Ho-doped silica fibrelaser in-band pumped by a Tm-doped fibre laser
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Over the last few years there has been increasiatest in power-scaling of fibre-based sourcesaijpg in
the eyesafe two-micron wavelength regime driveia bgnge of applications. Much of this interest fogsissed
on Tm-doped silica fibres which offer wide specttalerage from ~1.7 um to ~2.1 pum [1], a rangeuwrhp
wavelengths and the potential to be scaled to @yl powers [2]. By contrast, far less attentias been
directed towards Ho-doped silica fibres which aiffer a very wide range of emission wavelengthemding
well beyond 2.1 pm. However, scaling the outpwigrofrom Ho-doped silica fibres is hindered by thet that
there is no absorption band that coincides with géhression wavelengths available from high-powerafne
infrared) commercially available diode pump sourcésne solution to this problem is to add Tm to ¢bee to
act as a sensitiser. In this way pump light fraghipower laser diodes at ~0.8 um is absorbed &yTth ions
and the Ho ions in-directly excited by energy-tfandrom the Tm ions. Using this approach, Jacksoal.
recently reported 83 W of output from a claddingaped Tm,Ho co-doped fibre laser [2]. Co-dopingwilim
however leads to very strong energy-transfer-upemion and hence a reduction in the effective ugpse
lifetime. The net result is additional heat loadieading, lower efficiency and limited flexibiliy mode of
operation. An alternative approach is to use a-pigwer cladding-pumped Tm fibre laser to pump adidped
fibre laser avoiding the need for co-doping with T#h This has the attraction a very low quantuefedt
pumping scheme can be employed in the Ho fibre gawving very high lasing efficiencies to be ambed and
offering the potential to be scaled to very higlveolevels. In this paper, we report preliminaggults for a Ho
silica fibre laser operating at 2090 nm in-band padhby a cladding-pumped Tm doped fibre laser 80 I8n.

The Tm fibre pump laser was constructed in-housk wavelength selection provided by an externaltgav
containing a diffraction grating. This could proguover 20 W of output at 1980 nm (correspondinghto
absorption peak in Ho-doped silica) in a beam Wt 1.5. The Ho-doped silica fibre was fabricatedhouse
and had a Ho-doped alumino-silicate core ofub8 diameter and 0.08 NA, which was surrounded biieas
cladding with a diameter of 300 um. Pump light®0 nm was launched into the core of the Ho fikitd a
launching efficiency of ~53 %. Approximately 85% tbe launched pump light was absorbed in the 1.5 m
length of Ho fibre used in our experiment. Feed#lfac lasing was provided by the Fresnel reflecticom the
perpendicularly cleaved facet at the output entheffibre and by a mirror with high reflectivity $9%) over
the wavelength range 2050 to 2150 nm and high rimessgon (>90%) over the range 1900 - 2000 nm butied
the opposite end of the fibre. Under these opsgatonditions, the Ho fibre laser yielded a maximoutput
power of 4.3 W at 2090 nm for an absorbed pump pofe 8.7 W (see Fig. 1). The threshold pump power
(absorbed) was ~1.9 W and the slope efficiencyh(wéspect to absorbed power) was ~64 %. Furtloeease
in efficiency should be achievable through optiriegaof the fibre design and core composition. Pphaspects
for scaling output power to the multi-hundred watjime will be considered.
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Fig. 1 The Ho fiber laser output power as a function efalbsorbed pump power.
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