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The formation of the solid electrolyte interphase (SEI) layer, which is the decomposed products
of the solid electrolyte, at the electrode/electrolyte interface is an important factor in stabilizing the
charge-discharge reactions in all-solid-state lithium batteries. In order to control the formation of the SEI
layer, it is important to select an appropriate combination of the solid electrolytes and electrode materials.
However, there is little information available concerning the effects of various combinations of materials
and the associated decomposition processes at the negative electrode/electrolyte interface.

Reactions at the electrode/electrolyte interface were studied for the combinations of various
sulfide-based solid electrolytes (Lis. Ge;..P,S4) and Li-M (M=Sn, Si) alloys as the negative electrodes,
using ac impedance, X-ray diffraction and energy-dispersive X-ray spectroscopy. The solid electrolyte at
the interfacial region was found to decompose with the application of a current through the cells, resulting
in the formation of the SEI layer. Lower resistances were observed with lower Ge contents in the solid
electrolyte and the use of the Li-M alloy with higher redox potential due to the formation of an
electrochemically stable SEI layer during battery operation. Formation of Li-P-S compounds with low
ionic conductivity at the interfacial region was found to contribute to the increase the interfacial resistance,
leading to poor cycle performance.

New oxysulfide-based solid electrolytes, Lis35P093S4.,0,, were investigated to obtain better
stability of the solid electrolyte with contacting to the negative electrodes. The new materials have
isostructure to the Li¢GeP,S;, with superionic conductivity. The materials form a solid solution in a
limited range in the composition of Liz 35P(93S4.,0, with z from 0.4 to 0.6. Lower ionic conductivity of the
Li335P0 9353500 5: 9.1x10” Scm'l, and larger activation energy: 36.6 kJ mol”! compared to the counterparts
of the original LGPS could be due to the lattice contraction by P defect and S/O substitution. The SEI
resistivity and its cycle dependence evaluation demonstrated that the novel Li-P-S-O provides lower
resistivity and well-contracted SEI layer during the charge-discharge process. These results indicate the
novel oxysulfides could be a good candidate as solid-electrolyte for all-solid-state lithium battery using low

redox voltage anode materials, and contribute to increase of energy density of the batteries.
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