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Total external reflection (TER), which does not occur on a dielectric interface, is a unique feature of surface plasmon-polaritons
(SPP). We propose an SPP-TER waveguide structure consisting of low-index dielectric nanocore covered with high-index dielectric
on a flat metal surface. The SPP mode confined in the nanocore by the TER effect has a mode size much smaller than wavelength
scale. Numerical comparison of mode characteristics between the SPP-TER waveguides and other total-internal-reflection-based
waveguides such as metal or high-index dielectric nanowires show that the SPP-TER structures can possess higher modal gain

for applications of nanocavity lasers.
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Color versions of one or more of the figures in this paper are available online.
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FIG. 1. (a) Schematics of the SPP-TER waveguide structure. The
“S” lines in the right cross-section diagram means the boundary
of the two SPP modes excited on the &igh - &ner aNd Gow - Enerat
interfaces. (b) Dispersion relations (solid curves) of the SPP-TER
modes when w=150 nm; t=2 nm, 5 nm, and 8 nm. Silver is
used for the metal with & given by Drude model. Two light
lines in the &ow=2.1 and &g = 8.41 media are drown by the
dashed-dot straight lines. The curves denoted by A and B respectively
represent dispersion relations of the SPP modes excited on &g -
Gow and &g -
relation of &g - &ow - &ugn three-layered slab structure. The

&ign single interfaces, and the curve C means the

horizontal dashed lines means the cut-off frequencies, @ and @ jig,
of the SPP modes on & - &g and &g - &g boundaries,
respectively. Three frequencies of w23 / @, =0.387, 0.356, 0.294
are also indicated by the horizontal lines. The inset is propagation
length (L) of the SPP-TER modes (red curve) and the &g - &ow
- &ugn three-layered slab (dashed curve) at @,/ @, =0.356. (c)
Dispersion relations (solid curves) of the SPP-TER modes when t
=2 nm; w = 5 nm, 25 nm, and 50 nm. The inset is L of the
SPP-TER modes (red curve) and the three-layered slab (dashed
line) at @,/ w, = 0.356.
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FIG. 2. Mode profiles of the typical nanoscale waveguide structures:
(a) SPP-TER, (b) D-NR, and (c) M-NR. (d) ~ (g) Comparison of
the Hx components of modes on the three structures for different

t=5nm
w=50 nm

sets of (@, t, w). Note the scale bars in (f) and (g) are 20 nm.
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FIG. 3. Comparison of normalized mode area in (a) and propagation
loss in (b) at @,/ @,=0.356 of the three types of waveguide:
SPP-TER, D-NR, and M-NR. On the curves are indicated by t =
2 nm, 5 nm, and 8 nm.
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FIG. 4. Confinement factors of the SPP-TER, D-NR, and M-NR
waveguides when @,/ w,=0.356 and t = 2 nm, 5 nm, and 8 nm
in (a), and when @3/ @,=0.294 and t = 2nm in (b).
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