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A novel DWDM interleaver scheme based on
phased-array wavelength demultiplexer with
multimode interference couplers
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A novel integrated dense wavelength division multiplexing interleaver scheme is presented based on
phased-array (PHASAR) wavelength demultiplexer with multimode interference (MMI) couplers. MMI-
PHASAR interleaver with simple structure and compact size can realize narrow channel spacing through
simple design procedure. And it is convenient for integration with integrated planar waveguide multi-
plexer/demultiplexers. A 25/50-GHz MMI-PHASAR interleaver is designed and the transmission charac-

teristic is investigated by beam propagation method.

OCIS codes: 060.1810, 130.3120.

The ever increasing demand of networks with large
transmission capacity leads to an urgent need for nar-
row channel spacing and large channel number multi-
plexer/demultiplexer for dense wavelength division mul-
tiplexing (DWDM) systems. The mainly used multi-
plexer/demultiplexers, such as thin film filter (TFF),
fiber Bragg grating (FBG), and arrayed waveguide grat-
ing (AWG), are difficult to implement for channel spac-
ing less than 100 GHz. DWDM interleaver is an effective
solution to double the channel number and halve the
channel spacing. Interleaver schemes have been de-
veloped, mainly including Mach-Zehnder interferome-
ter, polarization interferometer, Michelson interferome-
ter, FBG, and AWGI™2l. In this letter, a novel DWDM
interleaver scheme based on phased-array (PHASAR)
wavelength demultiplexer with multimode interference
(MMI) couplers is presented.

The schematic diagram of MMI-PHASAR  interleaver
is shown in Fig. 1. Two MMI couplers are connected by
a two-path PHASAR. It can be directly integrated with
planar waveguide multiplexer/demultiplexers. The sim-
ple structure allows relaxed fabrication tolerances.

The MMI couplers are designed based on self-imaging
phenomenal3=6. The input MMI coupler is a uniform
1x2 power splitter with the input access guide at the
center. The length L' is given by
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Fig. 1. Schematic diagram of MMI-PHASAR interleaver.
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order modes of the slab waveguide, defined as
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where /3y and /31 are the propagation constants of the fun-
damental and first-order modes, respectively. The out-
put MMI coupler is a 2x2 power combiner. The length
L is given by
3L,
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The transverse positions of PHASAR guides and out-
put access guides are
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where W is the width of the couplers.

The travelling paths through the 1x2 MMI power split-
ter remain fixed for all outputs of the demultiplexer.
Therefore, the path length difference between L; and
L, of PHASAR is determined by the phase transfer re-
lation of the 2x2 MMI power combiner to achieve phase
matchings for wavelength Ag (named central wavelength)
at output 1 and Ag+AX (AX denotes channel spacing) at
output 2, simultaneously. The length difference between
L, and Lo should be
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where ng denotes the effective index of the mode of an
array guide and nyo is the value of n, at the central wave-
length Ao, ¢1,; ( = 1,2) is the phase transfer associated
with input 1 and output j of the 2x2 MMI power com-
biner,
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Table 1. Values of Design Parameters of the
25/50-GHz MMI-PHASAR Interleaver

Parameter Value

Central Wavelength 1550 nm
Wavelength Channel Spacing 0.2 nm
Free Spectral Range 0.4 nm
Width of MMI Couplers 18 pm
Spacing of PHASAR 9 pm
Spacing of Output Waveguides 9 pm
Length of 1x2 MMI Input Coupler 192.04 pm
Length of 2x2 MMI Output Coupler 768.15 pm
Effective Index of Channel Waveguide 1.4718
Length Difference between 4060.73 pim

Paths of PHASAR,
Chip Size 9x4 mm®
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Fig. 2. Layout of the 25/50-GHz MMI-PHASAR interleaver.

A 25/50-GHz MMI-PHASAR interleaver is designed on
silica-based waveguide system. The single-mode channel
waveguide for PHASAR and input/output access guides
have a core size of 3x3 mm? with refractive index con-
trast of A=1.86%. The values of the design parameters
are listed in Table 1. The high A permits low-loss bend
of PHASAR with radius as small as 1.8 mm. The path
waveguides of PHASAR are tapered at both joints with
MMI couplers. The actual layout of the device drawn
in Fig. 2 shows its simple and compact structure. Beam
propagation method (BPM) is adopted to perform the
transmission spectra simulation as shown in Fig. 3.

A novel DWDM interleaver based on MMI-PHASAR
is presented. Narrow channel spacing can be achieved
through simple design procedure. The simple, compact,
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Fig. 3. Transmission spectra of output 1 (a) and output 2 (b).

and integrated structure makes the approach easy to im-
plement.
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