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Abstract: We discuss the latest progress on the development of all-optical signal processing
devices in Si-based platform. We discuss the realization of intra and inter-modal wavelength-
converters by using our internally developed si-rich-silicon nitride platform.

OCIS codes: (190.0190) Nonlinear optics, (130.7405) Wavelength conversion devices

1. Introduction

In order to cope with the unstoppable increase of network traffic volume and internet services, modern telecommunica-
tions require a novel class of sophisticated all-optical signal processing devices, that can process optical signals at Tb/s
speed, without the need of any electrical component. Silicon photonic components have now become sufficiently ma-
ture and devices such as silicon phase and intensity modulators, passive and wavelength division multiplexing (WDM)
components are now routinely employed in optical settings [1,2]. Nonlinear silicon photonic components have been
extensively studied in the past years. Silicon on insulator (SOI) waveguides show large third-order Kerr nonlinearities,
even at moderate pump-power levels [3,4]. In principle, this allows for the realization of power efficient, all optical
signal processing devices, and many functionalities have been already demonstrated [3, 5]. However, the efficiency
of such components is significantly limited by both linear and nonlinear losses present in silicon [3]. For this reason,
other platforms have been considered, such as silicon nitride [6] or silicon-germanium [7]. Recently, we proposed and
studied the adoption of silicon-rich silicon nitride as nonlinear material [7-9].We showed that, by properly changing
the material deposition conditions, the linear and nonlinear response of the waveguides can be tailored according to
the targeted application, allowing for efficient nonlinear interaction without excessive linear and nonlinear losses.

In this work we discuss the latest progress that have been made on the development of all-optical intra- and inter-
modal wavelength converters based on silicon-rich silicon nitride platform, suitable for both intensity and phase-
encoded signals.

2. Silicon-rich silicon nitride wavelength converter for phase encoded signals

In [8, 9] we reported on the development of the silicon-rich silicon nitride platform, used to realize optical devices
discussed in this paper. The proposed platform aimed to increase the Kerr response of the material with respect to the
stoichiometric silicon nitride, without introducing excess linear and nonlinear losses. In Fig. 1 we show the nonlinear
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Fig. 1. (a)Nonlinear parameter Rey shown for different material composition, (b) FWM efficiency
as a function of the pump power, (c) FWM bandwidth
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Fig. 2. (a)Example of FWM spectra, (B)BER measurements for the converted and the B2B signals
(c) 16 QAM - constellation diagrams of the original and converted signals

parameter Y measured on three different material compositions, including the standard, stoichiometric silicon nitride.
As discussed in [9], the nonlinear parameter could be significantly enhanced (see Fig. 1(a), green curve). By further
increasing the silicon content, the Rey reached values of > 26 Wm~1, however this also led to unwanted losses. For
this reason, the best trade-off was found for an intermediate material composition (green curve in Fig. 1(a), showing a
linear refractive index of n = 2.54 measured at A=1550 nm [9]. We realized the silicon-rich silicon nitride wavelength
converter using a 1-cm long, dispersion engineered waveguide, width a cross section of 1 um x 0.7 pm, showing a
zero dispersion wavelength at 1=1549 nm. The CW-conversion efficiency behaviour of the waveguide under test is
shown in Fig. 1(b) and 1 (c), as a function of the pump power and the pump-to-signal detuning, respectively. We tested
the device in a real telecom setting, showing successful conversion of a 10 Gbaud-16 QAM signal. Results are shown
in Fig. 2. BER penalties < 2 dB are obtained, even when the signal was detuned more than 15 nm from the pump,
showing that this device can be used for broadband applications.

Results achieved using multiple spatial modes will be also presented at the conference. This novel scheme will
allow obtaining broad- and wide-band wavelength conversion simultaneously, exploiting the various phase matching
possibilities available when multi-mode structures are considered [10].

3. Conclusion

In this work we discussed the latest progress on the development of compact, telecom-compatible, wavelength con-
verters, based on silicon-rich silicon nitride. At the conference, both intra- and inter-modal based converters will be
discussed.
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