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Plasmonics: photonics with free charges
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• A “sea” of free electrons in a background of rigid positive ions
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• Best conductors: noble metals Cu, Ag and Au
– large electron charge density (about 1 free electron per atom)
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Drude theory of metals: DC

s

• Under the action of a constant external electric field
electrons get accelerated
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– and thus to a DC conductivity
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Drude theory of metals: AC
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• Under the action of an oscillating external electric field
within a time interval dt electrons get accelerated by the field  but also loose 

pp
lic

at
io

ns – within a time interval dt electrons get accelerated by the field, but also loose 
speed due to collisions 

e
d

d Eυυ







or
y 

an
d 

A
p

assume  a harmonic time dependence for both E and <υ> 
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– resulting into the AC conductivity
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Metal dielectric function 
s

• Maxwell’s equation for non-magnetic conductive media
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• Thus the metal dielectric function is
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Metal dielectric function 
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• Back to the wave equation
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Διηλεκτρική συνάρτηση: 
Πολωσιμότητα του υλικού και απορρόφηση
Προκύπτει απο την ηλεκτρονική διαμόρφωση  
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• Drude dielectric function 1
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Surface plasmon polaritons

s • A propagating wave bound on 
Two independent polarizations:
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Surface plasmon polaritons
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• Only the TM has plasmon solution
• SPP solution is obtained from combining:
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Surface plasmon polaritons
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• Surface plasmon polariton (SPP)
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• Free waves in 3D
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• Assume an interface between two materials
x direction is uniform  and so k is conserved
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Surface plasmon polaritons
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• Surface plasmon polariton (SPP)
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Excitation of SPPs
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• Surface plasmon polaritons exist below the light-cone
– special care is needed to excite them
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SPP applications
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biological sensors subwavelength waveguides
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SPP waveguides
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• Surface-plasmon-assisted guiding of broadband slow and 
subwavelength light in air
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Metallic nanoparticles
s

• A metallic nanoparticle inside a electromagnetic field
– electrostatic limit a
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Localized surface plasmon resonance
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• Inside an electromagnetic field 
the nanoparticle gets polarized
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• At resonance we get extreme 
optical behavior
– local fields get maximized
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Localized surface plasmon resonance
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The free electrons oscillate as 
a driven oscillator

– NPs are like polarizable atoms



The First Nanotechnologists
Ancient stained-glass makers knew that by putting varying, tiny amounts of 
gold and silver in the glass, they could produce the red and yellow found in 

s
g g y p y
stained-glass windows. Similarly, today’s scientists and engineers have found 
that it takes only small amounts of a nanoparticle, precisely placed, to change 
a material ‘s physical properties.
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Au and Ag nanoprisms
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Optical encoding with LSPRs
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• Ag nanoparticles
inside AlN matrix
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sub-micron 
feature sizes

Εφαρμογές πλασμονικών νανοσωματιδίων
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Ταχύτατες οπτοηλεκτρονικές διατάξεις υπερ-ευαίσθητοι βιοανιχνευτές
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Εφαρμογές πλασμονικών νανοσωματιδίων στην ιατρική
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anti-EGFR conjugated 
gold nanoparticles
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Enhanced solar absorption
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• Metallic nanoparticles and/or 
t t   b  d

• Enhancement due to:
S  f  h  l  
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– Scattering from the nanoparticles: 
increased optical path

– LSPR near-fields: increased fields 
driving the absorption
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Solar harvesting
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• A thin composite film of SiC
with W nanoparticles
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Theory of SPR near-field enhancement
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Theory of SPR near-field enhancement
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– Absorption in the nanoparticle  reduced field strength 
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Planar absorption enhancement
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dipole model
exact (FDTD)
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Simple dipole model has excellent agreement 
with exact numerical simulations (FDTD)



Planar and volume absorption enhancement
s

enhancement on a plane 
through the nanoparticle center

enhancement in all volume 
around the nanoparticle
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Volume enhancement of composites
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if more than one type 
of nanoaprticles is 
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absorption spectrum of the semiconductor
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Conclusions

s • Exciting time for plasmonics
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– sensors
– optical waveguides and components
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– encoding
– biomedical
– solar harvesting
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