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“The antenna of a cell phone is used to 
concentrate the energy of incoming radiation 

onto a receiver chip with dimensions much smaller 
than the wavelength of the incoming radiation.” 

Lukas Novotny  

The History of Near-field Optics





Lycurgus vase



Why plasmonics?
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Controlling the Phase of a Light Beam with a Single Molecule 
M. Pototschnig, Y. Chassagneux, J. Hwang, G. Zumofen, A. 
Renn, V. Sandoghdar Phys. Rev. Lett. 107, 063001 (2011) 

A planar dielectric antenna for directional single-photon emission 
and near-unity collection efficiency 
K. G. Lee, X. Chen, H. Eghlidi, P. Kukura, R. Lettow, A. Renn,  
V. Sandoghdar, S. Götzinger Nature Photonics 5, 166 (2011)  

Single molecule imaging by optical absorption 
M. Celebrano, P. Kukura, A. Renn, V. Sandoghdar  
Nature Photonics 5, 95 (2011)

Planar "antennas"
Vahid Sandoghdar's group 



Surface Plasmon Resonance 
Kretschmann style
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Surface-plasmon resonance
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Optical reciprocity

FAR-FIELD radiation linked 

to NEAR-FIELD enhancement 

and vice versa



One Ring to rule them all, One Ring to find them


One Ring to bring them all 


and in the darkness bind them
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SERS on a flat metal film

0

200

400

600

800

1000

1200

1400

0

1

2

3

4

5
Experiment Theory

Ra
m

an
 (c

nt
s/

s/
m

W
)

LF
IE

F 
(e

xc
ita

tio
n)

Incident angle / degree

0.0

0.2

0.4

0.6

0.8

1.0

40 42 44 46 48 50
0.0

0.2

0.4

0.6

0.8

1.0

40 42 44 46 48 50

Re
fle

ct
iv

ity

Re
fle

ct
iv

ity

Raman shift 
(595 cm–1 Nile Blue)

Sc
an

ni
ng

 A
ng

le

100
101
102

90

45

0

−45

−90

−45

0

45Air side

Au film

Glass side

|E|2

1

Raman



| |2

What in the world are  
Tamm plasmons ?
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Distributed Bragg Reflector

λ00.00

0.25

0.50

0.75

1.00

0

1

2

3

4

400 500 600 700 800 900 1000 0 500 1000 1500 2000
wavelength /nm x nm

R
ef

le
ct

an
ce

|E
|2

Spectrum Internal field profile



Adding a gold layer
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Icing on the cake – a refractive index sensor

λmax = 55 ⋅ n + 503
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Perfect absorber – critical coupling
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More on critical coupling:

Colloquium: Unusual resonators: Plasmonics, metamaterials, and random media Rev. Mod. Phys. 80, 1201, 2008


