectra measured from 40 Hz to 1 MHz were acquired using a precision
impedance analyzer (4294A, Agilent) with two electrodes placed 2 cm apart from each other.
At 40 Hz, the impedance of the AgNWs/parylene hybrid film electrodes was 4.7 kQ, which is
smaller than the impedance of commercial electrodes of 54 kQ. Both values of impedance are
sufficiently low to measure EMG signals without significant noise. After the
AgNWs/parylene hybrid film electrodes were repeatedly used for 1 times, 5 times, 10 times
and 20 times, the impedance was slightly increased. Among them, after repeated use for 20

times, the impedance increases to 15.6 kQ at 40 Hz.
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Figure S3. The radiation pattern of the monopole antenna in the H-plane at frequency of (a) 5
GHz, (b) 5.5 GHz, (c) 6 GHz, (d) 6.5 GHz, (e) 7 GHz, (f) 7.5 GHz and (g) 8 GHz. As the
frequency increases, the radiation characteristics of the monopole antenna become better. The
peak gain of the monopole antenna increases from -7.85 dBi at 5 GHz to 1.35 dBi at 7 GHz.
With the frequency continues to increase, the antenna exhibits excellent omnidirectional

radiation characteristics with a peak gain of 0.88 dBi at 7.5 GHz.
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Note 1. Size-dependent adhesion performance
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Figure S4. Size-dependent adhesion between film and substrate. (a) A simplified model for
the hybrid film and substrate under uniaxial tension. (b) Plot shows how the strain
corresponding to the hybrid film debonding from human skin varies with the length of hybrid
film. (c) Tensile experiments on film-substrate specimens with 70 mm film width and 5 mm
film width, respectively, to compare their debonding strains. White rectangles highlight the

parylene film locations in each snapshot.

Considering the device thickness is much less than the radius of curvature during its
deformation with the human body, we can neglect the energy contribution from film bending
and simplify the problem into the in-plane mechanical model shown in Figure a. The device is
modeled as a thin film (with width Lo and thickness h) attached on the substrate (i.e., the
human skin). The film and substrate are assumed to behave linear elastically. The substrate is
subjected to a tensile strain &. The film-structure interface will transfer the tension to the thin
film through the shear stress. Based on the classical shear-lag modelt*?, the infinitesimal

analysis on the hybrid film gives the force equilibrium as
4
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, 1)

where o (x) is the normal stress in the hybrid film, and z (x) is the shear stress along the
interface. Since o (X) = E £ (x), where E and ¢ (X) are the elastic modulus and tensile strain of

the thin film, Eq. (1) can be rewritten as

dz(x) :_Ehdzg(x)
dx dx?

)

Assuming a linear interface (i.e., r(x) =Ko, where K and § are the stiffness and relative

displacement between the thin film and substrate), Eq. (2) can be expressed as

d’e(x)
dx

—A%e(x)+ A%, =0. (3)

where A=,/K/(Eh). The boundary conditions read:

£(x) w2 =0
de(x)| 0 4)
dx |, -
The solution to Egs. (3) and (4) is
~ ~ cosh (Ax)
8(X)—€0{1 W} (5)

Then, integrating Eq. (2) with the strain distribution given by Eqg. (5) yields the interfacial

shear stress distribution:

sinh (Ax)
=g, AEh——MM—. 6
r(x)=4 cosh(4L,/2) ©
Thus, the relative displacement at the interface reads
5(x) = &AEhsinh(Ax) | @)
K cosh(AL,/2)

On the other hand, the strain energy release rate at the interface G is G, () :%r(x)é .

5
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Combining Egs. (6) and (7), the energy release rate at the two ends of the film is

212E2K2
Gc,end i Gc x=Lo/2 = Mt&nhz (ALO/Z) . (8)

When the energy release rate at the film ends reaches the film-substrate adhesion energy (i.e.,

Geend =G, ), the film starts to detach from the substrate. The tensile strain applied on the

lic

substrate is identified as the debonding strain &:

= J2G,.K coth (AL, /2) | o

AEh

Clearly, the above equation suggests a strong size effect in the debonding strain. The device
thickness in this study is h=3 um. The (AgNWs)/parylene hybrid film has an elastic modulus

of approximately 10 GPa. Assuming the adhesion energy and stiffness of the device-skin

interface as G =1J/m2 and K=0.5MPa/m, respectively, the debonding strain is plotted in

llc
Figure b as a function of the segment width L,. For a continuous device without patterning,
Lo~70 mm. After patterning, the segment width is approximately 5 mm ~ 12 mm. Our model
prediction suggests that the debonding strain increases from less than 10% for the continuous
device to approximately 40% after patterning. To verify our model prediction, we carried out
tensile experiments on two parylene-PDMS specimens as shown in Figure S4c. The only
difference between two specimens is the parylene film width — the wide specimen has Lo = 70
mm, and the narrow specimen has Lo = 5 mm. The experimental results show that the
parylene film detached from the PDMS substrate at a tensile strain of only 6%. In comparison,
the narrow specimen did not show plausible detachment from the substrate even at 40%
tensile strain. The experimental observation agrees well with the trend of adhesion
performance predicted by our analysis. Thus, the model and experiments confirm that
patterning the device significantly helps the adhesion performance. Recently, a similar
phenomenon was reported on mussel adhesion — research found that discrete interfaces could

greatly enhance the adhesion®!.
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