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Figure S1. The property of LLZTO pellet. (a) the digital photo of as-prepared LLZTO pellet, (b) 

XRD pattern of prepared garnet electrolyte, (c)-(d) the SEM image of the top surface of untreated 

LLZTO pellet.

Figure S2. The illustration of magnetron co-sputtering of Zn and Cu.
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Figure S3. The thickness of the Zn-Cu composite layer coated on Silicon substrate after 10 min. 

As calculated, the sputtering speed is about 150 nm/min.

Figure S4. XPS spectra of Zn-Cu glass substrate and Li3Zn-Cu glass substrate, (a) Zn 2p, (b) Cu 

2p.

From the XPS spectra, the peaks at the binding energies of 1021.8 and 1044.9 eV, corresponding 

to Zn 2p3/2 and 2p1/2, shifted to 1022.3 eV and 1045.2. The peaks at the binding energies of 932.7 

and 952.3 kept at the same position. The XPS spectra exhibited that the Zn alloyed with Li, and 

the Cu nanoparticles combined in the alloy.  
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Figure S5. Voltage profiles at increased current densities with constant capacity of 0.1 mA cm-

2 in Li/ LLZTO/Li.

Table S1. Comparison of state-of -the -art CCD values with cycling protocols for the oxide 

electrolytes.  

Method-electrolyte CCD (mA cm-2) 

/duration 

time(per cycle)

Areal capacity 

(mAh cm-2)

Temperature(°C)/

reference 

Li2CO3 free LLZO 0.9/30min 0.45 60/ [1]

ZnO-LLZO 0.1/<0.01 - 25/ [2]

Al2O3-LLZO 0.2/30min 0.1 25/ [3]

Li-C3N4-LLZO 1.5/10min 0.25 25/ [4]

Li-Ag coated LLZO 0.75/2h 1.5 25/ [5]

Li3OCl coating LLZO 0.05/1h 0.05 25/ [6]

TVD-carbon-LLZO 1.2/30min 0.6 25/ [7]

Si CVD LLZO 0.2/5min 0.0167 25/ [8]
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Au sputtered LLZO 0.8/30min 0.4 50/ [9]

Pencil drawing interface LLZO 0.3/1h 0.3 25/ [10]

Li-Al alloy LLZO 2.3/10min 0.4 60/ [11]

1.2/10min 0.2 25/ [11]

Cu-dopped Li3Zn-LLZTO 2.8/15min 0.7 25/This work

Figure S6. The cycling performance of Li symmetric cell equipped with Zn-modified SSEs at 

a high current density.

Figure S7. SEM image of Zn-modified interface after cycling for 30 hours at 0.8 mA cm–2. 
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