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Fig. S1 Detailed layout of the kirigami-cut section in the designed CUT strain sensor.
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Fig. S2 Cross-sectional microscope images of the CUT-10 sensor in the initial and 10%-stretched states (scale bars: 200 
μm).
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Fig. S3 Sequential microscope images showing the detailed strain-dependent opening process of mechanical cuts of 
the CUT strain sensor (CUT-10 model) in the first stretching phase (scale bars: 200 μm).
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Fig. S4 (a) Length and (b) diameter distributions of the synthesized AgNWs.

In addition to strain sensor applications, various functional silver nanostructures such as nanowires,S1–S3 
nanoparticles,S4–S7 and nanosheetsS8 have been widely used for various purposes in diverse fields: electromagnetic 
interference shielding devices,S1,S2 electrocardiogram electrodes,S3 antimicrobial applications,S4–S7 and piezoresistive 
pressure sensors.S8
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Fig. S5 Sequential SEM images showing the strain-dependent morphological evolution of the AgNW network of the 
reference composite sensor without a kirigami cut design (scale bars: 30 μm).

The top-view SEM images in Fig. S5 show the AgNW/PDMS composite after being subjected to some pre-stretching 
cycles. The buckles on the surface of the AgNW/PDMS composite might be induced in the process of releasing strains 
caused by mechanical instability of the bilayer composite substrate comprising two layers with different mechanical 
stiffness (i.e., AgNW/PDMS composite layer and pure PDMS layer).S9–S11
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Fig. S6 Stress-strain curves of the CUT-10 strain sensor and pure PDMS sheet.
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Fig. S7 Time response of the CUT-10 strain sensor when loading and unloading 3% strain at a speed of 600 mm/min.
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Fig. S8 Top-view microscope images of the CUT-10 strain sensor (a) before and (b) after 1000 stretching cycles at 80% strain 

(scale bars: 200 μm).
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Fig. S9 Relative change in resistance (ΔR/R0) of the CUT-10 strain sensor under (a) outward and (b) inward bending 
deformations at various bending radii.
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Fig. S10 Digital photographs of the CUT-40 strain sensors with different overlap cut lengths (lc = 1, 5, and 10 mm) in 
the initial and 50%-stretched states (scale bars: 5 mm).
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Fig. S11 ΔR/R0 curves for the first stretching phase of the CUT-40 strain sensors with different overlap cut lengths (lc = 
1, 5, and 10 mm) (inset: maximum gauge factors (GFs) of the devices in the first stretching phase.).
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Table S1 Quantitative sensor responses of each CUT strain sensor model in the first stretching phase.

ε (%) GF R2

0–0.6 2.8 0.955

0.6–1.2 13.3 0.951CUT-10

1.2–3 63.1 0.992

0–0.6 4.3 0.938

0.6–1.2 24.1 0.953CUT-20

1.2–3.8 134.5 0.994

0–0.6 3.5 0.946

0.6–1.2 17 0.955CUT-30

1.2–3.8 280.5 0.983

0–0.6 2.3 0.981

0.6–1.6 18.6 0.903CUT-40

1.6–4 400.2 0.958
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Table S2 Quantitative sensor responses of the CUT-40 strain sensors with different cut lengths (lc) in the first 
stretching phase.

ε (%) GF R2

0–0.6 2.3 0.981

0.6–1.6 18.6 0.903lc = 1 mm

1.6–4 400.2 0.958

0–0.6 13.7 0.901

0.6–1.6 141.5 0.926lc = 5 mm

1.6–5.6 1562 0.987

0–0.6 18.7 0.926

0.6–1.6 160.2 0.923lc = 10 mm

1.6–6.2 5013.1 0.969
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Table S3 Comparison of sensitivity enhancement techniques for CEC-based strain sensors.

Strategy Stretchability Sensitivity (GF @ strain) Ref.

500% 7 @ 50% Chen at al. (2016) [13]

43%
106%
217%

22 @ 0–15%
6.5 @ 0–15%
2.0 @ 0–15%

Kumar et al. (2019) [14]

30%
90%

110%

47 @ < 30%
19 @ < 90%
8 @ < 110%

Arif et al. (2018) [15]

Density control of fillers

80% 2.2 @ 0–40% Ren et al. (2017) [25]

300% 0.91 @ 0–100% Zheng et al. (2018) [17]

50% 35 @ 0–20% Kumar et al. (2022) [18]

100% 6.3 @ 0–40% Zhou et al. (2020) [20]

70% 5.96 @ 0–3% Lan et al. (2019) [26]

Hybridization of fillers

60% 10 @ 0–15% Nankali et al. (2020) [27]

400% 740 @ 0–150% Yang et al. (2023) [31]

210% 20 @ 0–50% Zhang et al. (2022) [33]

25% 1.1 @ 0–18% Li et al. (2017) [34]

800% 5.8 @ 0–200% Zhou et al. (2019) [35]

150% 24.6 @ 0–130% Kim et al. (2018) [36]

Structural modification of 
composites

55% 84.1 @ 0–6% Zhang et al. (2022) [37]

68% 4.5 @ 0–25% Ha et al. (2022) [38]Structural modification of 
substrates 50% 926 @ 9.6% Heo et al. (2017) [39]

Kirigami cut design
80%
80%
80%

63.1 @ 1.2–3% (Nc = 10, lc = 1 mm)
400.2 @ 1.6–4% (Nc = 40, lc = 1 mm)

5013.1 @ 1.6–6.2% (Nc = 40, lc = 10 mm)
This work
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