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Supporting information: device contouring,
design-area comparison, and fabrication images
for inverse-designed wavelength demultiplexers

1. Details of converting inverse-design permittivity-distribution outputs to GDSII
device layouts

1.1. Conversion process for layout generation

In topological inverse design, the output of an optimization tool is a permittivity distribution that
represents the placement of core and cladding materials in the design region. This distribution
is typically presented as a binary matrix with each entry corresponding to a cell in the FDTD
simulation mesh. For fabrication, this matrix must be converted to a device layout, typically using
the industry-standard GDSII format which represents structures as a set of polygons with defined
vertices. We found that the implementation of this conversion process can significantly affect the
performance of topology-optimized devices that are sensitive to small layout variations. Despite
its importance, this conversion has not been thoroughly examined in the literature. Here, we
discuss conversion methods and compare two such methods (Fig. S1) using our inverse-designed
demultiplexer.

In our 3D FDTD optimization process using Ansys Lumerical and Lumopt, we used a 20 nm
mesh size to balance accuracy and computational load. It is common practice to then directly
convert this matrix to polygons by contouring, creating a smoothed shape; this contouring can be
done in Ansys Lumerical using an integrated contour generator. However, we discovered this
simple procedure led to large deviations in device performance because the integrated contour
generator allows deviations of up to the mesh size from the shape defined by the matrix. These
variations are particularly noticeable when simulating a contoured device, as conversion from
a device layout back to a set of FDTD mesh regions does not result in the same permittivity
distribution as in the matrix originally defining the device during the optimization. The results of
a simulation of a contoured device thus depend on many factors that can affect the conversion to
a set of mesh regions, including the meshing algorithm and the exact alignment of the mesh to
the device layout.

To overcome this shortcoming, we developed and examined two conversion processes; Fig. S1
shows an example result of these processes along with that of the default (20 nm) conversion.
The first is Manhattan-based pixel tracing that directly converts the values in the permittivity
matrix to 20 nm square pixels without edge smoothing. This allows the layout to closely
match the permittivity matrix defining the optimized device (as the conversion from the matrix
to a layout and back can then be lossless, even without meshing algorithms using sub-pixel
smoothing, with proper alignment of the mesh), where the square pixels align with the cells in
the FDTD simulations used to optimize the device. The second method is a more precise form
of contour tracing, which smooths the edges of the generated structure while controlling the
contouring resolution. This control is achieved by changing the mesh size of the design region
after optimization but before contouring. By forcing a mesh recalculation at a different mesh size,
the permittivity matrix corresponding to the device is interpolated accordingly. The mesh size
effectively provides the upper bound to the deviation of the generated contoured layout from the
pixel matrix. This allows more control over the resolution at which the contouring conversion
tool operates. When the pixel size is smaller than the optimization mesh (here, 20 nm), the layout
exhibits visible pixels with rounded corners, allowing it to be closer to the shape defined by the
matrix at the cost of rougher edges with smaller details (though the edges are smoother than in
the Manhattan-based tracing). This contrasts with layouts where the pixel size equals the mesh
size, where the pixels are no longer visible, resulting in smoother edges that deviate more from
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Fig. S1. Comparison of conversion outputs from a permittivity matrix to a device
layout using different conversion methods.

the shape defined by the matrix.

For our experimental work, we compare pixel tracing and contour tracing with a 10 nm
contouring resolution to balance edge smoothing with conversion accuracy. We found through
simulation of the contoured layouts that this resolution provided higher accuracy than the 20 nm
default, while still allowing for corner rounding leading to easier fabrication of device edges.
Since contouring with 20 nm resolution did not produce good simulation results, this option was
not pursued experimentally. We use both tracing methods to generate layouts of the same design
and then applied our correction techniques (PreFab-based correction, uniform dilation, and no
correction) separately to each layout. All variations were then fabricated on the same die, with
three copies of each variation fabricated to measure consistency. Because the contour conversion
method is most commonly used in topological inverse design, the main manuscript focuses on
the performance of contour-traced devices with a 10 nm mesh size rather than those converted
with pixel tracing.

1.2. Performance of converted devices

Here, we compare the optical performance of the devices with layouts generated using the pixel
and contour tracing (with 10 nm resolution) methods, as described above. We first examine
devices fabricated using uncorrected layouts. As shown in Fig. S2, both versions exhibit a large
blue shift in the channel-center wavelength. The pixel-traced device shows a smaller blue shift
(11.1 nm compared to 23.1 nm in the contoured device) and an insertion loss of 1.8 dB (compared
to 3.7 dB) at the center of the lowest-performing channel. However, this reduced insertion loss
at the channel center is countered by a higher variation in measured transmission within and
between the output channels, as shown in Fig. S2.

When the layouts are corrected using a uniform dilation of 4 nm, Fig. S3 shows that the
pixel-traced device experiences a red shift of 14.3 nm. This is larger than the 0.5 nm observed
in the contoured device (0.5 nm), indicating that the uniform dilation adds more silicon in the
pixel-traced method. Nonetheless, the pixel-traced device has a smaller insertion loss than the
contoured device (2.1 dB versus 3.9 dB).

Once corrected using the PreFab corrector model, the pixel-traced device exhibits a measured
red shift of 7.5 nm and an insertion loss of 1.3 dB at the center of the worst-performing channel.
This marks an improvement over the uncorrected pixel-traced device, particularly in restoring
the passband shape. The contour-traced device shows performance more closely matching
the simulated predictions, as detailed in the main text. The PreFab models operate on device
geometries with 1 nm resolution throughout, thereby maintaining high geometric fidelity. These
results demonstrate the applicability of PreFab correction for both pixel- and contour-traced
devices, although the PreFab corrector more effectively restores performance in the contour-
traced case. Specifically, the corrected pixel-traced device has a larger wavelength shift than its
contour-traced counterpart (7.5 nm compared to 3.8 nm), along with slightly lower channel-center
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Fig. S2. Measured transmission spectra of the three copies of the uncorrected
demultiplexer fabricated with the layout converted using pixel tracing, compared to the
spectrum as a gray line corresponding to (a) the as-optimized (nominal) simulation and
(b) a copy of the contour-traced uncorrected device (b).
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Fig. S3. Transmission spectra of the uniformly dilated, fabricated demultiplexer
converted using pixel tracing, compared to the spectrum (gray line) corresponding to
(a) the nominal simulation and (b) a fabricated copy of the contour-traced uniformly
dilated device.

crosstalk suppression and narrower channels (Fig. S4). This reduction in performance may
be attributed to the rougher device edges, as this increases the number of sharp corners that
are difficult to correct reliably. This limitation is further compounded by the lack of similar
geometrical features in the training dataset for the PreFab models. From these findings, we
conclude that the contour-traced method with a 10 nm mesh strikes a good balance between
geometry smoothness and similarity of the result to the topological pixel-based design. Detailed
results supporting this conclusion are presented in the main manuscript.
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Fig. S4. Transmission spectra of the PreFab-corrected, fabricated demultiplexer
converted using pixel tracing, compared to the spectrum (grey line) corresponding to (a)
the nominal simulation and (b) a fabricated copy of the contour-traced PreFab-corrected
device.

2. Design-area comparisons: simulated performance of a larger two-channel
wavelength demultiplexer

To illustrate the potential effects of the device design area on transmission performance, we show
an optimized device with a design area of 6 x 10 ym?, four times that of the 3 x 5 pm? device
designed and fabricated in the main text. While this larger device still has two output channels and
20-nm channel spacing, we optimized the device with channel centers at 1531 nm and 1551 nm to
match the ITU CWDM standard (G.694.2), with the out-of-band minimization regions similarly
shifted by 9 nm. Similarly, we maintained a maximization band around each channel center,
but with a new out-of-band minimization term 5 nm from each channel edge to prevent the
channel bandwidths from greatly exceeding 10 nm. We demonstrate the possibility of tuning the
width of the maximization band by keeping the 10-nm band for channel 1 (between 1526 nm and
1536 nm) but tuning it for channel 2: because both the simulated and PreFab-corrected fabricated
device showed a red shift for this channel and a 1-dB bandwidth wider than 10 nm, we reduced
and shifted the maximization band by removing the optimization term at 1556 nm, reducing the
wavelength range to 7.5 nm (between 1546 nm and 1553.5 nm). This allows us to observe the
effects of the maximization-band width on the final channel bandwidth.

The resulting device, shown in Fig. S5, was optimized over about 58 hours using Lumopt
and Ansys Lumerical FDTD. Unlike for the 3 X 5 pm2 device, 2D FDTD simulations were used
during the optimization process to increase simulation speed with a slight decrease in accuracy,
acceptable as this larger device was designed as a demonstration-of-concept and not fabricated.
The resulting simulated transmission spectrum of this device, shown in Fig. S6, shows higher
performance: insertion loss is reduced to 0.21/0.41 dB for channels 1/2 respectively, crosstalk is
reduced to 24.7/29.2 dB, and 1-dB bandwidths of 14.1/10.3 nm (centered at 1531/1549 nm) are
closer to the 10-nm width of the maximization band. This shows the trade-off between device
size and performance, with potential for future work to explore the application of corrector and
predictor models to fabricated devices of different sizes to explore the models’ application across
a wide variety of device sizes and performance levels.



Fig. S5. Layout of the optimized device design with a 6 x 10 pm? footprint.
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Fig. S6. Transmission spectrum of the 6 x 10 pm? device, with channel centers targeted
at 1531 and 1551 nm, respectively, in compliance with the ITU grid. The light cyan
areas show the channel-maximization band of 10 nm for channel 1 and 7.5 nm for
channel 2, demonstrating the effect of this optimization parameter in shaping the device
1-dB passband. The light green regions show the out-of-band suppression wavelengths.

3. Full SEM images of fabricated devices

The full, unannotated SEM images of the fabricated devices are shown in Fig. S7 (uncorrected),
Fig. S8 (uniform offset), and Fig. S9. All images are at a size of 3.009 nm per pixel; the
full region in the image is 6.16 x 4.62 ym?. While the images are very similar, they can be
distinguished by the size of certain features like the small feature in the top right of the design
area.



