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Abstract - We present experimental results of silicon-oxynitride (SON) based arrayed
waveguide grating (AWG) spectrometers operating around 800 nm and 1300 nm. A 100-
channel AWG with 0.4 nm channel spacing centered at 1300 nm and a 125-channel AWG
with 0.16 nm channel spacing centered at 800 nm have been fabricated and characterized.
The measured crosstalk and insertion loss values near the central wavelengths were ranging
between -22 and -32 dB and between 3.2 and 2 dB for 800-nm AWG and 1300-nm AWG,
respectively. The highest wavel ength resolution (0.16 nm) and the largest free spectral range
value (38.8 nm) have been achieved in SON technology so far.

I ntroduction

Spectrometers have an important role in a wideetarof fields. The most important
integrated optical implementation of a spectromésethe AWG that, with its excellent
performance and compactness, has a high poteotighfious spectroscopic applications [1].
It was first proposed by Smit in 1988 [1], and et developed by Takahashi [2] and
Dragone [3], who extended the concept from N xlemultiplexers tdN x N wavelength
routers. Since then, many AWGs have been designedder to improve the crosstalk level,
insertion loss, channel spacing, polarization iraelence, and total device size by using
different material systems [3-6].

Silica is one of the most important technologiesdutor realization of AWGs due to its
good stability, low fiber coupling loss, good chehruniformity, and high wavelength
accuracy. So far, the minimum channel spacing GHk was reported on a 16-channel silica
AWG at 1.547um [3]. However, due to the low index contrast aaalig in silica, and
consequently the large required bending radiusdévwices need to be quite big and a single
one could fill almost all available space on a b@®-wafer.

The silicon-on-insulator (SOI) material system pd@g a high index contrast, resulting in
markedly reduced device size. Fukazawa et al. tepdi-nm-spaced 17-channel AWG at
1.55 um, using silicon photonic wires, with an overalivie size of 11Qum x 93 um [4].
They achieved a free spectral range (FSR) of 90sanfiar the largest value reported for SOI
AWGs. Although SOI technology provides the oppoityurof very small foot print, the
crosstalk and fiber coupling loss suffer quite taflom the high index contrast.
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Silicon-oxynitride (SiON) is a very promising masdr considering the problems of
insertion loss, crosstalk, and device size in trevipusly mentioned material technologies.
The refractive index of that material can be chosetween the values of silicon dioxide
(1.45) and silicon nitride (2.0), allowing flexiblgaveguide design [5]. The bending radius
can be reduced to several microns by using theebigindex contrast with a proper
waveguide geometry. Furthermore, SION is transgarema broad wavelength range from
210 to beyond 2000 nm [5], so that AWGs can beidabed for both visible and infrared
wavelengths using the same material system, or #isesame AWG structure could be used
for both regions. In the literature, there is odignited data on SION based AWG
spectrometers [6,7].

In this work, we present two AWG spectrometers tfee 800 nm and 1300 nm spectral
ranges, using SiON technology. The operation AWAG [1] is briefly explained, referring to
Fig. 1a. Light from an input waveguide divergesaiffirst free propagation region (FPR) in
order to illuminate the input facets of an arrayvaiveguides with a linearly increasing length.
At a central design wavelengtthe phase difference at the output facets of adjaaeay
waveguides is an integer multiple oft.2Since these facets are arranged on a circle, a
cylindrical wavefront is formed at the beginningao$econd FPR, which generates a focal spot
at the central output channel. Since the phasg shifised by the length differences between
arrayed waveguides, is linearly dependent on wagtte the resulting wavelength-dependent
phase gradient implies a tilt of the cylindricalwefront at the beginning of the second FPR,
which causes the focal spot to shift to a diffemrtput waveguide.
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Fig. 1. a) Schematic layout of an AW®) SEM image of the arrayed waveguides before togeogiadding
deposition.
Design
For the AWG centred at 1300 nm, the waveguides veimgle-mode SiON channel

waveguides with 2um width and 0.6um height. The core and cladding refractive indices
were 1.55 and 1.4485 at 1uBn wavelength, respectively. The minimum bendingusief
curved waveguides was calculated to be pf@) The arrayed waveguides were linearly
tapered over a length of 2(n to a width of Gum at the interfaces with the FPR to decrease
the insertion loss. In order to reduce the crokstaluced by phase errors, the spacing at the
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FPR between arrayed waveguides has been chosenuas &nd that between the output
waveguides as gm.

The AWG centred at 800 nm was designed with singdele SION channel waveguides of
1.54um width and 0.8tm height. The core refractive index was 1.5 at B60wavelength,
resulting in a minimum bending radius of 7@@®. In this case the arrayed waveguides were
linearly tapered over a length of 4Qén to a width of 5um at the interfaces with the FPR
Arrayed waveguide spacing ofufn and output waveguide spacing qir@ were used.

Table | summarizes the design values of both AWGs.

Tablel: Design parameters of the AWG spectrometers.

Parameters AWG @ 800 nm AWG @ 1300 nm
Channel spacing\(.) 0.16 nm 0.4 nm
Diffraction order (m) 40 33
Focal length (R) 1.1 mm 5.4 mm
Path length differenceAl) 21.8um 29.17um
Number of arrayed waveguides (M 500 400
Number of output channels (N) 125 100

Characterization

The optical transmission measurements were perfbrinye coupling TE-polarized light
from a broadband source (Fianium SC45@p the input waveguide, using a single-mode
polarization-maintaining fiber. The output signahsvsent to an optical spectrum analyzer
(IHR 550, Horiba Jobin Yvon) through a single-mofieer. The transmission spectra
measured at the output channels were normalizédresipect to the transmission of a straight
channel waveguide. The transmission spectrum o8@@enm AWG and the 1300-nm AWG
are given in Fig. 2. As predicted, each channelke@s a bandpass wavelength filter. The
resolution values of 0.16 nm and 0.38 nm, and F&8Reg of 38.8 nm and 19.4 nm have been
obtained for the 800-nm AWG and 1300-nm AWG, resipely. The measured central
channel crosstalk values were approximately —22mB—-32 dB and the central insertion loss
values were.2 dB and 2 dB for the 800-nm AWG and 1300-nm AVé€pectively.
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Fig.2. Optical transmission measurement results) @0-nm AWG and) 1300-nm AWG for TE polarization.

Conclusion

We have designed, fabricated, and characterizetl $&sed AWGs for 800 nm and 1300
nm spectral regions with an overall chip size @ 2mx 2.1 cm and 2.1 crx 1.3 cm,
respectively. The measurement results are in ggodement with the simulation results.
Crosstalk values of -32 dB and -22 dB, insertiossloalues of 2 dB and 3.2 dB have been
obtained for 1300-nm-AWG and 800-nm-AWG, respedyivelThe highest wavelength
resolution (0.16 nm) and the largest FSR value8(38n) have been achieved in SiON
technology so far.
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