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ABSTRACT

A new, efficient algorithm for modelling dispersive me-
diz in Finite Difference Time Domain (FDTD} methods
is presented. It is based on the Awuxiliary Differential
Equation (ADE) formulation. Accuracy and efficiency
are compared to other ADE implementations and to var-
ious Recursive Convolution {RC) methods.

INTRODUCTION

Various approaches for modeliing frequency depen-
dent material properties in. finite-difference time-domalin
methods for electromagnetics have emerged in recent
vezrs. Appropriate treatment of material dispersion is
important for simulating propagation of short pulses as
well ag for efficient modelling of propagation phenom-
enz over & wide range of frequencies in optical as well
as nicrowave regimes. The c¢ilferent methods are based
on three main principles: The recursive computation
of the convolution integral between electric field and
time domain susceptibility |1}, {2]. z-transformation of
the Maxwell curl equations [3], or the solution of an ad-
ditional (auxiliary} differential equation between electric
displacement density and polarization [4]-[8].

Recently, efforts have been undertaken to improve
and optimize the efficiency with respect to computs-
tional effort and memory requirements of the different
algorithms for handling of dispersive mnedia, especially in
the field of the recursive convolution {RC) and the aux-
iliary differential equation (ADE) methods, For the RC
meethod, general algorithms can be derived that allow
highly efficient simulation of any maferial with a com-
plex eleciric permittivity that can he parameirized by
means of a proper rational function of frequency. The
accuracy can be influenced by using more or less ex-
act algorithms for the numerical integration involved,
which results in & trade-off between accuracy and com-
putational efficiency. The ADE method, on the other
hand, requires minor changes in the algorithm when
modelling materials with different shapes of the permit-
tivity function, i.e. different orders in the polynomials of
the rational function. Straightforward implementation
may lead to an unnecessary overhead in raemory require-
ments and computation times. The big advantage over
the RO methods, however, is the ADE methods’ capa-

bility to handle nonlinear digpersive materials, which is
not possible with RC due to the linearity intrinsic to the
convolution integral.

We first present a2 new implementation of the ADE
method for media with an arbitrary nember of Lorentz
relaxations [8]. In comparison to previously published
formulations and implementations, more accurate re-
sults are obfained with this method, while i requires
the samne or less memory and fewer compuizational op-
erations.

Our new formulation of the ADE method is then
compared to three different inplementations of the RC
method. The first RC formulation examined uses the
trapezoidal rule for the numerical evaluation of the con-
volution integral. It was presented in [9] and will be
referred to as PLRC. The second sceme tses the quasi-
trapezoidal approximation presented in {10}, we will re-
fer to it as QTRC method. The third method (CRClis s
reformulation of the algorithm presented in [6]. Though
theoretically first-order in accuracy due to the use of
the plecewise constant approximation in the evaluation
of the convolution integral, this method also shows good
accuracy in actual numerical experiments.

EFFICIENT ADE MODELLING OF
LORENTZ MEDIA

We assume that we have z medinm with a dispersive
permiftivity that can be characterized by N Lorentzian
respnances. Lach vector component of the electric dis-
placement density DO can be expressed in terms of elec-
tric field F and polarization P as

DiF,t) = e E(F, 1) + Pift) . {1

1% 1s further assumed that the polarization can be ex-
pressed as o sum of N terms for each of the resonances,
le. P = Ei_ P: with each P; being 2 convolution inte-
gral

Ri=ao [ it -m)EG)r (2)
1]

and x;(t) the Fourier transform of & Lorentzian in fre-
quency
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