
. High-Accuracy Finite Difference Equations for Simulation of Photonic
Structures

G. Ronald Hadley -

Sandia National Laboratories

Albuquerque, New Mexico 87185-5800

(505)844/4015

(505)844/8985 (FAX)

grhadle@sandia.gov
RECEIVEP

A$f126f3$9

ABSTRACT ~STl

We present the derivation of sixth-order-accurate finite difference representations of the

Helmholtz Equation and use them to compute highly accurate vector eigenmode solutions.
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SUMMARY

The success of the next generation of photonic structures will depend strongly on our
ability to simulate those structures numerically prior to fabrication. Even with the recent
increases in computer speeds and memory, the demands imposed by circuitry size are growing
faster than our simulation capability. One partial solution to this dilemma is the introduction of
new simulation algorithms that allow (to a great degree) grid-independent computing. By this is
meant algorithms that are capable of providing predictions of device performance to acceptable
accuracy on any reasonable grid. Codes based on such algorithms are of obvious use to
experimenters who may wish to do design simulations, but who may not be experienced in the
art of numerical computation. More importantly, the high accuracy of these algorithms will allow
the use of coarse grids (that would otherwise result in unacceptable errors) and consequently will
provide the capability to model large structures without the need for mainframe computer
resources.

Progress towards the development of such algorithms as been reported for waveguide
analysis’-3and vertical-cavity laser simulation. In all these cases, the higher accuracy order was
obtained for a single spatial dimension. More recently, this concept was extended to differencing
of the Helmholtz Equation on a 2-D grid, with uniform regions treated to 4th order and dielectric
interfaces to 3’dorder5. No attempt was made to treat corners properly. In this talk I will describe
the extension of this concept to allow differencing of the Helmholtz Equation on a 2-D grid to 6*
order in uniform regions and 5* order at dielectric interfaces. In addition, the first known
derivation of a finite difference equation for a dielectric comer that allows correct satisfaction of
all boundary conditions will be presented. This equation is only accurate to first order, but as will
be shown, results in simulations that are third-order-accurate.

In contrast to a previous approach3 that utilized a generalized Douglas scheme to increase
the accuracy order of the difference second derivative, the present method invokes the
Helmholtz Equation itself to convert derivatives of high order in a single direction into mixed
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✎ ‘ derivatives of lower order that can be difference using a nine-point stencil. Such a stencil results
in no substantial increase in matrix bandwidth and thus computer memory or runtime. At

present, such high accuracies require a uniform grid with Ax=Ay, but it is expected that this
restriction will be relaxed through future derivations with at most a two-order loss in truncation
error.

The utility of these difference equations is aptly illustrated by incorporating them into an
eigemnode solver and testing them on problems of varying complexity using a series of refined

grids. For simple box modes involving a single dielectric interface, uncertainties in the modal
index for low-order modes were typically 5 x 10-6for coarse grids (6 x 8) and 3 x 10“12for fine
grids (96 x 128). For problems with a single comer the coarse results were similar and the fine
results were slightly less accurate with uncertainties of 6 x 10-1O.These results demonstrate the
power of grid-independent computing since the uncertainties obtained with the coarsest grid
would likely be satisfactory to a designer in most situations. Of course, the derivations to be
presented also are applicable to other types of problems, such as the simulation of reflecting
structures by direct solution of the Helmholtz Equations.
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