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Abstract: We have fabricated two-segment carbon nanotube (CNT) based structures. We prove their ability to operate as
optical antennas, where the field enhancement, distinct resonances, as well as radiation patterns are thoroughly
investigated.
Optical antennas are capable of coupling far-field radiation to the near-field in the sub-wavelength range. They can be
used to tailor light-matter interactions in the nanoscale, leading to various applications (like nano-scale lithography,
field-enhanced microscopy etc.) [1]. The optical responses of an optical antenna heavily depend on the surface plasmon
resonances [2] in the structure, which are quite sensitive to the material properties, the geometry and the operating
environment. Based on a full-wave electromagnetic analysis we propose a two-segment CNT based nanostructure [3] to
operate as a “fat” dipole-type optical antenna. The field enhancement, the resonances, and the radiation patterns are
thoroughly investigated. Our study reveals that the advantages of pure metallic antennas and CNT antennas could be
combined, providing additional degrees of freedom in tailoring both the material properties and the wavelength
response, and, hence, the overall emission characteristics. Segmented composite nano-antennas turned out to carry a
great potential for engineering nanoscale emitters and receivers, for e.g. biosensing applications or within advanced
nanophotonic circuit topologies.
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Optical antennas are capable of coupling far-field radiation to the near-field in the sub-wavelength range. They can be used to
tailor light-matter interactions in the nanoscale, leading to various applications (like nano-scale lithography, field-enhanced
microscopy etc.) [1]. The optical responses of an optical antenna heavily depend on the surface plasmon resonances in the
structure, which are quite sensitive to the material properties, the geometry and the operating environment. Based on a full-wave
electromagnetic analysis we propose a two-segment CNT based nanostructure [2] to operate as a “fat” dipole-type optical
antenna. The field enhancement, the resonances, and the radiation patterns are thoroughly investigated. Our study reveals that
the advantages of pure metallic antennas and CNT antennas could be combined, providing additional degrees of freedom in
tailoring both the material properties and the wavelength response, and, hence, the overall emission characteristics. Segmented
composite nano-antennas turned out to carry a great potential for engineering nanoscale emitters and receivers, for e.g.
biosensing applications or within advanced nanophotonic circuit topologies.

1. Segmented Structure based on Nanotube
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3. Radiation Properties of the Paired Structures
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Fig. 1 TEM images of our fabricated structures based
on the methods shown in [2].

2. Optical Properties of the Paired Structures
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Fig. 2 (a) The electric field strength in the center of the
gap as a function of the wavelength for various lengths
of the metallic nanotubes, the gap size g=2nm. The
geometry of the structure corresponds to the one
shown in Fig. 1(b). Some resonances for the structure
with a 400 nm long nanotube are labeled in the figure.
(b) The magnetic field strength at different
wavelengths for a nanotube length of 400nm, where
red - bright colors indicate high field values. See [3].
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Fig. 3 Far-field radiation characteristics of the structure with respect
to the x-y-plane (E-plane): (a) Spheres without CNTs at resonance
wavelengths of 328nm, 412nm, and 770nm, respectively. (b)
Spheres with two 100nm long semiconductor CNTs at the resonant
wavelengths of 330nm, 524nm and 930nm, respectively. The
optimized emission pattern at 524nm is also shown for comparison.
The relevant dimensions of the two spheres are R=70nm and g=2nm,
where for the optimized structure R=25nm. See [3].

4. Tailoring the Emitter Lifetime by the Paired Structures
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Fig. 4 The radiative decay rate enhancement factor (RDREF) as a
function of CNT length. The wavelengths with large RDREF for the
structure without CNT and with two 200nm CNTs are marked in the
figure. (a) For a structure with a sphere radius of R=70nm and a gap
width of g=10nm. (b) For a structure with a sphere radius of R=70nm
and a gap width of g=20nm. See [3].
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