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Abstract:

Process & Characterization

Block copolymer (BCP) lithography enables facile self-assembly of nanostructures at size scales inaccessible
by optical lithography. We demonstrate tone-reversal and hard mask creation from BCP templates by
utilizing the conformal nature of atomic layer deposition (ALD) of alumina. The alumina enables creation of
hard masks that possess high etch selectivity. We demonstrate the utility of this process by fabricating highaspect-ratio silicon nanowires with 30 nm lateral dimensions and 180 nm vertical dimensions.
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Optimization of the alumina etching time is essential to
for the mask creation. The versatility of this approach
avoid eroding the mask. The results presented are 300
enables device engineers to choose a hard mask with the
cycles of ALD alumina (nominal thickness 30 nm) and an
desired etch properties.
alumina etching time of 1.5 minutes at 25 nm per minute.
A slight over-etch guarantees that all of the over-filled
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alumina masks, we fabricate arrays of silicon nanowires
ALD of alumina conformally coats the features and self-
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by etching in an HBr/Ar plasma. Figure 3 shows
successful fabrication of silicon nanowires with 30 nm
diameters and heights approaching 180 nm. Pattern
transfer is uniform across large areas, and is only limited
by the defect density in the BCP resist. Many lithographic
approaches toward vertical nanowire fabrication involve
costly electron-beam lithography steps, while this
approach is facile, versatile, and enables high aspect
ratios. Optimization of the nanowire etch could further
increase achievable aspect ratios in this system.
The ease of fabrication of silicon nanowires with high
aspect ratios inspires device concepts and applications.
The fabricated structures have dimensions and packing
densities smaller than visible optical wavelengths. The
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Figure 3: SEMs of high-aspect-ratio silicon nanowires
fabricated from alumina masks.

reflectance therefore approaches zero, as there are no
smooth surfaces for reflection of light. Therefore, by
doping the top layer of silicon, vertical p-n junction solar
cells can be fabricated that do not suffer from reflection
losses.
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Figure 2: Scanning electron micrographs (SEMs) of the
BCP tone reversal process.

