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Abstract

This thesis describes the development of microstructured rare-earth-doped silica fibres

for high power lasers. Motivated by the demand for increasingly higher power fibre

lasers, this research aims to overcome the power scaling limits from non-linear effects in

optical fibres. The project focussed on the demonstration of the first air-clad holmium-

doped silica fibre laser. Novel fabrication techniques were employed to directly drill

air-claddings in preforms produced with modified chemical vapour deposition.

Key limitations for increasing single-mode laser output powers are the onset of non-linear

effects, the coupling of pump power from high-power low-brightness sources, and poor

lasing efficiency. Holmium doped fibre lasers were identified as a promising pathway for

overcoming these power scaling limits due to their potential for high efficiencies and long

wavelength emission in silica. Low loss high numerical aperture air-clad fibres were used

to address the limited pump coupling, which is a primary restriction for power scaling

of holmium-doped fibre lasers.

Low dopant concentration fibres were fabricated to prevent clustering of holmium ions,

which can limit the efficiency of holmium lasers. To compensate for the reduced pump

absorption, small cladding to core area ratios were used. Coupling ability of the re-

duced pump cladding area was achieved with the low-loss high numerical aperture air-

claddings.

Multiple cladding geometries were fabricated and characterised to show their suitability

for fibre laser operation. The highest reported numerical aperture for holmium-doped

double-clad silica fibre was achieved. Air-clad holmium-doped fibre lasers, pumped with

in-house developed thulium lasers, were demonstrated. Over 10 W of output power at

2.1 µm was achieved with high beam quality. Mechanical, thermal and laser transition

modelling was performed to analyse the lasing results. This revealed that the reduction

of fibre length through changes in cladding geometry or increased dopant concentration

are critical for efficient high-power double-clad holmium doped fibre lasers.

Air-clad holmium-doped fibre lasers are an attractive pathway for increasing high-power

fibre laser output powers. These findings show potential for compact infra-red laser

sources, short fibre length laser applications, and are a key step in the development of

efficient high-power directly-diode pumped holmium-doped fibre lasers.
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