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Abstract. All-optical wavelength converters and frequency synthesizers represent essential components for

the development of advanced and reconfigurable optical communications systems. In this respect, the

exploitation of intermodal nonlinear processes in integrated multimode waveguides has received significant

attention in recent years for all-optical processing applications. Here, we discuss our recent results on the
realization of fully-integrated and broadband wavelength converters utilizing the Bragg scattering intermodal

four-wave mixing nonlinear process in a silicon-rich silicon nitride platform.

1 Introduction

The realization of efficient and broadband all-optical
wavelength converters is crucial for optical wavelength
routing applications in advanced telecommunication
systems based on wavelength division multiplexing
(WDM). They can be used to address resource contention
and optimize the use of optical bandwidth, thus opening
the possibility to exploit spectral bands outside the
conventional C-band (1530 - 1565 nm) which are
currently underutilized, for example the adjacent L- (1565
- 1625 nm) and U-bands (1625- 1675 nm). In this respect,
the use of intermodal four-wave mixing (IM FWM)
nonlinear processes in integrated multimode waveguides
offers significant advantages compared to intramodal
FWM, thanks to the increased flexibility in dispersion
engineering given by the use of different spatial modes of
the same waveguide. In general, thanks to the greater
flexibility in waveguide design, integrated multimode
photonics attracted considerable interest not only for the
demonstration of broadband wavelength converters [1],
but also for other nonlinear applications such as the
generation of photon pairs for quantum applications [2]
and the realization of different linear devices for
broadband on-chip mode manipulation such as mode
converters and power splitters [3].

*
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Here, we discuss our recent results regarding the
realization of broadband fully-integrated wavelength
converters utilizing the Bragg scattering (BS) IM FWM
process in a silicon-rich silicon nitride (SRSN) platform

[4].

2 Experimental results

In our study, we used the BS IM FWM nonlinear process
between two pumps (P; and P,) propagating in the TEgo
mode and a signal (S) propagating in the TE o mode of a
multimode waveguide, as schematically shown in Fig. 1
(a). This configuration allows generating two idler
components in the TE o mode: Igs, (red BS idler at longer
wavelengths) and Igsp (blue BS idler at shorter
wavelengths). In our particular implementation, the
multimode waveguide was engineered to satisfy the phase
matching condition and, thus, to enhance the conversion
process for the Igs, idler. This was realized by tailoring
the properties of the involved optical spatial modes such
that the inverse group velocity (IGV) of the TE o mode is
a shifted copy (in the frequency domain) of the IGV of the
TEoo mode and by properly setting the wavelengths of the
two pumps and signal [1]. In most of the demonstrations
reported in the literature, only the IM FWM process is
implemented on chip using an integrated multimode

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/).



EPJ Web of Conferences 309, 01002 (2024)
EOSAM 2024

https://doi.org/10.1051/epjcont/202430901002

-38 -
® Signal 1605 nm O |dler 1638 nm

(a) \ (b) 5.3 jum 5.7 yum 6.1 um| (c) @ Signal 1610 nm O Idler 1643 nm
|GV 40 Signal 1615 nm £ Idler 1648 nm

— 27 o

- N

2 0 3 S

\ | \ © Q EAR
- o) NS
P2 BS,r 44 8 4 Y .
- o]
&1 [ 2 ' ‘
1600 1650 1700

6 8 10 12 14 16
OSNR [dB]

Fig. 1: (a) Scheme of the pump-signal-idler configuration utilized in the BS IM FWM nonlinear experiments with the
corresponding optical modes involved in the process; (b) CE versus the generated Ass, measured for three different waveguide
widths (Ap1 = 1540 nm, As equal to 1600, 1610 and 1620 nm for a multimode waveguide width of 6.1, 5.7 and 5.3 pm, respectively,
Ap2 varied from 1542 to 1616 nm, the waveguide thickness is equal to 310 nm in all cases); (c) experimentally measured BER

TEqo TEqp Agg,r (MM

versus OSNR (Ap1 = 1540 nm, Ap2 = 1570 nm, waveguide dimension: 5.7 pm x 310 nm).

waveguide, while mode conversion and manipulation are
typically performed off-chip using bulky components.
However, this typically limits the operational bandwidth
and results in greater losses. Recently, we demonstrated a
compact all-optical wavelength converter utilizing the BS
IM FWM nonlinear process in a SRSN platform (with a
310 nm waveguide thickness) which integrates all the
functionalities required to realize mode conversion,
manipulation and wavelength conversion on-chip [1].
Power coupling in and out of the device was performed
by edge coupling using two arrays of single-mode optical
fibers. The input and output facets of the chip were
prepared by high-precision mechanical dicing, as reported
in [5]. In the following, we discuss our most recent results
obtained utilizing this fully-integrated device and
considering different widths of the nonlinear waveguide.
In this measurement campaign, the wavelengths of the
first pump Py (Ap1) and signal S (As) were set to the values
giving the best phase-matching condition, according to
numerical simulations, while the wavelength of the
second pump P> (Ap2) was varied to measure the
conversion bandwidth. Specifically, Ap; was set to 1540
nm, As was set equal to 1600, 1610 and 1620 nm for a
waveguide width of 6.1, 5.7 and 5.3 pum, respectively,
while Ap; was tuned from 1542 to 1616 nm. The resulting
conversion efficiency (CE) versus the generated red BS
idler wavelength (Ags,) is reported in Fig. 1 (b) for the
three considered waveguide widths. A large conversion
bandwidth was experimentally measured, with 3dB
bandwidths greater than 60 nm in all the three cases. The
integrated device (considering the nonlinear multimode
waveguide with dimensions 5.7 pum x 310 nm) was then
used to convert modulated L-band signals in the range
1605 - 1615 nm to the U-band in the range 1638 - 1648
nm by setting the wavelengths of the two pumps P; and P,
equal to 1540 and 1570 nm, respectively. 50-Gbps single-
polarization quadrature phase shift keying (QPSK) optical
signals were generated by modulating a tunable, L-band
continuous-wave laser with an 1Q modulator to carry a
25-1 pseudo-random bit sequence (PRBS). Fig. 1 (c)
shows the bit error rate (BER) curves versus the optical
signal-to-noise ratio (OSNR) for the measured back-to-
back (B2B) L-band signals and the converted U-band

generated idlers. As can be seen, the U-band idlers were
successfully received with a sensitivity penalty in the
range =~ 2 - 2.5 dB at a BER value of 1 x 107 for the three
considered signal wavelengths.

3 Conclusions

The use of IM FWM in nonlinear multimode waveguides
represents a promising technique to realize broadband
wavelength converters in telecommunication spectral
bands thanks to the flexibility in dispersion engineering
granted by the utilization of different spatial modes. Here,
we presented the experimental characterization of an
integrated and broadband SRSN wavelength converter
utilizing the BS IM FWM nonlinear process with on-chip
mode conversion and manipulation. Nonlinear multimode
waveguides with different widths were characterized,
showing the possibility to tune the spectral position of the
phase-matched signal wavelength, and 3dB conversion
bandwidths greater than 60 nm were measured for all the
considered dimensions. Finally, the integrated system was
employed to perform L- to U-band wavelength
conversion of 50-Gbps QPSK optical signals.
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