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Abstract

During recent years the demand for nanoscale materials with tailor-made
functional properties as bulk species, is continuously and progressively rising
for such fields as e.g. micro- and nano-electronics, plasmonics, spintronics,
bio-technology, bio-sensing and life sciences. Preserving and / or improving
properties of functional materials with their simultaneous size reduction and
high-resolution site-specific positioning is indeed very challenging, for both
conductors and insulators.

One of the advanced nanoprototyping methods that can be utilized for
this purpose is the Electron-Beam-Induced Deposition, or shortly EBID. This
process is based on a local decomposition by a focused electron beam of a
precursor gas molecules adsorbed on the sample’s surface. The beauty of this
method is that it gives a unique possibility of rapid creation of site-specific
nanoscale 3D structures of precise shape in a single operation. It’s an additive
process that can be easily combined with other patterns.

However, besides all the benefits, EBID has some constraints, in particular
low purity of the deposited materials, due to the organometallic nature of the
used precursors. Chemical composition of EBID patterns is strongly dependent
on the chosen gas chemistry, the substrate, many deposition parameters and
post-treatment processes applied to the deposited structures.

In our research we focused on deposition of Co, Au, SiO2, C, W and Pt, their
purification and shape control. And this thesis presents an overview of our
accomplishments in this field.

Depending on the gas chemistry of interest, three major purification
approaches of EBID-grown materials were tested out:

- Post-deposition annealing: in air and in the controlled atmosphere,
- Deposition onto a preheated substrate,
- Deposition in the presence of reactive gases.
As a result, a dramatic purity improvement was observed and a significant

advancement was achieved in creation of high-purity gold, cobalt and silicon
dioxide nanoscale structures. In particular:

1)   For the Me2Au(acac) precursor, we developed a nanofabrication routine
combining application of wetting buffer layers, fine tuning of EBID parameters
and subsequent post-annealing step, which led to formation of high-purity
planar and high aspect ratio periodic Au nanopatterns. We also describe the
adopted and gently adjusted wet etching method of undesirable buffer layer
removal, required in some cases for the further device application.

2)   For the Co2(CO)8 precursor, in-situ seeded growth in conjunction with
EBID at the elevated substrate temperature resulted in a deposition of pure
nanocrystalline Co with magnetic and transport properties close to the bulk
material.
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3)   For the tetraethyl orthosilicate precursor, or shortly TEOS, assisting of
the deposition process with the additional oxygen supply led to the EBID of
carbon-free amorphous insulating Si-oxide, with the absorption and refraction
properties comparable to those for fused silica.

Several applications of EBID nanopatterns are also discussed.
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