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Adopting lithium metal (Li) as anodes and nickel (Ni)-rich lithium nickel manganese cobalt oxides 
(LiNixMnyCozO2, NMCs, x ≥ 0.6, x + y + z = 1) as cathodes, the resultant Li||NMC lithium metal batteries 
(LMBs) could be twice higher in energy (up to 500 Wh/kg) but 50% lower in cost ($100/kWh) than that of 
LIBs, holding great promise to replace LIBs for the applications of portable electronics, electric vehicles, 
and aircrafts. Unfortunately, such a compelling technology has been hindered from commercialization due 
to some serious interfacial issues related to the Li anodes and NMC cathodes. Aimed at addressing these 
challenges, we recently have developed a series of novel coatings via atomic and molecular layer deposition 
(ALD and MLD). ALD and MLD share several unique merits but are complementary in their target 
materials. They have emerged as two new techniques of interface engineering of rechargeable batteries in 
the past decade.1-5 They both could deposit conformal and uniform coatings over complex shapes of 
different substrates, operate at low process temperature, and accurately control coating thickness. Through 
adopting different precursors, ALD exclusively deposits inorganic films while MLD specially grows 
organic or hybrid films. For the issues of Li anodes and NMC cathodes, we particularly designed function-
oriented coatings 6-10  via ALD and MLD. Using our ALD and MLD processes, very encouragingly, both 
the surface-coated Li anodes and NMC cathodes have exhibited remarkable improvements in their 
electrochemical performance. Our studies have further shown that the combination of these coatings can 
synergically maximize their benefits to achieve higher performance of Li||NMC LMBs, enabling a cell 
capacity fading 10 times slower than that of bare Li||NMC cells and a capacity retention improvement over 
60% after 500 charge/discharge cycles. In this talk, we will introduce these novel coatings and their 
compelling effects. Particularly, we would like to explain the underlying mechanisms related to their 
benefits. Thus, our studies have not only opened new areas of surface coatings but also demonstrated their 
technical feasibility for developing high-performance LMBs.       
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