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Dipole Antenna Couplers for Subwavelength MetalInsulator-Metal Waveguides
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Abstract: Near-infrared light (λ=1550 nm) was coupled into a 100-nm-core Ag/SiO2/Ag
waveguide using dipole antennas. We demonstrate that using antennas, the field intensity inside
the waveguide can be enhanced by changing the antenna size and location.
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1. Introduction
Metal-insulator-metal (MIM) waveguides have been investigated extensively in the recent literature due to subwavelength localization of electromagnetic radiation by plasmon modes [1-3]. Sub-wavelength confinement
combined with wide bandwidth capability [4,5], make MIM waveguides very attractive for high sensitivity
spectroscopy applications, and biosensing [6,7], waveguiding [3], nonlinear optical phenomena [8,9] and on-chip
signal routing, modulation and processing [10-12]. Copper interconnects used today are (i) bulky and (ii) cannot be
integrated at high density due to increasing power dissipation per area and (iii) RC delays of copper lines limit
operation bandwidth [13]. Optical waveguides can serve to circumvent the second and third limitation of copper
interconnects. In order to achieve sub-wavelength localization and reach even higher density interconnects,
plasmonic waveguiding through the MIM topology has been proposed [1,2].
MIM waveguides suffer from high attenuation especially in the visible spectrum due to strong losses at the metal
claddings. It is possible to achieve compensation of dissipative loss by incorporation of gain medium as the
insulating core and lasing through the core has been achieved [8]. In order to increase the propagation distance,
research efforts focused on the optimization of the MIM waveguide architecture [3,5,14]. Most of such work focuses
on the optimization of the electromagnetic modes inside the MIM structure. However, there are limited reports on
the coupling of external electromagnetic radiation into the MIM waveguide. Most research in that area focuses on
the use of a type of a tapered architecture combined with a grating coupler that precedes the taper [15,16].
Therefore, it is necessary to introduce effective coupling methods from micron-size fibers to the waveguides of a
few hundred nanometers in size.
In this study, we propose and simulate dipole antenna-MIM waveguide system to show that simple dipole
antennas can be integrated with MIM waveguides to achieve (i) enhanced coupling into the MIM waveguide, and
(ii) tune the mode field intensity profile inside the silicon oxide core by changing the antenna length, antenna width
and the antenna-waveguide separation.
2. Simulation
Two dimensional finite difference time domain simulations of combined antenna-waveguide structures were carried
out using commercial software, Lumerical FDTD Solutions [17]. 2D simulations were preferred to 3D simulations
for (i) reducing numerical memory and computational time requirements. Earlier work on the propagation distance
versus waveguide parameters show that the propagation length no longer increases for waveguides thicker that 250
nm [3, Figures 4b and 6b]. A baseline waveguide was assumed and kept unchanged throughout the analysis. The
MIM structure was assumed to be free standing in free space and it consists of 100-nm-wide silver claddings and
100-nm-wide SiO2 core, as shown in Figure 1. Both TE and TM incident plane waves were simulated for the range
of λ = 1300 nm to λ = 1600 nm. The top and bottom silver cladding thicknesses were set at 100 nm with a 100-nmthick SiO2 layer. We systematically varied the dipole antenna coupler structure in front of the baseline Ag/SiO2/Ag
waveguide. The antenna arm length (along +y direction) was varied from 50 to 700 nm, arm width (along +x
direction) was varied between 20 to 150 nm and antenna-waveguide separation was varied from zero (connected) to
150 nm.
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Fig. 1. (a) Schematics of the waveguide and the antenna structure. (b) E-field intensity profile for the waveguide without antenna (λ = 1600nm)
(c) E-field intensity profile for antenna of 300 nm length, 50 nm width, connected to the waveguide (λ = 1600 nm). The antenna confines the
energy inside the waveguide by increasing the effective aperture area of the input facet of the waveguide. All intensities are linear and normalized
with respect to source (Fig. 1c’s upper limit was scaled down from 14 to 9).

3. Results and Discussion
When the dipole antenna is disconnected from the MIM structure, a strong field confinement is obtained at the gap
between the coupler and the antenna. This is due to the interaction between the modes of the antenna and the
waveguide aperture. A limited amount of this mode is coupled into the waveguide since the near-field radiation
pattern of the disconnected antenna strongly couples with the cladding edges. This cannot initiate strong surface
plasmon modes within the waveguide, but instead, in the gap between the antenna arms and the waveguide. The
angular distribution of the antenna emission pattern cannot induce as much surface charges at the interfaces as in the
connected antenna case (i.e. the overlap integral of the surface plasmon modes and the emission pattern is smaller
than that in the connected antenna case). When the antenna structure is connected to the waveguide, a very strong
coupling is observed, effectively increasing the acceptance cross-section of the waveguide. Efficient coupling was
obtained as demonstrated in Figure 1b and 1c, showing the field amplitudes inside the MIM structure with a dipole
antenna coupler and without one. The E-field intensity inside the core is enhanced more than 5 times, varying with
the antenna dimensions.
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