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A Miniaturized and Highly Efficient Dielectric Optical Nanoantenna
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Abstract To realize a large scalable optical phased array and beam steering without grating lobes, we design a
miniaturized dielectric optical nanoantenna operating at 1550 nm with high efficiency. The nanoantenna is trumpet-
shaped with a footprint and composed of silicon in the subwavelength order. Light is fed from the bottom of the
nanoantenna by a silicon waveguide and then radiated into free space efficiently. Because silicon is nearly transparent
to the wavelength of 1500 nm, absorption loss caused by the material is very low and the nanoantenna has a high
radiation efficiency. A three-dimensional electromagnetic simulation software is used for simulation and
optimization. The final footprint of the designed nanoantenna vertical to the radiation direction is 0. 82 pm X
0.28 pum. The results of simulation and optimization indicate that the nanoantenna has good radiation characteristics
at 1550 nm with a gain of 6.1 dB, an efficiency of 82.7%, a good symmetry of radiation pattern, emitting vertically
to the nanoantenna plane and no bidirectional radiation.
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Fig. 1 Schematic of dielectric optical nanoantenna fed by a silicon waveguide. (a) Perspective view;

(b) top view; (c) front view; (d) side view of the antenna
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Fig. 2 Numerically calculated electric field vector distributions in the (a) x-o-y and (b) x-o-z planes of the antenna at 193.5 THz

& 3 & 193.5 THz &b KL i) = 445 55 05 151 14,0
TN o AN . U 2 5 R (o =0T ,
KR8 R W R A Uy v Bl 1 (o = 90°
T RGNS/ PR 58, KRR 3 76 H 4R
SCHY = BhIE m)D , HAA 72 A XU 48 5

Gain /dB
6.10
4.57
3.05
1.52
0
-8.48
-17.00
-25.40
-33.90

A3 193.5 THz 4k f K 2 = 446 5 Jr 1l 5]
Fig. 3 Three dimensional radiation pattern of

the antenna at 193.5 THz
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Fig. 5 Two dimensional radiation patterns of the dielectric optical nanoantenna in the planes of (a) ¢=0° and (b) ¢=90°
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