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Supplementary Fig. 1 Schematic images of the fabrication of electrolyte membranes by the (a) blade casting and (b) hot pressing.
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Supplementary Fig. 2 (a) EIS spectra of the PEO(LiTFSI), PLLZ@HP, and PLLZ@BC at 25 oC. (b) Arrhenius plots of the PLLZ@HP and PLLZ@BC. Top-view SEM images of the (c) PLLZ@BC, and (d) PLLZ@HP. 
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Supplementary Fig. 3 The ultrasonic transmission image of the PLLZ@BC and the ultrasonic wave at the position marked by the arrow.
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Supplementary Fig. 4 EIS spectra of the Li/PLLZ@HP/Li cell after different time. 
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Supplementary Fig. 5 DEMS results for the Li/PLLZ@HP/Li cell without charge/discharge process.
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Supplementary Fig. 6 Voltage profile and corresponding DEMS results of the Li/PLLZ@HP/Li cell cycled at 0.1 mA cm-2 and 45 oC.
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Supplementary Fig. 7 (a) Galvanostatic cycling performance of the Li/PLLZ@HP/Li cell at 0.2 mA cm-2 (0.1 mAh cm-2) at 45 oC. (b) Magnified image for 0-50 h. (c) The corresponding ultrasonic transmission images of the Li/PLLZ@HP/Li cell during the initial cycling. (d) Magnified image for 100-400 h. (e) The corresponding ultrasonic transmission images of the Li/PLLZ@HP/Li cell during the following cycling.
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Supplementary Fig. 8 Top-view SEM images of Li metal in Li/PLLZ@HP/Li cell (A) before and (B) after cycling. 
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Supplementary Fig. 9 FTIR spectra of the PLLZ@HP at different voltages. 
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Supplementary Fig. 10 Differential ultrasonic images of the LCO/PLLZ@HP/Li cell during the cycling at 0.1 C.
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Supplementary Fig. 11 (A) Co 2p, (B) F 1 s, (C) C 1s, and (D) O 1s XPS spectra of LCO cathode before and after cycling.

XPS was carried out to compare the LCO cathode before and after cycling (Fig. S11). Co 2p spectra show no change of Co chemical valence during cycling up to 4.2 V. The peak at 688.6 eV in the F 1s spectrum corresponds to the Poly(vinylidene fluoride) (PVDF) binder and LiTFSI 1. A new peak of LiF at 684.8 eV is obtained after cycling, which could be attributed to the oxidation of LiTFSI at a high voltage. LiF with an ultralow ionic conductivity can hinder the Li+ transport in the LCO cathode, thus leading to the fast capacity decay. Three peaks at 284.3, 286.2, and 292.4 eV are obtained in the C 1s spectrum, which can be assigned to C-C, C-O, and CF3 in the pristine LCO cathode, respectively 2. The intensity of C-C peak decreases and a new peak of O-C=O at 288.1 eV occurs after cycling. The oxidation of PEO molecular skeleton is also confirmed by the O 1s spectrum.
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Supplementary Fig. 12 (a) Thermolysis equation of Azobisisobutyronitrile (AIBN) at 85 oC. Ultrasonic images before and after (b) 3 μL, and (c) 7 μL N2 generation in the pouch cells. 
36.65 mg AIBN was added into 5 mL methylpyrrolidone (NMP)/ethanol (1:1) solvent and stirred for 6 h, forming 0.0446 mol L-1 AIBN solution. Then, AIBN solution (3 μL and 7 μL) was dipped into the separator and vacuum dried at 50 oC for 1 h to remove the solvent. Pouch cells (4.5 cm×5 cm) were assembled with 2.8 mL liquid electrolyte and rested for 6 h. Ultrasonic imaging was carried out when the electrolyte was fully wetted the separator. Then, heating the pouch cells at 85 oC for 2 h, which leads to the decomposition of AIBN and releases N2 in the pouch cells (Supplementary Fig. 12a). The ultrasonic images were subsequently obtained for comparison.
As shown in Supplementary Fig. 12b, 3 μL N2 can be well reflected in the pouch cell as the green region. It is estimated that 6 μm void/gap is detectable by our ultrasonic equipment according to the gas area of 5 cm-2. When the gas amount increases to 7 μL, the ultrasonic signal further attenuates, leading to the blue color in the gas region (Supplementary Fig. 12c).
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