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Supplementary Figure 1. (a) Optical picture and (b) cross-section image of the Li anode after initial battery failure.
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Supplementary Figure 2. SEM images of (a) CNT cathode disassembled from the failed Li-O2 battery and (b) pristine CNT cathode. 
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Supplementary Figure 3. The morphologies of cathodes after discharge and charge at a fixed capacity of (a) 0.1, (b) 0.2, (c) 0.4, and (d) 0.8 mAh. Scale bar: 2 µm.


[image: ]
Supplementary Figure 4. Overcharge curves after (a) light discharge and (b) deep discharge of Li-O2 batteries at 50 µA. 
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Supplementary Figure 5. FTIR spectra of cathodes after 10th discharge, 10th charge, 50th discharge, and 50th charge.
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Supplementary Figure 6. (a) Overcharge of Li-O2 battery after cycling at 0.1 mA and a fixed capacity of 0.4 mAh. (b) Pressure test of the Li-O2 battery during overcharge.
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Supplementary Figure 7. SEM images of cathodes after cycling of Li-O2 battery for 15 cycles without overcharge (a) and overcharged for 4 h (b) and 8 h (c). Scale bar: 2 µm
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Supplementary Figure 8. Electrochemical impedance spectroscopy (EIS) of Li-O2 batteries after discharge 15 cycles, then charge 2 h, 4 h, 8 h. 
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Supplementary Figure 9. (a) Cycling performance of a Li-O2/CO2 battery revived with overcharge (2714 cycles). (b-d) The enlargements of the profile in (a). The current density is 500 mA/g and the capacity limitation is 500 mAh/g.
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Supplementary Figure 10. Li anodes after cycling in Li-O2/CO2 battery for 626 cycles (a) and after battery failure (b).


[image: ]
Supplementary Figure 11. (a-d) Discharge curves and (e) discharge capacities of Li-O2 batteries in the first 20 cycles with different overcharge ratios. The current density is 200 mA/g.
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[bookmark: OLE_LINK3]Supplementary Figure 12. Cycling performance of a Li-O2 battery at 200 mA/g and 2000 mAh/g with 50 mM LiI in the electrolyte. Overcharge capacity is 6000 mAh/g at 200 mA/g.
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Supplementary Figure 13. Cycling performance of Li-O2 batteries with 5 mg cm-2 Ru/CNT cathodes.

[image: ]Supplementary Figure 14. Cycling performance of a Li-O2 battery with super P cathode (0.4 mg) and a fixed capacity of 500 mAh g-1 at 250 mA g-1. 
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[bookmark: OLE_LINK4]Supplementary Figure 15. Cycling performance of (a) a Na-O2 battery and (c) a K-O2 battery. The current density is 44.2 µA cm-2 and the capacity limitation is 44.2 µA cm-2. Optical pictures of the (b) front side of Na anode and (d) backside of K anode after cycling. 


Supplementary Table 1. A comparison of performances of Li-O2 batteries with a high cathode loading or current density. Note: X μL indicates the amount of electrolyte was not given by the authors.
	Report
	Electrolyte
	Cathode mass loading
	Current
	Capacity
	Cycle
	Remark

	[bookmark: _Hlk77709696]1
	100 mg molten salt + 1g LAGP
	0.2 g cm-2 Ni composite cathode
	0.2 mA cm-2
	0.5 mAh cm-2
	150
	150 °C

	2
	100 μL 50 mM TEMPO-COOH in 1 M LiTFSI/TEGDME
	Bare P50 carbon paper
	0.1 mA cm−2
	0.2 mAh cm−2
	190
	Redox mediator (RM) in electrolyte

	3
	1M LiOTf + 0.5 M NaOTf/TEGDME
	Bare H23I6 carbon paper
	0.05 mA cm−2
	0.5 mAh cm-2
	30
	Na+ as RM

	4
	20-μm-thick Ionic liquid-based gel polymer electrolyte
	3 mg cm-2 Ketjen black
	0.25 mA cm−2
	2.5 mAh cm-2
	20
	

	5
	10 μL 1M LiOTf /TEGDME + P(VDF-HFP) polymer electrolyte
	1 mg cm-2 CNT film
	0.4 mA cm−2
	1 mAh cm-2
	60
	

	6
	70 μL 1 M LiNO3/DMAc
	5 mg cm-2 glass carbon
	0.5 mA cm-2
	1 mAh cm-2
	120
	A seed layer on cathode

	7
	X μL 1 M LiNO3/DMA
	1.0 mg CNF/Pt−Au−Ru
	0.5 mA cm-2
	5 mAh cm-2
	6
	

	8
	X μL 1 M LiNO3/DMSO
	0.8 mg MoSe2@CNT
	0.28 mA cm-2
	0.56 mAh cm-2
	100
	

	9
	X μL 1.0 M LiTFSI/TEGDME
	1.5 mg NiCo2O4/graphene oxide aerogel
	0.1 mA cm−2
	0.25 mAh cm-2
	400
	A Li host is used.

	10
	X μL 1.0 M LiTFSI/TEGDME
	0.4 mg cm-2 NiCo2O4/CC
	0.2 mA cm−2
	0.3 mAh cm−2
	200
	

	11
	200 μL 1.0 M LiTFSI/TEGDME
	2 mg cm-2 TiC
	0.1 mA cm−2
	0.5 mAh cm−2
	100
	

	12
	X μL LiTFSI (0.5 M), LiNO3 (0.5 M), and LiI (0.05 M) dissolved in TEGDME
	0.4 mg cm-2 MoC–Mo2C/NCNTs
	0.123 mA cm-2
	0.2 mAh cm-2
	164
	

	13
	X μL 1.0 M LiTFSI/TEGDME
	0.8 mg cm-2 N-MoS2
	0.08 mA cm-2
	0.4 mAh cm-2
	224
	

	14
	X μL 1.0 M LiTFSI/TEGDME
	0.5 mg cm-2 Co@NC/PPC800
	0.1 mA cm-2
	0.5 mAh cm-2
	136
	

	15
	X μL 1.0 M LiTFSI/TEGDME
	0.56 mg cm-2 CoPt/AFC
	0.05 mA cm-2
	0.2 mAh cm-2
	156
	

	16
	180 μL 1.0 M LiTFSI/TEGDME
	0.6 mg cm-2 Co-SAs/N-C
	0.24 mA cm-2
	0.6 mAh cm-2
	260
	

	17
	X μL 1.0 M LiTFSI/TEGDME
	1.0 mg cm-2 CNT@MoS2
	0.5 mA cm-2
	0.5 mAh cm-2
	190
	

	This work
	130 μL 1 M LiFSI/TEGDME
	5 mg cm-2 Ru/CNT
	0.5 mA cm-2
	0.5 mAh cm-2
	325
	Without RM or host

	
	
	
	1 mA cm-2
	0.2 mAh cm-2
	900
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