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Figure 1 (Color online) Interfacial challenges, anode failure
mechanisms, and interfacial modification strategies in sulfide-based
solid-state lithium metal batteries
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Figure 2 (Color online) Challenges at the interface between sulfide-based solid electrolytes and lithium metal anodes. (a) Electrochemical stability
windows of various electrolyte materials!"™; (b) schematic illustration of interfacial phases formed between the Li;¢GeP,S;, electrolyte and lithium

metal!'”); (c) non-uniform lithium deposition within solid electrolytes!*")

14 A5t 45

FEASSLMBsHY, # 5 F Al AFIRG i e 4551
KA AR ) R RR L. FEZWRIER G, HA)R
PR B2 ik o3 2 T AR 3 20%, 33k S 350RL A 420 176 745 f fie o
R it A Lo RS R NSO

HHEZT, GRS A R d b, Al aE
SR TRAS PR B T A, DT o R B 114 b A - L i
Jrdfih. M7EASSLMBsHY, H TEIZS LK 5 SSEsZ [H]
FEER O A Ak, A Al O SR TR AR E MR
THEER. HA R AR AR AK 25 e T
SRR, B A RACE B IR, S Be
L@ ERIN. LA, AR AR TR A 25 A 4R 1Y
REEJIUR, H— A5 i) el b R RN 24 75 A 22,

2 BRALPAE I AP T it SO e oLl

2.1 LRk

TEASSLMBsTEF IR, B4 a1 13 25 H i o i
Sl AR AT R . e A 4 SR AR

TERKAVERTT, AL T AW S il pEa >, HOR S8
ASSLMBsHL PR LAY B> —. FEHR A A il 22
ST SERR D BREIIT, M P T R S
BB TR B SEMU B IR K L SRR, S
LTI S Y BT (1813 (a)). EASSLMBsHY, FEERfH
TR FAEH U REZ BIBR I, 20 1A R RCR %
1%, eI tEAE R,

22 ARSI

4 B HA SRV TEYE, T SSEs(UNLigPSsCli4
Z)HP-Stth I AR E. K, 448 5 SSEstE it
By B B N BRI A>T sl 1244540, GiF
HH T BT 1 245 i T 5 400 4 i =2 T 4 Ak 2 s i 124,
2RI, 55 A P-SHE S 3 LI LigPSsC1A M TR /i, 4=
RIS FHL SRS T LigPSsCl, M S E S 2 T
FLR R EAL, TR AR (I3(b)). Ak, SSEsH4R
&R E R E I R R S kA ik N BT
SSEs A A MM L - 5 10, HAEM SR ik Fifk R
A R 5B 2 B ST, X R AR S AT 2R AN R
FE, ANREARIF BT 1k B B i RELk K, A S E0h

3



a4 % b &
(a) Type I: Dead Li on Cu (b)
Solid [ ol e e b
electrolyte | |
| I
I |
Interruption of I |
Lit ionic pathway | I
LA [
| s\ |
e o
Li metal Type II: Dead Li inside SSEs
[ Sl s e "
: : riterface
¥
Interruption of | I LigPSsCl electrolyte
e” electronic pathway | ,‘_i»r |
| |
| |
Current Collector
(c) Cell fabrication (d) 1000 0}4 ; 2 50
| ) glassy LPSH 7
| | —LLZTO
5 MPa ’>" | | T
£ 900 i A N ] 9
. | | "o
s | | o 5
) 25 MPa t ; - fgest flaw
Before pressing Gontactincrease 5 600 (P:ﬁrsi?;ﬂ:;;b) '1ér‘iai-g'::‘LﬁL.Z'faoi‘ _
g [ o Ja g
o 25 MPa| [ g Liftament || ] | =
O 4004 '\ growth regime| | Lol i 3 é
G0 o i [T] &
s = ) (]
- Release back to 5 MPa ‘!"f I "o -2
s 5
é E- 2004 ___.: ...... | + 4
= 200 o ] e 14
3, - 5 "o
10 15 20 25 75MPa| | »* |0h: Mechanically induced !
° O short-circuit 0 25 0
Pressure (MPa) 0.01 0.1 1 10 100

Defect size (um)

Bl 3 (LS RUR () A 5 B 2 B 4 o T SRR R AL () A0 o 25 L R P SE A T B/ 25 ), (b)) L PSsCE 265 H e J 32 1 52
PRI (c) AUBIE 3 B A A7) 785 40 6 o P e B S 27 () SERESTAR o PR (S AR JR ) Xk RS R D7 R L R )

Figure 3 (Color online) Failure mechanisms of sulfide-based solid-state lithium metal battery anodes. (a) Schematic illustration of dead lithium
formation in sulfide solid electrolytes’®”); (b) schematic representation of interfacial reactions involving the LigPSsCl solid electrolyte!®*); (c) influence of

mechanical pressure on short-circuiting in sulfide-based solid-state lithium metal batteries

overpotential and crack-extension stress on defect size!*®!
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Figure 4 (Color online) Construction of interfacial modification layers for sulfide-based solid-state lithium metal battery anodes. (a) DFT calculations
for interfacial layers suitable for sulfide solid electrolytes®'; (b) schematic illustration of the evolution of Li and Li-GCN within the LigPSsCl solid
electrolyte™; (c) schematic diagram of thin graphite film and PTFE composite membranes™; (d) schematic representation of the mechanism by which

DES interfaces suppress lithium dendrite growth™®!
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Figure 5 (Color online) Construction of lithium alloy anodes for sulfide-based solid-state lithium metal batteries. (a) Schematic illustration of lithium
dendrite suppression by Li-In and Li-Sn alloys, along with corresponding cycling performance™; (b) schematic representation of lithium plating on a

copper current collector and the corresponding XPS spectral analysis“”’; (c) diagram of a sulfide-based solid-state battery using a Li-Al alloy anode
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As global energy demand continues to rise, there is an urgent need for sustainable and high-performance energy storage
solutions. All-solid-state lithium metal batteries (ASSLMBs) have attracted significant attention due to their high energy
density and improved safety compared to conventional liquid-based batteries. By replacing flammable liquid electrolytes
with solid alternatives, ASSLMBs address critical safety concerns such as thermal runaway, combustion, and electrolyte
leakage, making them strong candidates for next-generation energy storage systems. Among the core components of
ASSLMBEs, the solid electrolyte plays a crucial role in ensuring ionic conductivity and overall battery performance. Solid
electrolytes are generally classified into three types: oxide-based, sulfide-based (SSEs), and polymer-based. Of these,
sulfide-based electrolytes have emerged as particularly promising due to their high ionic conductivity and mechanical
flexibility, which are considered key attributes for achieving high energy density and long cycling life. Despite their
advantages, SSEs face serious interfacial challenges when paired with lithium metal anodes. These include severe side
reactions, lithium dendrite formation, and poor interfacial contact, all of which hinder practical application and large-scale
deployment. To overcome these obstacles, extensive research has focused on enhancing the stability of the lithium/SSE
interface through various strategies. These include constructing protective interlayers, designing composite anodes to
suppress dendrite growth, and tuning the chemical and structural properties of SSEs for better compatibility with lithium
metal. Although notable progress has been made, fully resolving interfacial issues requires a deeper understanding of the
fundamental failure mechanisms, which include electronic, chemical, electrochemical, and electro-chemo-mechanical
breakdowns.

This review provides a comprehensive and systematic analysis of the interfacial instability challenges between sulfide-
based solid electrolytes and lithium metal anodes. It elucidates fundamental failure mechanisms and highlights recent
advances in interfacial engineering, such as the development of artificial solid electrolyte interphases (SEI), the use of
lithium alloy anodes, and the design of chemically and mechanically optimized SSEs. The role of theoretical modeling is
also emphasized as a vital tool for uncovering the dynamic evolution of the interface and guiding material design. Future
research directions are proposed, with an emphasis on in-depth multiscale investigations into interfacial failures, the
development of advanced in situ characterization techniques, and the integration of artificial intelligence in material
discovery. Additionally, the exploration of adaptive interfacial coatings holds promise for significantly enhancing battery
stability and safety.

In conclusion, this review underscores the critical significance of resolving the interfacial instability in sulfide-based
ASSLMB: as it is key to unlocking their full potential. This review sheds light on recent developments of the sulfide-based
ASSLMBs and provides a comprehensive understanding of the progress made in overcoming these challenges. Thus, this
comprehension offers valuable insights and practical means for advancing ASSLMBs technology toward the adoption of
safer, more efficient energy storage technologies.

solid-state lithium metal battery, sulfide-based solid electrolyte, lithium metal anode, interfacial stability
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