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Table S1. The parameters of RF sputtering on LaF; substrate

Element Application Thickness / nm RF Sputtering Power / W
Cu Working electrode 2.3 50
Co Working electrode 2.3 120
Ni Working electrode 2.3 100
Pb Reference electrode 1000 50
Pt Current collector 50 50
W Current collector 50 120

RF Sputtering Temperature: Room temperature (~25 °C)
Atmosphere: Argon

Atmosphere pressure: 1.0 Pa
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Figure S1. The crystallographic models of Cu, Co, Ni and their fluorides. The volumetric changes

are listed under each model. !¢
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Figure S2. The voltage changes of Pb reference electrode versus counter electrode upon pre-
fluorination treatment. The dash line represents the theoretical voltage (2.41 V) of Pb/PbF; vs.

La/ LaF3.
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Figure S3. Surface smoothness of the substrate. Atomic force microscopy (AFM) images of (a)
mirror polished LaF; substrate and (b) Cu deposited LaF; substrate. The surface roughnesses of

the substrate before and after the Cu deposition are 2.9 and 3.9 nm, respectively.
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Figure S4. The cross-sectional TEM images of Pt, Cu film and LaFj; substrates, and the nano-area

electron diffraction (NAED) patterns of Cu along [211] zone axis.
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Figure S5. The direct proportional fittings (y=kx model) of depositing rates of all utilized metals.
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Figure S6. The ionic conductivities of LaF; substrates at temperatures of 15, 50, 80, 100, 125, 150

°C, respectively, and corresponding Arrhenius linear fitting.
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Figure S7. The average working potentials in the first 20 cycles of Cu, Co and Ni at 0.1 C and 150

°C.
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Figure S8. The electrochemical properties of Cu with various thicknesses. The 10 nm sample
possessed a similar initial performance with 2.3 nm sample in this study, while the thickest sample
only delivered an initial charging capacity of 170 mAh g! which corresponded to c.a. 20% of

theoretical values, i.e. diffusion depth of 10 nm out of 50 nm.
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