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Fig. S1. (a) SEM image of Li1.35T3P0.4501_8C15. (b) SEM image of

Li; ¢Ta(PSiB)g 1501 6sClsBry ;.
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Fig. S2. EDS mapping for Li; 35TaP; 450, sCls.
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ig. S3. EDS mapping for Li; (Ta(PSiB)( 15065ClsBr ;.
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Fig. S4. Nyquist  profiles of (a)  Lij3s5TaP450,5Cls and (b)

Li; ¢Ta(PSiB)g 1501 ¢5Cl5Br 1 in temperature range of =30 and 100 °C.
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Fig. S5. (a) XRD patterns and (b) Nyquist profiles of 1/3Li3PO,4-TaCls, 0.45 LizPO4-
TaCls, LiTa(PSiB);0,,Cls, Li; sTa(PSiB)y1501,65Cls, Lij¢Ta(PSiB)g.150165ClsBry i,

and Lil.gTa(PSiB)oll50].55C15BI'0.3.
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Fig. S6. Direct-current polarization current—time curves for (a) Li; 35TaP 450, sCls and

(b) Li; ¢Ta(PSiB).1501.65ClsBrg ;.
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Fig. S7. Linear sweep voltammetry curves for Li; 35TaP 450, sCls.
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Fig. S8. Equivalent circuit of ASSBs using Li; ¢Ta(PSiB); 150, ¢5ClsBrg; at (a) room

temperature and (b) —30 °C.
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Table S1. Comparison of ionic conductivity and ASSB performance with the

representative halide-based SEs

Condu
ctivity ASSB Performance:
Materials Ref.
(mS cathodes and cycling
cm™)
LiCo0,, 98% retention after
Li;YClg 0.51 [1]
100 cycles at 0.1 C.
LiNi()ﬁCOO.zMIl().zOz, 100
LizSCz/3C14 1.5 [2]
cycles at 0.1 C.
Li2_633EI‘0.633ZI'0.367 C16 1.1 LiCOOz, 200 CYCleS at 0.5 C. [3]
LiNi0.5C00.2Ml’10.302, 81.6%
LiossTao23sLa0.475Cls 3.02 retention after 100 cycles at [4]
Rare-
earth 0.44 C.
halides
LisYCl;3Br; 7.2 LiCo0O,, 70 cycles at 0.1 C. [5]
LiNio'ggCO()_()gAlo'mOz, 83.6%
Li, 6Ybg 4Hfy 4Cle 1.5 retention after 1,000 cycles at | [6]
0.5C.
LiNi0'5C00'3A10.202, 81.7%
Lij 9Ing 75Zr¢.1S¢0.05Er0.05
Yo0.05Clg 2.18 retention after 1,000 cycles at | [7]
1C.
Oxyhal . . .
des nLi,0-TaCls-10%TaF5 2.3 LiCoO,, 81% retention after [8]
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300 cycles at 1 mA cm™.

LiNig gsC00,00Mny 0302,
LiAIOCly 1.04 84.86% retention after 1,500 [9]
cycles at 0.5 C.
LiCo0,, 97% retention after
LiNbOCl, 10.4 [10]
100 cycles at 0.3 C.
LiNio.g3C00.1 1Mn0.0602, 90.7%
1.6Li1,0-TaCls 6.6 retention after 2,400 cycles at | [11]
2 C.
LiCo00,, 83.5% retention after
1.25/3Li3N-TaCls 5.91 100 cycles at 18 mA g-' (-30 | [12]
°C).
Extrem LiNi0.88C00_09Mn0.0302, 390
e- Li, 5(LaCeZrHfTa)(,Cls 3 1.8 [13]
conditi cycles at 0.2 C (-30 °C).
on
ASSBs
using LiFePO,, 86.7% retention
halide-
based Li,OHCI/LizInClg 1.29 after 100 cycles at 0.2 C (80 | [14]
SEs
°C).
LiNig g3C00.11Mny 0602, 65%
Liz3InClg 2 retention after 50 cyclesat 1 | [15]
mA cm2 (80 °C).
High- . . e .
L11.6Ta(P81B)0,1501,65C15 7.1 L1N10,8C00,1Mn0,102, 82% This
entropy
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amorph
ous

oxyhali
de

BI'()_1

retention after 2,400 cycles at
2 C (25 °C), zero capacity
fade over 100 cycles at =30
°C, and 80% retention
following 1,300 cycles at 10

C (60 °C).

work
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Table S2. lonic conductivity as a function of composition.

Composition Conductivity
(mS cm™)

1/3L13P04-TaCls 0.79
0.45L13PO4-TaCls 1.93
LiTa(PSiB) 0, Cl;s 3.49
Li; sTa(PSiB)g 1501 ¢5Cls 4.55
Li; 4Ta(PSiB)g.1501.65ClsBry 4.90
Li; §Ta(PSiB)g.1501.¢5ClsBrg 3 3.98
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Table S3. Fitting results of ASSB resistances

ASSB Type Fitting result (Q cm?)
Electrolyte resistance 36.7

25°C Charge transfer resistance 14
Interfacial resistance 157
Electrolyte resistance 250.4

-30°C Charge transfer resistance 53.3
Interfacial resistance 5723
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