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Abstract: We demonstrate optical temporal solitons using topological Su-Schrieffer-Heeger
waveguides implemented on ultra-silicon-rich nitride with high Kerr nonlinearity and negligible
nonlinear loss at a wavelength of 1550nm, achieving 2x temporal compression of 0.97ps pulses. ©

2025 The Author(s)

1. Introduction

Topological solitons, first observed in the Su-Schrieffer-Heeger (SSH) system, represented a major advance in
condensed matter physics, comparable to the discovery of anomalous Hall conductance in periodic systems [1].
Topological waveguides in photonics exploit zero modes formed at interfaces between different topological
domains in dimerized lattices. The 1D SSH model features two sites per unit cell, with topology determined by the
relative strength of intracell (v) and intercell (w) coupling. The interface between regions of differing topological
properties creates a domain wall, generating a topological mode whose peak aligns with the boundary [2].

Ultra-silicon-rich nitride (USRN), a CMOS-compatible platform with high Kerr nonlinearity (n, = 2.8x1073
cm?W) and negligible nonlinear loss near 1550 nm [3,4], has enabled various soliton phenomena. Recently, we
demonstrated efficient optical parametric amplification using strong light confinement in a USRN topological
waveguide based on the SSH model with a domain wall [2], revealing that the Kerr effect could induce topological
mode delocalization.

In this work, we investigate optical temporal solitons in USRN topological waveguides, focusing on the boundary
waveguide where light confinement is strongest. We demonstrate 2x temporal compression at an input peak power
of 45.3W. The boundary waveguide exhibits output power saturation for input pulses of < lps, consistent with
previous findings. To explain the temporal soliton behaviour, we employed nonlinear Schrodinger equation
simulations, incorporating a reduced power factor in a single waveguide, yielding theoretical compression factors
that agree well with experimental results [5].

2. Results and discussion

We designed a USRN-based topological photonic waveguide based on the SSH model with a domain wall as
shown in Fig. 1 (a). The device comprises 199 waveguides, providing an adequate transverse dimension to ensure
for the localized boundary mode that spans 9 waveguides. Each waveguide has a width and height of 600nm and
340nm respectively, with G,, = 0.15um and G, = 0.25um, optimized for strong localization with a coupling ratio
viw=0.17 [2].

Optical pulses of 0.93 ps were employed to investigate the temporal soliton, allowing power-based control of the
topological mode. The device's output average power is measured relative to the input coupled average power as
shown in Fig. 1(b). Due to the SSH structure's constant propagation loss throughout the transmission, the reduced
power factor (n(Pin)) shows a decrease with increasing input power as illustrated in Fig. 1(c). The measured output
power agrees well with theoretical predictions (blue line in Fig.1(b)), showing the power-dependent nature of #.

To analyze optical pulse propagation in SSH-distributed spatial coupled waveguides, we employ the nonlinear
Schrodinger equation (NLSE) in a single waveguide for numerical analysis. When light enters through the central
waveguide, it can excite both the dominant topological boundary mode and bulk modes, with the nonlinear Kerr
effect modifying the topological boundary mode by increasing the localized effective index, leading to a reduction
in its amplitude at the boundary waveguide. In our NLSE simulations, we apply the modified input peak power
term to Pin*#(Pin) based on Fig. 1(c) to study temporal pulse propagation at the boundary waveguide.

Figure 2(a) displays experimental output temporal traces obtained by applying a deconvolution factor of 1.54 (for
sech? pulse) to autocorrelation traces. While exact comparisons between experimental and theoretical temporal
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Fig. 1. (a) Schematic representation of the topological waveguide with a domain wall (where light enters and exits through the central
(boundary) waveguide). (b) Experimental output power as a function of input coupled average power (empty circle), with theoretical
calculations based on the NLSE shown in blue line. (c) Reduced power factor () as a function of input coupled peak power.
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Fig. 2. (a) Experimental and (b) theoretical output temporal traces are shown as a function of input peak power. The experimental traces are
derived by applying deconvolution factors to autocorrelation traces to enable pulse width comparison between theory and experiment. Input
pulse is shown as a black dashed line in Fig. 2(a). (¢) Comparison of experimental pulse FWHM (black triangles) with theoretical predictions
(red line) as a function of input peak powers (d) The compression factor (F.) that is experimentally measured (black circles) and the
corresponding theoretical predictions (blue line) as input peak power varies.

traces aren't possible, we can compare their pulse widths. Figure 2(b) shows the theoretical temporal traces derived
from the NLSE. Based on Fig. 2 (a) and (b), theoretical and experimental pulse full width half maximum (FWHM)
are compared as shown in Fig. 2(c). The theoretical and experimental pulse widths agree well with each other. For
an input peak power of 45.3 W, a minimum pulse width of 0.47 ps is achieved, representing a compression factor
of 1.98, as demonstrated in Fig. 2(d). This agreement confirms that NLSE incorporating the reduced power factor
can explain well the temporal soliton behavior in an SSH boundary waveguide.
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