Tables of Contents

Supplementary Figures:

Supplementary Figure 1. Schematic diagrams of the structure of different material films rolled into fibers and the force process. (a) Structure diagram of PDMS film rolled into fiber. (b) SEM images of PDMS fiber structure. (c) Schematic diagram of the PDMS fiber force process. (d) Structure diagram of SEBS film rolled into fiber. (e) SEM images of SEBS fiber structure. (f) Schematic diagram of the SEBS fiber force process. (g) Structure diagram of PDMS+SEBS film rolled into fiber. (h) SEM images of PDMS+SEBS fiber structure. (i) Schematic diagram of the PDMS+SEBS fiber force process. 

Supplementary Figure 2. Microscopic images of fibers of different materials and fiber with hollow structure. Microscopic images of (a) PDMS fiber, (b) SEBS fiber, (c) PDMS+SEBS fiber and (d) PDMS+SEBS fiber with hollow structure.
Supplementary Figure 3. Characterization of the fiber pressure sensing. (a) Real-time response of PDMS+SEBS hollow fiber to different applied forces. (b) Simulated stress distribution in the middle-most region of the solid and hollow structure fibers applied force. (c) Continuous response of the hollow structure fiber under different applied forces. (d) Continuous response of the hollow structure fiber at 3 N without any hold.
Supplementary Figure 4. Metallographic microscope images of different sensing units. Metallographic microscope images of (a) Au electrode, (b) Ag/AgCl electrode, (c) G-PEDOT:PSS/PVA film, (d) PEDOT:PSS film, (e) K+-selective membrane and (f) Na+-selective membrane.
Supplementary Figure 5. Schematic illustration of the microfabrication process used for creating fiber multimode sensor. Separately, PSS and SEBS are spin–coated on a Si wafer. Magnetron sputtering gold channel on SEBS using stainless steel mask plate. Openings are cut on the PDMS film by laser. The PDMS mask is glued to the SEBS with gold channel and plasma cleaned. Ag/AgCl solution is dripped on the gold channel to dry naturally. PEDOT:PSS ink, G-PEDOT:PSS/PVA ink and PVB ink are sprayed on the film through the PDMS shadow mask. Na+ and K+-selective membrane solutions are dripped onto the PEDOT:PSS film. Encapsulation of the temperature sensing area with SEBS. The film is released from the Si wafer in water. Attach PDMS film and transfer to teflon plate. Patterning cuts the pressure sensing area. The 2D film is rolled the 1D fiber. Finally, electrochemical modification is performed to complete the preparation of pH and glucose sensing.
Supplementary Figure 6. SEM images of PEDOT:PSS-based materials with different temperature resistances on SEBS film. SEM images of (a) PEDOT:PSS, (b) G-PEDOT:PSS and (c) G-PEDOT:PSS/PVA.
Supplementary Figure 7. Schematic structure and characterization of the fiber temperature sensor. (a) Schematic structure of fiber temperature sensing. (b) Effect of humidity on fiber temperature sensing performance. (c) Response of fiber temperature sensing to 36 to 37℃. (d) Response of fiber temperature sensing to 25 to 35℃.
Supplementary Figure 8. Interfacial impedance characterization. Curve of skin contact impedance of the fiber-based gold electrode.
Supplementary Figure 9. SEM and mapping characterization of Ag and Ag/AgCl nanowires. SEM and mapping images of (a, b) Ag nanowire and (c, d) Ag/AgCl nanowire.
Supplementary Figure 10. Schematic structure of the fiber ion sensor.
Supplementary Figure 11. Characterization of the fiber K+ sensing. (a) Open-circuit potential response of fiber K+ sensor in different concentrations of KCl solutions using external reference electrode. (b) The fiber K+ sensor was subjected to three consecutive open-circuit potential responses in different concentrations of KCl solutions using built-in reference electrode. (c) Open-circuit potential response of five different fiber K+ sensors in different concentrations of KCl solutions using built–in reference electrode. (d) Comparison of open-circuit potential responses of fiber K+ sensor in different concentrations of KCl solutions for 2 weeks using built-in reference electrode. (e) Open-circuit potential response of fiber K+ sensor in different concentrations of KCl solutions for extended periods of time using built-in reference electrode. (f) Open-circuit potential response of fiber K+ sensor in different ionic solutions using built-in reference electrode. Data recording was paused for 30 s for each solution change.
Supplementary Figure 12. Characterization of the fiber Na+ sensing. (a) Open-circuit potential response of fiber Na+ sensor in different concentrations of NaCl solutions using external reference electrode. (b) The fiber Na+ sensor was subjected to three consecutive open-circuit potential responses in different concentrations of NaCl solutions using built-in reference electrode. (c) Open-circuit potential response of five different fiber Na+ sensors in different concentrations of NaCl solutions using built-in reference electrode. (d) Comparison of open-circuit potential responses of fiber Na+ sensor in different concentrations of NaCl solutions for 2 weeks using built-in reference electrode. (e) Open-circuit potential response of fiber Na+ sensor in different concentrations of NaCl solutions for extended periods of time using built-in reference electrode. (f) Open-circuit potential response of fiber Na+ sensor in different ionic solutions using built-in reference electrode. Data recording was paused for 30 s for each solution change.
Supplementary Figure 13. Open-circuit potential response of fiber K+ and Na+ sensor array in different ionic solutions with a shared built-in reference electrode.
Supplementary Figure 14. The pH of different concentrations of lactic acid in PBS solution.
Supplementary Figure 15. Schematic structure of the fiber pH sensor.
Supplementary Figure 16. Electrochemical deposition of polyaniline. Modify the fiber electrode with polyaniline using cyclic voltammetry electrodeposition with (a) external reference electrode and (b) built-in reference electrode, respectively. SEM images of fiber electrode modified with polyaniline using (c) external reference electrode and (d) built-in reference electrode.
Supplementary Figure 17. Characterization of the fiber pH sensor. Open-circuit potential response of fiber pH sensor using (a) external reference electrode and (b) built-in reference electrode in buffer solutions with varying pH values ranging from 4 to 9. The fiber pH sensor was subjected to three consecutive open-circuit potential responses in different buffer solutions with varying pH values ranging from (c) 4 to 9 and (d) 5 to 6 using built-in reference electrode. Open-circuit potential response of five different fiber pH sensors in different buffer solutions with varying pH values ranging from (e) 4 to 9 and (f) 5 to 6 using built-in reference electrode. Open-circuit potential response of fiber pH sensor in different buffer solutions with varying pH values ranging from (g) 4 to 9 and (h) 5 to 6 for extended periods of time using built-in reference electrode. (i) Comparison of open-circuit potential responses of fiber pH sensor in different buffer solutions with varying pH values ranging from 4 to 9 for 2 weeks using built-in reference electrode. Data recording was paused for 30 s for each solution change.
Supplementary Figure 18. Schematic structure of the fiber glucose sensor.
Supplementary Figure 19. Characterization of the fiber glucose sensor. (a) Modify the fiber electrode with Prussian blue using cyclic voltammetry electrodeposition with built-in reference electrode. (b) Open-circuit potential response of fiber glucose sensor in  concentrations of 0 to 10 mM of glucose buffer solutions using built-in reference electrode. (c) Open-circuit potential response of five different fiber glucose sensors in concentrations of 0 to 200 μM of glucose buffer solutions using built-in reference electrode. (d) Comparison of open-circuit potential responses of fiber glucose sensor in concentrations of 0 to 200 μM of glucose buffer solutions for 2 weeks using built-in reference electrode. (e) Open-circuit potential response of fiber glucose sensor in concentrations of 0 to 200 μM of glucose buffer solutions for extended periods of time using built-in reference electrode. (f) Open-circuit potential response of fiber glucose sensor in different solutions using built-in reference electrode. Data recording was paused for 30 s for each solution change.
Supplementary Figure 20. Open-circuit potential response of fiber pH and glucose sensor array in different solutions with a shared built-in reference electrode.
Supplementary Figure 21. The resistance change ratio of the curved surface pressure sensor array. The resistance change rates of (a) foam, (b) leather, (c) relaxed muscles, (d) tense muscles and (e) skeletal joints were pressed using the curved surface pressure sensor array.

Supplementary Figure 21. The circuit design of the back-end module.
Supplementary Video Captions:

Supplementary Video 1. The process of the film rolling into fiber

Supplementary Video 2. Stress distribution of a fiber with a hollow structure under pressure
Supplementary Video 3. Stress distribution of a solid structural fiber under pressure
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Supplementary Figure 1. Schematic diagrams of the structure of different material films rolled into fibers and the force process. (a) Structure diagram of PDMS film rolled into fiber. (b) SEM images of PDMS fiber structure. (c) Schematic diagram of the PDMS fiber force process. (d) Structure diagram of SEBS film rolled into fiber. (e) SEM images of SEBS fiber structure. (f) Schematic diagram of the SEBS fiber force process. (g) Structure diagram of PDMS+SEBS film rolled into fiber. (h) SEM images of PDMS+SEBS fiber structure. (i) Schematic diagram of the PDMS+SEBS fiber force process.
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Supplementary Figure 2. Microscopic images of fibers of different materials and fiber with hollow structure. Microscopic images of (a) PDMS fiber, (b) SEBS fiber, (c) PDMS+SEBS fiber and (d) PDMS+SEBS fiber with hollow structure. 
[image: image3.png]Resistance (Q)

02N 04N
——0.6N-—08N
1.0N—12N
~N6|l—14N—16N
E - 1.8N—20N
S~ {—22N 24N
@® [—26N—28N
241 30N 32N
5 34N 36N
‘(;; ——3.8N—4.0N
2,
[
4
0
0
1200
25N 1600
a
900 1=
5 12001
o
g
600 B 800
15N g ‘ ‘
(i @ ‘
300 400—N HL‘ | Il UU wa\ U TR
0 60 120 180 240 0 10 20 30 40 50

Time (s) Number of Cycles




Supplementary Figure 3. Characterization of the fiber pressure sensing. (a) Real-time response of PDMS+SEBS hollow fiber to different applied forces. (b) Simulated stress distribution in the middle-most region of the solid and hollow structure fibers applied force. (c) Continuous response of the hollow structure fiber under different applied forces. (d) Continuous response of the hollow structure fiber at 3 N without any hold. 
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Supplementary Figure 4. Metallographic microscope images of different sensing units. Metallographic microscope images of (a) Au electrode, (b) Ag/AgCl electrode, (c) G-PEDOT:PSS/PVA film, (d) PEDOT:PSS film, (e) K+-selective membrane and (f) Na+-selective membrane. 
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Supplementary Figure 5. Schematic illustration of the microfabrication process used for creating fiber multimode sensor. Separately, PSS and SEBS are spin-coated on a Si wafer. Magnetron sputtering gold channel on SEBS using stainless steel mask plate. Openings are cut on the PDMS film by laser. The PDMS mask is glued to the SEBS with gold channel and plasma cleaned. Ag/AgCl solution is dripped on the gold channel to dry naturally. PEDOT:PSS ink, G-PEDOT:PSS/PVA ink and PVB ink are sprayed on the film through the PDMS shadow mask. Na+ and K+-selective membrane solutions are dripped onto the PEDOT:PSS film. Encapsulation of the temperature sensing area with SEBS. The film is released from the Si wafer in water. Attach PDMS film and transfer to teflon plate. Patterning cuts the pressure sensing area. The 2D film is rolled the 1D fiber. Finally, electrochemical modification is performed to complete the preparation of pH and glucose sensing.
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Supplementary Figure 6. SEM images of PEDOT:PSS-based materials with different temperature resistances on SEBS film. SEM images of (a) PEDOT:PSS, (b) G-PEDOT:PSS and (c) G-PEDOT:PSS/PVA. 
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Supplementary Figure 7. Schematic structure and characterization of the fiber temperature sensor. (a) Schematic structure of fiber temperature sensing. (b) Effect of humidity on fiber temperature sensing performance. (c) Response of fiber temperature sensing to 36 to 37℃. (d) Response of fiber temperature sensing to 25 to 35℃.
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Supplementary Figure 8. Interfacial impedance characterization. Curve of skin contact impedance of the fiber-based gold electrode.
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Supplementary Figure 9. SEM and mapping characterizations of Ag and Ag/AgCl nanowires. SEM and mapping images of (a, b) Ag nanowire and (c, d) Ag/AgCl nanowire.
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Supplementary Figure 10. Schematic structure of the fiber ion sensor.
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Supplementary Figure 11. Characterization of the fiber K+ sensing. (a) Open-circuit potential response of fiber K+ sensor in different concentrations of KCl solutions using external reference electrode. (b) The fiber K+ sensor was subjected to three consecutive open-circuit potential responses in different concentrations of KCl solutions using built-in reference electrode. (c) Open-circuit potential response of five different fiber K+ sensors in different concentrations of KCl solutions using built-in reference electrode. (d) Comparison of open-circuit potential responses of fiber K+ sensor in different concentrations of KCl solutions for 2 weeks using built-in reference electrode. (e) Open-circuit potential response of fiber K+ sensor in different concentrations of KCl solutions for extended periods of time using built-in reference electrode. (f) Open-circuit potential response of fiber K+ sensor in different ionic solutions using built-in reference electrode. Data recording was paused for 30 s for each solution change.
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Supplementary Figure 12. Characterization of the fiber Na+ sensing. (a) Open-circuit potential response of fiber Na+ sensor in different concentrations of NaCl solutions using external reference electrode. (b) The fiber Na+ sensor was subjected to three consecutive open-circuit potential responses in different concentrations of NaCl solutions using built-in reference electrode. (c) Open-circuit potential response of five different fiber Na+ sensors in different concentrations of NaCl solutions using built–in reference electrode. (d) Comparison of open-circuit potential responses of fiber Na+ sensor in different concentrations of NaCl solutions for 2 weeks using built-in reference electrode. (e) Open-circuit potential response of fiber Na+ sensor in different concentrations of NaCl solutions for extended periods of time using built-in reference electrode. (f) Open-circuit potential response of fiber Na+ sensor in different ionic solutions using built-in reference electrode. Data recording was paused for 30 s for each solution change.
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Supplementary Figure 13. Open-circuit potential response of fiber K+ and Na+ sensor array in different ionic solutions with a shared built-in reference electrode.
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Supplementary Figure 14. The pH of different concentrations of lactic acid in PBS solution.
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Supplementary Figure 15. Schematic structure of the fiber pH sensor.
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Supplementary Figure 16. Electrochemical deposition of polyaniline. Modify the fiber electrode with polyaniline using cyclic voltammetry electrodeposition with (a) external reference electrode and (b) built-in reference electrode, respectively. SEM images of fiber electrode modified with polyaniline using (c) external reference electrode and (d) built-in reference electrode.
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Supplementary Figure 17. Characterization of the fiber pH sensor. Open-circuit potential response of fiber pH sensor using (a) external reference electrode and (b) built-in reference electrode in buffer solutions with varying pH values ranging from 4 to 9. The fiber pH sensor was subjected to three consecutive open-circuit potential responses in different buffer solutions with varying pH values ranging from (c) 4 to 9 and (d) 5 to 6 using built-in reference electrode. Open-circuit potential response of five different fiber pH sensors in different buffer solutions with varying pH values ranging from (e) 4 to 9 and (f) 5 to 6 using built-in reference electrode. Open-circuit potential response of fiber pH sensor in different buffer solutions with varying pH values ranging from (g) 4 to 9 and (h) 5 to 6 for extended periods of time using built-in reference electrode. (i) Comparison of open-circuit potential responses of fiber pH sensor in different buffer solutions with varying pH values ranging from 4 to 9 for 2 weeks using built-in reference electrode. Data recording was paused for 30 s for each solution change.
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Supplementary Figure 18. Schematic structure of the fiber glucose sensor.
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Supplementary Figure 19. Characterization of the fiber glucose sensor. (a) Modify the fiber electrode with Prussian blue using cyclic voltammetry electrodeposition with built-in reference electrode. (b) Open-circuit potential response of fiber glucose sensor in  concentrations of 0 to 10 mM of glucose buffer solutions using built-in reference electrode. (c) Open-circuit potential response of five different fiber glucose sensors in concentrations of 0 to 200 μM of glucose buffer solutions using built-in reference electrode. (d) Comparison of open-circuit potential responses of fiber glucose sensor in concentrations of 0 to 200 μM of glucose buffer solutions for 2 weeks using built-in reference electrode. (e) Open-circuit potential response of fiber glucose sensor in concentrations of 0 to 200 μM of glucose buffer solutions for extended periods of time using built-in reference electrode. (f) Open-circuit potential response of fiber glucose sensor in different solutions using built-in reference electrode. Data recording was paused for 30 s for each solution change.
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Supplementary Figure 20. Open-circuit potential response of fiber pH and glucose sensor array in different solutions with a shared built–in reference electrode.
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Supplementary Figure 21. The resistance change ratio of the curved surface pressure sensor array. The resistance change rates of (a) foam, (b) leather, (c) relaxed muscles, (d) tense muscles and (e) skeletal joints were pressed using the curved surface pressure sensor array.
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Supplementary Figure 21. The circuit design of the back-end module.
