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Abstract — A compact silicon photonics multi-wavelength filtisrdemonstrated using superimposed sidewall
Bragg gratings. We show arbitrary wavelength sgaeiith 8 superimposed gratings on a total footptfiait is
equivalent to a single Bragg grating device.

Integrated waveguide Bragg gratings are one of ftmelamental building blocks in the
Photonic Integrated Circuit (PIC) designer’s toblkiThe concept of using the bandgap region of an
inline grating device as a spectral filter is wedtablished and has been used across materiarpiatf
for laser design [1], dispersion engineering [2H aensing applications [3]. In the silicon-on-
insulator (SOI) platform the high optical confinemeof the mode to the grating area allows
unprecedented control over the grating couplingfment and Bragg wavelength, producing a wide
variety of filter designs in both amplitude and ghadomains [4,5]. Furthermore the sinusoidal
sidewall variation commonly employed to create pleeodic grating function is easily implemented
in standard nanofabrication lines and can be cthaliy engineered.
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Fig. 1: Schematic of a superposition grating withwo separate grating periods. SEM images show the afitpde
variation of the sidewall grating along the devicéength due to beating between the two grating peris. The devices
presented here are made by superimposing up to 8a&ing periods over a total device length of 20Am.

The simplest approach to achieving multiple fillmands in a single waveguide is by cascading
individual gratings with variable Bragg wavelengtiihis geometry, however, produces grating
lengths of at leadtxLy, whereN is the number of required filter bands dnds the individual grating
length. In this work we demonstrate an alternasivperstructured Bragg grating device that exhibits
multiple filter bands with arbitrary wavelength spays and with a footprint equivalent to a single
Bragg grating device.

The superstructured grating design is similaranaept to the multi-exposure technique used
in fibre grating designs. Single sidewall perturdyatfunctions A,(z2) can be defined as simple



sinusoidal variations that produce the usual Brgigding response, whe#g(2)=a.sin(27z/ A,), and

A, is the Bragg grating period for tn# filter response. The summation of these indiviciidewall
perturbation functionsyN_, A,,(z), produces a total sidewall perturbation functioithwN Fourier
components that will creaté grating responses within the same physical leagth classical single
period grating. In addition, the extinction of tfiters can be weighted using their individual
perturbation amplitudea,. The device geometry is illustrated by the schematftiFig.1 that shows
the profile of the sidewall grating when two separgrating periods are superimposed. In this work
several grating devices based on an 8-wavelengtlis tset were fabricated and characterised.
Arbitrary combinations of these 8 basis functionsrevshown to match simulated results and
underline the equivalence of this device to a adescd individual filters.
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Fig. 2: Measured (blue curve) and simulated (red dted curve) grating transmission spectra for two diferent
superposition grating devices. The binary numbersidicate the gratings of the 8-basis wavelength sttat were ‘on’
for each device.

The results of Fig. 2 indicate that any arbitraoynbination of filter wavelengths can be fabricaited

a single superposition with excellent agreementh& designed transfer function. Furthermore, the
total length of the grating device is only 200, which is far more compact than the equivaleriake
grating geometry.

In conclusion we have demonstrated a compact mégnsvhich to generate a multi-
wavelength filter with non-repetitive filter bandogitions. Up to 8 grating filter bands are
demonstrated in 2@0n long devices on a single silicon waveguide. Baisie approach can be easily
extended to the design of more complex transfectfons with arbitrary filter wavelengths that
exhibit different reflectivities, bandwidth and @egprofiles.
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