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1. Supplementary Figures
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Figure S1. EIS plot of the as-synthesized LLZTO electrolyte with Pt as the Li* blocking electrodes

at 25 °C. The inset is the enlarged curve at high frequency zone.



Figure S2. Digital photo of the as-synthesized LLZTO pellets.



Figure S3. The thickness of the LLZTO-based SEs after polishing.



Figure S4. Cross-section SEM images of the LLZTO electrolyte at different magnifications. The

relative density is determined to be ~95%.
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Figure S5. XRD patterns of the as-synthesized garnet solid electrolyte powders and pellet.
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Figure S6. Morphology evolutions of surface and cross-section image for the bare Li and composite
Li. (a) The surface morphologies of the LLZTO pellet before cycling. The surface morphologies of
the LLZTO pellet after cycling for the bare Li (b) and composite Li (c). Cross-section SEM images
of the bare Li before (d) and after cycling (e). (f) Cross-section SEM images of the LLZTO after

cycling. Cross-section SEM images of the composite Li before (g) and after cycling (h).
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Figure S7. (a-b) Cross-section FIB-SEM images of LNO composite anode. (c-e) The cross-section
EDS mapping images of LNO composite anode. (f-h) Elemental line scanning of N, O and L.i.
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Figure S8. Equivalent circuit for modeling the impedance spectra of LNO10/LLZTO/LNO10 and

Li/ LLZTO/Li symmetric cells.
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Figure S9. Warburg coefficient of the a) pristine Li cell, b) LNO10 cell, and c) the corresponding
calculated Li* apparent diffusion coefficient. (d) Computational formula of lithium-ion diffusion
coefficients (Dvi+)

Fitting the low-frequency region of the impedance spectrum in Figure 4c, the Warburg coefficient
can be calculated from the slope of the low-frequency region, and then the Li* apparent diffusion
coefficient can be obtained according to the formula in Figure S9d. For the computational formula
of Figure S9d, R is the gas constant, T is the absolute temperature, A is the surface area of the
electrode, n is the number of electrons per molecule during oxidation, F is the Faraday constant, and
C is the concentration of lithium ions.
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Figure S10. (a) Digital photos of the wetting behaviors of molten Li with the LLZTO SSEs, Li-
AgNO3; composite electrodes with 10 wt% AgNO3z with the LLZTO SSEs, and Li-Zn(NOs),
composite electrodes with 10 wt% Zn(NOs), with the LLZTO SSEs, respectively. (b) XRD pattern
of the products obtained by reaction of AgNO3 power and molten lithium. (c) XRD pattern of the

products obtained by reaction of Zn(NO3) power and molten lithium.

Note: In the case of AgNOs, LisN, LiNxOy, LiAg alloy and excess Li could be observed after reacting
with molten Li, as exhibited in Figure S10b. When comes to Zn(NOs),, there are LisN, LiNxOy,
LiZn alloy and excess Li in the final product (Figure S10c).
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Figure S11. (a) Nyquist plots of symmetric cells with pure Li and Li-Zn(NOz), composite electrodes
with 10 wt% Zn(NOs3).. (b) Nyquist plots of symmetric cells with pure Li and Li-AgNOs composite

electrodes with 10 wt% AgNO:s.
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Figure S12. Galvanostatic cycling of the symmetric Li cells with pristine LLZTO electrolyte at 0.1

and 0.15 mA cm™.
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Figure S13. (a) GEIS of the LNO15/LLZTO/LNO15 symmetric cells under 0.1 mA cm™ at RT. (b)
The interface impedance contributions obtained from the analysis of the LNO15/LLZTO/LNO15

symmetric cells impedance spectra.



Figure S14. Optical image of the LLZTO pellet after short circuit.
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Figure S15. (a) TOF-SIMS 3D illustration of Li~, LaO™, and overlay along the depth. These signals
are collected from the cycled LLZTO electrolyte by TOF-SIMS. (b) TOF-SIMS depth profiles of

cycled LLZTO electrolyte. Li~, LaO™, and overlay were used as representative species for profiling.
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Figure S16. The enlarged long-term galvanostatic cycles of the symmetric LNO10/LLZTO/LNO10

cell at 0.5 mA cm2from 5 to 10 h, 250 to 255 h, and 495 to 500 h, respectively.
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Figure S17. Charge/discharge curves of the semi-solid LFP/LE-LLZTO/Li batteries with a pristine
LLZTO pellet under 0.1 C.



Table S1. Critical current density (CCD), area specific resistance (ASR) and cycling stability of the
reported Li-Li symmetrical batteries using garnet solid-state electrolytes with different interfacial

layers.
_ _ ASR CCD Stability
Solid electrolyte Interfacial layer Ref.
(Q cm?) (mA cm?) (mA cm?)/h
Vapor Deposition 75 (25°C)
Li7Laz.75C60,252r1,75Nbo,zsolz N/A 0.2/42 1
Method/Al 30 (60 °C)
LizLay 75Ca0.252Zr1.75Nbg 25012 ALD/ZnO 100 N/A 0.1/48 2
0.8 (50 °C) 0.08/150 (25 °C)
LigglasZrygTao 4012 MS/Au 140 (25 OC) 3
0.5 (25°C) 0.25/150 (50 °C)
Lig gsLaz 9Cag12Zr1 75Nbg 25012 PECVD/Si 127 0.2 0.1/225 4
LigsLasZrisTaps012 PECVD/Li3N 175 (25 °C) N/A 0.1/210 (25 °C) 5
LizLaz 75Cag.252Zr175Nbg 25012 ALD/AIO4 34 (RT) 0.2 0.2/90 (RT) 6
Lie,sLa;:,Zl'l,sTao,solz Li-C 11 (RT) 1.0 (RT) 0.3/250 (RT) 7
LigslasZri4Tag 012 Acid (HCI-H;S0,) 26 (30°C) N/A 0.2/700 (30 °C) 8
Li5.4La3Z|'l.4Tao.5012 MS/CU3N 41.7 (25 DC) 1.2 (25 DC) 0.1/1000 (25 UC) 9
Lig gsLaz 9Cag12Zr1 75Nbg 25012 Ge 115 (RT) N/A 0.05/160 (RT) 10
0.9 (25°C)
Li5.5La3Z|'l.5Tao.5012 Li-Al aIon <1 (25 UC) 0.2/3000 (25 DC) u
2.3 (60 °C)
28 (25 °C)
LigsLasZrisTagsO12 C Reduction N/A 0.1/450 (25 °C) 2
9 (65 °C)
Li7Laz_7scao_25Zr1_75Nbo_zsolz MS/Mg 70 (RT) N/A 0.1/37 (RT) 13
Lis 375L.83Zr1 375Nbg 625012 MS/Sn 46.6 (RT) N/A 0.5/500 (RT) 1
Li7Laz.75C60,252r1,75Nbo,zsolz MS/Ag 66 N/A 0.2/100 15
Li7Laz.75C60,252r1,75Nbo,zsolz MS/Cu68n5 236 N/A 0.25/300 16
Li5.4La3Z|'l.4Tao.5012 PEO-PAS 200 (65 UC) 0.5 (65 DC) 0.5/10 (65 OC) w
Drawing Soft
Lis 9Alg2LasZr1 75Wo 25012 13 (RT) N/A 0.3/1003 (RT) 18
Graphite
LigslasZrysTags012 Polishing MoS, 7 (100 °C) 2.2 (100 °C) 0.8/240 (100 °C) 9
Lie,sLa;:,Zl'l,sTao,solz Li—gC3N4 11 (RT) 15 (RT) 0.3/300 (RT) 2
0.2/2000 (RT)
195 (RT)
LigsLasZrysTags012 Painting/Ga 17 (RT) 0.2/9930 (60 DC) a
5 (60 °C)
1/150 (60 °C)
LigsLasZrysTagsO12 Li-BN 9 (RT) 1.5 (RT) 0.3/380 (RT) 2
Lig4LasZr1 4Tao6012 MS/SnO, 25 (RT) 1.15 (RT) 0.2/650 (RT) z
Li-Na Eutectic 54.01 (RT) 1.1 (RT) 0.05/3500 (RT)
LigsLasZrisTags012 2
Interlayer 18.98 (60 °C) 2.1(60°C) 0.1/3000 (RT)
LigslasZri4Tag 012 MS/ITO 32 (30°C) 1.05 (30°C) 0.2/800 (30 °C) %
Flame Vapor
Lig.4lasZr14TagsO012 50 (60 °C) 0.6 (60 °C) 0.1/450 (60 °C) %
Deposition
Lis.zsLasZr1 7sNbg 25012 Sulfur Layer 160 N/A 0.2/1100 2




0.1/135

28

Li6_4Gao_2La32r2012 MS/Cu 29 0.4
0.2/140
0.1/1600 (25 °C)
LissLasZrysTags012 HsPO, 7 (25°C) 0.8 (25 °C) 2
0.5/450 (25 °C)
0.1/1000 (RT)
Lis4Gag,LasZr,01, MS/3D Zn layer 1.9 (RT) 2 (RT) 30
0.5/300 (RT)
Lig4LasZr; 4Tag 010 Graphite foils 15 (RT) 0.8 (RT) 0.1/1600 (RT) 81
LigsLasZr: 4Tap6012 LiTFSI-FEC-SN N/A 0.2 (RT) 0.2/150 (RT) 32
Liquid Phase Process/
Al-Lig 75185 75Ca0 25215 Tao 5012 44 (25 °C) 0.5 (25 °C) 0.1/600 (25 °C) 33
Li,SiOs
Thermal evaporation 0.2/1500 (RT)
LisalasZry 4TaoeO12 12.7/(RT) 0.75 (RT) 34
deposition /LiF 0.4/300 (RT)
0.05/2000 (RT)
Li1 4Alo4Tip6(POs)s MS/ZnO 176.5 (RT) N/A 3
0.2/1000 (RT)
Liy 5Alo5GeosP301, MS/Ge 73.5 (RT) N/A 0.3/200 (RT) 36
0.2/4000 (25 °C)
Lig4LasZr14Ta0012 InCls 10 (25 °C) 0.7 (25 °C) 87
0.45/1000 (25 °C)
Lig7sLasZr1 75Tao25012 Spin coating/MgF, 25 (25 °C) 0.65 (25 °C) 0.3/1000 (25 °C) 38
0.1/1500 (RT)
Liy5Alo5GeqsP3012 lonic Liquid 5 (RT) 2 (RT) 39
1/500 (RT)
LigsLasZr: 4Tape012 LisN/Fe 4 (60°C) 3 (60°C) 0.1/3000 (60°C) 40
LigsLasZr: 4Taoe012 Li-SisNy 1(25°C) 1.8 (25°C) 0.4/1000 (25°C) 41
LissLasZr: 4Taoe012 LixSiO, 3(30°C) 1.3 (30°C) 0.1/999 (30°C) 42
0.1/1000 (25°C)
Li sAlosGe1s(PO4)s MS/ZnF, 420 (25°C) 2 (25°C) 8
0.2/400 (25 °C)
LizLasZr,01, Li,O 30 (30°C) 1.3 (30°C) 0.3/2500 (30°C) 44
0.2/1000 (25°C)
Lig4LasZr1 4Tao6012 PAA 545 1.2 45
0.5/400 (25 °C)
LissLasZr: 4Ta06012 Hard carbon layer 4.7 (40°C) 1.0 (40°C) 0.2/600 (40 °C) 46
LigsLasZr sNbosO12 MS/LiPON 178 (30°C) 0.62 (30°C) 0.04/2000 (30°C) 47
Flexible graphite
Lig4LasZr1 4Tao6012 26.2 (RT) N/A 0.3/900 (RT) 48
layer
0.1/1200 (RT)
LissLasZrysTags012 Mechanical polishing 28.15 (RT) 0.76 (RT) 49
0.2/400 (RT)
131.8 (25°C) 0.2/1200 (25°C)
Li5.4La3Zrl.4Tao.501z L|—Naph 1.7 (65 OC) 50
9.9 (65°C) 1.0/500 (65°C)
Lig4LasZry 4TagsO012 Li-LigsLagsTiOs 48 (RT) 0.4 (RT) 0.1/400 (RT) 51
LigsLasZr: sTapsO12 MS/h-BN 18 (60°C) 0.9 (60°C) 0.5/200 (60 °C) 52
0.1/1600 (25°C)
Liy5Alo5Gey sP3012 Liquid electrolyte 1100 (25°C) N/A 53
0.5/200 (25 °C)
LigsLasZr: sNbgsO12 wet-chemistry 8.4 (25°C) 1.0 (25°C) 0.1/600 (25 °C) 54




fabrication/Al,O3 0.3/1000 (25°C)
Lig75La3Zr1 75 Tap25012 Li-MXene 5 (RT) 1.5 (RT) 0.3/600 (RT) 55
0.1/1000 (RT)
Lis.75La3sZr1.75Tao.25012 Sns, 47 (RT) 0.5 (RT) 56
0.2/1000 (RT)
Li;La;Zr,01, Sh 4.1 (RT) 0.64 (RT) 0.2/350 (RT)
0.05/1800 (RT)
Liy3Alo5Tiy 7(POs)s BN 375 (RT) 0.76 (RT) 57
0.2/1200 (RT)
Laser cleaning 0.1/200 (80°C)
Lig4LasZr14Ta0012 76.4 (30°C) N/A 52
Li,COs 0.2/100 (80°C)
0.1/4000 (25 °C)
LigsLasZri5Taps0s2 Dip-coating/MgO 6 (25°C) 1.2 (25°C) 58
0.2/1200 (25°C)
0.2/600 (25 °C)
Lig4LasZr14Ta06012 Ag/LiF 13.4 (25 °C) 0.75 (25 °C) 59
0.5/130 (25 °C)
0.1/1000 (RT)
Lig 75L83Zr1 75Tap 25012 TVD/Carbon layer 9 (RT) 1.2 (RT) 60
0.2/1000 (RT)
0.1/1000 (25 °C)
Lig4LasZr; 4Tap0s2 LisPO, 13 (25 °C) 1.2 (25°C) 0.3/200 (25 °C) 61
0.4/200 (25 °C)
0.3/4500 (RT)
Li-LiNO3 1.73 (RT) 1.4 (RT) This
. 0.5/500 (RT)
Lis4lasZri14TaosO12
work
Pure Li 527.5 (RT) 0.1 (RT) 0.1/1 (RT)




Table S2. Cathode materials, voltage windows, rate/cycles, and discharge capacities of the reported
full batteries using garnet solid-state electrolytes with different interfacial layers.

Voltage Discharge Capacity/mAh
Interfacial layer Cathode Rate/C
Window/V g~Y/Cycle Number
Vapor Deposition
LiFePO, 2.0-45 0.1 132/100 (20 °C)
Method/Al
0.05 143/100 (40 °C)
PECVD/Li3N LiFePO, 2.5-4.0
0.1 133/200 (40 °C)
ALD/AIO; Li;FeMn30g 3.5-53 0.1 103/50 (RT)
Li-C LiFePO, 2.5-4.0 0.5 N/A/100 (RT)
LisN/Fe LiFePO, 2.5-4.0 0.5 151/50 (60 °C)
CusN LiCoO, 3.2-4.2 0.2 125.3/300 (25°C)
Sr NCM811 2.7-4.3 0.2 192/100
MgO NCM0.83 3.0-4.3 0.2 194.3/150 (25°C)
Porous hard carbon LiFePO, 2.8-3.8 0.2 154.4/150 (25°C)
SnS; LiFePO, 2.0-4.2 0.1 153.2/100
Sh V,0s 2.0-38 0.05 274/10 (RT)
Flexible graphite layer LiFePO, 2.5-4.2 0.1 149.4/350
Laser cleaning Li,CO3 LiFePO, 2.8-3.8 0.1 149.3/100 (40°C)
SisN, LiFePO, 2.2-4.2 1 152/100 (60 °C)
MgF; LiFePO, 2.5-4.2 0.1 158.2/100 (25°C)
Ga LiFePO, 2.5-3.8 0.15 mA cm2 130/440 (60°C)
h-BN LiFePO, 2.8-4.0 0.2 130/100 (60 °C)
a-MoOg3 LiFePO, 2.2-4.2 0.5 135/200 (RT)
ZnF; LiFePO, 2.5-4.2 0.1 154/40 (25°C)
InCl; LiFePO, 2.8-3.8 0.5 127.4/475
Mechanical polishing LiFePO, 2.5-4.0 0.2 138.6/80 (RT)
BN LiFePO, 2.5-4.0 0.5 150.9/500 (RT)

LiPON LiFePO4 2.5-4.0 0.2 138.1/150 (30 °C)




ZnO/rGO LiFePO, 2.5-4.0 0.5 131.6/100 (30 °C)
LixSiOy LiFePO, 2.5-4.0 0.05 mA cm™ 127.6/80 (30 °C)
Li-Naph LiFePO,4 2.4-38 0.2 142.5/200(65 °C)

Li-MXene anode LiFePO, 2542 0.5 148/100 (25 °C)
Liquid electrolyte LiFePO, 2.5-4.2 0.2 145.1/500 (25 °C)
3D porous Zn layer NCM523 2.7-4.3 0.1 143.8/170 (RT)
0.2 130.2/300 (25 °C)
PAA LiFePO, 2.5-4.0
0.5 125/200 (25 °C)
Ta,0s LiFePO, 2.5-4.0 0.2 153.1/100 (25 °C)
COF LiFePO, 2.7-3.8 0.5 130/260 (RT)
2.5-3.8 0.1 143/50 (65 °C)
C Reduction LiFePO,
2.5-4.2 0.1 N/A/10 (65 °C)
Carbon layer LiCoO, 3.0-4.3 0.5 100 (RT)
LizPO4 LiCoO, 3.0-43 0.1 130.0/150 (30 °C)
LiFePO4 2.5-4.0 1 148.5/500 (RT)
Li-LiNO3
NCM811 2.7-4.3 0.2 178.8/115 (RT)
Pure Li LiFePO4 2.5-4.0 0.1 0/0 (RT)
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