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ABSTRACT  

Optical antennas/nanoantennas are optical elements that have gained highlight in this decade and have potential 
application in several branches of photonics/plasmonics, such as, optical sensors, lasers, solid state lighting, 
photovoltaics, microscopy, etc. Additionally, the dipole nanoantennas have been the antennas elements mostly studied in 
proposals for those applications and, in special, for free-space communication based on plasmonic circuits.  

Here we report some advantages of dielectric resonator nanoantennas (DRNAs) as elements for coupling light to 
plasmonic-based circuits. Fundamental antenna parameters such as reflection coefficient, gain, efficiency, among others, 
are evaluated and its advantages are highlighted for nanophotonics applications. A study about an optical link for circuits 
based on metal-dielectric-metal-dielectric (MDMD) nanostrip waveguides operating at the central wavelength of λ0 = 
1.55 µm is evaluated. We studied the coupling of near- and far-fields of a DRNA matched to an MDMD nanostrip 
waveguide. The results show the advantage of it as an element for optical coupling from/to free-space as well as to 
establish a wireless optical link for inter-chip communication. 
 
Keywords: plasmonics; nanoantennas; wireless optical link; optical antennas. 
 

1. INTRODUCTION  
The advent of metallic components with high modal optical confinement used for electric field enhancement or for light 
propagation has encouraged the development of several applications based on plasmonic components and circuits [1]–
[6]. Plasmonic components when compared to dielectric ones [7], [8] are ultra-compact however they suffer for metal 
absorption losses, thus limiting realization of integrated circuits with relatively long propagation distances. The proposal 
of a wireless link to reduce the propagation losses between two distant points was already proposed assuming dipole 
nanoantennas integrated to plasmonic waveguides operating at f0 = 415 THz [9]. In this manuscript, a theoretical study 
about optical coupling for circuits based on nanostrip waveguides [10] operating at the central wavelength of λ0 = 1.55 
µm is evaluated. We investigate the potential of a nanoscale version of a dielectric resonator antenna [11], i.e., DRNAs 
[12]–[18] as an approach to facilitate the implementation of wireless optical links based on plasmonic nanostrip 
waveguides.  

2. MATERIALS, METHODS, AND RESULTS 
Figure 1(a) shows a schematic of a DRNA coupled to a nanostrip waveguide. Fig. 1 (b)-(c) show the DRNA and 
nanostrip dimensions for which, the optimized values assume: h1 = 0.145 μm, h2 = 0.020 μm, h3 = 0.010 μm and w = 
0.340 μm [12]. The metallic regions are composed of Ag [19], and the low index dielectric is composed of SiO2. 
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Figure. 1. (a) 3-D schematic of a DRNA integrated to a nanostrip waveguide. (b) NDRA top view: magnetic field lines showing the 
compatibility  coupling between the fundamental nanostrip mode and the DR’s HE11δ mode. (c) NDRA lateral view: the layers present 
in the NDRA feeding geometry and their respective thickness parameters [12]. 

 
A dielectric resonator (DR) composed by a-Si with d = 0.490 μm and h = 0.315 μm is positioned in a way of 

matching its fundamental mode to the fundamental mode of the nanostrip waveguide.  
The return loss (S11) curve shown in Fig. 2(a), exhibits a resonance at 193.5THz (λ0=1.55µm) with pronounced deep 

about -32 dB, and a relatively wideband for values below -10dB and -15dB, approximately 20 THz and 13.4 THz, 
respectively. The -10dB S11 band covers practically three optical communication bands: L-band (1.565-1.625µm = 
0.06µm), C-band (1.530-1.565µm = 35µm), and S-band (1.460-1.530µm = 70µm). Along the -10 dB S11 band the 
radiation patterns maintain very similar shapes with a very directive main lobe and small gain variation around 7.5dB 
(see Figs.2 (c)(e)(g)). In our simulations, we have observed that the HE11δ mode is excited between 185 THz and 196 
THz, and the HE12δ mode between 196 THz and 205 THz, within the -10dB S11 band.  

This NDRA exhibits broadside radiation - as shown in Figs. 2(c)(e)(g) - i.e., the radiating power flows parallel to the 
z-axis. 

The magnetic fields coupled from the nanostrip to the DR (as depicted in Fig.1(b) ) are shown in Fig. 3(a) by the 
contour plots taken at planes z =g/2=0.075µm (left picture) and z = g+t+p+h/2=0.335µm (right picture). Fig. 3 (b) shows 
the near field’s phase displacement at 193.5THz (λ0=1.55µm), across the DR’s cross-section. 
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Fig. 4(a) shows the coupling efficiency, assuming different numerical apertures from a Gaussian beam spot, 0.5 μm 

distant from the DRNA. The optimal position for coupling efficiency is obtained when there is an offset of about x = -
0.25 μm between the center of the DR and the center of the beam. The coupling efficiency is also evaluated for the same 
nanostrip without a DRNA as shown in Fig. 4(b). For this case, the beam spot is located 0.5 μm distant from the 
nanostrip. 

 

 
(a)                                              (b)                                                                             (c) 

Figure 4. Coupling efficiency, in near field, assuming different numerical apertures from the incident field [18]: (a) Nanostrip with 
DR, and (b) Nanostrip without DR. (c) Comparison of the coupling efficiency, in RX mode and near field, for linear (in red) and 
cross-polarizations (in blue). The reflected power (in orange) through the top region is shown for the case of linear polarization. 

 
Figure 4(c) shows the transmission and reflection of the DRNA operating in RX mode under incidence of a source of 

light with NA = 0.7, located 0.5 μm from the top edge of the DRNA. Coupling efficiency of about 51% is obtained at the 
central wavelength of 1.55 μm. At this wavelength, the reflected power through the top region is about 16% of the 
incident one. For this same configuration, but in cross-polarization, the coupling efficiency is below 0.1%, 
demonstrating right polarization sensitivity. 

The power received by one antenna from another one, under idealized conditions, a distance away is given by the 
Friis transmission equation [20]: 
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where ηt and ηr are the efficiency of the optical radiation from the transmitting and receiving antennas, respectively. Dt 
and Dr are the directivities of the transmitting and receiving antennas.  Гt and Гr are the reflection coefficient of the link 
between DRNA and the plasmonic waveguide for the transmitting and receiving antennas, respectively. at.ar* are related 
to the polarization matching, which can be deteriorated due to the misalignment between the two antennas. λ0 is the 
wavelength of operation and d is the separation distance between the antennas. Pr is the received power at the receiving 
antenna and Pt is the feeding power in the transmitting antenna. 

Figure 5(a) shows a schematic of a wired link based on MDMD nanostrip waveguide and a wireless link [fig. 5b] 
established by two DRNAs where the broadside characteristic is highlighted. 
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Figure 5. (a) Schematic of wired link (MDMD nanostrip waveguide) compared to a (b) wireless one. Both links assume the same 
separation distance, d. 

Figure 6 shows a comparison between the interconnection of two points distant away connected by an MDMD 
nanostrip waveguide (wired link) and a wireless link by means of DRNAs [18] as depicted in Fig. 5a and Fig. 5b, 
respectively. For the wired link, the propagation is proportional to e-αd, it can be noticed that for distances longer than d ~ 
42 µm, the wireless link becomes more efficient. 

 
Figure 6. Comparison between wired (in red) and wireless link between MDMD nanostrip waveguide. For the wireless case are 
assumed directivity of 8.48 dBi (in blue). 

3. CONCLUSION  
We have reported numerical results about coupling characteristics of an NDRA coupled to an MDMD nanostrip 
waveguide. NDRAs can radiate broadside power; which is a very useful characteristic for a wide range of applications 
such as flexible and effective inter-chip wireless interconnections in the optical regime, including infrared and terahertz 
technologies. Furthermore, they exhibit interesting and impressive performances in terms of bandwidth and realized 
gain. The numerical results show that it can be used as an efficient approach to transmitting/couple optical energy 
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from/into plasmonic circuits. Furthermore, the NDRA can be a very promising device for applications based on 
integrating different planar lightwave circuit technologies. 
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