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Abstract—All-dielectric waveguides have emerged as a
promising candidate platform for the utilization of the currently
untapped terahertz bands. With high efficiency and broad
functional bandwidths these waveguides are well suited to the
needs of terahertz communications, however a wide range of
devices are yet to be realized on this platform. Here we present one
such device, a power divider, with intuitive designable division
ratio.

I. INTRODUCTION

EFOR the widespread adoption of terahertz
technologies can be realized, high efficiency integrated
platforms must be developed. A critical challenge is the

limited available power and as such any potential terahertz
platform should emphasize efficiency, alongside broadband
operation. To this end, we propose the use of all-dielectric
waveguides, monolithically realized from high-resistivity
silicon [1,2]. To build upon the capabilities of this platform
many devices must be developed; one such device is the power
divider. Power dividers are widely useful components with
applications in imaging [3] and are critical to the realization of
phased arrays for beamforming [4], where often splitting ratios
need to be carefully tuned to optimize system performance.
Here, we present an intuitive scheme for the realization of
arbitrary division ratio power division on an all-dielectric
waveguide platform. We contextualize this design in contrast to
alternative techniques for realizing power division, notably
through inverse-designed multi-mode interferometers [5] and
unidirectional couplers [6]. The first of these is not intuitively
designable, requiring an opaque and time-consuming
optimization process for each unique division ratio. The second,
unidirectional coupling, is inherently narrowband owing to the
fundamental frequency dependence of evanescent coupling.
This necessitates an alternative solution be developed for the
terahertz band where fractional bandwidths often exceed 40%.

This report is an adaptation of work previously presented at
the 47" Conference on Infrared, Millimeter, and Terahertz
Waves [7].

1. DESIGN

The simplest technique for realizing symmetric power division
is through the implementation of a Y-junction, simply mirroring
a bend along the common input axis. As shown in Fig. 1, to
extend this technique to asymmetric power division we
introduce an effective-medium barrier consisting of a
subwavelength period hexagonal lattice of through-holes which
act to partially obstruct one output while guiding the obstructed
power to the opposite port. To enhance this effect, while
suppressing scattering and cross-coupling we introduce an

Fig. 1. Schematic for an intuitively designable planar power divider for the
substrateless silicon waveguide platform highlighting the design parameters.

anisotropic  effective medium comprised from silicon
microbeams with subwavelength period [8], to clad the
waveguide core. The combination of these effects allows for
designing of arbitrary division ratios by simply tuning the
radius of these obstructions while keeping other design
variables constant.

III. RESULTS

In Fig. 2, we present simulated results for 3 configurations
designed for the frequency range 220 to 330 GHz, with
blockage radiuses 0 um, 25 um, and 45 um with a fixed lattice
period 100 um. In this case the waveguide core has width, w =
225 pm and is to be etched from a high resistivity silicon wafer
with thickness 250 pm. For simulation a realistic permittivity
of 11.68 and loss tangent of 3 X 107> is adopted for silicon.
The anisotropic cladding period is designed with deeply
subwavelength period A = 20 pm. Simulation results show
power division ratios from 50%/50% up to 95%/5% are
achievable by varying the blockage radius between 0 and 45 pm
with device average efficiency above 88%. We have begun
fabricating these devices with plans to measure them to support
these simulated results.

IV. CONCLUSION

Here we present an intuitively designable power designer based
upon substrateless all-dielectric waveguides. We utilize silicon
microbeams with subwavelength dimensions to realize an
anisotropic effective medium, suppressing cross-coupling
between the two output waveguides. In this case this technique
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Fig. 2. Simulated results over the frequency band 220—330 GHz, for three
configurations, demonstrating the simple designability of this structure. In (a),
we define the division ratio as [S,;|2/(1S511% + |S31|%), representing the
proportion of power that enters the primary output. In (b), we define the
efficiency as (|S,1|% + |S311?).

is applied at 220—330 GHz, however, fabrication permitting,
this technique could be readily scaled to other frequency ranges.
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