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Abstract

Passband broadening of an AWG (array waveguide grating) demultiplexer with an MMI (multimode interference) coupler connected
at the end of a tapered input waveguide is considered. An explicit formula based on the field propagation of an approximate Hermit–
Gaussian beam is used to calculate quickly and reliably the spectral response of the AWG demultiplexer. The widths of the input wave-
guide, the output waveguides and the MMI coupler are optimized. The optimal design is verified with the experimental measurement.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The explosive growth of internet traffic is pushing the
rapid development of dense wavelength division multi-
plexing (DWDM) systems. An arrayed-waveguide grating
demultiplexer [1], which is based on the planar waveguide
technology, has played an important role as a key optical
component in a DWDM system. A flat-top AWG is
insensitive to the laser wavelength shift (due to e.g. tem-
perature change) and is especially desirable in a high
speed DWDM system. Several techniques have been pro-
posed to obtain a flattened spectral response, such as
using a multimode output waveguide [2], two cascaded
grating devices [3] multiple gratings [4], multiple
Roland-circles [5], a multimode interference (MMI) cou-
pler [6], and a Y-junction [7].

Putting an MMI section at the end of the input wave-
guide is a simple and effective way of realizing a flattened
spectral response. In the present paper, we connect an
MMI section at the end of a tapered input waveguide to
broad the spectral response of an AWG demultiplexer.
The paper is organized as follows. In Section 2, the basic
principle of the AWG demultiplexer with an MMI coupler
connected at the end of the input waveguide is discussed,
and an explicit formula for the spectral response of an
AWG demultiplexer is derived. This formula is efficient
for calculating the spectral response of a flat-top AWG
demultiplexer. In comparison with some other fast calcula-
tion methods (such as 1:1 imaging method [8]) the present
formula is more accurate (particularly when the total num-
ber of the arrayed waveguides is not large). With such a
fast and reliable method, the widths for the MMI section,
the input waveguide and the output waveguides are opti-
mized in Section 3. Section 4 gives a comparison of the
simulation results and the measured results for a fabricated
flat-top AWG demultiplexer.
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2. Basic principle and formulas

The structure of an AWG demultiplexer is shown in
Fig. 1(a). An AWG demultiplexer consists of an input
waveguide, many output waveguides, two free propaga-
tion regions (FPRs), and N arrayed waveguides (AWs)
with a constant length difference (DL) between two adja-
cent waveguides. The input and output waveguides are
tapered in this paper. In order to broad the spectral
response of an AWG demultiplexer, an MMI coupler is
connected at the end of the tapered input waveguide.
The input light is radiated to the first FPR and then
excites the arrayed waveguides. After traveling through
the arrayed waveguides, the light beam interferes con-
structively at one focal point in the second FPR. The
location of the focal point depends on the wavelength
[1]. The adiabatically tapered sections for both the input
and output waveguides are shown in the enlarged view
of Fig. 1(a).

Fig. 1(b) shows an enlarged view of the first FPR includ-
ing the MMI section and the adiabatically tapered section
of the input waveguide. Below we give a formula for the
flattened spectral response by using the propagation theory
for an approximate Gaussian beam.

The field propagation of the fundamental mode (of
Gaussian beam leaving a waveguide) in an FPR can be
described approximately by the following normalized
Gaussian field distribution (subscript ‘‘i’’ is for the first
FPR and ‘‘o’’ for the second FPR)
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where k is the wavelength in the FPR, Anorm is the normal-
ized constant, k = 2p/k is the wavenumber, xF and xF(z)
are the beam waist at z = 0 and the beam width at distance
z, respectively, and RF(z) is the wave-front radius of curva-
ture. Note that xF depends on the width wF of the wave-
guide [1],
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Þ is the normalized transverse attenuation con-

stant (here k0 is the wavenumber in vacuum, neff and nc

are the effective refractive index and the refractive index
for the cladding, respectively).

To broad the spectral response of the AWG demulti-
plexer, an MMI (1 · 2) section (with length LMMI) is con-
nected at the end of the tapered input waveguide. With
an appropriately chosen length (LMMI), the MMI section
converts its input field into a two-fold image. The separa-
tion Y between the two peaks of this two-fold image deter-
mines the 3 dB passband width and is directly related to the
width WMMI of the MMI [9]
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where r = 0 (for TE) and 1 (for TM), and nr and nc are the
refractive indices for the core and cladding, respectively.
LMMI is related to the effective width We by the relation [8],
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The two-fold image field distribution at the end of the
MMI section is given by [8]
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The field distribution at the end of the MMI section is
shown in Fig. 2 for different values of Y (directly related
to the width of the MMI section). Obviously Y = 0 corre-
sponds to the conventional AWG design. The field at the
input aperture (EIAP(x)) is given by (see Fig. 1(b))
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Fig. 1. (a) An AWG demultiplexer; (b) enlarged view of the first FPR.

176 S.N. Khan et al. / Optics Communications 262 (2006) 175–179



Download	English	Version:

https://daneshyari.com/en/article/1541458

Download	Persian	Version:

https://daneshyari.com/article/1541458

Daneshyari.com

https://daneshyari.com/en/article/1541458
https://daneshyari.com/article/1541458
https://daneshyari.com/

