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Supplementary Texts

Analysis of FT-IR measurement

Representative absorption peaks of P3HT-NFs semiconducting polymer are shown at 2957, 2924
and 2851 cm™! which are attributed to C-H aliphatic stretch (stretching). The peaks of thiophene
ring appear at 1485 (stretching) and 1377 cm™ (methyl deformation). The C-C vibration are
observed at 1260 cm™'. Strong absorption peak of the aromatic C-H stretching is emerged at around
800 cm!, as reported (57). For absorption band of PU, the peak of the N-H stretching appear at
3329 cm™! while the C-H stretching peaks are shown at 2934 and 2850 cm™'. The absorption band
at 1716 cm’! is attributed to C=0 carbonyl stretching. The SN-H with CO-N vibration and C-N
vibration with 8N-H are shown at a1526 cm™ and 1230 cm’!, respectively (58). To compare a
chemical bonding variation after blending P3HT-NFs and PU, spectra of the P3HT-NFs/PU
composite also was investigated. As shown in fig. S2, the absorption bands of PU dominate on the
FT-IR spectrum due to the relatively high amount of PU in the composite. The intensity of the
peak at around 801 cm™! increases on the mixed P3HT-NFs/PU composite than the PU spectrum.



Ideality factor Calculation
Ideality factors can be estimated from the slope of a plot of log I versus V plot (59, 60). The
ideality factor of the rubbery Shottky diode is calculated using

~ ( q av ) _ (kTd(n)\

"=\krdnp) "\ q av
Where, n is the ideality factor, q is the elementary electric charge, k is the Boltzmann constant, T
is the absolute temperature, V is the applied voltage, and J is the current density through the diode.
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Fig. S1. The preparation process of the PSHT-NFs/PU solution.
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Fig. S2. FT-IR spectra of the P3HT-NFs, PU and P3HT-NFs/PU composite.




Fig. S3. The P3HT-NFs/PU rubbery semiconductor composite film under mechanical strain
of 0, 10, 20 and 30%. (A) Optical images. (B) Optical microscopic images.
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Fig. S4. Electrical properties of the rubbery Schottky diodes with different device structures.
(A) I-V characteristics of P3HT-NFs/PU composite film on micro-channel under mechanical strain
of 0, 10, 20, 30 and 0% (released) perpendicular to the channel length. (B) Relative resistance
change under strain. (C) [-V characteristics of the rubbery diodes with different structures and
metal-semiconductor junctions. (D) Schematic illustration of three different structures. (E)
Rectifying property of the rubbery diode under -50 to 50 V voltage sweep. (F) I-V hysteresis of
the diode with scan rate of 3.6363 V/s.
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Fig. S5. SEM images of semiconductors and conductors. (A) P3HT-NFs. (B) P3HT-NFs/PU.
(C) AgNWs. (D) AuNPs-AgNWs.
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Fig. S7. Schematic illustration of the fabrication process of the rubbery rectifiers and logic
gates. (A) Half-wave rectifier. (B) Full-wave bridge rectifier. (C) AND gate. (D) OR gate.
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Fig. S8. Truth tables of the rubbery logic gates. (A) OR gate. (B) AND logic gate.
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Fig. S9. The rubbery tactile sensor. (A) A cross-sectional optical microscopic image. (B) A cross-
sectional schematic illustration of the tactile sensor
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Fig. S11. Schematic illustration of the fabrication process of the fully rubbery multiplexed

tactile sensor array.
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Fig. S12. Tactile sensing test of the pressure-sensitive rubber sheet. (A) Optical images of
pressing the pressure-sensitive rubber sheet. (B) Dynamic output voltage response with press or
release under 3 V applied.
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Fig. S13. Cross-talk effect of the rubbery tactile sensor array without multiplexing. (A) An
Optical image of the tactile sensor array with a letter-shaped object (UH) placed on it. (B) Output
voltage mapping of the tactile sensor array corresponding to (A). (C) An Optical image of the
tactile sensor array with a triangle-shaped placed on it. (D) Output voltage mapping of the tactile
sensor array corresponding to (C).
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Fig. S14. Schematic illustration of the fabrication process of the rubbery TENG.
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Fig. S15. Working mechanism of the rubbery TENG in contact-separation mode.
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Fig. S16. Dependence of the power density of the rubbery TENG on the external resistors.
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Fig. S17. PDMS based rubbery capacitor. (A) Schematic illustration in an exploded view of the
rubbery capacitor. (B) A fabrication process of the rubbery capacitor.
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Fig. S18. Rubbery capacitors. (A) Cross-sectional optical images of the rubbery capacitors. (B)
Capacitances of the rubbery capacitors with different thicknesses.
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