General Properties of Local Plasmons in Metal Nanostructures
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Under the quasistatic approximation, the charactenistics of a local plasmon resonance of a metal
nanostructure exhibit several general properties. The resonance frequency depends on the fraction of
plasmon energy residing in the metal through the real dielectric function of the metal. Fora given resonant
frequency, the Q factor of the resonance is determined only by the complex dielectric function of the metal
material, independent of the nanostructure form or the dielectric environment. A simple result describing
the effect of optical gain on the () factor is also obtained.
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Where L is the size of the nanostructure which is much smaller
than the wavelength. Then local plasmon resonance is purely
electric.
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In the frequency region below bulk plasma frequency @,

£ =¢ <0,dispersive
assume that ¢ < ‘g"(low loss condition)
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Time-averaged energy in dispersive metal is,
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Whereas dielectric matter is assumed to be lossless
and non-dispersive. (1)
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Take the large volume faraway from the resonant local field.
| o€4E-EdV = [ ,D-EdV = -[ ,D VddV
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with Q divided into Q Q

metal ? dielectric ?
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And by Kramer - Kronig relation,
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Fig (1) Fig (2)
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Means that the energy ratio get larger for higher £, value Fig (2)-a
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And the decrease of the thick of nanostructure redshift the
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Compensate the decreasing of metal volume Fig (2)-b  Fig (2)-c

Aside from the resonance frequency, the other important
parameter for plasmon resonance is Q(quality factor)

total energy B wU

energy loss per one cycle 4
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Q factor is the parameter that determine the sharpness of
Plasmon resonance spectrum

7 & = SOGANG
S — g UNIVERSITY



E(t) = A-0t/2Q Li(w-wy)t
\L} — C© C
1 - —wt/2Q Al (w—wy)t
E(w) = \/TJO E.e e o dt
T
- 0
wU. ., ) T atlQ
_0 =Q%Utotal (w)zutotal €
du, ., /dt

Result of this Fourier transformation is Lorentizan model

1
(- wo)z + (@, / 2Q)*

[E(w)| >

=

PR SOGANG

6 UNIVERSITY



So, in quasi-static model the quality factor only depends on dielectric
Function of material not geometrical shape.
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Finally, investigate the effect of optical gain in dielectric material
surrounding metal nanostructure.

assume that dielectric material is dispersive
and ¢, = gg' + ieg",eg" <0
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So, in specific case, \6 \ , the nano metal
structure becomes oscnlator or amplifier in
principle.
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* |n quasi—static region, properties of metal
nanostructure depend on purely it’s dielectric
function.

 Below the bulk plasma frequency, the reside energy
ratio between metal and dielectric matter always
larger than one.

« These relations constitute a useful frame work that
encompasses results from wide range of studies on a
specific nano structure.

AR D PA SOGANG
=/ L S

UNIVERSITY



