Real-time noise measurement in supercontinuum generation
in PM and non-PM AND:i tellurite fibers
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Abstract: We compare real-time noise measured using dispersive Fourier transform spectroscopy
in supercontinuum generated in PM and non-PM all-normal dispersion tellurite fibers and show
that PM fiber provides better stability and higher coherence. © 2020 The Author(s)

Supercontinuum (SC) generation in all-normal dispersion (ANDiI) fibers is usually characterized by a high degree of
coherence and a low relative intensity noise (RIN) as compared to that in anomalous dispersion fibers [1]. However,
it has recently been established that SC coherence in ANDi fibers degrades with increase in pulse duration and fiber
length due to parametric interaction between coherent and incoherent components [2]. Futhermore, Gonzalo et al.
[3] recently showed that polarization modulational instability (PMI) introduces a power-dependent coherence
degradation in ANDi fibers, which cannot be reproduced using a scalar single-polarization model of SC generation.
Recently, a robust, all-fiber pump oscillator and ANDi SC source has been demonstrated in an all-polarization
maintaining (PM) architecture [4]. When a PM AND:i fiber with suitable pump parameters and fiber length is used to
avoid PMI, it was shown that technical noise from the pump strongly dominates quantum noise and becomes
essential in determining the SC noise [5,6].

In this work, we directly compare, using real-time dispersive Fourier transformation (DFT) technique, the SC
generated in PM-ANDi and non-PM ANDi fibers made from highly nonlinear tellurite glass. The fibers used in the
experiment were in-house fabricated, hexagonal lattice photonic crystal fibers (PCFs) with seven rings of air-holes
surrounding the core. The dimensions of the lattice were engineered to obtain all-normal dispersion profiles. A fiber
with birefringence introduced by two increased-diameter holes inside the lattice adjacent to the core was fabricated
as the PM PCF variant. We pumped the PCFs with an optical parametric oscillator with pulse duration of 200 fs
centered at 1550 nm, 80MHz repetition rate. The SC generated from the fibers was first recorded using an optical
spectrum analyzer (OSA). The signal from the fiber was then time stretched in a 170 m dispersion compensating
fiber (DCF) with dispersion, D= -83.89 ps/nm.km at 1550 nm. The stretched pulse was recorded with a 50 GHz-
bandwidth photodiode and observed on an oscilloscope with a 12 GHz bandwidth. Total number of pulses recorded
in one reading was 400 corresponding to 5 s time duration. Along with this, the full SC spectra were recorded with
an Ocean Optics NIRquest spectrometer. Average pump power input in the PCFs was 250 mW. For the PM fiber, its
principal axis was determined and readings were taken at the two orthogonal polarizations as well as at an offset of
45° between the two modes.

We observed a very drastic difference in the noise properties of the SC generated in non-PM and PM ANDiI
fibers. The noise in non-PM fiber was high, which possibly indicates the detrimental role of polarization
modulational instability (PMI) in SC generation. This provides experimental evidence that for similar pump
parameters and fiber lengths, the PM fibers enable coherent SC generation with lower intensity noise, than their non-
PM variants, which can be beneficial for various applications such as optical coherence tomography and confocal
microscopy.

Dispersion-compensated time stretching allows us to observe the “spectrum” of the pulse, whose intensity
essentially mimics that of the frequency spectrum due to large linear stretching of the temporal pulse which leads to
separation of the individual wavelengths whose intensity profile is similar to that of the frequency spectrum. The
conditions for conversion from oscilloscope time-base to wavelength spectrum in DFT are 1) a known chromatic
dispersion characteristic of the stretching element (DCF fiber in our case) and, 2) linear (dispersive only)
propagation over the stretching DCF fiber. This was assured in our work by limiting the SC power at the DCF input
and by monitoring the SC spectrum before and after the DCF fiber. DFT method is advantageous as it allows us to
measure RIN across a range of wavelengths in one measurement, without having to adjust filter, thus consequently
increasing the accuracy of measurements. Fig. 1 shows accurate mapping of the oscilloscope time-base into the
wavelength scale as obtained by DFT for non-PM and PM fiber. The mismatch between the OSA-measured



spectrum and the DFT-retrieved spectrum for the non-PM fiber is attributed to OH™ absorption over the significant
length of the DCF stretcher used in the experiment.
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Fig. 1 Overlapping spectra from OSA (black) and the DFT spectra (red) for non-PM (a) and PM fiber (b)

Experimental results show intensity fluctuations in SC generated in ANDi PCFs with the length of 12.6 cm. Fig.
2 shows shot-to-shot measurements of 400 realizations from DFT spectroscopy. We limit our investigation of the
spectral noise to a wavelength range of 1.3-1.65 um due to technical limitation of the photodiode and the DCF. The
real-time fluctuations are shown in grey while red depicts the mean of these real-time spectra. It can be inferred
from these measurements that the PM fiber has lower noise fluctuation compared to non-PM fiber. These results are
promising and motivate further study, e.g. using the interferometry variant of DFT in order to assess the coherence
property of SC generated in both variants of PCFs.
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Fig. 2. Shot-to-shot real-time fluctuations of 400 realisations (grey) and the mean spectra (red) for (a) non-PM and (b) PM fibers

In conclusion, we reported first DFT-based real-time noise comparison in SC generation in PM and non-PM
ANDI PCFs. We show that SC generation in PM fiber has higher stability and lower noise as compared to the its
non-PM variant. This is an indirect evidence that PMI contributes to coherence degradation and consequently,
increase in noise, in SC generation.
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