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Table S1. Comparison of the sensing properties with other state-of-the-art

Material Humidity Strain External stimulus Decoupled References
Response low limit detecting
/Sensitivity  /Response
range
TPU/ILs NO 10%/50% Strain/temperature YES 1
TPU/ILs NO 0.1%/200 Strain/temperature NO 2
parallel fiber %
PS-r- NO 10%/300 Strain/temperature YES 3
PnBMA/ %
ILs
Fabric/GO YES/- -/30% Strain/temperature/ NO 4
humidity
PVA/CA/Ag YES/- 1%/200% Strain/temperature/ NO 5
humidity
poly(lipoic YES/0.89% -/100% Temperature/strain/ NO 6
acid humidity
TPU/ILs YES/1.08% - Humidity/Press YES 7
PILs NO -/300% Strain/Temperature NO 8
TPU/ILs/WP  YES/12.4%  0.1%/300  Strain/Temperature/ YES This work
U % Humidity

multifunctional wearable sensors based on ILs.
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Figure S1. (a) SEM image of PU, (b) SEM image of PU/ILs/WPU.
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Figure S2. Temperature-dependent FTIR spectra of PU/ILs/WPU up heating from 30

to 180 °C, (a) 1480-1560 cm™, (b) 1680-1760 cm™'.
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Figure S3. Schematic diagram of hydrogen bonding between PU and ILs.

(@) (b)

Skew grid Triangle grid

Strain(%)
s
Strain{%)

=

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time(s) Time(s)

Figure S4. (a)The X-Y displacement variation of skew PU grid under stretching,

(b)The X-Y displacement variation of triangle PU grid under stretching
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Figure S5. The DIC images of PU grid after stretching:(a)Skew grid,(b)triangle grid,

(c) Schematic image of DIC
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Figure S6. Stress-strain distribution simulation of stretched grid :(a) square grid at a
scale factor of 3.5, (b) skew grid at a scale factor of 1.216, (¢) triangle grid at a scale

factor of 3.5.
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Figure S7. The AR/Ro of square grid, triangle grid, skew grid along x and y-axis

stretching direction
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Figure S8. The resistance changes of grid sensors changing with the stretching angles
C)

B



Figure S9. Schematic diagram of orthogonal stacking two grid strain sensors
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Figure S10. Stress-strain of PU grid with different layers.
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Figure S11. The resistance changes of square grid sensor during stretching-releasing

144 3 3
124
2 2
10 g &
= =
= 14 -
£ 89 :
-
-
64 0
]
44 50 52 54 56 58 60 F T T T T
Time(s) 1000 1002 1004 1006 1008 1010
2 Time(s)
0 200 400 600 800 1000 1200
Time(s)

Figure S12. The resistance signals after 1200 stretching/releasing cycles.
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Figure S13. (a) Real-time monitoring of adult heart pulse, (b) Real-time monitoring

of adult wrist pulse.
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Figure S14. The comparison between experimental temperature and theoretical

temperature from the resistance signal of senor.
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Figure S15. Permeability test picture: (a) Bottle caps of membrane, (b) The remaining

water after stored in room temperature for 28 days.



Figure S16. The permeability of our sensor, porous mat and commercial PU film.
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Figure S17. Strain response of the anti-interference test caused by off-axial twisting.

Table S2. Summary of recent wearable temperature sensors based on ionic gel

Material Sensitivity Detection Sensing Reference
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range linearity s
TPU/ILs 2.73%-°C-! | 20-40 °C - [1]
TPU/ILs parallel | 2.17%-°C! | 30-100 °C 0.998(30-40°C) | [2]
fiber
TPU/ILs 2.10%-°C- | 30-50°C - [9]
Silicone/ILs 0.92%-°C-! | 25-100°C - [10]
TPU/ILs 1.20%-°C-! | -40-100°C 0.998(40-100°C) | [11]
TPU/ILs 0.94%-°C-! | 30-80°C 0.998 [12]
TPU/ILs 1.55%-°C-! | 30-100°C 0.994 This
work
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Figure S18. (a) GF changes with temperature, (b) TCR changes with strain.
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Figure S19. (a) TCR changes with humidity ,(b) Humidity sensitivity changes with
temperature.

Figure S20 shows schematic diagram of encoding the two-parameter signal such
as strain and temperature. The components of strain and temperature signals with
respect of time, is transformed into frequency signals. In this process, Fourier
transform algorithm can be applied to encode the two-parameter signal based on the

different response time of the device in temperature and strain sensing.
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Figure S20. Schematic diagram of encoding the two-parameter signal such as strain

and temperature
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