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Abstract—This  paper  demonstrates  sub-10-
nanometer (nm) laser ablation on hard materials. An
800-nm-wavelength femtosecond laser is focused down to

1. METHODOLOGY

A.

sub-diffraction-limited scale by a silicon
structure fabricated on asilicon-on-isolator (SOI)
substrate, which is utilized to enable the ablation on the
silicon dioxide (Si02) layer of the SOL Atomic force
microscopy (AFM) results show a minimum ablation
linewidth of about 8 nm with a depth-to-width ratio close
tol
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Fig. 1(A) shows the design of the nanophotonic
structure to demonstrate the nanoscale laser ablation.
The nanophotonic structure is fabricated on the Si layer
of the SOI wafer, which consists of two slanted wedges
with an opening of hundreds of nanometers. The laser
beam is incident from the top of the structure. The
power of the laser is tuned lower than the breakdown
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Laser ablation is a powerful tool to precisely
remove materials, which is considered as onc of the

_a

‘most promising advanced manufacturing technologies.
Owning to the diffraction-limit of the optical focusing.
lenses, the common resolution of the laser ablation is at
the micrometer scale. Taking advantage of the
intriguing properties of the near-field photonics,
focusing lasers into the nanometer-scale has been
achieved by sharp atomic force microscope (AFM) tips
or metal nanoparticles [1-3]. However, these
technologies mainly rely on plasmonic metallic
structures, which are highly absorptive and would be
ablated by the lasers. Consequently, they can only be
applied in processing a few types of materials with
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relatively low laser breakdown threshold, such as on the SOI wafer. (B) and (C), Electromagnetic (EM) simulation
* © ‘ polymers and thin metal films [1-3]. Recently, of the nanophotonic structurc, which shows the clectrical ficld of
—~ dielectric microspheres were applied to locally enhance the laser can be cahanced by S times.
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