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Abstract

We report on the development of Silicon-On-Insulator
(SOI) nanophotonic devices designed by shape optimiza-
tion. Wavelength duplexer is used as a test case to investi-
gate the manufacturability of non-intuitive designs on
200 mm pilot lines. A dedicated fabrication process is
used to realize non-Manhattan shapes with a high aspect
ratio on SOI. A rather stable and reproducible transmis-
sion is found for 6 over 9 dies experimentally measured.

1. Introduction

Shape optimization of nanophotonics devices, also known
as inverse design, has received a large attention since the first
numerical demonstrations [1, 2]. Such type of design proce-
dure differs from the parametric optimization tools for which
quantifiable dimensions are used [3], although genetic algo-
rithm can also be combined with inverse design when the do-
main is abruptly discretized [4]. Experimental demonstrations
of those non-intuitive-shaped devices opens wide prospects
for the realization of high density photonics circuits [4,5,6],
which must be addressed in the future for chip to chip and
intra chip communications, for datacenter and high perfor-
mance computing application [7]. Nevertheless, the manufac-
turability of shape optimized designs on large scale tools re-
mains an important point to be investigated [8, 9].

In this contribution, we show the numerical and experi-
mental developments of shape optimized devices based on
Hadamard’s shape derivative [9], an optimization scheme
well established in mechanical engineering. The fabrication
is, to the best of our knowledge, realized for the first time onto
200mm wafers using CMOS pilot lines. Preliminary optical
characterizations of wavelength divider are shown.

2. Nanophotonic shape optimization

A large number of nanophotonics passive devices based
obtained by inverse designed were already proposed in the
literature, (mode converter [1, 9], polarization splitters or ro-
tators [4, 10], grating couplers [1], wavelength multiplexers
[1,6,9]...). Each component can be of interest depending on
the application, even though wavelength dividers appears
more didactic since the figure of merit relies not only on the
power penalty but also on the spectral behavior [1]. We show
in the following an example of wavelength duplexers de-

signed for LETT’s 200mm platform [11]. The homegrown it-
erative optimization algorithm, solves Maxwell’s equations
injecting the fundamental TE at the input port using either fi-
nite element method (FEM) or finite difference time domain
(FDTD) commercial software’s linked to a MATLAB script
in a loop [9]. The computational domain is discretized using
a 3.6 um x 3.6 pum x 2 um wide grid regularly spaced with a
mesh of 25 nm in each direction and surrounded by perfectly
matched layers. Monitoring the output ports electric field
overlap with their respective fundamental modes provides an
objective value to be optimized.
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Fig. 1 Schematic 3D view of the optimized compact duplexer and
corresponding transmission spectra.

Fig. 1 depicts the optimized duplexer layout and transmission
spectra for both outputs, targeting a splitting between O-band
and C-band. The sensitivity of conventional photonic devices
to manufacturing defects can be usually estimated by taking
into account known process variations such as widths varia-
tions or etching depth changes. But in the case of non-intui-
tive shapes, it is not straightforward to make a link with a per-
formance change when the optical field propagates on a ran-
dom-like structure. In other words, one cannot anticipate how
removing or filling any hole of the shape will impact the
transmission. Furthermore, the distribution of materials and
extremely local aspect ratios makes certainly the process var-
iations unequally distributed. In order to approach roughly the
influence of each local element of the shape, one can take a
look at the electric filed map norm shown in the Fig. 2 (a) and
(b), for O-band and C-band outputs respectively. Since the
Hadamard’s derivative procedure relies on a local change of
shape, one can plot the sensitivity of the domain to a certain
change. In the Figs. 2(c)-(d), we calculate the penalty to the
O-band and C-band transmission to a 25nm dilatation on the
entire structure. This plot highlight a very sensitive region on
the bottom left part of the device where changes up to 4% on
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the transmission can be obtained for a 25nm local dilatation.
The most important feature to be noted is the reciprocal
changes between the two outputs. When one objective is
changes positively by the dilatation, the opposite output is im-
pacted negatively, confirming that the optimization had con-
verged.
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Fig. 2 FDTD Slice of the electric field norm at z= 0 at (a) 1.31pm
and (b) 1.55um; (c), (d) corresponding colormap objective sensitiv-
ity plot for changes >0.8%.

3. Fabrication and tests in 200mm SOI substrates

The fabrication process starts using 310nm-thick 200mm
SOI wafer with a buried oxide layer of 1pm. After a first level
of patterning for the fiber grating couplers, a specific triple
layer of resist and hard mask was deposited, consisting on
40nm of a negative tone resist from TOK (OEBR-CANO038)
relying on 30 nm of silicon antireflective coating (SiARC)
ISX412 and 130nm of Spin on Carbon (SOC) HM8102. An
electron-beam lithography equipment available on the
200mm pilot line (VISTEC variable-shape VB6B) was used
to pattern small feature size elements down to 18 nm (lines)
on the resist. HBr-based reactive-ion etching was used to
transfer the waveguides and shapes on the SOI. The ultra-
compact wavelength duplexer device descripted above can be
seen in Fig. 3 after the lithography (upper left) and after the
etching (bottom left). The devices were subsequently tested
onto semi-automated fiber to fiber probing stations.
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Fig. 3 SEM images after lithography and etching of the shape opti-
mized duplexer and transmission spectra obtained across 6 dies
(shown in green on the inset).

The spectrum on 6 over 9 dies of the same wavelength du-
plexer is plotted in the Fig. 3. While the wavelength scanning
was limited by the grating couplers bandwidth on this first
wafer, one can see a good reproducibility of the transmission
with about -3.5dB and -4dB average insertion losses in the C-
and O-band respectively. The 3 others dies tested (not shown
here) exhibit different spectral behavior, yet to be investi-
gated by scanning electron microscope (SEM) imaging.

4. Conclusions

In summary, the design, fabrication, and test of shape op-
timized nanophotonic duplexer was investigated. The calcu-
lation reveals the very local sensitivity to shape dilatation,
while the experimental measurements shows a rather good re-
producibility on 6/9 of the dies in 200mm. Investigation must
be pursued on other devices, on robustness optimization, and
on DUV immersion lithography.
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