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The worldwide shift to EVs in automobiles is accelerating in order to reduce CO, during driving, and the demand for
rechargeable batteries is increasing. Research and development of all-solid-state batteries using solid electrolytes that
exhibit high Li ion conduction is underway, and this paper outlines the development trends and challenges. Analytical
technology corresponding to non-atmospheric exposure is essential for the practical application of all-solid-state batteries.
Comprehensive analytical evaluation and analysis techniques are important, including chemical state and structural
analysis of solid electrolytes, observation techniques for the junction interface between solid particles in all-solid-state
batteries, and electronic conductivity path analysis.
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Figure 1 (a)lon conductivity of sulfide-based solid electrolytes. (b)Crystal structure of Li;PS;Cl solid electrolytes.
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Table 1 Analysis technology for secondary batteries.

Development issues

Focus points

Analytical methods

Optimization of Improvement of ionic
solid-state electrolytes [conductivity

- Crystal structure
- Chemical state

+ XRD, in-situ XRD
- Raman, in-situ Raman

Improvement of stability

- Atmospheric stability

- Exposure test + Gas analysis

Optimization of the
coating layer

Improvement of coverage
Homogenization of the coating

- Coverage, uniformity

- XPS, TOF-SIMS

Optimization of
electrode and cell

Improvement of the

dispersibility of materials

- Dispersion state, unevenness

+ SEM + image analysis

structures

Improvement of the flowability
of materials

- Flowability, adhesion

- Flowability test

Understanding of material and
electrode strengths

- Crushing strength, hardness
- Modulus of elasticity

- Crushing test, Nanoindentation
+ SPM, Nanoindentation

Improvement of the adhesion
of each layer

- Interface adhesion

- SAICAS, peel test

Optimization of Li ion and

electron paths

- Electrode structure observation
- Effective conductivity analysis

- 3D-FIB-SEM
- Image analysis
- Symmetric cells + resistance

analysis

Battery characteristics |Understanding of battery

Optimization of battery |characteristics

- Cycle characteristics, temperature

characteristics

- Creating prototype cells

+ charge/discharge test

characteristic control |Clarification of the degradation

and management mechanism

- Composition distribution in the electrode
- Chemical state distribution in the electrode
- Reaction phase at the interface between solid

electrolyte and active material

- Valence and local structure of active material
- Morphological changes during charge/

discharge

- GD-OES

- Diagonal cutting XPS

- Cryo biaxial Cs-STEM

+ XAFS/Synchrotron radiation
- In-situ SEM

Understanding of thermal

- Thermal conductivity

- Hot disk method, heat transfer

properties - Specific heat analysis
- DSC, external heating evaluation
of cells
Understanding of safety - Reaction heat evaluation - DSC
- Safety test
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Figure 2 (a)lon conductivity of sulfide-based solid electrolytes.
(b) Crystal structure of LisPS;Cl solid electrolytes.
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Figure 3 Cs-STEM images of Li;LasZr.0+2 solid electrolyte.
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Figure 4 Depth profile analysis of cathode by GD-OES.
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Figure 5 Electrochemical performances of solid-state battery. (a) Discharge rate performance. (b) Charge-discharge cycle performance.
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