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Abstract: Efficient high speed nanoscale optical sources are required for low power next
generation data communication. In this report, we experimentally demonstrated a waveg-
uide coupling ratio of 85.9% for the cavity-backed slot antenna LED to a single mode InP
waveguide.

1. Introduction

The development of on-chip optical interconnects is increasingly important to reduce on-chip energy consumption
to less than 10fJ/bit. On-chip optical interconnects require fast, efficient, and integrated nanoscale light sources
that can be efficiently coupled to a single mode waveguide. Unlike lasers, LEDs are capable of being scaled
down to the nanoscale and can operate efficiently without a current threshold, but are limited by their spontaneous
emission rate to approximately 1GHz. However, by coupling the LED to an optical antenna, we can enhance the
spontaneous emission rate, allowing for >100GHz direct modulation [1, 2]. The cavity-backed slot antenna is
particularly promising due to its high enhancement, compatibility with top down fabrication, and compatibility
for electrical injection [2].

The radiation of the cavity-backed slot antenna is primarily directed towards the substrate, making it a non-
trivial problem to couple to a photonic waveguide. Many methods have been used to couple nanoscale devices to
waveguides, including coupling an optically pumped dipole antenna to a multimode waveguide using the waveg-
uide height to cancel the electric field propagating toward the substrate [3], an electrically injected metal cavity
LED on a single mode waveguide using the mode shape in the metal cavity [4], and using anti-symmetric second-
order resonance for a double nanogap plasmonic antenna [5]. In a recent publication, we used the metal from
the cavity-backed slot antenna to cancel the radiation towards the substrate and achieved a simulated waveguide
coupling efficiency of approximately 94% [6].

In this report, we fabricated a waveguide coupled antenna LED using our tapered waveguide geometry – demon-
strating a waveguide coupling ratio of 85.9% when measured from the air-side of the device. These results are in
good agreement with our 3D FDTD simulations of this structure.

Fig. 1. a) Cross sectional schematic waveguide coupled optical antenna on tapered coupler, and b)
scanning electron micrograph of tapered coupler prior to PECVD SiO2 and substrate removal
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2. Structure

As shown in Fig 1, the waveguide coupled cavity-backed slot antenna is composed of a self-aligned
InP/InGaAs/InP ridge (length: 220nm, width: 60nm, height: 170nm) sitting on a single mode InP waveguide
(tapered from a width of 300nm to 500nm, height: 200nm). The structure was etched first then bonded to a glass
slide using epoxy, followed by substrate removal before characterization. The double heterostructure was pumped
with a 980nm CW laser, and a 2nm Al2O3 coating provided electrical insulation from the antenna. When an
electron and hole recombine in the active region it acts as a dipole excitation of the antenna mode.

3. Results

As shown in Fig 2a, we spatially resolved the collected light from the waveguide coupled antenna-LED. To esti-
mate the waveguide coupling efficiency, we took the ratio between the light coming from the grating to the total
light collected from the structure. In Fig 2b, we plot the experimental and simulated waveguide coupling ratio for
collection from the air-side of the device (average 85.9%). In order to determine the spontaneous emission en-
hancement of our waveguide coupled antenna-LEDs we fabricated antenna arrays with varying lengths. By taking
the ratio of the light polarized along the antenna width to the light polarized along the antenna length we found
an averaged enhancement of approximately 18 for a 250nm long antenna-LED. We identified a few process steps
that may explain the discrepancy in our waveguide coupled enhancement values and our previous best result of
nearly 200x enhancement reported in [2].

Fig. 2. a) Top: optical micrograph of structure after substrate removal Bottom: dark field image of
structure with 2D (heat map) and 1D counts overlaid b) experimental (dashed blue line) and simu-
lated (solid orange line) waveguide coupling ratio as a function of wavelength for air-side collection
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