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Table 1.  Summary of the theoretical calculations and the reported values of electrochemical windows for different solid-

state electrolytes.

P 5 / SET MeTTHRAE) vV SCHE )V I nwiReS
LiF 0—6.36(1! — —
LiyS 0-—2.0107 — —
Li;N 0—0.440%1 0—0.91 Li/WiR FLff# 5 /LigN-C-PTFE
70Li,S-30P,S; 2.282.31117 050200 Li/LPS/R54K
0—7121] Li/LPS/ A
LigPS;Cl 1.71—2.0107
1.25—2.509) Li-In/ LPSC/LPSC-C
) 05022 Li/LGPS/Au
Li oGeP,S,, 1.71—2.1417
12,7123 Li/LGPS/LGPS-C/Pt
0—624 Li/LLZO/Au
Li;LagZr,01 0.05—2.91017
04127 Li/LLZO/LLZO-C/Pt
Lij 5Aly 5Ge 5(POy)s 2.7—4.27117 060201 Li/LAGP/Pt
LiPON 0.68—2.6307 0—5.507 Li/LiPON/Pt
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Fig. 1. (a) Schematic diagram of conventional cyclic scanning voltammetry device for solid-state electrolyte; CV testing curves for

(b) LGPSPZ, (¢) LLZOPY and Li,OHCIP! solid-state electrolyte.
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Fig. 2. Schematic diagram of the testing device for the elec-

trochemical stability window.
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Fig. 3. Schematic diagram of chemical stability of the three kinds of electrolyte/electrode interfaces.
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Fig. 4. Schematic diagram of the (a) LATP/Li interface sta-
bilization by BNP7 and (b) LPSCI/Li interface stabiliza-
tion by LiFB8), respectively.
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Fig. 5. CV curve (0.1 mV-s!) of Li;;GeP,S;, with Indium
counter electrode and solid electrolyte/C composites work-
ing electrodel®?.
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Table 2. The Young’s modulus of the conventional solid-state electrolytes, cathodes and interface modification layers.

— LLZO  LPS Li,OHCI LiMn,0,

LiFePO, 15 Al Ge Si ZnO

E/GPa 150012 19069 7.8(7) 10071

124[72] 27[73] 69[73] 80[73] 107[73] 135[73]
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Fig. 6. (a) Schematic diagram of the effect of volume changes of the active materials during charge/discharge on the contact of

cathode interface, and solid contact maintenance by low Young's modulus interlayer; (b) schematic diagram of the gap generated by

Li stripping and solid contact maintenance by pressure or alloy frameworks.
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Fig. 7. Schematic illustrations of thermodynamic calculations: (a) Schematic of an energy convex hull, indicating the energy above

hull Ehull of a metastable 7 phase and its decomposition reaction into the phase equilibria; (b) schematic of a GPPD, illustrating

the evolution of phase equilibria under changing Li chemical potential mLi and an applied voltage 4; (¢) mutual reaction energy

versus composition of a pseudo-binary composed of LiCoO, and LizPS,. The star corresponds to the predicted phase equilibria with

decomposition enthalpy DHD at the mixing ratio.
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SPECIAL TOPIC—Fundamental physics problems in all solid state batteries
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Abstract

Compared with the lithium-ion battery based on the non-aqueous electrolyte, all-solid-state lithium battery
has received much attention and been widely studied due to its superiority in both safety and energy density.
The electrochemical window of solid electrolyte determines whether the electrolyte remains stable during the
cycling of the high-voltage battery. Current solid electrolytes typically have narrow electrochemical windows,
thereby limiting their coupling with high voltage cathodes and lithium metal anode. Therefore, the formation of
the stable interphase determines the stabilities of the all-solid-state batteries. Here in this work, both the
experimental and theoretical progress of the electrochemical stability window of solid-state electrolytes are
summarized. Besides, the experimental achievements in improving the stability of the interphase are also
mentioned. On this basis, the strategies of constructing dynamically stable interphase and preventing the
lithium dendrite branch crystal from forming are put forward. The future research direction of the interphase

construction in all-solid-state batteries is also presented.

Keywords: all-solid-state electrolyte, electrochemical windows, interface stability, all-solid-state batteries
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