Nanophotonics
Class 2: October 1, 2010
Assignment

1.
- Derive the dispersion relation for surface plasrpolaritons (SPPs).
- Use Maxwell’s equations and the electromagneticengyuation together with
the ansatz for SPPs:
The SPPs propagate in the posithdirection, and their fields can be written as:
z> 0 (the dielectricd) with dielectric constant)

Hd’y(X, Z,t) = Hydei(kxx+kz’dz_a’t)
E, (X zt) = EXdei(kwa,dz—u)
Ed,Z(X1 Z,t) = Emei(kxx+kz‘dz—m)
z< 0 (the metalr)) with dielectric constangy)
Hiny (%, 2,0) = H, g oot
Em,X(X’ Z,t) = EXmei(kxx_kZ'mz_(d)

Em,z(X’ Z,'[) — Ezmei(kxx—kz,mz—ax)
whereH,q etc. are constants. The field components not 8peabove are 0,
since SPPs are ‘transverse magnetic’ (TM) waves.

- Imply boundary conditions at the interface betweeand &;.
- Assume non-magnetic material, |g0= um=1

Note:

For exercise 2 and 3 you have to compute complex roots using e.g. MatLab or
Mathematica. If you do not have these programs available use the following
approximations for the SPP wavevector:
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2.
- Plot the dispersion relation and decay lengtbgpgation length) of SPPs at a Au/air
interface.
- use the modified Drude model for the dielectricstant of Au.
- use as plasma frequenay=1.40x10"rad s*, collision frequency
y=1.27x10" st and gn=6.13

- Identify the different frequency regions of theFSdispersion.



3.
- Calculate the SPP wavelength for an Au/air istegffor photon energies of 0.5 eV and
2.8 eV and compare the results to the free spavelarggth

- Calculate the SPP decay length for the givengiegiand comment on the results
- In exercise 1 you derived a relation for the weagtors along and perpendicular to the
surface. How does this in general relate the \ar{icansverse) confinement of the SPPs

to the SPP wavelength? lllustrate this quantititife the given energies.

- Compare the vertical confinement in the dieleatnedium with the vertical
confinement in the metal. Comment on the natuth®talculated differences

- How does the SPP wavelength and decay change wéeonsider an Au/AD;

interface?
- use a refractive index of AD; n=1.75
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