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Abstract— We present a Y-junction beam splitter based on
subwavelength metamaterials that circumvents losses associated
to the fabrication limitations in the tip size of traditional Y-
Jjunctions. Simulations show excess losses under 0.5 dB for TE, and
TE; in a 300 nm range (1300 - 1600 nm).
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I. INTRODUCTION

Efficient power splitting is a fundamental need in silicon-
based photonic integrated circuits (PICs) [1], with applications
in mode-division multiplexing [2], optical phased arrays [3], or
microspectrometers [4], to name a few. Y-junctions, consisting
of a stem waveguide which branches into two diverging arms,
are one of the most widespread beam splitters [5]. In
symmetrical configurations, Y-junction theoretically work as a
perfect power divider for both the fundamental mode and the
first-order mode. However, the finite resolution of current micro
fabrication methods results in a limited minimum feature size
(MFES) of the junction tip between the splitter arms [5]. This
deviation from the nominal design particularly penalizes
fundamental mode losses, as their energy peak is located in the
central region.

In order to reduce losses and improve bandwidth of PIC
components, subwavelength gratings (SWG) were proposed [6].
SWG are segmented waveguides with a grating period (A)
significantly smaller than the wavelength (1) of propagating
light. Under this condition, the medium behaves as a
homogeneous metamaterial [7], whose optical properties (e.g.
effective index, dispersion, anisotropy) can be tailored through
geometric design. This approach has been successfully applied
to mode-division multiplexing and microspectrometers [2, 4],
among many others.

In this work, we propose the application of SWG technology
to Y-junctions, effectively reducing mode confinement around
the junction tip and hence circumventing minimum feature size
penalization on the fundamental mode. Our device exhibits
simulated excess losses (EL) as low as 0.5 dB for the
fundamental transverse electric mode (TEo) and the first-order
transverse electric mode (TE1) in a 300 nm bandwidth (1300 -
1600 nm).
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II. DEVICE OPERATION

In order to compare our solution to a traditional approach,
we consider as a reference a non-periodic Y-junction, whose
scheme is shown in Fig. 1(a). This device comprises a
multimode input stem of width Wy and length L, and two
monomode S-shaped output arms of width W=Wy/2, length Ls.
and final separation H,. We consider a gap between the arms at
the junction tip, of width H,y which accounts for the MFS
limitation in the fabrication process. A taper of length Lr at the
input and straight section of length Lo at the output are also
included. Exciting the stem with TE: mode results in almost
loss-free power splitting as a consequence of the zero-power
profile of this mode through the center of the stem, but losses
are significantly increased for TEo mode in the presence of the
junction gap, further increasing the larger Hos is.

Our device incorporates SWG metamaterials to both the
arms and the stem, while preserving the same arm offset, and
hence the same MFS (Fig. 1(b)). Arm widths and separation are
also maintained. The device starts with a strip waveguide of
length L; and width Ws that evolves into a SWG waveguide of
length Lc through an adiabatic taper. This SWG region induces
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Fig. 1. Schematic of the state-of-the-art non-periodic (a) and the proposed
SWG Y-junction (b). Propagation of fundamental and first-order modes
along the device is also shown.
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a lesser mode confinement in order to reduce the radiation in the
junction tip for TEo. Another advantage of SWG is the
possibility to perform dispersion engineering through the
modification of the pitch and the silicon segments length.
Moreover, to optimize transmission in the interface between the
stem and the arms, we define different duty cycles on both sides,
DCs=as/A and DCs=a4/A, where as is the silicon segment length
in the stem and a4 is the silicon segment length in the arms,
respectively, considering a constant period.

III. DEVICE DESIGN

We optimized our device for a silicon-on-insulator platform
with a waveguide core thickness of 220 nm, with upper and
bottom silicon dioxide cladding. The refractive index of each
material is approximately nsi ~3.48 and nsioz: ~1.44, for a
wavelength of 1~1.55 pm. An arm width of W = 500 nm is
selected in order to ensure the arms are monomode, while a
stem width of W, = 1200 nm provides an increased effective
index of the stem that reduces interface reflections. An SWG
pitch of A =220 nm is set to avoid Bragg-reflection, while a
DCs of 50% facilitates the fabrication process. We consider a
Hoy of 100 nm for the worst-case scenario regarding
manufacturing accuracy limitations, preserving this same limit
as MFS for the whole design. A complete list of the others
geometrical design parameters can be found in Table I.

TABLE 1. PARAMETER VALUES
Design Parameter Symbol Value
SWG Arms width w 0.5 um
and  — Non- ["p output separation H, 1.5 um
periodic Y-
junction Arm length Lp 9.8 um
Stem guide length Ls 13 um
Non-periodic Y- Taper length Lr 4 um
junction Output-section length Lo 9 um
Taper final width Wr 1.1 um
Input strip width Ws 1.2 pm
Input strip length L 3 um
SWG Input SWG taper L 10 pm
Y -junction Output SWG taper Lro 6 um
Central SWG section Lc 13 pm
Output strip length Le 3 um

IV. SIMULATION RESULTS

The device performance was simulated through 3D-FDTD
simulation. In order to optimize excess losses (EL), i.e. the
relation between the optical power at the output arms in relation
to the power injected in the input stem, we swept DC4 while
holding DCs constant. We found minimum EL for TE; at DCy4
=55%, while EL for TEo presents a flatter response against DCy4
starting around the same value. Note that this DC value imposes
a separation between SWG segments in the arms of 100 nm,
thus respecting MFS.

Excess loss obtained for the SWG device and for the
reference non-periodic counterpart are shown in Fig. 2. Our
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Fig. 2. Excess loss comparision between SWG and non-periodic Y-
junction for TE¢ and TE: modes.

design exhibits a significant reduction in TEo excess losses at the
nominal wavelength of 1550 nm (from 0.99 dB down to 0.12
dB). Despite a slight increase of TE: excess losses (from 0.07
dB up to 0.40 dB), the sum of both EL values is significantly
smaller in the SWG device, which also provides a more even
performance for both modes. This behavior is preserved in a
very broad bandwidth, as simulations show EL under 0.5 dB for
both TEo and TE: in a 300 nm bandwidth (1300 - 1600 nm).

V. CONCLUSIONS

We have proposed a high-performance power splitter based
on a Y-junction enhanced through subwavelength
metamaterials, which reduces fundamental mode losses caused
by fabrication limitations at the junction tip. Simulations show
insertion losses as low as 0.5 dB for TEo and TE; in a 300 nm
bandwidth (1300 - 1600 nm). We believe that the proposed
optical beam splitter will find numerous applications in diverse
photonic integrated circuits, and particularly, in mode-division
multiplexing applications.
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