
Surface plasmon

Schematic representation of an electron density wave propagat-
ing along a metal – dielectric interface. The charge density oscil-
lations and associated electromagnetic fields are called surface
plasmon-polariton waves. The exponential dependence of the
electromagnetic field intensity on the distance away from the in-
terface is shown on the right. These waves can be excited very
efficiently with light in the visible range of the electromagnetic
spectrum.

Surface plasmons (SPs) are coherent delocalized elec-
tron oscillations that exist at the interface between any
twomaterials where the real part of the dielectric function
changes sign across the interface (e.g. a metal-dielectric
interface, such as a metal sheet in air). SPs have lower en-
ergy than bulk (or volume) plasmons which quantise the
longitudinal electron oscillations about positive ion cores
within the bulk of an electron gas (or plasma).
The charge motion in a surface plasmon always cre-
ates electromagnetic fields outside (as well as inside) the
metal. The total excitation, including both the charge
motion and associated electromagnetic field, is called ei-
ther a surface plasmon polariton at a planar interface, or
a localized surface plasmon for the closed surface of a
small particle.
The existence of surface plasmons was first predicted in
1957 by Rufus Ritchie.[1] In the following two decades,
surface plasmons were extensively studied by many sci-
entists, the foremost of whom were T. Turbadar in the
1950s and 1960s, and Heinz Raether, E. Kretschmann,
and A. Otto in the 1960s and 1970s. Information trans-
fer in nanoscale structures, similar to photonics, by means
of surface plasmons, is referred to as plasmonics.[2]

1 Surface plasmon polaritons

Main article: Surface plasmon polariton

1.1 Excitation

Main article: Surface plasmon polariton § Excitation

Surface plasmon polaritons can be excited by electrons
or photons. In the case of photons, it cannot be done
directly, but requires a prism, or a grating, or a defect on
the metal surface.

1.2 Dispersion relation

Dispersion curve for surface plasmons. At low k, the surface
plasmon curve (red) approaches the photon curve (blue)

Main article: Surface plasmon polariton § Dispersion
relation

At low frequency, an SPP approaches a Sommerfeld-
Zenneck wave, where the dispersion relation (relation be-
tween frequency and wavevector) is the same as in free
space. At high frequency, the dispersion relation bends
over and reaches an asymptotic limit called the “surface
plasma frequency”. (See figure at right.) For more details
see surface plasmon polariton.

1.3 Propagation length and skin depth

Main article: Surface plasmon polariton § Propagation
length and skin depth
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As an SPP propagates along the surface, it loses energy to
the metal due to absorption. It can also lose energy due
to scattering into free-space or into other directions. The
electric field falls off evanescently perpendicular to the
metal surface. At low frequencies, the SPP penetration
depth into the metal is commonly approximated using the
skin depth formula. In the dielectric, the field will fall off
far more slowly. SPPs are very sensitive to slight pertur-
bations within the skin depth and because of this, SPPs
are often used to probe inhomogeneities of a surface. For
more details see surface plasmon polariton.

2 Experimental applications

The excitation of surface plasmons is frequently used in
an experimental technique known as surface plasmon res-
onance (SPR). In SPR, the maximum excitation of sur-
face plasmons are detected by monitoring the reflected
power from a prism coupler as a function of incident an-
gle or wavelength. This technique can be used to observe
nanometer changes in thickness, density fluctuations, or
molecular absorption.

Nanomaterials enhanced SPR sensor.[3]

Surface plasmon-based circuits have been proposed as a
means of overcoming the size limitations of photonic cir-
cuits for use in high performance data processing nano
devices.[4]

The ability to dynamically control the plasmonic proper-
ties of materials in these nano-devices is key to their de-
velopment. A new approach that uses plasmon-plasmon
interactions has been demonstrated recently. Here the
bulk plasmon resonance is induced or suppressed to ma-
nipulate the propagation of light.[5] This approach has
been shown to have a high potential for nanoscale light
manipulation and the development of a fully CMOS-
compatible electro-optical plasmonic modulator, said
to be a future key component in chip-scale photonic
circuits.[6]

In surface second harmonic generation, the second har-
monic signal is proportional to the square of the electric
field. The electric field is stronger at the interface because
of the surface plasmon resulting in a non-linear optical
effect. This larger signal is often exploited to produce a
stronger second harmonic signal.[7]

The wavelength and intensity of the plasmon-related ab-
sorption and emission peaks are affected by molecular
adsorption that can be used in molecular sensors. For
example, a fully operational prototype device detecting
casein in milk has been fabricated. The device is based
on monitoring changes in plasmon-related absorption of
light by a gold layer.[8]

3 See also

• Localized surface plasmon

• Waves in plasmas

• Free electron model

• Plasma oscillation

• Biosensor

• Spinplasmonics

• extraordinary optical transmission

• Dual-polarization interferometry

• Plasmonic lens

• List of plasma (physics) articles
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