Absorption measurement effects in fibres with multmode cores
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Absorption is a key characteristic of any laser imedand is often the first thing to measure. WHhiies is
rather straightforward, several factors can implaér accuracy, e.g., a non-negligible fraction ofitxd laser
ions, nonlinear conversion, and, in multimode gtrtes, differences in absorption between differanties. In
multimode structures, mode-coupling is also impdrtaWe have previously investigated another error
mechanism which had not yet been considered, nametmission of radiation into the absorption barfd
three-level systems [1]. We found that it can irelsgynificant errors in single-mode fibres. Here, extend
those investigations to simulations of Yb-dopedédtowith multimode step-index cores, focusing andhse of
negligible mode-coupling. As before [1], we usetandard fibre amplifier model as implemented in RBer
Power to simulate white-light absorption measuresieRreviously, with a single-mode Er-doped fibne
found that this approach led to excellent agreemétit measured data even for the difficult casehigh
absorption (up to 60 dB, with errors approachingoh0

Figure 1 shows simulated absorption spectra. Tkeseselected from a large number of examples and
illustrate only a fraction of interesting effeciBhe steps in the spectra are due to limitationthé spectral
resolution imposed to allow for simulations of langumber of modes (those simulations are not shease).
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Fig. 1 Simulated white-light absorption spectra of multimode Yb-doped fibres with different cut-off characteristics.
Black curve: Ideal (“error-free”) absorption spectrum with overlap 0.9. Red curve: Simulated white-light absorption
spectrum. Blue curve: Number of guided modes.

As for the single-mode case [1], we found that nlkenerical aperture can play an important role, esiac
large NA allows for a larger fraction of re-emittpotons to be captured. However it is the efféthe cut-off
wavelength which is most striking. The left graphFig. 1 is for a case without any cut-off in thghiabsorbing
regions of the spectrum. Still, the absorption pisaeverely distorted. Like fore the single-modsec[1], this is
an effect of re-emission. The right figure, witht-aff around 910 nm, is quite different with a astg step in the
simulated absorption near the cut-off. While theréase of the number of modes automatically leadant
increase in the received power, and thus a deciedhe measured absorption, the step is muchrddhge the
change in the number of modes. The reason foighise low overlap between the doped and the mede cut-
off.

Our simulations beg the question why such behavgenerally not seen in measurements. We belleve
reason is mode-coupling and high micro-bending losmodes with very low overlap with the core.
Nevertheless, we expect that small high-NA multimedres, which are still relatively frequently eantered,
can exhibit this behaviour. Small cores lead tcs lesode-coupling, and should also allow for low-loss
propagation even when a large fraction of the pawén the evanescent field outside the core. Brparts on
this will be presented at the conference.
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