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Abstract

A finite-difference time-domain (FDTD) method combined with a periodic boundary condition is used to analyze the diffraction effi-
ciency of an etched diffraction grating (EDG) demultiplexer coated with a metallic film at the backside. The numerical results show that
the diffraction loss is mainly due to the scattering effect of shaded facets of a metal-coated grating at both the polarizations. However, the
same shaded facets can produce a higher loss for a TM polarization than that for a TE polarization, which induces a higher polarization
dependent loss (PDL) of the demultiplexer.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Nowadays, dense wavelength division multiplexing
(DWDM), a technology that simultaneously uses multiple
lasers and transmits several wavelengths of light in a single
optical fiber, is a reasonable solution to the increasing
demand of bandwidth capacity. Integrated waveguide multi/
demultiplexers are key elements in a wavelength-division
multiplexed (WDM) optical communication system. Two
types of planar waveguide demultiplexers have been exten-
sively investigated and developed. One is arrayed waveguide
gratings (AWGs) [1] and the other is etched diffraction grat-
ings (EDGs) [2–5]. Compared to an AWG and other
DEMUX devices, an EDG has higher spectral resolution
and potentially larger number of channels available over
its free spectral range in a very compact size, attributing
to its huge number of teeth.

On the other hand, the application of an EDG is limited
by its high insertion loss associated with imperfect fabrica-

tion. Deeply etched grating facets are required, and the ver-
ticality and smoothness of the facets can greatly affect the
performance of the device. Coating the facets with a metallic
film at the backside of the grating is a convenient and effec-
tive method for reducing the reflection loss and thus improv-
ing the diffraction efficiency.

In a ray approximation method (which is a high fre-
quency method appropriate for use when the fine structure
is much larger than the wavelength), the diffraction effi-
ciency is approximately equal to the reflectance R. Assum-
ing a groove infinite in width, the reflectance R on the
interface between air and the dielectric medium (with
refractive index n) is [(n � 1)/(n + 1)]2. For n within 1.5–
3, R is only about 4–25%. If the facets are coated with
metallic films (such as aluminium), the reflectance R can
reach to as high as 97%. However, this is not accorded
with experimental results [2,5]. The method mentioned
above neglects the diffraction effect of shaded facets (i.e.,
the facets without direct illumination of light). In the pres-
ent paper, we propose a finite-difference time-domain
(FDTD) method [9] combined with both PML [6] and
periodic boundary condition [7] to simulate the diffracting
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process. This method is based on a direct discretization of
Maxwell’s equations without any approximation, by
which we can obtain accurate results. Particularly, a deep
physical insight into the loss source for the metal-coated
grating is achieved by using this method.

2. Numerical model

We introduce a 2D-FDTD method to calculate the dif-
fraction efficiency. We only consider a two dimensional
geometry and neglect the influence of the depth of the fac-
ets. Under 2D condition, assuming that all the components
of electromagnetic fields are independent of coordinate z,
they can be separated into two independent groups, Ez,
Hx, Hy for TE polarization and Hz, Ex, Ey for TM polari-
zation. These components are discretized using the mesh
proposed by Yee [8], as Fig. 1 indicates.

i and j are integers. Discrete time expressions are at
t = nDt (Dt is the time increment) for electric fields and
t = (n + 1/2)Dt for magnetic fields. For the present struc-
ture, the field component at any grid can be denoted by

Aðx; y; tÞ ¼ AðiDx; jDy; nDtÞ ¼ Anði; jÞ ð1Þ

For TE polarization, one can obtain the following dis-
cretized time-stepping formulas
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Similarly the formulas for TM polarization are as follows:
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After some time intervals, one can obtain stable field
components at any grid to calculate the retro-diffraction
efficiency.

Fig. 2 shows the schematic diagram of an etched diffrac-
tion grating demultiplexer based on a Rowland circle
structure.

The field propagating from an input waveguide to the
free propagation region (FPR) is diffracted by each grating
facet. It is then refocused onto an imaging curve and
guided into different output waveguides according to the
wavelengths. Conventional dielectric echelle grating has a
series of grooves, each groove consists of a normal-illumi-
nated facet and a shaded facet. The length of the groove is
designated by a = mk/2neffsinh, where m is the blazing
order, neff is the effective refractive index of the incident

Fig. 1. Yee’s cell for TE mode (a) and TM mode (b).

Fig. 2. Schematic diagram of an EDG.
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