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Abstract: A wavelength converter based on AlGaAsOI waveguide is characterized by varying the 

input signal quality. Signal-to-idler conversion penalty is measured in terms of effective received 

SNR, and trade-offs between penalty and converted signal quality are outlined. 
OCIS codes: (190.4380) Nonlinear optics, four-wave mixing, (060.0060) Fiber optics and optical communications, 

 

1.  Introduction 

With the ever-increasing traffic demands, telecommunication systems are currently facing a number of challenges 

to meet future requirements, while maintaining cost-efficiency and reliability. All-optical networks call for effective 

wavelength conversion schemes to ease traffic grooming and resolve wavelength contention [1]. Scenarios based on 

four-wave mixing (FWM) in χ(3) media have drawn much attention as they may exhibit lower power consumption and 

latency, operate over broad bandwidth, while also supporting transparency to modulation formats and data rates [2-

4]. Integrated FWM platforms are currently becoming promising candidates to be employed as nonlinear media for 

the process because of high nonlinearity and small footprint [2-6]. In particular, AlGaAs-on-insulator (AlGaAsOI) 

offers low propagation losses, strong nonlinearity and large bandgap for two-photon absorption free operation at 

1550 nm [4-6]. The interest in compact wavelength converters is further driven by the several potential applications 

of wavelength conversion. Given a proper link design, the generated wavelength-shifted idler also offers a possibility 

of all-optical Kerr nonlinearity compensation by means of optical-phase conjugation. In either case, the wavelength 

converting / phase conjugating element is located within the network, and will most often have to process degraded 

signals far from transmitter and receiver. Wavelength converters have been mainly characterized by looking at the 

conversion penalty for input signals with maximum optical signal-to-noise ratio (OSNR) and performing noise loading 

at the receiver side [3-4,7]. The impact of input signal OSNR and pump quality has been preliminarily analyzed in 

[8,9] and in [7,9] optical noise figures have been estimated from input-to-output OSNR differences.  

In this work, we extend previous investigations by focusing on an experimental characterization of the performance 

of an AlGaAsOI-based wavelength converter with respect to the signal OSNR and power at the input to the nonlinear 

waveguide. We go beyond relying on the OSNR as a quality metric and demonstrate the relation between input signal-

to-noise ratio (SNR) and output idler SNR, from which a conversion penalty of the wavelength converter under test 

can be derived. The analysis is conducted for five wavelength-division multiplexed (WDM) 16-quadrature amplitude 

modulation (16-QAM) channels at 16-GBd. 

2.  Experimental setup 

Fig. 1. Experimental setup employed for wavelength converter characterization.  

The experimental setup is given in Fig. 1. At the transmitter side, five WDM channels on a 25-GHz grid are 

generated from external cavity lasers (ECLs), with 16-QAM test data at 16-GBd subsequently modulated onto the 

corresponding waves with two external IQ modulators (one for even and one for odd channels). All channels are 

coupled together, amplified with an erbium-doped fiber amplifier (EDFA) and launched directly into a wavelength 

converter based on FWM in a 9 mm AlGaAsOI waveguide. The setup operates under single pump-configuration. The 

signal is combined with a continuous-wave pump from a sub-kHz linewidth fiber laser. The pump is set at 1550 nm 

with 20 dBm of pump power at the waveguide input. The nonlinear waveguide is characterized by an insertion loss of 

6.8 dB, an output conversion efficiency (CE) of -18 dB, and a broad conversion bandwidth which extends beyond C-

band, as shown in Fig 2(a). The signal OSNR at the input to the converter (OSNRin) is controlled by adding amplified 
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spontaneous emission (ASE) noise from an extra EDFA, and the total input signal power (Pin) is varied with a variable 

optical attenuator (VOA) in the signal path. Polarization controllers (PC) for both pump and signal ensure alignment 

of the waves to the waveguide TE-mode for minimum loss and maximum FWM. At the output of the converter, the 

generated idler is selected with proper filtering, amplified and received with a coherent receiver followed by offline 

digital signal processing, including equalization, carrier phase recovery and SNR estimation. The effective SNR is 

estimated from the transmitted QAM symbols 𝑥𝑘  and their corresponding received samples 𝑦𝑘  after all DSP blocks at 

times 𝑘 = [1; 𝐾] as 𝑆𝑁𝑅𝑒𝑓𝑓 = 𝔼𝑘[|𝑥𝑘|2]/𝔼𝑘[|𝑦𝑘 − 𝑥𝑘|2] as in [10]. 

3.  Conversion results 

Fig. 2. (a) Output conversion efficiency at 20 dBm pump power and (b) spectra at the waveguide output for OSNRin=40 dB (blue) and OSNRin = 23.7 dB (red). 
(c) Measured SNR in terms of varying input signal OSNRin and input Pin, and (d) SNR as a function of OSNRin at optimum Pin compared to back-to-back.  

The optical spectrum at the output of the waveguide is shown in Fig. 2(b) for the maximum (blue, idler OSNR>30 

dB) and minimum (red, idler OSNR≈23 dB) input signal OSNR at optimum Pin. The performance of the wavelength-

converted idler has been evaluated in terms of effective idler SNR as a function of the input signal OSNRin and signal 

power Pin. The results are shown in Fig. 2(c). The SNR increases with OSNRin, and the optimum Pin for conversion 

remains constant at approx. 12 dBm. Fixing Pin to its optimum value, the idler SNR is plotted as a function of OSNRin 

in Fig. 2(d), and the results are benchmarked against a back-to-back reference measured at the waveguide input (pump 

OFF). At low OSNRin, the input signal OSNR provides the dominant noise contribution determining the idler 

performance and resulting in SNR penalty below 0.5 dB. At high OSNRin, the idler OSNR is limited by the CE and ASE 

noise leakage from the pump (see Fig. 2(b)) and the received idler SNR is degraded by up to 2 dB. The relation between 

the curves provides more insight into the signal-to-idler conversion penalties, and outlines an important trade-off between 

the SNR penalty and the performance of the generated idler. Higher CE (pump power) may be beneficial for processing 

high OSNRin signals with lower penalty, while the current CE is sufficient for low OSNRin operation. 

4.  Conclusions  

This work has experimentally demonstrated the impact of input signal quality on the performance of all-optical 

wavelength conversion based on FWM in AlGaAsOI waveguide. The study shows that optimum signal input power 

is independent of input signal OSNR. However, signal-to-idler conversion penalty defined in terms of effective SNR 

is strongly dependent on the input signal OSNR, for a given CE, with the penalty varying from 0.5 dB to 2 dB. The 

connection between the input OSNR and output SNR establishes a trade-off between achievable penalty, and the 

overall performance of the wavelength-converted signal. 
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