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ANAN--TENNTENN--AA

‘‘upup’’ IndoIndo--European: European: ‘‘to stretchto stretch’’

e.g.  e.g.  tension, pretend, tenacious, ..tension, pretend, tenacious, ..
tan (Sanskrit) tan (Sanskrit) 
tendere tendere (Latin) (Latin) 
teinei teinei (Greek)(Greek)
dehnen dehnen (German)(German)
tyanut tyanut (Russian)(Russian)
taanna taanna (Hindi)(Hindi)

ETYMOLOGYETYMOLOGY

ANTENNA = THE ANTENNA = THE ‘‘THINGTHING’’ STRETCHING UPSTRETCHING UP



ANTENNAANTENNA

A DEVICE TO CATCH THE WIND (GREEK,LATIN)



OPTICAL ANTENNAS IN NATUREOPTICAL ANTENNAS IN NATURE

PHOTOSYNTHESIS: COLLECTIVE RESPONSE OF CHLOROPHYLL MOLECULES



ANTENNAANTENNA

A DEVICE TO CATCH ELECTROMAGNETIC WAVES

Before 1900: Aerial
First written usage: Manuel Rodriguez Garcia (French Patent, 1900)



OPTICAL ANTENNAOPTICAL ANTENNA

A DEVICE TO CONVERT OPTICAL RADIATION
TO LOCALIZED ENERGY, AND VICE VERSA.

Adv. Opt. Photon. 1, 438 (2009)



PROBLEM STATEMENT

(molecule, ion, quantum dot, ..)

receiver/transmitter

antenna

radiation

-> coupled system of 3 entities



Rep. Prog. Opt. 50, 137 (2007).



A. EINSTEIN  (1928) 

SYNGE  DEVELOPS REVISED CONCEPT (APERTURE) !

E.H. Synge, Phil.Mag. 6, 356 (1928)

SYNGE’s PUBLICATION !



2001 FUJI-XEROX PATENT



BOTTOM-UP SYNTHESIS
OF OPTICAL ANTENNAS
BOTTOM-UP SYNTHESIS
OF OPTICAL ANTENNAS

P. Bharadwaj



RAMAN SCATTERING



PRL 90, 95503 (2003)

ω N

ωo
ωNωo−+

NEARNEAR--FIELD  RAMAN  FIELD  RAMAN  
SCATTERINGSCATTERING

N. AndersonA. Hartschuh G. Cancado



SERPENTINE NANOTUBES
(E. Joselevich)

SERPENTINE NANOTUBES
(E. Joselevich)



QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



Near-field Raman:
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Confocal Raman:

NEAR-FIELD RAMAN IMAGING
OF SERPENTINE NANOTUBES

ν = 1594cm-1
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RBM (259cm-1)

(n,m) = (8,5) : dt ~ 0.9nm

1.0 um x 1.0 um

D IFM (835cm-1)

LOCALIZATION  OF  DEFECTSLOCALIZATION  OF  DEFECTS

JACS 127, 2533 (2005)



ENHANCING  LIGHT EMISSION



SiO2

Au

molecule

ANTENNAANTENNA--COUPLED COUPLED 
PHOTOEMISSIONPHOTOEMISSION

P. Anger P. Bharadwaj



ENHANCEMENT AND QUENCHING
OF SINGLE MOLECULE FLUORESCENCE

ENHANCEMENT AND QUENCHING
OF SINGLE MOLECULE FLUORESCENCE

PRL 96, 113002 (2006)



without Au particle:without Au particle :

ANTENNAANTENNA--ENHANCED ENHANCED 
FLUORESCENCEFLUORESCENCE



without Au particle :

PRL 96, 113002 (2006)

with Au particle antenna:

ANTENNAANTENNA--ENHANCED ENHANCED 
FLUORESCENCEFLUORESCENCE



IMAGING OF SINGLE Ca+ ION CHANNEL
PROTEINS IN ERYTHROCYTE MEMBRANES
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IMAGING OF SINGLE Ca+ ION CHANNEL
PROTEINS IN ERYTHROCYTE MEMBRANES

IMAGING OF SINGLE Ca+ ION CHANNEL
PROTEINS IN ERYTHROCYTE MEMBRANES

C. Hoeppener

Nano Lett. 8, 642 (2008)



QUANTUM YIELD

energy transfer + intrinsic

Fluorophore Nanotube

Nano Lett. 5, 2310 (2006)



SCALING OF ANTENNA
PARAMETERS



HALF WAVE ANTENNAS

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



OPTICAL HALF-WAVE ANTENNA

220nm

λ / 5.6 !∼ λ / 2



EFFECTIVE WAVELENGTH SCALING

PRL 98, 266802 (2007)800

220

L = 110nm



OPTICAL YAGI-UDA ANTENNA

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

T. Taminiau et al., Opt. Exp. 16, 10858 (2008)



PROBLEM STATEMENT

(molecule, ion, quantum dot, ..)

receiver/transmitter

antenna

radiation

-> coupled system of 3 entities



d~ 5-20 nm

Near-field : knf ~ π/d ~ 107 cm-1

NEAR-FIELD TRANSITIONS

Direct Direct intraband intraband transitions are transitions are 
possible in the NEARpossible in the NEAR--FIELD !!FIELD !!

Farfield  : k = 2π/λ ~ 105 cm-1

Standard selection rules doStandard selection rules do
not apply in the NEARnot apply in the NEAR--FIELD !!FIELD !!

f | p .A | i^ ^ A = const. !^



CONCLUSIONS

Antenna-coupled light-matter interactions

- Spectroscopy with spatial resolution ~10 nm

- Opportunities for LEDs, photovoltaics

- Nonlinear plasmonics

www.nano-optics.org
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