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Abstract: We demonstrate the existence of a bound optical mode supported by a slot in a
thin metallic film deposited on a substrate, with slot dimensions much smaller than the
wavelength.
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1. Introduction

Waveguide structures which support highly-confined optical modes are important for achieving compact
integrated photonic devices [1,2]. In particular, plasmonic waveguides have shown the potential to guide
subwavelength optical modes. Several different plasmonic waveguiding structures have been proposed,
such as metallic nanowires [3,4] and metallic nanoparticle arrays [5,6]. However, these structures support a
highly-confined mode only near the surface plasmon frequency. In this regime, the optical mode typically
has low group velocity and short propagation length.

2. Guided subwavelength plasmonic mode supported by a slot in a thin metal film

We first demonstrate the existence of a bound optical mode supported by an air slot in a thin metallic film
deposited on a substrate, with slot dimensions much smaller than the wavelength. The modal size is almost
completely dominated by the near field of the slot. Consequently, the size is very small compared with the
wavelength, even when the dispersion relation of the mode approaches the light line of the surrounding
media. In addition, the group velocity of this mode is close to the speed of light in the substrate, and its
propagation length is tens of microns at the optical communication wavelength. Thus, such a waveguide
could be potentially important in providing an interface between conventional optics and subwavelength
electronic and optoelectronic devices.

Calculations are performed using the finite-difference frequency-domain (FDFD) method [7]. In Fig.
1(a) we show the dispersion relation of the fundamental mode of the plasmonic slotline. The width w and
thickness ¢ of the slot are 50 nm, and the substrate material is silica (n,=1.44). We observe that such a
structure supports a bound mode that lies below the silica light line in a wide frequency range. In Fig. 1(b)
we show the propagation length of the fundamental mode of the plasmonic slotline as a function of
wavelength. The propagation length decreases as the wavelength decreases. At the optical
communication wavelength of 1.55 um the propagation length is ~20 gm.
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Fig. 1. (a) Dispersion relation of the fundamental mode of the plasmonic slotline (solid curve) for w, =50 nm (see inset). Also shown
by thin dotted lines are the light lines of air and silica. (b) Propagation length of the fundamental mode of the plasmonic slotline as a
function of wavelength for w, =50 nm.
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3. Bends and splitters in metal-dielectric-metal subwavelength plasmonic waveguides

We also investigate the performance of bends and power splitters in plasmonic slot waveguides. We show
that, even though the waveguides are lossy, bends and splitters with no additional loss can be designed over
a wavelength range that extends from DC to near-infrared, when the bend and splitter dimensions are much
smaller than the propagation length of the optical mode. We account for this effect with an effective
characteristic impedance model based upon the real dispersion relation of the plasmonic waveguide
structures.

In Fig. 2(a), we show the calculated bend transmission coefficient as a function of wavelength. We
observe that at long wavelengths there is no bending loss. The operating wavelength range widens as d
decreases. In Fig. 2(b), we show the calculated reflection coefficient R of a plasmonic slot 7T-shaped splitter
at 1.55 pm as a function of din /dout, where dou=50 nm is the thickness of the two output waveguide
branches (inset of Fig. 2(b)). In Fig. 2(b), we also show the reflection coefficient R; calculated based on the
characteristic impedance of the waveguides and transmission-line theory. We observe that there is very
good agreement between R; and the exact reflection coefficient R calculated using FDFD. This agreement
suggests that the concept of characteristic impedance for plasmonic slot waveguides is indeed valid and

useful.
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Fig. 2. (a) Transmission spectra of a sharp plasmonic slot waveguide bend (shown in the inset). Results are shown for =50, 100 nm.
The vertical dashed line marks the optical communication wavelength of 1.55 gm. (b) Reflection coefficient R of a 7T-shaped splitter
(shown in the inset) as a function of d;,/d, at 1.55 pm. We also show with dashed line the reflection coefficient R; calculated based on
the characteristic impedance of the plasmonic slot waveguides and transmission-line theory. Results are shown for dy,=50 nm.
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