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Preparation section:

Preparation of PDMS/Au/rGO plane strain sensor. The rGO film was transferred to
the VHB substrate and put in the ion sputtering apparatus for plating a layer of gold to
obtain the Au/rGO gradient wrinkle film. Thereafter, the PDMS/Au/rGO strain sensor
was obtained by spinning a layer of PDMS coating solution on the spin coater at 2000
r/min for 10 s and drying at 60 °C for 4 h.

Preparation of rGO/PDMS wrinkle strain sensor. The resulting rGO film was
transferred to the biaxial pre-stretched (pre-strain of 300%) VHB substrate. Releasing
the substrate along the symmetrical direction to the original size to obtained rGO
wrinkle film. The rGO/PDMS wrinkle strain sensor was obtained by spinning the

PDMS coating solution with the same method as above.
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Fig. S1. XRD pattern of GO and rGO.
The rGO was identified by the XRD pattern, as shown in Fig. S1. After treating

the GO film with HI, the main peak changed from the 11.27° to 24.38° with interplanar



distance reduced from 0.78 nm to 0.36 nm, which indicated that the oxygen-containing

functional groups on the GO surface were reduced to obtained rGO.!-?
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Fig. S2. (a) The resistance value of the strain sensor without gold film in Zone-II . (b)

The resistance value of the strain sensor with gold film in Zone- II.

Fig. S3. (a) Cross-sectional SEM morphology image of the strain sensor. (b) EDS

mapping images of Si.
The thickness of PDMS on the PRGW surface was estimated by silicon EDS

scanning of Si on the cross section. The boundary of the Si element distribution in Fig.

S3 (b) is marked, and it can be obtained that the thickness of PDMS is about 345 nm.



Fig. S4. (a-c) Ordinal SEM images of strain sensors with pre-strain along the Y-axis in
Zone-1II are 30%, 60%, and 90%, respectively. (d), (e), (f) Highly magnified SEM
images of Zone- I of (a), (b), and (¢), respectively.

As shown in Fig. S4a- S4c, the wrinkle degrees of Zone- I of the three strain
sensors were the same with gradient structure; while the wrinkle degree of Zone- II
gradually increased with the increase of tensile strain along the Y-axis during the

preparation process.
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Fig. S5. EDS mapping images of C, O, Si in the Zone- I of the PRGW strain sensor.
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Fig. S6. (a) The XPS full spectra of the PRGW strain sensor, (b) C 1s area of the PRGW

(c) and O 1s area of the PRGW, (d) Si 2p area of the PRGW.
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Fig. S7. (a) LSCM profile and R, of Zone-II of the strain sensor with a pre-strain of
30% along the Y-axis. (b) LSCM profile and R, of Zone-II of the strain sensor with a
pre-strain of 60% along the Y-axis. (¢) LSCM profile and R, of Zone- Il of the strain
sensor with a pre-strain of 90% along the Y-axis.

As shown in Fig. S7, the roughness of the wrinkle increased from 4.31 um to 4.79
um as the pre-strain increases from 30% to 90% during the preparation process. The
height variation diagram along the Z-axis exhibited that the convex height of the

wrinkle will also increase with the increase of pre-strain.
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Fig. S8. (a) SEM of the PDMS/rGO wrinkle strain sensor. (b) The resistance of the
wrinkle strain sensor varies with the strain. (c) SEM of the PDMS/Au/rGO plane strain

sensor. (d) The resistance of the plane strain sensor varies with the strain.

Fig. S9. (a) The resistance value of the rGO gradient wrinkled strain sensor. (b) The

resistance value of the PRGW strain sensor.
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Fig. S10. (a) The resistance of different strain sensors varies with the strain. (b) the
strain sensing performance of different strain sensors in the small strain range.

As shown in Fig. S10a, the three curves represent the strain sensing performance
of the sensor obtained in the preparation process when the pre-strain along the Y-axis
is 30%, 60%, and 90%, respectively. During the stretching process, the mutant values
of the resistance (i.e. the high sensitivity position) appeared at the strain position of
30%, 60%, and 90%, which mainly due to cracks in the wrinkles of Zone-1II at that
position. Therefore, the position of the sensor's high sensitivity can be controlled by
adjusting the pre-strain in the preparation process. What's more, it can be seen from
Fig. S10b that with the decrease of pre-strain during preparation, the sensitivity of the
low strain range increased gradually even before cracks appear. This is mainly since
under the same condition of tensile strain, the morphology of the sensor changes
relatively great with the reduction of wrinkle degree, leading to a great change in the

conductive path.
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Fig. S11. (a) Cycle test under different large strains (150%, 200%, 250%, and 300%).
(b) Variation of strain with time when strain varies between 0% and 300%.

The strain sensor is fixed to the guide rail module, and the degree and rate of
stretching and shrinking are controlled by a stepping motor. It can be seen from the
figure that the repeatability is good at various strains, which proves that the sensor still
maintains good stability in a large strain range.

The response and recovery time of the sensor were analyzed at the same stretching
and retracting rates, as shown in Fig. S11(b). In the stretching phase, the strain sensor
moves with the guide rail module to a strain of 300%, and the required time is At;=35
s; in the shrinking phase, the guide rail module returns to the starting point, and the
required time is At;=35 s. However, the AR/R of the strain sensor returns to the initial
value and it takes 17 s to be used again (as shown in the inset). This is mainly due to
the fact that the VHB basement membrane cannot be restored to its original appearance
in real time after stretching at a large strain. Although the strain sensor has hysteretic

behavior, its overall recovery degree is good.
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Fig. S12. Changes in AR/R and strain with time when the strain changes from 0% to
30%

As shown in Fig. S12, the time the sensor takes for the strain to increase from 0%
to 30% is 1.69s, which is the same as the time it takes for the AR/R of the strain sensor
to increase to the maximum, which proves that the stretching process can respond in
real time. In the retraction process, the stretching length of the sensor is restored to the
original size in 1.69s, while the recovery of the resistance signal is 2.15s, showing a

delay of 0.46s, which is manily because the hysteresis of the VHB substrate during

retraction.
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Fig. S13. Bending cycle test of the PRGW strain sensor.



Fig. S15. (a) The strain sensors are immersed in water. (b) The PRGW strain sensor
with a strain of 300% is immersed in water.

As shown in Fig. S15, sample 1 and sample 2 are rGO wrinkle and PRGW,
respectively. Since there is no PDMS layer on the surface of sample 1, it presented a
normal color underwater, which proved that the surface is completely wetted by water.
Due to the super-hydrophobic property of sample 2, there was an air layer between the
water and the sample surface, which made the light reflect at the water/air interface and
presented a bright color.> Besides, when the strain of PRGW was 300%, it still had
bright color underwater, proved that the air layer still existed. Therefore, the sensor still
has good super-hydrophobic performance in large strain and can be applied to

underwater sensing.
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