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[bookmark: OLE_LINK30]Fig. S1 Photo images of L-layer before heat treatment (a) and after heat treatment (b)
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Fig. S2 Photo images of BL-layer, L-layer (a) and C-layer (b)
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Fig. S3 SEM images (a, b) and EDAX images (c) of L-layer
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Fig. S4 SEM images (a, b) and EDAX images (c) of C-layer
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Fig. S5 SEM Cross-sectional image of BL thickness
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Fig. S6 Cross-sectional SEM image of BL (a) and corresponding EDS elemental maps of C (b), Ag (c), and P (d)
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Fig. S7 HAADF-STEM images of BL and corresponding elemental mapping
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Fig. S8 HAADF-STEM images of surface agglomerates on the BL (noted in Fig.Sx) and corresponding elemental mapping

[image: ]
Fig. S9 HAADF-STEM images of BL (a), surface agglomerates on the BL (noted in Fig.S9(a)) (b) and corresponding elemental mapping of overlapping image (c), C (d), Ag (e), and P (f)
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Fig. S10 XRD spectra of BL, C-layer side (upper) and L-layer (lower)

[image: ]
Fig. S11 Li-Li symmetric cell under operating conditions of 1 mA cm⁻² and 1 mAh cm⁻² for 100 cycles
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Fig. S12 Comparison of interfacial resistance and overall kinetics before and after at 1 mA cm-2, 1 mAh cm-2 for 100 cycles
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Fig. S13 SEM Top view of after the Li-Li symmetric cells with operating conditions at 1 mA cm−2, 1 mAh cm−2 for 100 cycles of Bare-Li (a, b) and BL-Li (c, d) 
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Fig. S14 Photo image of Bare-Li after 100 cycles at 1 mA cm2 with a fixed capacity of 1 mAh cm2


[image: ]
Fig. S15 SEM plane/cross view images
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Fig. S16 SEM cross view image of fresh-Li for comparison with Fig. S9
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Fig. S17 Optical photographs showing the BL in the wetted (a) and dry (b) states on a bending paper substrate
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Fig. S18 TOF-SIMS depth profiling of BL-Li cell under operating conditions of 1 mA cm⁻² and 1 mAh cm⁻² for 100 cycles
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Fig. S19 SEM images of Cu after asymmetric Cu-Li cells under operating conditions of 1, 2, 4, 8, and 24 mAh cm2
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[bookmark: OLE_LINK1]Fig. S20 Photo images of asymmetric Cu-Li cells under operating conditions of 1 mA cm2 for 24 h. L-layer side of BL/Li (a) and C-layer side of BL/Li (b)
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Fig. S21 SEM Cross-sectional image after asymmetric Cu-Li cells under operating conditions of 4 mAh cm2 (a) and 24 mAh cm2 (b)
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Fig. S22 Cu electrode after 24 mAh cm-2 plating and 24 mAh cm-2 stripping
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Fig. S23 SEM image of Li after symmetric BL/Li cells under operating conditions of 1 mA cm2 at 1 mAh cm2 after 1st plating (a), after 1st stripping (b), after 10th plating (c), and after 10th stripping (d)
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Fig. S24 Optical images of BL/Li electrodes and separators after cell disassembly following Li plating/stripping at 20 mA cm⁻² and 10 mAh cm⁻² for 50 h (a and b) and 320 h (c and d)
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Fig. S25 Galvanostatic charge–discharge voltage profiles of Li–Li symmetric cells with operating conditions at 20 mA cm2, 10 mAh cm2 for 20 h
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Fig. S26 GITT profiles of a Li symmetric cell during lithium plating using the BL-Li at 20 mA cm⁻², reaching a cumulative areal capacity of 10 mAh cm⁻²
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Fig. S27 Galvanostatic charge-discharge voltage profiles of the Li-Li symmetric cells with operating conditions at 1 mA cm−2, 1 mAh cm−2 for 1000 h
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Fig. S28 EIS measurement at different temperature (a and b)
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Fig. S29 Tafel plots with scan rate 5 mV s-1 and calculated exchange-current densities (j0) in the Li symmetric cells 
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Fig. S30 The Li+ ionic conductivity of Bare-Li and BL-Li
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Fig. S31 Chronoamperometry profile and transference number (a) and the EIS plots before and after chronoamperometry collected from a symmetric Bare-Li and BL-Li cells (b)
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Fig. S32 The Li+ ionic conductivity (a) and chronoamperometry profile and transference number (b) of BL-Li and C-layer-Li cells
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Fig. S33 Voltage–time profiles of Li‖Li symmetric cells with different interfacial configurations at 4 mA cm2 with a fixed capacity of 1 mAh cm2 : (a) C-only, (b) Li₃PO₄ + C-only, (c) BL reverse, and (d) BL
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Fig. S34 SEM images for Li after symmetric Li cells of (a) C-layer only, (b) Li3PO4 + C-only, (c) BL (reverse), and (d) BL at 4 mA cm2 with a fixed capacity of 1 mAh cm2 for 50 cycles
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Fig. S35 GITT profiles at 1 mA cm 2 of BL (reverse)-Li and BL-Li cells 
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Fig. S36 Comparison of the Coulombic efficiencies of Bare-Cu||Li and BL-Cu||Li cells at 1 mA cm-2 and 1 mAh cm-2 (a), and corresponding voltage profiles (b)
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Fig. S37 Optical images during In-situ Raman spectroscopy of Bare-Li (a) and BL-Li (b)

[image: ]
Fig. S38 Galvanostatic charge–discharge curves of Li||LFP and Li||NCM811 at 0.2C
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Fig. S39 Cycling performance with higher loading cathodes of LFP and NCM811
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Fig. S40 CV curves of Bare-Li‖LFP cell (a) and BL-Li‖LFP cell at different scan rates from 0.1 to 2 mV s-1 (b) and corresponding linear fitting results of oxidation/reduction peak currents (Ipeak) against the square root of the scan rates (ν0.5) (c)
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Fig. S41 CV curves of Bare-Li‖NCM811 cell (a) and BL-Li‖NCM811 cell at different scan rates from 0.1 to 1 mV s-1 (b) and corresponding linear fitting results of oxidation/reduction peak currents (Ipeak) against the square root of the scan rates (ν0.5) (c)
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Fig. S42 In-situ EIS results with LFP (a) and NCM811 (b) cycled in Bare-Li and BL-Li anodes during discharge/charge



Table S1 Comparison of Rohm, Rsei, Rct in the LFP cells with Bare-Li and BL-Li cells at various voltage stages
	
	Rohm (Ω)
	Rsei (Ω)
	Rct (Ω)

	
	Bare-Li
	BL-Li
	Bare-Li
	BL-Li
	Bare-Li
	BL-Li

	1
	4.621
	2.589
	70.78
	48.63
	45.84
	508.7

	2
	5.216
	3.191
	60.72
	38.21
	16.06
	145.2

	3
	4.509
	2.865
	75.96
	25.08
	125.6
	303

	4
	4.027
	2.287
	106.9
	10.43
	81.31
	723.1

	5
	5.642
	2.484
	75.87
	24.77
	293.1
	310.4

	6
	1.914
	1.785
	56.76
	22.15
	443
	166.3

	7
	4.328
	2.457
	68.78
	69.06
	233.4
	73.93

	8
	4.772
	2.243
	31.57
	18.81
	257.5
	73

	9
	11.52
	2.066
	2305
	99.96
	1.108
	32.89

	10
	11.59
	2.138
	337.5
	38.18
	14.86
	86.23

	11
	10.36
	2.259
	318.8
	12.54
	48.83
	69.24

	12
	9.848
	2.108
	332.4
	36.23
	18.97
	60.29

	13
	32.06
	2.089
	533
	43.77
	776.1
	47.84

	14
	10.64
	2.106
	335.4
	37.15
	23.18
	47.76

	15
	15.4
	2.086
	2156
	35.52
	982.7
	44.04



Table S2 Comparison of Rohm, Rsei, Rct in the 811 cells with Bare-Li and BL-Li cells at various voltage stages
	
	Rohm (Ω)
	Rsei (Ω)
	Rct (Ω)

	
	Bare-Li
	BL-Li
	Bare-Li
	BL-Li
	Bare-Li
	BL-Li

	1
	6.604
	3.149
	108.8
	14.95
	58.45
	96.4

	2
	4.23
	3.069
	109.1
	42.5
	266
	78

	3
	4.01
	2.273
	142.1
	18.99
	187.1
	1.076

	4
	4.534
	2.221
	46.17
	36.4
	45.02
	263

	5
	3.671
	2.474
	113.6
	36.75
	402
	217.8

	6
	2.107
	2.202
	42.21
	24.84
	767.4
	4.724

	7
	2.96
	2.745
	43.27
	31.51
	682.2
	5.716

	8
	4.099
	2.664
	54.96
	75.24
	182.4
	2.485

	9
	4.076
	1.273
	31.79
	58.06
	219.4
	2.571

	10
	3.814
	2.712
	55.75
	61.26
	209.2
	2.1468

	11
	4.037
	3.026
	53.48
	36.01
	222.6
	350

	12
	4.153
	2.59
	52.55
	72.25
	237.5
	242.3

	13
	4.06
	2.738
	58.95
	51.71
	243.7
	20.73

	14
	4.619
	2.719
	65.44
	51.93
	220.7
	22.04

	15
	4.48
	2.712
	61.36
	50.16
	241.2
	23.67
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Fig. S43 Photo image of thickness 30 μm lithium metal anode

Table S3 Comparison of the electrochemical performance of modified metal lithium anodes paired with cathodes reported over the past three years in full batteries
	
	Cathode
	C-rate
	Loading mass
	Current density
	Cycles
	Refs.


	
	
	C
	mg cm-2
	mA cm-2
	
	

	This work*
	LiFePO4
	20
	1.5
	5.1
	6000
	*

	1
	
	1
	1.2
	0.204
	400
	[bookmark: OLE_LINK2][S1]

	2
	
	1
	2.3
	0.391
	1200
	[S2]

	3
	
	1
	2.1
	0.357
	1500
	[S3]

	4
	
	1
	2
	0.34
	950
	[S4]

	5
	
	1
	4
	0.68
	1000
	[S5]

	6
	
	1
	11
	1.87
	1000
	[S6]

	7
	
	1
	2
	0.34
	1500
	[S7]

	8
	
	1
	3.5
	0.595
	600
	[S8]

	This work*
	LiNi0.8Co0.1Mn0.1O2
	3
	2.5
	2.00625
	500
	*

	9
	
	3
	1.2
	0.963
	1500
	[S1]

	10
	
	1
	1.8
	0.4815
	450
	[S9]

	11
	
	0.5
	3.5
	0.468125
	150
	[S10]
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