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Abstract: We report here a broadband Si-rich silicon nitride wavelength converter based
on intermodal four-wave mixing with on-chip mode multiplexing and de-multiplexing func-
tionalities. L- to U-band wavelength conversion of 40-Gbps QPSK optical signals is demon-
strated. © 2024 The Author(s)

1. Introduction

The rapid expansion of global internet traffic has generated a significant demand for advanced optical fiber commu-
nication systems characterized by high capacity and flexibility. In the last decade, huge efforts have been devoted
to exploiting spectral bands outside the conventional C-band (1530 - 1565 nm) [1]. A promising route to increase
the capacity of current networks is represented by the use of the adjacent L- (1565 - 1625 nm) and U-bands (1625
- 1675 nm). In these systems, the ability to manipulate optical wavelengths is critical for enhancing the systems’
flexibility. Optical devices relying on third-order nonlinearities could be employed to manipulate wavelength com-
ponents using well-studied nonlinear processes, such as those based on four-wave mixing (FWM). In this regard,
most of the reported demonstrations have exploited intramodal FWM processes, i.e. where all the waves are in the
same optical spatial mode of the waveguide. In recent years, the use of intermodal FWM (IM-FWM) processes has
attracted significant interest in all-optical processing [2]. Indeed, the use of distinct modes of the same waveguide
gives more flexibility in the waveguide dispersion engineering and opens new avenues in the design of wavelength
converters operating over a broad wavelength range across multiple spectral bands. In this work, we demonstrate
a Si-rich silicon nitride (SRSN) wavelength converter based on Bragg scattering (BS)-IM-FWM and we employ
the proposed system for L- to U-band wavelength conversion of 40-Gbps QPSK optical signals.

2. Device configuration and experimental results

The system was designed to perform BS-IM-FWM between two pumps (P1 and P2) placed in the T E00 mode
of a multimode SRSN waveguide (refractive index of 2.41 at 1550 nm) and a signal placed in the T E10 mode,
allowing the generation of two idlers (a red BS idler at longer wavelengths, IBS,r, and a blue BS idler at shorter
wavelengths, IBS,b) in the T E10 mode. The layout of the device is shown in Fig. 1 (a). Two pumps were coupled
into port 1 of the device while the signal was coupled into port 2 by using a two-fiber array (FA) consisting of
two polarization-maintaining (PM) lensed optical fibers. A mode-multiplexer (MUX), consisting of a multimode
interference (MMI) coupler, a 90◦ phase shifter (PS), and a Y-junction, allowed converting the signal into the
T E10 mode of the multimode waveguide while keeping the two pumps in the T E00 mode, following the design
in [2]. The idlers were then generated through BS-IM-FWM in the multimode waveguide, converted into the T E00
mode by the mode-demultiplexer (DEMUX), and sent to port 4. An output FA was finally employed to collect
all the waves from the device. The multimode waveguide was designed to achieve phase matching between P1
placed at 1540 nm and the signal S at 1610 nm. Fig. 2 (b) shows the measured conversion efficiency (CE) for IBS,r
as a function of the signal wavelength λS with P2 placed at 1570 nm. As can be seen, the device allows flexible
positioning of the signal wavelength around the nominal value of 1610 nm, with a 3dB bandwidth of ≈ 26 nm.
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Fig. 1. (a) Layout of the BS-IM-FWM-based wavelength converter; (b) CE as a function of the signal
wavelength for IBS,r with P1 and P2 wavelengths fixed at 1540 and 1570 nm, respectively.

This device was used to convert modulated L-band signals in the range 1605-1615 nm to the U-band in the
range 1638-1648 nm. The setup that was used is shown in Fig. 2 (a). A 40-Gbps single polarization quadrature
phase-shift keying (QPSK) signal was generated by modulating a tunable, L-band CW laser with an IQ modulator
to carry a 215-1 pseudo-random bit sequence (PRBS). The signal was then amplified by an L-band Erbium-doped
fiber amplifier (EDFA) and coupled into port 2 of the device. The converted U-band idler and the residual signal
were then collected at port 4 of the device and sent to the receiver, which consisted of a variable optical attenuator
(VOA), a custom-built counter-pumped U-band Raman amplifier (based on the design reported in [3]) to amplify
the U-band idler, an optical band-pass filter (OBPF) consisting of a tunable thin-film filter with 0.6 nm 3dB
bandwidth and finally an intradyne coherent detector (RX). The VOA was used to control the optical signal-to-
noise ratio (OSNR) after the Raman amplifier. Digital, matched, root-raised-cosine filtering was used at both the
transmitter and receiver. Fig. 2 (b) shows the bit error rate (BER) curves as a function of the OSNR both of the
converted U-band idlers and the back-to-back (B2B) L-band signals (in which case the Raman amplifier was
replaced with an L-band EDFA in the receiver side). As can be seen, the U-band idlers were successfully received
with a sensitivity penalty in the range ≈ 2 - 4 dB for the three considered signal wavelengths of 1605, 1610, and
1615 nm.

Fig. 2. (a) Experimental setup for the all-optical wavelength conversion experiments of the modu-
lated L-band signals; (b) experimentally measured BER as a function of OSNR.

3. Conclusions

A SRSN wavelength converter based on the use of the BS-IM-FWM process was demonstrated. The system
allows broadband wavelength conversion thanks to the dispersion engineering of distinct spatial modes of the
same nonlinear multimode waveguide and the advanced design of broadband mode-MUX and mode-DEMUX
components on-chip. L- to U-band wavelength conversion of 40-Gbps QPSK optical signals was demonstrated.
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