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UMD-MRSEC researchers have combined 
self-assembled nanopores in anodic aluminum 
oxide (AAO) with multilayer self-limited atomic 
layer deposition (ALD) to form massive arrays 
of electrostatic nanocapacitors, achieving 
energy density >10X higher than conventional 
electrostatic devices, comparable to 
electrochemical supercapacitors, while 
retaining the high power advantages of 
electrostatics.  
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AAO nanopore 50nm dia
ALD TiN BE 6.7nm
ALD Al2O3 7.0nm
ALD TiN TE  9.3nm 
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Presentation Notes
We have achieved a major advance in electrical energy storage, recently published in Nature Nanotechnology.  Metal-insulator-metal (MIM) ALD layers (TiN 6nm, Al2O3 6nm, TiN 12 nm) were formed inside 50nm AAO nanopores 10ｵm deep as electrostatic nanocapacitors.  (Figure 3) About 106 such devices were wired in parallel to evaluate their performance, resulting in 100ｵF/cm2 effective (planar) capacitance density.  While maintaining the high power advantage of conventional electrostatic capacitors, the nanocapacitor arrays gave energy density 0.7 W-h/kg, >10X more than conventional electrochemical supercapacitors.  The devices surpass, by up to 40X, the energy density of other nanostructure-based electrostatic devices.  The materials and processing science for these devices is critical. Since the AAO process incorporates impurities from anodization into the AAO, an ALD Al2O3 passivation layer under the MIM stack was successful in dramatically reducing leakage currents (and hence improving retention time).  Both ALD and etch processes (for device contacts) were crucial to the result.  
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