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Supporting Notes

Note S1. The gauge factor (GF) of the proposed metal films

In the field of strain sensors, sensitivity, as one of the important indexes to evaluate 

the electromechanical performance of the sensors, is defined as the gauge factor 

(GF=(ΔR/R0)/ε), where ΔR is the resistance change in the strain state, R0 is the initial 

resistance of the film before strain and ε is the applied strain. In fact, the resistance 

change vs strain displays a curved shape rather than a single straight line. Therefore, 

the most common method to calculate the GF is to approximately divide the sensing 

curve into several quasilinear stages. Among all stages of GF, the stage with maximum 

GF is usually considered to reflect the sensitivity of the sensors.



Note S2. The elucidation of deposition pressure-tunable surface roughness in the 
interlayer.

In the physical deposition process, deposition pressure is an important parameter. 

As the deposition pressure increases, more nano/micro-voids are induced in the 

deposited FeOX interlayer, accompanied with an increase in the surface area of the film 

(Fig. S6, ESI†). Therefore, the surface roughness of the FeOX interlayer also gradually 

increases, as shown in Fig 4a, b, and Fig S7 (ESI†). The mechanism of this deposition 

pressure-induced regulation may involve a series of processes such as collisions, 

scattering, excitation, and chemical reactions between the ejected atoms from the laser-

ablated target and gas atoms during the physical deposition1. To date, the effect of the 

deposition pressure on the morphology of deposited products has not been 

systematically studied. Several possible reasons were proposed to jointly elucidate the 

increased surface roughness at higher deposition pressures. First, compared with the 

vacuum environment, there is a higher possibility for the atoms ejected from the target 

to collide with gas molecules in a higher-pressure environment, resulting in 

significantly less kinetic energy for the atoms when reaching the substrate. This effect 

means that the deposited atoms lack sufficient energy to further migrate on the substrate 

to form a smooth, compact film2,3. Therefore, the surface roughness of the interlayer is 

increased at higher deposition pressures. Second, high-frequency collisions of ejected 

atoms from the target with gas atoms lead to more random scattering of atoms in the 

higher-pressure environment due to the smaller mean free path1,4. This enhanced atom 

scattering can facilitate the formation of massive voids by inducing a disordered atom 

stacking, leading to an increase in the surface roughness of the interlayer. 



Note S3. The concept of the normalized parameters of crack density and cut-

through proportion 

The normalized parameters of crack density and cut-through proportion were used 

to analyze the features of the crack pattern of the proposed metal films with the different 

surface roughness interlayers under 90% strain in Fig. 2c. The samples deposited at 0.5 

Pa with a surface roughness of 0.047 μm were set to the base level. Crack density is the 

number of cracks in the whole image. Cut-through proportion is defined as the ratio of 

the number of cut-through cracks to the total number of cracks. 



Supporting Figures

Fig. S1. The surface morphology and composition characterization of the as-fabricated 

metal films. (a) The top view SEM image, (b) The side view SEM image, (c) The EDS 

composition analysis.



Fig. S2. The strain-dependent surface morphology evolution of the FeOX interlayer 

deposited at various pressures (0%, 30%,60%).



Fig. S3. The surface morphology evolution of the metal films under 60% strain after 

the introduction of the FeOX interlayer deposited at various pressures



Fig. S4. The maximum sensitivity gauge factor (GF) of the proposed metal films with 

the deposition pressure of the FeOX interlayer.



Fig. S5. The initial resistance of the ultra-stretchable metal films after the repeated 

cycling test under 100% strain.



Fig. S6. The normalized surface area of the FeOX interlayer at different deposition 

pressure. Inset: SEM images of the FeOX interlayer at different deposition pressure.



Fig. S7. The surface roughness and corresponding physical parameters of the various 

FeOX interlayer (Fig. 4a) characterized by a laser scanning confocal microscope.



Fig. S8. The relative resistance changes (ΔR/R0) of the proposed metal films during the 

repeated tape attachment/detachment.



Fig. S9. The high-sensitive metal film-based strain sensors are used to detect sound 

vibrations. (a) Image of the sensor attached to the speaker. (b) The waveform profiles 

of the various piano tones collected from the speaker. (c) and (d) The continuous 

waveforms for the music of “Green Flower Porcelain” and “Qinghai-Tibet Plateau”, 

respectively.



Fig. S10. The relative resistance change (ΔR/R0) of the sensor and the luminosity of the 

LED (λ: 490 nm and 525 nm) varying with the applied strain (0~180%)



Fig. S11. The ultra-stretchable metal film serves as a component of the Type C data 

cable for the mobile phone charging process. (a) Schematic of the whole circuit. The 

ultra-stretchable metal film was connected in series with the mobile phone as a 

component of the Type C data cable. (b) Digital image of the mobile phone charging 

process when the proposed metal film is subjected to a series of actions (initial state, 

bending, and twisting). (c) Digital image of the mobile phone charging process when 

the proposed metal film is subjected to a certain strain (0~150%).



Fig. S12. Photograph of wide-range metal film-based strain sensors attached to five 
fingers.



Supporting Table

Table S1. The summary of the electromechanical performance of the typical crack-

based flexible strain sensors reported in previous works. 

Design strategy Maximum 
stretchability

ΔR/R0 at 
ɛmax

Tunable 
stretchability References

Spider-inspired nanoscale crack 
junction 2% 45 0~2% 5

 Introduction of parallel 
graphene 10% 10 1%, 10% 6

 2D-material interlayer 
insertion 24% 10000 6~24% 7

Substrate structuring 60% 100 30~60% 8

Fusion of layered membrane-
interface-elastomer structure 85% 100 15%, 85% 9

Nanosphere lithography-based 
strategy 90% 150 5%, 90% 10

Spiral structure-controlled 
cracking 100% 5 80%, 100% 11

Geometrical modulation 100% 25 3~100% 12

Film wrinkling 110% 75 40~110% 122

Surface chemistry modification 120% 34 0~120% 14

Thickness-Gradient Films 150% 32 150% 15

Microcrack bridging 200% 45 8~200% 16

One-step defect-implantation 200% 2.5 20~200% 17

Substrate thermal expansion 300% 100 17%, 300% 18

Interlayer regulation strategy 0~295% 3.85 11~295% This work
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