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Classification of Single-interface Surface Plasmons by
Using Complex Differential Diagram
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In this paper, we propose the complex differential diagram to classify surface plasmon waveguide modes with single interface.
To date, surface plasmon waveguide modes are classified using the sign change of the group velocity in the dispersion relation
that describes the interrelations between the real wavenumber of the propagation direction and the photon energy. The surface
plasmon waveguide modes have the wavenumbers of the direction perpendicular to that in which the wave propagates as well
as of the propagation direction, so it is necessary to classify the modes using all of these wavenumbers. The complex differential
diagram is a graphical representation with variables of the difference between the real component and the imaginary component
of the wavenumber. Using this diagram, the specific mode classification is possible, and it is easy to comprehensively analyze
the wavenumber as the function of the photon energy.
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FIG. 1. The real and imaginary components of the Ag didelectric
function derived a Drude model (black solid line), data from
Jonhson & Christy (black dotted and dashed line). The inset shows
an enlarged view of the region of anomalous dispersion for the
Johnson & Christy data.
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FIG. 2. The surface plasmon dispersion relation computed using the Drude model. (a) The 3-dimensional dispersion relation for the 4. The inset
image is the schematic of the surface plasmon waveguide with single interface. (b) The 3-dimensional dispersion relation for the k-sio,. (c) The

2-dimensional dispersion relation and the Ag dielectric function derived the Drude model. (E.=0.62 eV, Eb~E~=3.233 eV, E~5.83 V)
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FIG. 3. The surface plasmon dispersion relation computed using the optical constants of Jonhson and Christy. (a) (lower) The 3-dimensional

dispersion relation for the k.. (upper) The projected image of the lower image of Fig. 3(a) onto the k. plane. The energy increases along to the
direction of the black dashed arrow. (Ex=0.62 eV, Ez=3.43 eV, Ec=3.48 eV, Ep=3.73 eV) (b) (lower) The 3-dimensional dispersion relation for
the k.sio,- (upper) The projected image of the lower image of Fig. 3(b) onto the k.sio, plane. The energy increases along to the direction of the
black dashed arrow. (E.=0.62 eV, Env=3.43 eV, Ex=3.49 eV, Eo=3.8 eV) (c) The 2-dimensional dispersion relation and the Ag dielectric function

computed using the optical constants of Jonhson and Christy.
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FIG. 4. The complex differential diagram computed using (a) the Drude mode and (c) the optical constants of Jonhson and Christ. The energy
increases along to the direction of the black dashed arrow. (b) and (d) are the diagram to explain each quadrant for Fig. 5(a) and for Fig. 5(c).
In Fig. 5(a) and (b), E=E4=3.233 eV, E~E,=5.83 eV. In Fig. 5(c) and (d), E,=3.46 eV, E,=3.81 eV.
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