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TheThe Lycurgus Lycurgus CupCup ((glassglass; British ; British 

Museum; 4Museum; 4thth CenturyCentury A. D.)A. D.)

When illuminated from 
outside, it appears 
green.  However, when
illuminated from within 
the cup, it glows red.   
Red color is due to very 
small amounts of gold 
powder (about 40 parts 
per million) in glass.



Holes, smaller than the wavelength of light. Light against

the diffraction limit and

I > Igeometry

TRANSPARENCY WITH VERY SMALL HOLES
(Electron microscope images)

Reflected biam Transmitted beam!!!



SURFACE PLASMON POLARITONS are a                    

„NEW TYPE OF LIGHT”, they are

1.BOUND TO THE (METAL) SURFACE,

2.HAVE SPECIFIC DISPERSION PROPERTIES,

3.THE  DIFFRACTION LIMIT DOES NOT APPLY,

4. MAY BE GUIDED, 

5.MAY HAVE A BANDGAP,

6. MAY INTERFERE,

7.REPRESENT  VERY HIGH ELECTRIC FIELDS,             

8.MAY BE LOCALIZED (e.g. to nanospheres or nanoshells)

9.MAY BE THE SUBJECT OF NONLINEAR PROCESSES 

10.ULTRAFAST PHENOMENA

11.SPO „LASER” PHENOMENA

12.SHOW NON-CLASSICAL PROPERTIES



DRASTICALLY 
INCREASING INTEREST  

FOR SPO-S

MOM



ELECTRIC FIELD OF SURFACE PLASMONS

From Maxwell’s equations
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TYPICAL RESPONSE 

SIGNALS AND THEIR PART 

USED FOR IMAGING

↓
↑

↑
thermal

↑
SPO

NEAR FIELD STM (against the diffraction limit)

NEAR FIELD:LASER PULSE EXCITED             

SURFACE PLASMONS

(Kretschmann geometry)
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40090-93  
W-tip

40190-93 
Au-tiptopography

thermal

SPO



SURFACE PLASMON  
GUIDE

38590+92, 4000x4000nm

Gold images,Cut from

5000x5000nm images

4topography

SPO



SURFACE PLASMON ENERGY, OR MOMENTUM „GAPS”

Donor (chromophore), Acceptor (fluorophore)
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40160 
topography

and FFT

40162 (thermal) 
and 40163 (SPO)    

FFT

Fano-
resonance!

Au surface and tip, 
100nm spheres

1x1µ image



wk01862 FFT wk40163 FFT

Irregular gold 
surface Regular gold 

surface
Irregular gold 

surface

SPO IMAGES



wk1860 TOPOGRAPHY

THERMAL SPO
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GIANT ELECTRIC FIELDS!



Surface Enhanced Raman Spectroscopy (SERS) 

Spectrum enhanced by 
>106

when molecule in  
vicinity of  a 

metal surface  

Random roughness
allows direct excitation 
of surface plasmons,

greater SERS 
enhancements

(Jeanmarie and Van Duyne, 1974)

Rational design and Rational design and Rational design and Rational design and 
optimizationoptimizationoptimizationoptimization
of of of of plasmonicplasmonicplasmonicplasmonic

substrates for SERS:substrates for SERS:substrates for SERS:substrates for SERS:
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34300+02 Au

Cut from

200x200nm 

images

100x100nm

GOLD

Topography and 

SPO near field

STM image
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34300 
Pt/Ir-tip





Chemical and biological sensing

Surface Plasmon
Resonance

Spectroscopy

Surface Enhanced 
Raman Spectroscopy

Fluorescence 
Spectroscopy 

Surface Enhanced 
Infrared Absorption

Spectroscopy

chemical and biosensors
on nanoengineered

substrates

The strong focusing of E&M waves into nanosize spots can lead to 
large local electric fields and enormously enhanced cro ss sections for 

nonlinear spectroscopies. 

Surface Enhanced 
Raman Optical 
Activity
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Metal tip

Nanoparticle

Enhanced Local 
Optical Fields

Scattered Light, 
SERS

Nanoscale

THE USE OF ENHANCED LOCAL FIELDS FOR NANO-

MICROSCOPY



Simple layout, but sophisticated fast electronics and de tector (at 0°and 70°)

Opt.Expr. Vol16, No26, 21656-61 (2008)

Or Ti:sapphire fs laser

TO EXPLORE THE FIELD ENHANCEMENT EFFECT 
OF SURFACE PLASMONS
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MODELLING SURFACE PLASMONS

δδδδ

-Ud(x,z,t) = Ud
(1)(x,z,t) + Ud

(2)(x,z,t)

-ENHANCEMENT ~ (ωωωωp/ωωωω0)2   (ADDITIONAL: ROUGHNESS + TIP ENHANCEMENT!)

-THE QUADRATIC TERM CAN RESULT IN SECOND HARMONIC G ENERATION 
AND EVEN SQUEEZING



Polar distribution of the scattered fundamental radiation at Polar distribution of the scattered fundamental radiation at 
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Distance between arrows:

1.5eV = the SPO/photon energy

I = I(0)n



Data from STM measurements
(rectification in some surface spots)

Europhys.Lett.15, 289 (1991)



SPO lifetime ~ 100fs

Laser polse length 30µs





0 bias

Phys Rev B 83, 205428 (2011)





FAST FAST 
SIGNALSIGNAL

SLOW SIGNALSLOW SIGNAL

Different timescales!Different timescales!

Y = Ax+BY = Ax+B

B B ≠≠ 00

Phys.Rev.B,
83,205428 

(2011)

Y = A+Bx

A = 0



CasimirCasimir forceforce

•• WhenWhen thethe distancedistance of of thethe platesplates 10 nm 10 nm --1 1 atmatm

attractiveattractive pressurepressure

WHY MAY THIS BE 
IMPORTANT IN 

NANOTECHNOLOGY?





THE EFFECT OF MULTIPLE IMAGE CHARGE ON THE EFFECT OF MULTIPLE IMAGE CHARGE ON TUNNELINGTUNNELINGaa
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Even at zero bias, the multiple image charge 
may result in a considerable reduction of the 
barrier between the anod and cathode. This is 
described by the digamma function ψψψψ ( x ).



HYSTERESIS NOT HYSTERESIS NOT 
OBSERVED IN THE OBSERVED IN THE 

THERMAL SIGNAL (a) THERMAL SIGNAL (a) 
AND IN THE TUNNEL AND IN THE TUNNEL 

CURRENT WITHOUT SPO CURRENT WITHOUT SPO 
EXCITATION (b)EXCITATION (b)

aa

bb

To decide which
model might be 

valid ?



CASIMIR-EFFECT EXCLUDED!

HYSTERESIS!



ARRANGEMENT FOR FEMTOSECOND LASER 
EXCITED SPO-STM MEASUREMENTS

790nm Ti:Sa laser; 
3.6MHz⇒⇒⇒⇒1.2kHz,       

110-120fs pulsees

The long resonator (~80m) 

Nd:YAG laser pumped Ti:Sa laser

produced a 3.6MHz pulse train, 

reduced to 1.6kHz, coupled into the

STM in the Kretschmann geometry
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Typical SPO signal





Ag-Al 2O3-Al diode

Electron excitation

Emitted light
intensity

Momentum gap
Phys Lett 

86A,445(1981)
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23950

Au(Ag) surface, Au tip, 200nm

a

b c

a: topography

b: SPO image

c: thermal image
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23950ss

FFT OF THE 
TOPOGRAPHIC 

SURFACE PLASMON 
AND THERMAL 

IMAGES



topography

thermal

SPO



SURFACE 

ANALYSIS

Surface statistics of the thermal

image. Boltzmann distribution with

a cut-off

Surface statistics of the SPO image. 

Gaussian (sub-Poissonian) 

distribution
23952-3



SQUEEZING IN THE SPO IMAGE



0 bias

„NEGATIVE” STM SIGNALS IN SOME (HOT) SPOTS





CASIMIR-EFFECT EXCLUDED!

HYSTERESIS!





I0 = 4.5.1011W/cm 2,    Elaser= 2.107V/cm



KÖSZÖNÖM FIGYELMÜKET


