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Abstract Based on the self-developed large mode area Yb-doped double-cladding 25/400 pm active fiber with
uniform doping and low thermo-optic coefficient, an all-fiber high-power narrow-linewidth fiber laser amplification
experiment was carried out. The laser system achieves a single-mode fiber laser output with a maximum power of
2.2 kW, a linewidth of 25 GHz, and a center wavelength of 1060.3 nm, with a slope efficiency of 78% and a beam
quality factor of M*=~=1.2. This is the highest output power currently reported for narrow-linewidth single-mode
amplifiers based on domestic Yb-doped double-cladding 25/400 um active fiber, to the best of our knowledge.
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DFB: distributed feedback laser
LD: laser diode

YDF: ytterbium-doped fiber PD

CLS: cladding light stripper BQA
HR-mirror: high reflectivity mirror CCD
PD: photoelectric detector OSA

BQA: beam quality analyzer
CCD: charge coupled device
OSA: optical spectrum analyzer
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Fig. 1 Structure diagram of all-fiber high-power narrow-linewidth fiber laser amplifier
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Fig. 2 Effect of reducing thermo-optic coefficient on mode

instability threshold power
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Fig. 3 Mechanism of doping elements in fiber core. (a) Distribution of the Yb ion in quartz glass when molar ratio of

phosphorus to aluminum is less than 1; (b) distribution of the Yb ion in quartz glass when molar ratio of phosphorus

to aluminum is larger than 1; (c¢) schematic of fluorine doping mechanism
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Fig. 4 Output characteristics of the laser. (a) Experimentally measured laser power and slope efficiency; (b) beam quality

and far-field spot at 2.2 kW; (c¢) forward and backward emission spectrum of 2.2 kW output beam
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