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Fig. S1 Comparison of electrochemical performance with that previously reported all-solid-state Li-metal

batteries (ASSLMBs). The color of the symbol indicates the following: Red indicates operation at high

temperatures (60-80 °C). Blue indicates operation at room temperature (25-35 °C).
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Fig. S2 Nyquist plots of electrochemical impedance spectroscopy (EIS) for the ASSLMB (1-, 50-, 100-,
300-, 500-, 700-, 900-, and 1000-cycled), measured over a frequency range of 106 to 10! Hz. The

black and red lines represent the raw and fitted data, respectively.
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Fig. S3 Variation of each internal resistance component as a function of cycling, calculated by the
distribution of relaxation times (DRT). (a) Separated histogram for the absolute value of each
resistance component. (b) Stacked histogram for the proportion of each resistance component.
Equivalent circuit consisting of bulk resistance of electrolyte (Reui), grain boundary resistance of
electrolyte (Rgg), interfacial resistance of electrolyte-cathode active material (Rsse-cam), interfacial
resistance of solid electrolyte interphase (Rsei), and interfacial resistance of electrolyte-Li metal
(Rsse-i). SSE, CAM, and SEI indicate sulfide solid electrolyte, cathode active material, and solid

electrolyte interface, respectively.
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Fig. S4 Scanning electron microscopy and energy dispersive spectroscopy analysis of ASSLMB
microstructure. Elemental mappings of cathode-electrolyte (top) and electrolyte -Li metal (bottom)

interface of (a) the as-fabricated, (b) the 100-cycled, (c) the 200-cycled, and (d) the 1000-cycled

cells. All scale bars correspond to 10 pm.
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Fig. S5 X-ray photoelectron spectroscopy analysis of P 2p and S 2p in SSEs as a function of etching

time at the end of regime 4: (a) cathode/SSE and (b) SSE/anode interfaces.
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Fig. S6 Mass-spectra analysis of time-of-flight secondary ion mass spectrometry mass for the lifetime of
ASSLMBs: (a) cathode/SSE and (b) SSE/anode interfaces. Degradation behaviors lead to an increase

in signal intensity of POs™ and LiS™ fragments.



Table S1 Comparison of the operating conditions of this study with those of the previously reported

ASSLMBs.
Electrolyte Operatin Initial capacit

typey tempelz)rature %°C) Cycle number C-rate (mAh 8*1) y Ref.
Oxide 25 100 0.05C 94.00 1
Oxide 25 120 0.4C 150.00 2
Oxide 60 20 0.05C 152.00 3
Oxide 60 1000 5C 128.00 4
Oxide 65 40 100, 200 pA cm™2 143.00 5
Oxide 65 640 0.2,0.5,0.6C 133.14 6
Oxide 80 500 1C 142.96 7
Sulfide 25 30 0.1C 109.00 8
Sulfide 25 100 0.1C 148.54 9
Sulfide 25 100 0.1C 170.20 10
Sulfide 25 100 0.1C 111.00 11
Sulfide 25 100 0.5C 155.85 12
Sulfide 25 150 0.1C 139.71 13
Sulfide 25 200 0.1C 145.96 14
Sulfide 25 200 0.5C 116.20 15
Sulfide 25 300 1C 134.01 16
Sulfide 25 700 1C 115.00 17
Sulfide 30 200 0.5C 165.47 18
Sulfide 35 300 0.5C 151.17 19
Sulfide 60 200 0.35C 203.43 20
Sulfide 60 350 0.5C 178.47 21
Sulfide 60 1000 1C 149.20 22
Sulfide 60 1000 1C 136.77 23
Sulfide 60 1000 1C 132.30 24
Sulfide 25 1000 0.5C 159.28 This work




Table S2. Individual fitting component values over the cycle number obtained from EIS curves.

Cycle number

1 50 100 300 500 700 900 1000
Reulk () 13.520 15.710 16.460 19.210 20.210 22.040 23.490 24.650
Res (©2) 4.000 9.145 11.040 13.000 15.980 23.240 39.510 39.630
CPE-Tes (Fs*™) 1.66E—04 1.80E-04  1.11E-04 3.76E-04 2.17E-04 6.72E—05  3.08E-05  3.12E-05
CPE-Pg& (a) 0.599 0.555 0.589 0.513 0.569 0.645 0.678 0.660
Ces (F) 1.23E-06 1.06E-06  1.03E—06 2.41E-06 2.99E-06 191E-06 1.27E-06  1.00E—06
Rsse-cam (Q) 4.684 5.707 6.858 11.320 15.030 31.940 82.680 135.500
CPE-Tssecam (Fs*')  5.36E-03 8.14E-03  4.09E-03  4.14E-03 2.67E-03 1.82E—03  1.05E-03  1.22E—03
CPE-Psse-cam (@) 0.500 0.487 0.530 0.554 0.625 0.575 0.544 0.528
Csse-cam (F) 1.34E-04 320E-04  1.73E-04 3.52E-04 3.90E-04 223E-04 1.34E-04 2.43E—04
Rse (Q2) 7.825 9.940 10.040 10.640 12.430 12.440 12.720 15.440
CPE-Tse (Fs*?) 4.85E-06 296E-06  1.55E-06 3.41E-06 5.46E—06 4.48E-06 4.13E-06 2.01E-06
CPE-Psei (0) 0.709 0.750 0.799 0.742 0.695 0.705 0.705 0.750
Csei (F) 7.35E-08 9.14E-08  9.54E—08 9.80E-08 8.01E-08 7.44E—08  6.69E—08  6.30E—08
Rsse-Li () 1.842 3.027 9.610 11.000 22.400 43.810 100.000 147.800
CPE-TsseLi (Fs*?) 2.10E-01 1.66E-01  1.63E-01 1.48E-01 1.11E-01 1.04E-01  1.19E-01  1.00E-01
CPE-Psse-Li (@) 0.889 0.829 0.512 0.627 0.494 0.490 0.865 0.595
Csse-Li (F) 1.86E-01 1.44E-01  2.51E-01 198E-01 2.80E-01 5.08E-01  1.76E-01  6.26E—01




Table S3. Detailed Resistance values over the cycle number obtained from EIS-DRT method.

Cycle number

1 50 100 300 500 700 900 1000

Reuik () 13.52 15.71 16.46 19.21 20.21 22.04 23.49 24.65
Ree () 11.25 16.27 20.19 19.49 22.22 25.15 30.87 47.02
Rsse-cam (Q) 4.47 8.31 13.39 13.65 18.55 33.73 70.03 70.60
Rsei (©2) 1.40 1.64 2.50 5.00 6.94 13.07 28.83 30.03
Rsse-Li () 1.01 1.44 1.30 7.66 17.82 39.49 105.18 190.72
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