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[0 O Top-down approaches consist of either using macroscopic tools to directly "write" materials on a substrate[]
or using macroscopic tools to transfer a computer-generated pattern onto the thin film material 0 and then
"sculpting” a nanostructure by physically removing material (I e.g.[1 by etching techniquesO . It should be noted
that either the solution/material to be used in the printing techniquesC] or the films to be "sculpted” may be
prepared via sol-gel.[] [0 The former case includes scanning tunneling microscopy [0 STMO O scanning probe
lithography 00 SPLO O nanoimprint lithography 0 NILO O and microcontact printing uCPC . STM allows the
position of individual atoms to pattern structures with subnanometer precision] and SPL leads to features as small
as 15 nm. uCP allows conformal contact between the stamp and the substrate for a range of topologiest] including
curved substrates/inner surfacest] due to the mechanical flexibility of the rubbery stamp. The imprinting device
used in the NIL approach can be reused numerous timestJ leading to cost-effectivel] sub-100nm lithographic
replication; however(J the initial fabrication of the ultrahigh-resolution master molds remains very difficult to
attain. It should be noted that these techniques] which allow the patterning of structures with nanometer
precision[] are neither cost- nor time-effective.62[] [1 The most common techniques used in the latter case

[ "sculpting” a nanostructureld are based on photolithographyd which is unfortunately limited by optical
diffraction effects to 200-500nm0 and nanolitography [ electron- and ion-based methods] O which already
allow the preparation of ordered nanostructured arrays with high resolutionJ] but have low throughput[ since
they consist of a lineby-line pattern. O OJ [ O
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