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Fig. 1. Schematic of the electrode surface on which lithium

is electrodeposited.
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Fig. 2. Schematic drawing showing a lateral growth for

dendrites!!".
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Fig. 3. Subsurface structures underneath dendrites detected by synchrotron hard X-ray tomography slices: (a)-(d) X-ray tomo-

graphy slices showing the cross-sections of symmetric lithium cells cycled to various stages; (e)—(h) magnified, 3D reconstructed

volumes of cells shown in the top panell'l.
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Fig. 5. SEM image of dendrite propagation through the

grain boundary: (a) Uncycled and (b) cycled LigosAl)as5
LagZryOq,/18.
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Fig. 7. Schematic diagram of PAN/LATP /PEO three-layer composite solid electrolyte. Illustrations of the solid full battery: (a) Pri-
stine LATP; (b) PAN/LATP/PEO solid electrolyte; (¢) SEM image of PAN/LATP/PEO solid electrolytel®.
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Fig. 8. Schematic of Li plating-stripping on the current collector with a Ag—C nanocomposite layer!7!.

T Classic system

l Modified system

. Solid electrolyte . Self-healing polymer
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Fig. 9. Schematic of the self-healing mechanism for inter-particle lithium growth prevention using polyimine!™.
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(b)

* Li protrusion

Periodic-host based Li metal anode

Amplication of uneven plating

-

Dendrites

plating

K10 7R (a) TCEZREHFN (b) A < H AL 774 0 BT L /20 o8 2R P B AT s 18 79

Fig. 10. Schematic diagram of Li metal evolution in (a) hostless configuration and (b) periodic conductive/dielectric host with a

“self-correction” behavior!™.
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Fig. 11. Galvanostatic cycling (the inset shows the last two
cycles) of a Li/LLZO/Li symmetric cell at room temperat-
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Fig. 12. Nyquist plots for all-solid-state battery after the
initial charge with LiNb ;Tag ;Os-coated LiCoQ,™.
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Fig. 13. (a) Optical micrograph showing Li dendrites grow-
ing along lithium phosphorus oxynitride (LiPON) interface
between two Cu current collectors®™); (b) cross-sectional
view of all-solid-state lithium metal battery w/o 3D Ti elec-
trode after lithium plating (23 pAh/cm?)®!.
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Fig. 14. Schematic diagram of the experimental set-up for
operando NDP2,
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Fig. 15. (a) Diagram of the synchrotron X-ray tomography setup; (b) garnet electrolytes dominated by heavy elements attenuate X-

rays, and thus, imaging is impossible. In contrast, using high-energy X-rays at APS (white beam), the pore phase and ceramic phase

can be identified independently; (c) the porosity, grain, and textural details can be extracted using high-energy X-rays/®.
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SPECIAL TOPIC—Fundamental physics problems in all solid state batteries

Mechanism, strategies, and characterizations of
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Abstract

Commercial lithium-ion batteries have inherent safety problems due to the usage of non-aqueous electrolyte
as the electrolytes. The development of solid state lithium metal batteries is expected to solve these problems
while achieving higher energy density. However, the problem of lithium plating still exists. This article reviews
the deposition behavior of lithium metal anodes in solid-state batteries, and provides suggestions for high-
energy-density and high-safety solid-state lithium batteries. This paper systematically summarizes the
mechanism of Li deposition in polymers and inorganic solid state electrolytes, and discusses the strategies of
controlling lithium deposition and preventing lithium dendrites and the characterization of Li metal anodes. In
solid-state batteries, poor solid-solid contact between the electrolyte and the anode, defects, grain boundaries,
cracks, pores, enhanced electric and ionic fields near the tip, and high electronic conductivity of the solid state
electrolyte can all lead to lithium deposition, which may evolve into lithium dendrites. There are several
strategies to control lithium deposition: 1). Use functional materials and structure design to induce uniform
deposition of lithium, such as improving the solid state electrolyte/anode interfacial contact, using lithiophilic
coatings or sites, and designing three-dimensional structure electrodes and solid state electrolytes. 2). Suppress
the generation of lithium dendrites, such as limiting the free movement of anions in solid state electrolytes
(especially polymer solid electrolytes), to reduce local space charge which induces lithium dendrites. In addition,
optimizing the solid electrolyte synthesis process to reduce lithium dendrites caused by defects is also an
important method. 3). Strategies for dendrites already formed are essential for safety concern. The dendritic
deposition is one of the intrinsic properties of lithium. Thus, there is no guarantee that there will be no lithium
dendrites, especially at high current density. Once lithium dendrites are formed, countermeasures are required.
For example, improving the mechanical strength of solid state electrolytes, and using self-healing materials,
structures, and cycling conditions are proposed to avoid safety hazards caused by lithium dendrites piercing.
This article focuses on the control of lithium deposition. Suppressing lithium dendrites only solves a little
problem of the application of lithium metal anodes. In the future, in order to use lithium metal as a negative
electrode in practical all-solid-state batteries, many challenges need to be overcome, such as irreversible side
reactions between lithium and other materials, safety and volume change of composite lithium anodes. In
addition, in order to allow the laboratory's research results to be quickly transformed into applications, it is also
necessary to establish battery design, assembly, and test standards that are in agreement with practical
requirements. In short, all-solid-state lithium batteries still have a long way to go, but they have great potential
for safe, high-performance, and low-cost energy storage systems in the future.

Keywords: lithium metal, deposition, solid state battery, solid state electrolyte
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