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Supplementary Fig. S1. Critical current density of Li|AgxSby||SE||AgxSby|Li symmetric cells at 25 °C. (A) Ag. (B) Ag76Sb24. (C) Ag55Sb45. (D) Ag35Sb65. (E) Ag30Sb70. (F) Ag25Sb75. (G) Ag15Sb85. (H) Sb. The cells were standing at 80 °C overnight before testing at 25 °C.
It is important to note that the observed polarization is sensitive to the interlayer thickness. A reduction in the mass loading of the Ag and Sb powders leads to a thinner interlayer and a lower overpotential. Consequently, the relatively large polarization observed in Fig. 1A, H is attributed to the comparatively thick interlayer used in these measurements.


[image: ]
Supplementary Fig. S2. Phase diagram of Ag-Sb.1
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Supplementary Fig. S3. XRD patterns of Ag30Sb70 powders.
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Supplementary Fig. S4. SEM images of the (A) Ag powders, and (B) Sb powders.
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Supplementary Fig. S5. (A) SEM images of the Ag30Sb70 powders, and corresponding EDS mapping of (B) Ag and (C) Sb.
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Supplementary Fig. S6. Cross-sectional SEM image of (A) the individual Ag30Sb70 pellet, and corresponding EDS mapping of (B) Ag, (C) Sb, and (D) the overlay of Ag and Sb.
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Supplementary Fig. S7. XRF mapping of the surface (not cross-section) of the (A-C) initial Ag30Sb70 interlayer and the (D-F) cycled (5 cycles) Ag30Sb70 interlayer collected from Li|Ag30Sb70||SE||Ag30Sb70|Li symmetric cells. Fluorescence signals of (A, D) Ag, (B, E) Sb, and (C, F) the overlay of Ag and Sb.
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Supplementary Fig. S8. XRD patterns of the Ag30Sb70 interlayer collected from the Li|Ag30Sb70||SE||Ag30Sb70|Li symmetric cell (A) before cycling and (B) after cycling.
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Supplementary Fig. S9. Digital photographs of the SE surface form the cycled (A) Li||SE||Li and (B) Li|Ag30Sb70||SE||Ag30Sb70|Li symmetric cells.
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Supplementary Fig. S10. Cross-sectional SEM image and EDS mappings of Ag30Sb70 interlayer collected from the Li|Ag30Sb70||SE||Ag30Sb70|Li symmetric cell after resting for durations equivalent to (A) 5 cycles, (B) 10 cycles, and (C) 100 cycles.

Notably, the Ag30Sb70 sample recovered from the Li|Ag30Sb70||SE||Ag30Sb70|Li symmetric cell also exhibits slight lamellar separation after resting for more than one week, consistent with the phase-field simulation results shown in Fig. 1F. This observation suggests that Li self-diffusion, activated by residual stress and temperature, continues to drive the formation and evolution of the lamellar phases.
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Supplementary Fig. S11. Cross-sectional SEM images and EDS mappings of Ag30Sb70 interlayer collected from the Li|Ag30Sb70||SE||Ag30Sb70|Li symmetric cell at the stripping and plating state after (A, B) 5 cycles, (C, D) 10 cycles, and (E, F) 100 cycles.
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Supplementary Fig. S12. Schematic illustration showing boundary condition for phase-field modeling.
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Supplementary Fig. S13. Phase-field simulation results showing (A) simulation geometry and (B) von mises stress distribution.
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Supplementary Fig. S14. The crack deflection mechanism and criterion in a bi-material system.2 (A) before the crack reaching the interface and (B) the crack either deflects or penetrates to the phase on the other side of the interface.   and  are the the strain energy release rate vlaues at the crack tip in the defelction and penetratin case.  and  are the fracture toughness values of the interface and the material phase on the other side of the interface. 

A crack deflects when the condition  is satisfied,2 where  and  are the fracture toughness values of the interface and the material on the other side of the interface, as shown in Supplementary Fig. 15. Computational parameter study further indicate that the cohesive strengths of the interface  and the material after the interface  also play a critical role in determining whether a crack deflects or penetrates.3 In general, smaller  and  values facilitate crack deflection.3 Here, 0.0005 and , both are small and therefore drive the deflection of crack along the interface between the Ag-rich and Sb-rich phases, as seen in Fig. 3D.
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Supplementary Fig. S15. Phase-field simulation showing the evolution of Li+ flux at the local current density of the (A) non-lamellar architecture and (B) lamellar architecture.


[image: ]
Supplementary Fig. S16. (A) First principal stress. (B) Tresca stress in both structures.


[image: ]
Supplementary Fig. S17. TGA curve of the S (KB/S/LGPS) cathode composite within the temperature range of 25-600 °C. 


[image: ]
Supplementary Fig. S18. Dis-/charge profiles of ASSLMSBs (A) without and (C) with the Ag30Sb70 interlayer during the EIS measurement. Nyquist plots (B) without and (D) with the Ag30Sb70 interlayer at different SoC and DoD. 
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Supplementary Fig. S19. Rate performance of ASSLMSBs (Li|Ag30Sb70||SE||S) at 60 °C. Dis-/charge profiles at (A) 0.2 C in the 11th cycle and (B) 0.5 C in the 16th cycle. The sulfur mass loading is 3.0 mg cm-2.
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Supplementary Fig. S20. Dis-/charge profiles of Li|Ag30Sb70||SE||S cell at 0.1 C and 25 °C. (A) 1st, (B) 5th, (C) 10th, (D) 25th, (E) 50th and (F) 100th cycle. The sulfur mass loading is 1.0 mg cm-2.
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Supplementary Fig. S21. Dis-/charge profiles of Li|Ag30Sb70||SE||S cell at 0.1 C and 25 °C. (A) 1st, (B) 5th, (C) 10th, (D) 25th, (E) 50th and (F) 100th cycle. The sulfur mass loading is 3.0 mg cm-2.
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Supplementary Fig. S22. Dis-/charge profiles of Li|Ag30Sb70||SE||S cell at 0.5 C and 60 °C. (A) 1st, (B) 10th, (C) 50th, (D) 100th, (E) 200th and (F) 250th cycle. The sulfur mass loading is 1.0 mg cm-2.
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Supplementary Fig. S23. Dis-/charge profiles of Li|Ag30Sb70||SE||S cell at 0.15 C and 60 °C. (A) 1st, (B) 10th, (C) 50th, and (D) 100thcycle. The sulfur mass loading is 3.0 mg cm-2.
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Supplementary Fig. S24. Dis-/charge curve of Li||SE||S cells. (A) With a sulfur mass loading of 1.0 mg cm-2 at 0.5 C under 60 °C. (B) With a sulfur mass loading of 3.0 mg cm-2 at 0.15 C under 60 °C.


[image: ]
[bookmark: _Hlk213077602]Supplementary Fig. S25. Electrochemical performance of all-solid-state Lithium batteries with sulfur cathodes and Li-In anode (Li-In||SE||KB/S/LGPS) at 0.5 C and 60 °C. (A) Dis-/charge specific capacity and coulombic efficiency, and corresponding voltage profiles at (B) 1st, (C) 10th, (D) 20th, (E) 50th, (F) 75th, and (G)100th cycle. The sulfur mass loading is 1.0 mg cm-2.
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[bookmark: _Hlk213077620]Supplementary Fig. S26. Electrochemical performance of all-solid-state Li metal battery with KB/LGPS cathode (Li|Ag30Sb70||SE||KB/LGPS) at 0.5 C and 60 °C. (A) Dis-/charge specific capacity and coulombic efficiency, and corresponding voltage profiles at (B) 1st, (C) 10th, (D) 50th, (E) 100th, (F) 200th, and (G) 400th cycle. The LGPS mass loading is 1.0 mg cm-2.
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Supplementary Fig. S27. (A) Cross-sectional SEM image of thinner Ag30Sb70 interlayer collected from the cycled Li|Ag30Sb70||SE||Ag30Sb70|Li symmetric cell, and corresponding EDS mapping of (B) Ag, (C) Sb, and (D) the overlay of Ag and Sb.


Supplementary Table 1. Performance comparison of sulfide-based all-solid-state lithium-sulfur batteries
	No.
	Anode
	Electrolyte
	S Cathode 
	S Mass loading / mg cm-2
	Performance
	Testing pressure / Mpa
	Ref.

	1
	Li-In
	Li6PS5Cl
	S:LPSCl:KB
	2.0
	3 mAh cm-2 for 450 cycles
	70
	4
	
	
	
	
	3.0
	5-6 mAh cm-2 for 450 cycles
	
	

	2
	Li
	SP/LPSCl/LPS
	S9.3I:LPS:VGCF
	1.12
	800 mAh g-1 for 400 cycles
	30
	5
	
	
	
	
	3.91
	50 cycles at 100 °C
	
	

	3
	Li-In
	LBPSIGSEs
	S:KB:LBPSI
	1.1
	0.9 mAh cm-2 for 25 k cycles
	64
	6
	4
	Li-In
	LPSBI
	S:C:MIEC20
	2.025
	930 mAh g-1 for 1000 cycles
	55
	7
	5
	Li-In
	LPSCl1.5
	S:CNG:LPSCl1.5
	1.7
	990 mAh g-1 for 53 cycles
	50
	8
	
	
	
	
	3.4
	2.1 mAh cm-2 for 235 cycles
	
	

	6
	Li-In
	Li10GeP2S12
	S:CNT:Li10GeP2S12
	0.65
	980 mAh g-1 for 1500 cycles
	150
	9
	7
	Li-In
	LPB
	S:KB:LPB
	2.57
	2.58 mAh cm-2 for 800 cycles
	55
	10
	8
	Li-In
	Li10GeP2S12
	S:CNT:Li10GeP2S12
	1.3
	1138 mAh g-1 for 200 cycles
	60
	11
	9
	Li-In
	Li10GeP2S12
	MCS-S-Co:CNT:LGPS
	1.0
	850 mAh g-1 for 1400 cycles
	127
	12
	
	
	
	
	3.0
	800 mAh g-1 for 100 cycles
	
	

	10
	Li-In
	Li5.5PS4.5Cl1.5
	S:LPSCl:KB
	1.8
	1249 mAh g-1 for 200 cycles
	70
	13
	
	Li
	
	
	4.4
	5.7 mA h cm-1 for 25 cycles
	16
	

	11
	Li
	Lamellar interfaces
/LPSCl
	S:KB:Li10GeP2S12
	1.0
	Initial 1.40 mAh cm-2 and 0.89 mAh cm-2 for 100 cycles
	20
	This work

	
	
	
	
	
	Initial 1.75 mAh cm-2 and 70% retention for 250 cycles
	
	

	
	
	
	
	3.0
	Initial 4.18 mAh cm-2 and 2.16 mAh cm-2 for 100 cycles
	
	

	
	
	
	
	
	Initial 4.91 mAh cm-2 and 70% retention for 100 cycles
	
	

	
	
	
	
	
	C-rates: 5.39 mAh cm-2 
	
	



Recent progress in all-solid-state lithium-sulfur batteries has primarily focused on advancing the sulfur cathode, with Li–In commonly adopted as the anode to circumvent Li dendrite challenges. However, the low redox potential of sulfur and its associated volume expansion impose severe interfacial challenges on the lithium metal anode, which has received comparatively less attention (Supplementary Table 1). As a result, Li dendrite growth remains a critical bottleneck limiting the practical deployment of lithium–sulfur batteries. In this context, we directly address the interfacial instability at the lithium metal anode by constructing lamellar interfaces that regulate crack evolution, thereby suppressing dendrite propagation and enabling stable operation of all-solid-state lithium metal sulfur batteries.
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