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Abstract: A compact 100-GHz 1⇥8 arrayed waveguide grating with 3 dB insertion loss
and -20 dB crosstalk, enabled by a novel concept of waveguide superlattice, is experimen-
tally demonstrated. © 2020 The Author(s)

OCIS codes: (060.1810) Buffers, couplers, routers, switches, and multiplexers, distributed feedback; (060.4230)
Multiplexing;(080.1238) Array waveguide devices.

1. Introduction

Arrayed waveguide gratings (AWGs) are the important components in dense wavelength division multiplexing
(DWDM) systems. Silicon nitride (SiN) platforms are promising for compact, high performance AWGs [1, 2].
Compared to silicon-on-insulator (SOI), SiN waveguides have a lower refractive index contrast and thus better
tolerance to fabrication errors. Conventional AWGs use identical waveguides inside the array, requiring a suffi-
ciently large gap in-between them to supress inter-waveguide coupling. In our previous work [2], a large gap of
10 µm was used, which prevented us from further shrinking the footprint of the AWG.

Here we use the concept of waveguide superlattice based on the asymmetric directional coupler theory [3, 4].
The waveguide superlattice consists of a number of waveguides with different widths with none or little parasitic
couplings between adjacent waveguides. Using such a superlattice for arrayed waveguides in SiN, we experimen-
tally demonstrate a 1⇥8 AWG for 100 GHz DWDM.

2. Device Design and Fabrication
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Fig. 1. Schematic of (a) the input star coupler, (b) waveguide tapers, (c) AWG, (d) arrayed waveguide
superlattice, (e) conventional arrayed waveguides, and (f) MZI for coupler characterization.

To demonstrate the performance improvement enabled by the proposed superlattice structure, we designed two
1 ⇥ 8 AWGs: a conventional design with identical waveguides and another using a waveguide superlattice. In both
cases, an array of 40 waveguides with a separation of 2 µm between adjacent waveguides is used, as shown in
Fig. 1. In the superlattice, the width of the waveguides alternates between 800 nm and 900 nm (Fig. 1(d)), whereas
in the conventional AWG, all the waveguides have a width of 800 nm. Both devices have a center wavelength of



1550 nm and a channel spacing of 100 GHz. Waveguide tapers are used to reduce the uncoupled loss between
the star coupler and arrayed waveguides. A large radius of 100 µm is used for the waveguide bends to minimize
bending losses. The footprint of both AWGs is 4.3 mm ⇥ 0.6 mm.

In order to characterize the anti-coupling effect of the waveguide superlattice, we designed two MZIs: one with
a conventional directional coupler and the other with a waveguide supercell (i.e. asymmetric directional coupler),
as shown in Fig. 1(f). The first MZI uses a single waveguide width of 800 nm, whereas the supercell design uses
different widths for two arms that are 800 nm and 900 nm, respectively, Both MZIs have a coupling gap of 2 µm
and 600 µm length imbalance between the two arms.

The devices were implemented on AEPONY’s SiN platform with a waveguide core thickness of 440 nm. The
fabrication began with the deposition of 3.2 µm of SiO2 on a Si wafer followed by that of SiN. The SiN waveguide
pattern was defined using electron beam lithography and dry etching. In the final step the wafer was covered with
another 3.4 µm of SiO2 to form the top cladding.

3. Experimental Results

The normalized transmission spectrums of the MZIs are shown in Fig. 2(a). The interference pattern is clearly seen
in the conventional MZI, while little interference effect is shown in the MZI with the asymmetric couplers. This
indicates that the waveguide superlattice can effectively prevent parasitic coupling between adjacent waveguides.
At the center wavelength (1550 nm), the insertion loss is approximately 3 dB for the superlattice AWG; the
crosstalk across all channels is around -20 dB, as shown in Fig.2(b). The insertion loss at the center wavelength is
around 5 dB for the conventional AWG; the crosstalk across is around -16 dB, as shown in Fig.2(c). These results
prove that the use of a waveguide superlattice significantly improves the performance of compact AWGs.

Fig. 2. Measured spectra of (a) MZIs with symmetric and asymmetric directional couplers (super-
cells), (b) the superlattice AWG, and (c) the conventional AWG.

4. Conclusion

In summary, we have proposed and experimentally demonstrated a compact (4.3 mm ⇥ 0.6 mm) AWG with
a waveguides superlattice. The device shows considerable improvement in both insertion loss (by 2 dB) and
crosstalk (by 4 dB) compared with the conventional design with identical arrayed waveguides thanks to the drastic
reduction in parasitic coupling in the waveguides array.
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