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Nanoscale Systems for Opto-Electronics
Lecture 1
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Exam: upon request by the end of the lecture series
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Readings

Principles of Nano-Optics, L. Novotny and B. Hecht, Cambridge University
Press, 2006

Absorption and Scattering of Light by Small Particles, C. F. Bohren and
D. R. Huffman, John Wiley& Sons, INC. 1998

Principles of Optics, Born and Wolf, Cambridge University Press

Surface plasmon, H. Raether, Springer Tracts in Modern Physics, Vol.
111, 1988

Near-Filed Optics and Surface Plasmon Polaritons, S. Kawata, Springer
Topics in Applied Physics, 2001

Optical Properties of Metal Clusters, U. Kreibig, M. Vollmer, Springer,
1995

Antenna Theory, C. A. Balanis, second edition, John Wiley & sons, 1997

Resonance Energy Transfer — Theory and Data, B. Wieb van der Meer,
George Coker, S.-Y. Simon Chen, VCH Publisher, Inc. 1994

Surface-Enhanced Raman Scattering - Physics and Application, K.
Kneipp, H. Kneipp, M. Moskovits, Springer-Verlag Berlin, Heidelberg 2006

Recent papers: Nature, Science Magazine, Phys. Rev. Lett. ...as
indicated during lecture series
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Interaction of Light with Nanoscale Systems

I - general introdcution and motivation |
- nano-metals (Au, Ag, Cu, Al ...)
introduction to optical properties
mie scattering
mie scattering in the near-field
mie scattering with nano rods
resonant optical antennas

- artificial quantum structures (semiconductor quantum dots, ...)
- quantum dot lasers

Optical Interactions between Nanoscale Systems

- Forster energy transfer (dipole-dipole interaction)
- super-emitter concept
- SERS (surface enhanced Raman spectroscopy: bio-sensors)

Beating the diffraction limit with Nanoscale Systems

- surface plasmon polariton (SPP) - light confinement at nanoscale
- plasmonic chips
- plasmonic nanolithography



Overview in Images
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Motivation: Electronic Technology

First transistor
Bardeen, Brattain
& Schockley (1949)

First Integrated Circuit
Noyce & Kilby (1958)




Number of transistors on

an integrated circuit

Motivation: Electronic Technology

Maoare's Law
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Motivation: Electronic Technology

Moore's Law |
1965

Top Down Bottom Up




Motivation: Fundamental Science




From Small to Big

N-1 N—-10-100 N — 100 -1000 N —inf.
Atom Cluster/ Molecule Nanocrystal Macrocrystal / bulk

LUMO

HOMG

Quantum chemistry EMA with confinement

Semiconductor Clusters, Nanocrystals, and Quantum Dots
A.P. Alivisatos Science 1996 February 16; 271: 933-937.
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Electronic DOS does matter !
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Early motivation for semiconductor nanostructures



Squeeze the Bohr radius
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Nanocrystals towards Technology

J. Lee et al, Adv. Materials, 12, 1102 (2000)
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What about metals ?
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Particle plasmon polaritons

Scattered light
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The particle plasmon resonance is sensitive to shape, size, material, and environment



Nanoscale Architecture — Optical Antenna
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Optical impedance matching, field confinement, designer hot spot



Core/shell nanoscale metals
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Tuning optical response fucntions for e.g. biomedical application
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Limitation in photonics

The bit rate in optical communications is fundamentally limited only by the
carrier frequency: B < f~ 100 Thit/s (!),

but light propagation is subjected to diffraction

Propagation of e.m. wave in free space: Hw=c m:kphoron

Heisenberg's uncertainty relation: Ak, [Ax=>[]/2

with & =k=271T/A

X,max

Photonics is diffraction- limited in size!
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Operating speed (Hz)
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CMOS limitations

As bit rates and packing densities INCREASE,
electrical interconnects become progressively limited by RC-delay:

rofocornos. oL Diz
A RC L

Electronics is aspect-ratio /limited in speed!



Operating speed (Hz)

Nanoplasmonics emerging from
photonics and electronics

Photonics ( but diffraction limited)

1T - t
DWDM
i WDM o

—p CMOS Electronics

1G+ ?65 MM (but RC limited speed )
Coaxial circuits

ML 1.8 um

Transcontinental cable

Tkt Telephone = CMOS Electronics
: = Communication networks

] Telegraph
1825 1850 1875 1900 1925 1950 1975 2000 2025 2050

Time /year



Operating speed (Hz)

Nanoplasmonics emerging from
photonics and electronics

Photonics ( but diffraction limited)

r t Plasmonics
1T -
DWDM
I WDM &' .
. / —p CMOS Electronics
1G+ ?_f65 MM (but RC limited speed )
I Coaxial circuits
i 1.8 um
1M H
: Transcontinental cable = Plasmonics
Tkt Telephone = CMOS Electronics
: = Communication networks
] Telegraph

1825 1850 1875 1900 1925 1950 1975 2000 2025 2050

Time /year



Surface Plasmonics

_ Dispersion relation of Ag-Si.N, interface
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Surface Plasmons wavelengths can reach nanoscale dimension at optical
frequencies!
SPPs are “x-ray waves” with optical frequencies



Nanoplasmonics emerging from
photonics and electronics
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Down the Road: Plasmonic Chips
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