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MOTIVATION

Investigate antenna theories (e.g. gain, receiving patterns,
polarization, etc.) in the optical frequency regimes (10THz -
300THz).

Develop efficient light collection and strong optical confinement in
subwavelength region for dynamic polarimetric infrared (IR)
imaging

Plasmonic optical antennas (POA) with engineerable polarization
and receiving patterns.

Strong SPR surface confinement enhanced photodetection at the
subwavelength region.

Plasmonic cavity with perfect absorption.

¢ IEEE




‘ I,lr OHNS PKINS

UNIVERSITY

OBJECTIVE

Key elements in transmitting and receiving signals in RF
microwave spectral regimes.

Engineerable antenna gains and receiving patterns.

Pioneered by Lukas Novotny, etc., extensively researched
recently.

Much higher frequency (10THz - 300THz).
Wavelength scaling, um to nm antenna dimensions.
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Pointed Dipole POA
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* Collect free-space propagation light.
» Convert it to surface current in POA.




Pointed Dipole POA

Near field profiles = LR [3R(R-13)—13]
jowse, R’

(@) g=20nm

(c) g=100nm
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Near field curfent relation: » Surface current generates the near-field.
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Pointed Dipole POA

Pointed dipole POA enhanced LWIR photodetector
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* Direct integration on an LWIR photodetector.

» Surface confinement induced enhancement.




Pointed dipole POA

Angular dependence and receiving patterns
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Pointed Dipole POA

Angular dependence and receiving patterns

i * Antenna receiving patterns are
the same as the full wave
dipole antenna.

 Verified the POA follows the
classical antenna theory in the
r.f. frequency regimes.
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Pointed dipole POA

Polarization dependence
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* The polarization dependence follows the cosa relation defined by the
classical antenna theory.
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Reflective POA
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Multispectral Circular POA

* Multispectral enhancement due to the different resonant wavelengths.

* Compact and polarization independent device structure for multispectral
detectors.

* Ideal platform for mutual coupling in POA elements.
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Multispectral Circular POA
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Re (1) (nA)

Multispectral Circular POA
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Multispectral Circular POA

e Comparison with simulation

* Two coupled rings
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SCALING DOWN IN SIZE €< SCALING DOWN IN WAVELENGTH

Electromagnethc radiation

Wavelenght
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OPTICAL NANOANTENNAS

« Design of plasmonic nanoparticles: size, shape, interactions, ...

Analogy with radio-wave antennas
Muhlschlegel et al. Science 308, 1607 (2005)




OPTICAL NANOANTENNAS

*Applications: biosensing, nonlinear optics / SERS, fluorescence,
quantum optics,...

Quidant, ICFO Alivisatos, Giessen Van Hulst, ICFO - Single
Antenna-gap sensing Pd-antenna sensor molecule, scanning probe

Halas, Nordlander Capasso
Plasmonic photodetector Antenna QCL




OPTICAL CROSS SECTIONS OF SMALL SPHERES
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AN EXAMPLE OF OPTICAL ANTENNA:
Optical properties of metallic nanorings

d/a smaller = red shift
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MODES IN A NANORING. THE TWISTED SLAB
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FIELD-ENHANCEMENT IN A NANORING
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M2
NANOANTENNA
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Neubrech et al.,
App. Phys. Lett. 89, 253104 (2006)

A4 optical antenna

Taminiau et al.,
Nature Photonics 2, 234 (2008)




PARABOLIC-LIKE OPTICAL NANOANTENNAS

A Dipole-Driven| B Current-Driven Mode
Mode p-polarization  s-polarization
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N. Mirin and N. Halas, Nano Letters 9, 1255 (2009)




Resonant Optical Antennas
P. Miihlschlegel,’ H.-). Eisler,” O. ). F. Martin,® B. Hecht,'*
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A4 OPTICAL Bowtie antennas
ANTENNA =

i

50 nm

Taminiau et al.,
Nature Photonics 2, 234 (2008)

Nature 453, 731 (2008)



PLASMONIC ANTENNAS

Fundamentals of metallic nano—optical
components (optical response)

Optical guides, interconnect
in opto—electronic devices
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Biomedica
applications

Plasmon—-enhanced spectroscopies and
microscopies (SERS, SEIRA, s-SNOM)
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RF GEOMETRIES USED IN OPTICAL
ANTENNA DESIGNS




RESULTS




CONCLUSIONS

(a) : (b) I (c) E




CONCLUSIONS
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WORK IN PROGRESS




CONCLUSION AND FUTURE WORK

Investigated antennas in the optical spectral regimes and compared with the
classical RF antenna theory. The POA optical antennas can still be described
using the classical RF antenna theory.

Investigated various POA structures and develop efficient light collection and
polarization and receiving pattern control.

Developped optical confinement POAs in subwavelength region for strong
plasmonic enhancement and high QE MWIR/LWIR sensing and imaging.

Plan to integrate POA with the perfect absorber cavity for further understanding
of plasmonic cavity and material interaction.

Plan to integrate plasmonic enhanced nonlinear EO effect in a strongly confined
subwavelength region with low dimensional materials (QD, coupled QW, etc.)
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Any Question/ Query?
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