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We demonstrate a compact wavelength demultiplexer for the silicon-on-insulator platform
based on the curved waveguide grating (CWG) architecture. The proposed device uses bi-
modal output waveguides to achieve a low-loss flattened spectral response. The device shows
insertion loss as low as 1.2 dB and crosstalk below -20 dB.
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INTRODUCTION

Silicon photonics (SiPh) has become the leading integrated photonics technology [1]. It brings together high
integration density while being compatible with the already established microelectronic CMOS process allowing
low-cost mass production. Datacom is an important application area of SiPh [2]. Wavelength division multiplexing
(WDM) data links are used to achieve high aggregated data rates without increasing the symbol rates, which are
limited by the modulator and demodulator bandwidths. The wavelength (de)multiplexer is a key component in
WDM systems. Various WDM demultiplexing schemes have been proposed for the SiPh platform including ring
resonator filters, lattice-form filters, arrayed waveguide gratings (AWGs) and echelle gratings (EGs) [3]. Flattened
spectral response is highly desired for demultiplexers as it reduces the spectral stability requirements of the laser,
hence reducing the laser cost and avoiding the need for thermal control.

The curved waveguide grating (CWG) demultiplexer was proposed by Hao et al. as a promising alternative to the
conventional architectures [4] and was later demonstrated for the silicon-on-insulator (SOI) platform at the
National Research Council Canada [5], [6]. We recently demonstrated a low-loss CWG demultiplexer that achieves
state-of-the-art performance [7]. In that work, we use the single-beam condition [8] to suppress the off-chip
radiation that causes optical loss [9]. For doing so, we judiciously design the diffractive grating period and the lateral
subwavelength grating (SWG) slab metamaterial to frustrate phase-matching in the silica while allowing it in the
SWG slab. Figure 1 shows a schematic of the proposed CWG demultiplexer comprising: a curved waveguide grating
placed along a circular path, SWG a slab, a free propagation region (FPR) slab and output receiving waveguides
positioned on the so-called Rowland circle. The SWG slab is a periodic structure that synthesizes an artificial
metamaterial with a properly designed effective refractive index [10], [11].
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Fig. 1. Curved waveguide grating demultiplexer schematic (a), detail of the sinusoidal waveguide grating (b) and detail of the
receiving waveguides and tapers (c).
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Here, we present a low loss CWG demultiplexer with a flattened response that uses the first two modes of the
output waveguides to achieve a low loss flattop response [3]. The device efficiently separates 5 channels spaced
10nm within C-band with an insertion loss as low as 1.2 dB and crosstalk better than -20 dB.

FUNDAMENTALS AND DESIGN

The TE polarized light entering the device from the input waveguide is progressively diffracted by the waveguide
grating. The SWG region guides the diffracted light into the FPR. The light propagates through the FPR and is focused
on the Rowland circle where is captured by the receiving apertures of width W, that are tapered to the output
waveguides of width W, (see Fig. 1c). The dispersive nature of the waveguide grating produces the demultiplexing
functionality since the diffraction angle 8 varies with the wavelength as described by the grating equation:

8(2) = asin((npp — 1/A)/ns) (1)

where, ngp is the waveguide grating Floquet-Bloch mode effective index, 4 is the free-space wavelength, A is the
waveguide grating period and ng is the effective index of the FPR slab. To fulfil the single beam condition [8], output
waveguides are placed at an angle 8 = —35° from the grating normal.

The CWG demultiplexer was designed following the same procedure as the Gaussian-shaped device reported in [7].
The grating radius was set to R = 230 um to enforce a channel separation of 10 nm. To limit the grating length to
1/3 rad along the grating circle, the illumination spot at the focal plane was set to a Gaussian with a mode field
radius (MFR) of 0.75 um, which corresponds to the fundamental mode of a 2.15-um width waveguide. For this
illumination, we have evaluated the transmission response as a function of the spectral shift normalized to the 25-
dB bandwidth (shown in Fig. 2) for both the monomodal (grey curve) and bimodal output waveguides cases
(coloured curves). We observe that the response is flattened for the bimodal case as the taper width W, is
increased. We also include, for reference, the response when a mono-mode output is used with a taper width
matched to the illumination (W, = 2.15 pm).
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Fig. 2. Channel response for mono-mode (grey) and bimodal outputs (colour) for various widths of the receiving tapers W,.

Figure a 3 shows the response characteristics as a function of the taper width W,. To measure flatness, we used
the ratio of 25-dB and 1-dB bandwidths, shown in Fig. 3.a. We see that by increasing the taper width W,, the flatness
improves when using bimodal outputs (purple) and stays unaltered for the mono-mode outputs (grey). However,
this also raises the ripple (Fig. 3.b) and loss (Fig. 3c). We use W, = 2.75 um as a compromise value to attain twice
the flatness while incurring a negligible impact on the loss (<0.2 dB) and ripple (<0.2 dB). The output waveguides
width W, was set to 700 nm, ensuring low-loss propagation for the two first TE modes while frustrating higher-
order modes propagation.
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Fig. 3. Response characteristics for a bimodal output CWG (purple) compared with a mono-mode output (grey). a) Flatness, b)
ripple and c) loss when the CWG focuses a 0.75-um-MFR Gaussian illumination at the receiving tapers versus their width W,.
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EXPERIMENTAL VERIFICATION
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Fig. 3. a) Measured spectra for the fabricated CWG demultiplexer with flat-top response. b) Comparison of a selected channel
response with the designed theoretical response shape.

The device was fabricated in a standard SOI platform wafer using electron beam lithography patterning and reactive
ion etching.

The characterization was done by injecting a monochromatic, TE-polarized signal from a tuneable laser and
measuring the signal power at the output waveguides with a photodetector. An on-chip 3dB power splitter was
used at the device input to extract a reference signal to determine the device transmittance (see Fig. 1a). Figure 4
shows the measured transmission spectra for the device. The response shape matches the theoretical flat-top
response as shown in Fig. 4.b. The measured losses range from 1.2 dB to 2 dB and the crosstalk is lower than -20 dB
for all channels.

CONCLUSIONS

We have demonstrated a low-loss flat-top 5-channel curved waveguide grating wavelength demultiplexer for the
SOl platform. The off-chip radiation was virtually supressed by enforcing the single beam condition on the grating
waveguide using metamaterial refractive index engineering while flat-top response was achieved via bi-modal
output waveguides. The experimental device exhibits flattened spectral response while maintaining low loss (1.2-
2 dB) and crosstalk (<-20 dB).
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