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Supplementary Figure 1: STEM EDS linescans across individual LGPS particles 

with different particle sizes ranging from 100nm to 3μm, showing that the sulfur 

concentration variation from surface to the bulk has no regular pattern. 
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Supplementary Figure 2: STEM EDS linescans across individual LGPS particles 

sonicated in dimethyl carbonate (DMC) for 70h with different particle sizes 

ranging from 60nm to 4μm, showing that sulfur concentration is obviously 

smaller at surface region compared to that in the bulk. 

 

 

 

Supplementary Figure 3: STEM EDS linescans across individual LGPS particles 

sonicated in diethyl carbonate (DEC) for 70h with different particle sizes ranging 

from 120nm to 4μm, showing that sulfur concentration is obviously smaller at 

surface region compared to that in the bulk. 

 



 

 

Supplementary Figure 4: Quantitative STEM EDX analyses of LGPS particles 

before and after ultrasonic preparation show that surface/bulk ratio of S is 

obviously lower after sonication in organic electrolytes (DEC and DMC). 

 

 

 

Supplementary Figure 5: STEM EDS linescans across individual LGPS particles 

soaked in DMC for 70h without sonication with different particle sizes ranging 

from 160nm to 3μm, showing that the sulfur concentration variation from 

surface to the bulk has no regular pattern. 
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Supplementary Figure 6: Cycling performance of LGPS (LTO+LGPS+C as 

cathode, LGPS and glass fiber layers as electrolyte, and Li as anode) V.S. 

ultra-LGPS (LTO+ultra-LGPS+C as cathode, ultra-LGPS and glass fiber layers as 

electrolyte, and Li as anode) at 0.02C.  

 

 

 
Supplementary Figure 7: Cycling performance of LGPS (LTO+LGPS+C as 

cathode, LGPS and glass fiber layers as electrolyte, and Li as anode) V.S. 

ultra-LGPS  (LTO+ultra-LGPS+C as cathode, ultra-LGPS and glass fiber layers as 

electrolyte, and Li as anode) at 0.1C.  

 

 



 
 

Supplementary Figure 8: TEM bright-field images and STEM dark-field image 

of primary LTO/LGPS interface (interface between cathode and LGPS solid 

electrolyte layer) of LGPS-ASSLIB (LTO+LGPS+C as cathode, LGPS as solid  

electrolyte, and Li as anode), showing an obvious transit layer between the 

cathode and solid electrolyte layer. 

 

 
 

Supplementary Figure 9: STEM dark-field image of and EELS linescan on 

primary LTO/LGPS interface (interface between cathode and LGPS solid 

electrolyte layer) of LGPS-ASSLIB (LTO+LGPS+C as cathode, LGPS as solid 

electrolyte, and Li as anode), showing that Li 𝐾 and Ge 𝑀4,5 peaks exist for 

regions both inside and outside bright particles within the transit layer. 



 

 
 

Supplementary Figure 10: STEM dark-field image of and EELS linescan on 

primary LTO/LGPS interface (interface between cathode and LGPS solid 

electrolyte layer) of LGPS-ASSLIB (LTO+LGPS+C as cathode, LGPS as solid 

electrolyte, and Li as anode), showing that S 𝐿1 peak intensity is stronger on 

those S-rich bright-contrast regions within the transit layer. 

 

 

 

Supplementary Figure 11: Additional STEM EDX linescans showing a much 

lower S concentration at the secondary LTO/ultra-LGPS interface than inner 

ultra-LGPS particle region.  


