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This document provides supplementary information to “Guiding light in bent waveguide superlattices with 
low crosstalk,” https://doi.org/10.1364/OPTICA.6.000585. 

1. MICROFABRICATIONThe WGSL bend is coupled by straight WGSLs at both its input and output ends and is spread out to be attached to grating couplers for input/output coupling. They are fabricated on a SOI wafer with a 2 μm buried oxide. We pattern our structures with a hydrogen-silsesquioxane (HSQ) negative e-beam resist exposed by a JEOL JBX-6300FS high-resolution e-beam lithography system. Pattern transfer to the silicon layer is done via an Oxford Plasmalab 100 ICP etcher using an HBr-Cl2 plasma etching recipe. A final cladding with silicon dioxide is done with a Trion Orion III PECVD. 
2. MEASUREMENTMeasurement of waveguide transmission is done by coupling TE-polarized light from an HP 8168F tunable laser via a single-mode polarization maintaining fiber array into the on-chip grating couplers. The output grating couplers couple light into another array comprising single-mode fibers. Each waveguide channel power is measured over a wavelength range of 1500 nm to 1580 nm by using an HP 8153 photo-detector at the fiber array output. The transmission spectra T(m,n) of each channel are normalized to the spectrum of a reference waveguide. The insertion loss per 90-degree bend at 1550 nm is < 0.5 dB. Note that sidewall roughness is known to induce scattering loss in actual waveguides. In a high-density waveguide superlattice, the waveguide mode tail may reach the sidewall of neighboring waveguides, whose roughness may produce extra scattering loss (in addition to the scattering loss from the original waveguide’s sidewall). However, in a well-designed WGSL, coupling to other waveguides is very small. Hence the mode energy density on the sidewall of other waveguides is 

very small (typically ~100 times smaller than the mode energy density on the sidewall of the original waveguide). Therefore, the scattering loss due to roughness of extra sidewalls is usually ~100 times smaller than the scattering loss due to the original waveguide. 
3. FABRICATION VARIATIONThe maximum crosstalk in a WGSL bend could vary due to fabrication variations. Generally, two types of variations could occur in fabrication. First, the widths of all waveguides will be biased by a similar amount (due to various factors in processes such as lithography and etching), which is typically on the order of 10 nm [1]. The heights of all waveguides may also vary by a similar amount (also on the order of 10 nm) because the global thickness deviation of the silicon layer of the SOI wafer from its nominal thickness. As all widths/heights are changed by a similar amount, the phase mismatches between waveguides are roughly unchanged from their nominal values, so the impact on crosstalk is relatively small. In Supplementary Fig. S5, we provide simulated changes in crosstalk with ±10 nm of width and ±10 nm of height variations for the two WGSL bend designs in manuscript Figs. 3(b)-(c). For the optimized ∆w = 25 nm design, the maximum crosstalk of the WGSLs show small variation (~1 dB) from their nominal design values, whereas the variation is somewhat larger (up to 2 dB) for the ∆w = 30 nm design. In addition to these simultaneous variations of all waveguide widths and heights by a relatively large amount (~10 nm), there may be small independent variation (1 to 2 nm) of   the width and height of each individual waveguide due to small local variation in fabrication processes (e.g. small local non-uniformity in the etching process). 
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Such variation changes the phase-mismatch by a very small amount. Except in the case of near-zero phase-mismatch due to bend-induced phase skew for the ∆w = 30 nm in manuscript Figs. 3(b) and 4(c), such small individual variation generally does not produce large variation of the maximum crosstalk of a WGSL. In Supplementary Fig. S6(a), simulations show that 2 nm width/thickness variation of channel 3 for the ∆w = 30 nm WGSL simulated in manuscript Fig. 3(b) could increase its maximum crosstalk by up to 4 dB. In contrast, Supplementary Fig. S6(b) shows that small width/height variation of channel 3 for the ∆w = 25 nm WGSL in manuscript Fig. 3(c) produces small variation of its maximum crosstalk (~1 dB increase in the worst case). Since channel 3 does not have the worst (highest) crosstalk for the ∆w = 25 nm WGSL, we also show simulation results in Supplementary Fig. S6(c) for the width/height variation of channel 10, which has the worst crosstalk for this WGSL. The maximum crosstalk of the WGSL still shows small increases (~1 dB in the worst case of variation). Individual width/height variation of other channels will not affect the maximum crosstalk as much as channel 10. Generally, the waveguide pitch can be very accurately defined by lithography and are almost not altered in other fabrication processes, In case that some fabrication platforms might have a small pitch error around 2nm (<0.3%) due to insufficient mask resolution, simulations for the ∆w = 30 nm and ∆w = 25 nm WGSLs show that the crosstalk variation is very small (<0.1 dB increase).   
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Fig. S1. Simulated results for inter-waveguide pitch 0.78 μm at Rmin = 15 μm for (a) ∆w = 30 nm and (b) ∆w = 25 nm, showing maximum relativecrosstalk for all 11 channels and their 1st and 2nd nearest neighbors with gray plane marking -20 dB. 

Fig. S2. Experimental results for inter-waveguide pitch 0.78 μm at Rmin = 15 μm for (a) ∆w = 30 nm and (b) ∆w = 25 nm, showing maximum relativecrosstalk for all 11 channels and their 1st and 2nd nearest neighbors with gray plane marking -20 dB. 
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Fig. S3. Experimental results for inter-waveguide pitch 1.0 μm at Rmin = 10 μm when ∆w = 30 nm. (a) statistics over channel number m for all directchannels and their 1st and 2nd nearest neighbors representing the average for each wavelength and standard deviation as the shaded regions, (b)maximum relative crosstalk for all 11 channels and their 1st and 2nd nearest neighbors with gray plane marking -20 dB. 

Fig. S4. Experimental results for inter-waveguide pitch 1.0 μm at Rmin = 5 μm when ∆w = 30 nm. (a) statistics over channel number m for all directchannels and their 1st and 2nd nearest neighbors representing the average for each wavelength and standard deviation as the shaded regions, (b)maximum relative crosstalk for all 11 channels and their 1st and 2nd nearest neighbors with gray plane marking -20 dB. 

Fig. S5. Simulated crosstalk variation for inter-waveguide pitch 0.78 μm at Rmin = 15 μm with a global variation (bias) of ±10 nm in height and/or width for (a) ∆w = 30 nm and (b) ∆w = 25 nm, with the latter design exhibiting less crosstalk variation.  

Fig. S6. Simulated crosstalk variation for inter-waveguide pitch 0.78 μm at Rmin = 15 μm with an individual variation (bias) of ±2 nm in height and/or width for (a) ∆w = 30 nm with only waveguide channel 3 varying, (b) ∆w = 25 nm with only waveguide channel 3 varying, and (c) ∆w = 25 nm with only waveguide channel 10 varying. 
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