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Boundary conditions for a 2D finite element Helmholtz solaee derived, which allow scattered light to
leave the calculation domain in the presence of outgoingegiaides. Influx of light, through a waveguide or
otherwise, can be prescribed at any boundary.

In the simulation of integrated optical structures, thermaries of the calculation window are an
important issue. They should act as if they were not thergrinciple the boundary conditions
should incorporate the solution of the equations in therexteThus, scattered light from structures
in the interior should leave the domain unobstructed, analist be possible to prescribe the influx
of light from the exterior to the interior. Such Transparkritux boundary conditions (TIBC’s) can
be described in terms of a so-called Dirichlet-to-NeumddtiN] operator, which relates the field
on the boundary to its normal derivative, such that the smutepresents only outfluxing fields.
Similarly, influxed fields may be prescribed. In [1], approstions of the DtN operator are applied on
a computational domain with a smooth boundary; these operate local. Contrarily, [2] describes
operators for the boundaries of a rectangular domain; tyextive TIBC’s are nonlocal, expressing
the field in the exterior as a series of Fourier modes. The odeth [2] is limited to problems
with a uniform exterior. This paper extends this method tacitires in which half infinte straight
waveguides extend from the boundary. The fields on the boyrata projected onto a modal basis
associated with the waveguides, instead of on a Fouries bake example in Figure 1 clearly shows
proper influx through a waveguide and outflux through all vgaxveges and into free space.

Figure 1: Finite element simulation (TE polarization, ab-
solute value) of a waveguide crossing with a small disk. Pa-
rameters: Background refractive index 1.45, waveguide and
disk refractive index 3.4, waveguide widths Quéh (hori-
zontal), 0.45um (vertical), disk radius 1.pm, gap between
disk and waveguides 0.fim. At the boundaries fields are
projected onto modes that are calculated using a window
i ‘ that is three times as wide as the shown finite element win-
- dow. The field expansion consists of 147 terms on the west-
ern and eastern boundary and 149 on the north and south
_‘}4 2 0 2 4 boundary.
X (pm)
This research was supported by NanoNed, a national nanotdaly program coordinated by the Dutch Ministry of
Economic Affairs.

y (pm)

References

[1] F. Schmidt,Computation of discrete transparent boundary conditimrstie 2D Helmholtz equatigrOptical and
Quantum Electronics0, 427-441 (1998).

[2] J. B. Nicolau and E. van Groesadybrid analytic-numerical method for light through a bowttplanar dielectric
structure Journal of Nonlinear Physics and Materidld, 161 (2005).



