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Operando Observation of Lithium Plating on Current
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All-solid-state batteries employing lithium metal as a negative electrode have attracted
significant attention as next-generation secondary batteries with high energy density.
However, suppressing lithium metal intrusion into the solid electrolyte remains a central
challenge for realizing lithium metal anodes, and identifying its root cause and establishing
effective mitigation strategies remain elusive. This is partly because conventional charge-
discharge experiments do not allow evaluation of lithium plating and stripping under ideal
interfacial conditions. Ideally, lithium metal should plate and strip uniformly and smoothly at
the lithium metal electrode-solid electrolyte interface. In practical cells, however, local
current focusing occurs because of sample heterogeneity and nonuniform physical contact
between the electrode and the solid electrolyte. As a result, lithium intrusion is considered to
occur preferentially in local current-focusing regions. In this study, operando microprobe
observation was applied to intentionally form a localized current-focusing region and to
directly observe the resulting lithium plating and intrusion behavior on the solid electrolyte
surface. In addition, the use of glassy solid electrolytes enabled observation on a
homogeneous, smooth surface with few defects. In our experimental system, the glassy solid
electrolyte exhibited high resistance to lithium intrusion. These results suggest that
elucidating the origin of this high resistance is important for understanding the lithium
intrusion mechanism and for developing suppression strategies.
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Fig. 1 Structures of conventional LIBs (left) and all-solid-
state LIBs (right).
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Fig. 2 Magnified view of the interface between lithium (Li)
and a solid electrolyte.
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Fig. 3 The experimental configuration for operando microprobe
measurements. The right image shows the microprobe
tip on the sulfide glass surface, as observed by SEM.
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Fig. 4 Electrochemical data from SEM microprobe experi-
ments and the corresponding operando SEM images.
(a) Measured current. (b) Magnified view of the ap-
plied potential range from 0.0 to—0.35 V, with the corre-
sponding SEM image at point [1]. The dashed rectan-
gle in (a) indicates the region enlarged in (b). (c) The
operando SEM images corresponding to points [2]-
[4] in electrochemical data shown in (a). (d) The SEM
image after the measurement.
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Fig. 5 SEM images after removal of the plated Li. The con-
tact area is shown in the right panel and is outlined by
a yellow line.
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Fig. 6 The left panel shows the current response as a function
of applied potential. The initial LSV (black curve) corre-
sponds to the first Li plating, while the curve after 17 h
(blue) represents the second Li plating following a 17 h
rest period. The gray triangle indicates a slope of 0.5 M
Q. The right panel shows EIS spectra measured imme-
diately after the first Li plating (black) and after a17 h
rest period (blue). The frequency range was 7 MHz to
0.1 Hz.
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