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All-solid-state lithium-ion batteries (ASS-LIBs) are promising candidates for next-generation lithium-ion batteries because
of their high power characteristics and high safety standards. However, to improve their performances, the operation
mechanisms and degradation factors of ASS-LIBs need to be clarified, which are considered to be different from the
conventional liquid-based lithium-ion batteries (LIBs).

Electrochemical impedance spectroscopy (EIS) is widely applied to understand the electron and lithium-ion transport
processes, which are directly related to charge/discharge characteristics, and so it is useful to solve the issues of ASS-LIBs.
To examine the behavior of the working electrode without the influence of the counter electrode, I fabricated all-solid-state
three-electrode cells equipped with reference electrodes for EIS measurements, and evaluated LiNipsCoo2Mng30;
(NCMS523) and graphite electrodes.

In Chapter 3, the design and fabrication of all-solid-state three-electrode cells were shown. I reported that mesh-type
electrodes coated with partially reduced LisTisO1, are promising to obtain EIS spectra with little artifacts and the working
electrode information can be well separated.

In Chapter 4, I reported the analysis of NCM523 electrodes. It was found that the activation energy of electric resistance
between the NCM523 composite and current collectors is larger than that of the conventional liquid-type LIBs. In contrast,
the activation energy of the charge transfer resistance at NCMS523|solid electrolyte interphase is smaller than that of the
conventional liquid-type LIBs. These differences reflect the difference in the operation mechanisms between the
conventional LIBs and ASS-LIBs. In addition, I found significant increases in charge transfer resistance at the NCM523|solid
electrolyte interphase and that between primary particles during charge/discharge durability cycle tests. Physical/chemical
analysis of the electrodes was employed to prove these data.

In Chapter 5, I reported the analysis of graphite electrodes. The resistance related to the surface layer formed at the
electrolyte|active material interface (Rx) is important because the activation energy of Rx is higher than these of the other
components. Moreover, Rx dramatically increased during cycling at high temperatures.

In Chapter 6, I performed operando confocal optical microscopy observations of the graphite electrodes to trace the

degradation at high temperatures. The deterioration of the electrolyte was visually shown.
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