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In-situ observation and analysis of lithium dendrite growth
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Abstract: Sulfide solid-state electrolytes are promising candidates for high-specific-energy all-
solid-state batteries; however, short circuits caused by lithium dendrite penetration remain a
critical barrier to practical application. Previous studies have shown that incorporating a
Li,,GeP,S,, (LGPS) interlayer within Li;,PS,.Cl,, (LPSC) can delay dendrite propagation, but
direct experimental clarification of the dynamic process and interfacial regulation mechanism
is still insufficient. In this work, a light-transmissive ultrathin LPSC-LGPS bilayer microbattery
was constructed to enable synchronous optical-electrochemical tracking of lithium dendrite
growth across heterogeneous sulfide interfaces. The results show that lithium dendrites tend
to propagate along a single dominant pathway within LPSC. Upon reaching the LPSC-LGPS
interface, continuous forward growth is replaced by interfacial stagnation and lateral
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spreading, accompanied by increasing equivalent pathway resistance. Further investigation

reveals that when the leading dendrite front contacts LGPS, the progressive accumulation of
high-resistance decomposition products induced by interfacial reactions diverts the current
originally concentrated at the dendrite tip. This weakens its kinetic advantage for continued

forward growth and promotes current redistribution toward alternative low-resistance

pathways under multisite deposition conditions, thereby establishing a passive negative-
feedback current redistribution mechanism. This study provides direct in situ observational
evidence for the suppression of dendrite penetration by LGPS interlayers and reveals a
regulation mechanism that may depend on the synergistic interplay between reaction-induced

local resistance buildup and tip current shunting, offering new insights into functional interlayer

design and dendrite mitigation strategies for sulfide-based solid-state electrolytes.

Keywords: sulfide solid-state electrolyte; lithium dendrite; in situ optical characterization;
LPSC|LGPS heterogeneous interface; current competition
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(b)

Fig. 5 Time-sequenced optical images of the point-contact single hot-spot microcell during the charging
process; (b) Large-area stitched image obtained after the experiment

WS ) R AR ARITORRL 3, SR 7 SRR R SE I B B
PSR i B R FRLL R 20 E o R R 7 DA% R B A
WA, EJ7id B . S fEE R T
17, B b B RFFAAL, HLi 5 Lo IO LEAE A
N T EITENEIR i 29000 25 50%, i B
R A 7 SC I — AN

K6 N7 L R AT 1000 s (1935 i% B ol LLE
B, B .2953%, FTHABILER B AL
B I PR S5 B P — B ZE . B B e
Ko BN ZE S PR TE TROR . FRLIA VI ) A S R
. %200 s i/l CIERIEH L) 65%. Xl
A iy N R R e S S L 2 SRR
A SR AL R P B RR AEAC B R, A A B A 46 0

SRR, WAl E 2R, S inE A K,
WA i TR PRI R Tl /N 28 S R R TR . 2 447 s T
i RO E AR 21 65% . 5 IEXF N, 200 s Al
Jim B R 2 % Y15, 1 B AE 187 s
A K T 58 i [ 6(a)iil. X — [ BEP 4 ik 4%
PIAbF LPSC XA, 1E R BRALH] 5 55 2.2 5 Bk
LSS ) AR S S L S8 4 — B, LPSCILGPS
SR SR AR N

447 st R 6(a)iv]H, A Bk i C 5
LPSCILGPS -k N LGPS [X 15, N [ ik fif5: 1k,
B S R a1 98, 55 2.1 R0 2.2 5 ik i b 5
8. SHFEF, WE6O)ITR, il MEER
65% JFIE[EI 7%, 2824 s E4155%; B MK 3G

iii iil iv v vi

70%

/
60% | \\\

50% |

iA/ gaga|/ %

40%

30%

0 100 200 300 400 500 600 700 800 9001000
Time/s

(b)

Fig. 6 Sequential optical images (a) and time evolution of the branch current ratio i /I, (b) for the dual hot-
spot competition microcell during charging
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