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Figure S1. Schematic illustration of KF buffer layer deposition process by vacuum thermal evaporation.
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Figure S2. XRD patterns of (a) prepared LLZTO powder, LLZTO pellet and LLZTO-KF pellet.
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Figure S3. (a), Cross-sectional SEM image of LLZTO-KF. (b), Corresponding EDS mappings of F elements.


[image: ]
Figure S4. CCD profiles of Li|KF-LLZTO-KF|Li and Li|LLZTO|Li symmetric cells of capacity-constant mode at RT. 
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Figure S5. CCD profiles of Li|KF-LLZTO-KF|Li and Li|LLZTO|Li symmetric cells of time-constant mode at 60 °C. 
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[bookmark: _Hlk142555903]Figure S6. EIS curves of Li|KF-LLZTO-IL|NCM cells with different ionic liquids at RT.
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Figure S7. EIS curves of Li|KF-LLZTO-IL|NCM cells with 2 M Li-TFSI in various ionic liquids at RT.
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Figure S8. EIS curves of Li|KF-LLZTO-IL|NCM cells with 1 M Li-TFSI in PP13-TFSI ionic liquid at RT.
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Figure S9. EIS curves of Li|KF-LLZTO-LE|NCM cells at RT. LE is liquid electrolyte, 1 M LiPF6 in EC/DMC (v/v=1:1) with 2%VC.
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Figure S10. Long cycle performance of Li|KF-LLZTO-IL|NCM cells at 1C, RT.
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Figure S11. Morphology and corresponding EDS mapping of LLZTO-KF pellet. (a), SEM image of LLZTO pellet with excess KF layer. (b) Corresponding EDS mappings of K, Zr and Ta elements.
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Figure S12. Simulation cell geometry in COMSOL for LLZO-KF|Li interface (a) and LLZO|Li interface (b).


Table S1. Electronic conductivity comparation chart of our work with other literature reports.
	Solid state electrolyte
	Modified methods
	Electronic conductivity (S cm−1)
	Reference

	Al-doped Li7La3Zr2O12
	SPS
	6.4×10–8
	[1]

	Li7La2.75Ca0.25Zr1.65Nb0.25Co0.1O12
	Doping
	6×10−8
	[2]

	Li7La2.75Ca0.25Zr1.75Nb0.25O12
	Doping
	3.59×10−8
	[3]

	Li6.2La3(Zr0.2Hf0.2Ti0.2Nb0.2Ta0.2)0.2O12
	Doping
	2.33×10–8
	[4]

	Al-doped Li7La3Zr2O12
	Hot press
	2×10−8
	[5]

	Li6.5La3Zr1.5Ta0.5O12
	Rapid sintering
	1.2×10−8
	[6]

	(Li6.7La3Zr1.7Ta0.3O12
	Doping
	5.4×10−9
	[7]

	Li6.4La3Zr1.4Ta0.6O12
	Ag-LiF
	5.0×10−9
	[8]

	Li6.4La3Zr1.4Ta0.6O12
	AlN sinter additive
	2.6×10−9
	[9]

	Li6.4Ga0.2La3Zr2O12
	Doping
	5×10−10
	[10]

	Li6.4La3Zr1.4Ta0.6O12
	KF layer
	1.8×10-10
	This work




[bookmark: OLE_LINK12]Table S2. Critical current density (CCD), area specific resistance (ASR) and cycling life of the reported Li|LLZO|Li symmetrical cells with different interface layers at RT (25 °C) or other temperatures.
	Various LLZO solid state electrolytes
	Interface layer
	CCD
(mA cm-2)
	ASR
(Ω cm2)
	Cycle life 
(mA cm-2@h)
	Year [Ref.]

	Li5.9Al0.2La3Zr1.75W0.25O12
	Drawing graphite
	N/A
	25
	0.3@1000
	2018[11]

	[bookmark: OLE_LINK2]Li6.5La3Zr1.5Ta0.5O12
	Li-C composite
	1.0
	11
	0.3@250
	2019[12]

	Li6.4La3Zr1.4Ta0.6O12
	Cu3N film
	1.2
	83.4
	0.1@1000
	2020[13]

	Li6.5La3Zr1.5Ta0.5O12
	Li-gC3N4 composite
	1.5
	11
	0.3@300
	2020[14]

	Li6.5La3Zr1.5Ta0.5O12
	liquid metal painting
	1.7
	19.5
	0.2@2000 (RT)
	2020[15]

	Li6.4La3Zr1.4Ta0.6O12
	PAA
	54.5
	1.2
	0.2@1000
1@400
	2021[16]

	[bookmark: OLE_LINK8]Li6.4La3Zr1.4Ta0.6O12
	3D Li–Zn alloy
	2
	1.9
	0.1@1000
0.5@300 
	2021[17]

	Li6.4La3Zr1.4Ta0.6O12
	LiF
	0.75
	12.7
	0.2@1500 
0.4@300 
	2021[18]

	Li6.75La3Zr1.75Ta0.25O12
	MgF2
	0.65
	25
	0.3@1000
	2022[19]

	Li6.4La3Zr1.4Ta0.6O12
	LixC6
	N/A
	26.2
	0.3@900
	2022[20]

	Li6.5La3Zr1.5Ta0.5O12
	Al2O3
	1.0
	16.8
	0.3@1000
	2022[21]

	Li6.75La3Za1.75Ta0.25O12
	LiF/Li-Mxene
	1.5
	5
	0.3@600
	2022[22]

	Li6.75La3Za1.75Ta0.25O12
	Li2S/LixSn
	0.5
	47
	0.2@1000
	2022[23]

	Li6.4La3Zr1.4Ta0.6O12
	Ag-LiF
	0.75 
	5.8 
	0.2@600 
0.5@130 
	2022[8]

	Li6.4La3Zr1.4Ta0.6O12
	Li3PO4
	0.8 (30 °C)
	13(30 °C)
	0.1@1000 (30 °C)
0.4@200 (30 °C)
	2022[24]

	Li6.4La3Zr1.4Ta0.6O12
	AlN
	0.76
	1
	0.2@500
	2022[9]

	Li6.4La3Zr1.4Ta0.6O12
	KF
	1.0 (time mode)
1.4 (capacity mode)
	5.9
	0.2@3000
0.5@350
	This work




Table S3. The interface impedance values of Li|KF-LLZTO|NCM cells with various ionic liquids and liquid electrolyte.
	
	0.3 M
PY14
	0.2 M
PP13
	0.2 M
C4mim
	1 M
PP13
	1 M
C4mim
	2 M
PP13
	2 M
C4mim
	1 M
LE

	Interface impedance (Ω cm2)
	1720
	1150
	710
	143
	76
	520
	170
	340




Table S4. Cycle performance comparation chart of our work with other literature reports.
	[bookmark: _Hlk143957753]Cathode
	Modifications
	C-Rate
	Cycle numbers
	Retention
(%)
	Average coulombic efficiency (%)
	Voltage range (V)
	Ref.

	LiFePO4
	10 μL commercial liquid electrolyte
	1C
	900
	85.4
	99.98
	2-4
	[25]

	LiNi0.8Co0.1Mn0.1O2
	
	0.5C
	200
	89
	99.95
	3-4.3
	

	LiNi0.8Co0.1Mn0.1O2
	7 μL liquid electrolyte, 1 M LiPF6 in EC/DEC
	0.2C
	50
	87.7
	99.74
	2.7-4.3
	[26]

	LiFePO4
	
	1C
	835
	80.6
	99.97
	2.5-4
	

	LiFePO4
	7 μL SN+LiTFSI
	0.5C
	400
	80.4
	99.95
	2.5-4
	

	LiNi0.8Co0.1Mn0.1O2
	
	0.2C
	100
	80.4
	99.78
	2.7-4.3
	

	LiNi0.83Co0.11Mn0.06O2
	N/A
	0.2C
	140
	72.1
	99.77
	2.7-4.3
	[27]

	LiNi1/3Co1/3Mn1/3O2
	ionic liquid, 2 M
LiFSI in Pyr13FSI
	0.5C
	1700
	~91
	99.99 
	2.8-4.2
	[8]

	LiFePO4
	[bookmark: OLE_LINK19]10 μL liquid electrolyte, 1 M LiFP6 in EC/DME/EMC
	0.2C
	80
	95
	99.94
	2.5-4
	[28]

	LiFePO4
	6 μL liquid electrolyte, 1 M LiFP6 in EC/DEC
	0.1C
	100
	90.4
	99.90
	2-4.2
	[23]

	LiFePO4
	3 μL ionic liquid, 0.3M LiTFSI in PY14TFSI
	0.1C
	500
	~75
	99.94
	2.5-4
	[21]

	LiNi0.83Co0.11Mn0.06O2
	
	0.2C
	100
	90.2
	99.90
	3-4.3
	

	LiNi0.83Co0.11Mn0.06O2
	liquid electrolyte
	0.2C
	100
	75.9
	99.72
	3-4.3
	

	LiFePO4
	[bookmark: OLE_LINK20]3 μL liquid electrolyte, 1 M LiFP6 in EC/DME/EMC
	0.1C
	300
	83
	99.94
	2.5-4.2
	[20]

	LiFePO4
	6 μL SN+LiTFSI
	0.3C
	100
	75.9
	99.72
	2.5-4.2
	[19]

	LiFePO4
	
	0.1C
	100
	98.3
	99.98
	2.5-4.2
	

	LiFePO4
	10 μL liquid electrolyte, 1 M LiPF6 in EC/DEC
	0.5C
	100
	94
	99.94
	2.5-4.2
	[22]

	LiNi0.5Co0.3Mn0.2O2
	15 μL liquid electrolyte
	1C
	300
	85.5
	99.95
	2.8-4.3
	[29]

	LiNi0.5Co0.3Mn0.2O2
	
	2C
	200
	80%
	97.61
	2.8-4.3
	

	LiNi0.6Co0.2Mn0.2O2
	10 μL liquid electrolyte, 1 M LiPF6 in EC/DMC
	0.2C
	100
	88.43
	99.88
	2.8-4.5
	[30]

	LiFePO4
	3 μL ionic liquid, 0.2 M LiTFSI in PP13-TFSI
	0.1C
(30 °C)
	150
	81
	99.86
	3-4.2
	[24]

	LiNi0.8Co0.1Mn0.1O2
	3 μL ionic liquid, 1 M LiTFSI in C4mim-TFSI
	0.2C
	270
	82.8
	99.93
	2.8-4.3
	This work

	LiNi0.8Co0.1Mn0.1O2
	
	1C
	1000
	83.1
	99.98
	2.8-4.3
	

	LiNi0.8Co0.1Mn0.1O2
	
	2C
	3000
	72.1
	99.99
	2.8-4.3
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