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Development of a high-power laser-diode-pumped fiber laser
in the 3-um wavelength region
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Mid-infrared light sources in the 3-um region are important for vibrational spectroscopy because many molecular
bonds exhibit strong absorption in this spectral range. This project aimed to develop a high-power laser-diode-pumped
fiber laser based on Dy-doped fluoride glass fibers. Fluorescence-lifetime measurements confirmed that concentration
quenching was negligible even at a high Dy*" concentration of 4 mol%, and FiberLabs fabricated a double-clad fluoride
fiber with this concentration. The high Dy*" concentration mitigated the weak pump absorption inherent to double-clad
pumping. A cutback measurement under 1.28-pm diode pumping gave an absorption coefficient of approximately 0.73
m’!, establishing a practical diode-pumping scheme and a guide for the required fiber length. Laser oscillation experiments
using 1-, 2-, and 3-m fibers did not reach threshold, but broadband mid-infrared fluorescence was observed. These results
indicate that the remaining issues are pump-density distribution, double-clad geometry, and facet robustness. We also
developed a broadband 3 — 4-pum seed source using a Cr:ZnS laser and fluoride fiber. Future gain measurements will be
used to optimize the double-clad geometry, increase pump density, analyze broadband fluorescence including excited-

state absorption, and establish population inversion.
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Fig. 1 Infrared absorption spectra of gaseous molecules.
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Fig. 2 Conceptual diagram of the present method and
comparison with conventional methods.
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Fig. 3 Change in transmitted output measured by the
cutback method. Different colors correspond to different
pump powers.
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Fig. 4 Schematic of the constructed laser oscillator.
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Fig. 5 Observed fluorescence spectra.
The upper and lower panels correspond to forward and

backward pumping, respectively. Different colors
correspond to different pump powers.
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Fig. 6 Developed broadband light source spanning 2—4

pm. The spectrum in the 2.0-2.5 pm range corresponds

to the laser output, which was red-shifted in a fluoride
fiber to generate the longer-wavelength component.
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