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A facile strategy to generate high-transconductance (>10 mS) and highly elastic all-polymer organic electrochemical transistor was presented using gelatin-based electrolyte printed with PEDOT:PSS/LiTFSI microelectrodes and 3D micro-engineered channel/electrolyte interface. The imprinted 3D-microstructured polymer channel combined with wrinkled electrodes enabled biaxial stretchability of 100% strain and preserved performance for 1000 cycles under 80% strain. And the glycerol-soaked gelatin electrolyte permitted long-term environmental stability for months and readily recyclability, paving the way to wide applications including artificial synapses and wearable sensing. 
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Figure S1. Cyclic loading–unloading curves at 100% strain for 25% GEL-60% GLY/Na3Cit, with diminished residual strain and recovery of dissipated energy observed after 1 h. 
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Figure S2. (A) Photos of the OECT measurement on Au electrodes and PEDOT:PSS/LiTFSI with varied thickness through controlling the dilution ratio. (B) Typical output curves of PEDOT:PSS doped with 2 wt% LiTFSI (top) and 0.2 wt% LiTFSI (bottom) with similar thickness. (C) Control of the transfer and Gm characteristics of PEDOT:PSS/0.2% LiTFSI channel by adjusting the film thickness.
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Figure S3. (A) Fabrication process of patterned hydrophilic and hydrophobic PDMS surface using oxygen plasma under a stainless steel mask to form the PEDOT:PSS/LiTFSI patterns on PDMS by dewetting, followed by transfer printing to obtain stretchable microelectrodes on gel. (B) Plot of resistance values of the PEDOT:PSS/LiTFSI films on 25% GEL-80% GLY/Na3Cit corresponding to those on PDMS before transfer. (C) Transfer and Gm curves of all-polymer OECTs with controlled W/L ratios. The channels were PEDOT:PSS/0.2% LiTFSI drop cast with 1:4 dilution. (D) Transfer and Gm curves of the all-polymer OECT consisting of PEDOT:PSS/LiTFSI electrodes and PEDOT:PSS/5% TritonX-100 as the channel.
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Figure S4. (A) Cross-sectional scanning electron microscopy (SEM) image of PDMS mold replicated from a sandpaper (400 mesh). (B) SEM top view of the PDMS mold after spin coating PEDOT:PSS/LiTFSI. (C) Optical microscope image of the microwire channel by printing two polymer electrodes to contact with the microwire arrays.




[image: A picture containing blue

Description automatically generated]
Figure S5. Photos of PEDOT:PSS/LiTFSI attached on the gel electrolyte under strains from 0-40%, showing the macroscopic cracks above 30% strain.
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Figure S6. Finite element simulations of strain distribution on PEDOT:PSS/LiTFSI thin layer coated on concave and convex microstructures of gelatin-based gel electrolyte, with an overall strain of 50%. It indicates that the convex structure and the smaller diameter may decrease the strain on the PEDOT:PSS/LiTFSI.
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Figure S7. (A) Photographs of the all-polymer OECT with wrinkled channel and electrodes (100% prestrain) under relaxed and stretched states. (B) Optical microscope image of the wrinkled channel and electrode. (C) ION retention and maximum Gm of the stretchable all-polymer OECT during stretching from 0 to 100% strain parallel to the prestretched direction. (D) OECT performance under strains of 0-40% in the perpendicular direction. The corresponding optical microscope image shows the channel cracking after perpendicular stretching.





Figure S8. ID retention of the wrinkled electrode under repeated stretching for 800 cycles at 100% strain.
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Figure S9. (A) Typical tensile stress–strain curves of 20% GEL-60% GLY/Na3Cit under ambient storage for up to 4.5 month. (B) Transfer curves of OECT prepared with fresh and aged gel electrolytes. (C) Transfer curves of OECT under varied temperature conditions.
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Figure S10. (A) Transfer curves of an all-polymer OECT with submicron-thick channel during the storage for 3 months. (D) Output curves of the OECT after 3 months.
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