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Abstract: We examine design issues for high-energy pulsed as well as for high-power cw fiber lasers. Power handling and pump scalability are primary issues for kilowatt fiber lasers. Special core designs are needed for high-energy pulse generation.
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OCIS codes: (140.3510) Laser, fiber, (140.5680) Rare earth and transition metal solid-state lasers

Cladding-pumped fiber technology has revolutionized fiber lasers over the last few years. The record average output power is now over 100 W in a nearly diffraction-limited beam [1]. Pulse energies above 2 mJ have been reported from Q-switched fiber lasers [2]. We will discuss design issues for fiber lasers with performance exceeding that of traditional double-clad fibers end-pumped by laser diodes. The focus will be on high-energy pulsed lasers and high-power cw lasers.

High-brightness, high-power pump diodes are essential for high-power fiber lasers. Currently available diode sources are sufficiently bright and powerful for fiber lasers with 100 W of output power even with traditional end-pumping [1]. However, for currently researched kW (multi-mode) fiber lasers, alternative, multi-point, pumping schemes will be required. We have recently demonstrated single-clad fiber coils for cladding-pumped lasers [3]. In this structure, the pump waveguide of the active fiber is directly accessible from the side, so that pump light traveling in separate pump fibers can directly couple over into the active fiber. We measured a slope efficiency of 65% in this configuration, which is 10% less than for the same fiber in a traditional end-pumped double-clad geometry. Efficiency is clearly important for very high power lasers, and the end-pumped double-clad geometry is likely to remain more efficient than alternative configurations. However, for very high powers, the capacity for pump multiplexing and power handling are the overriding issues. Single-clad coiled fiber lasers are ideally suited to large-scale pump multiplexing, and being all glass structures they can also handle very high pump powers. These factors in combination with the relatively small drop in efficiency make them promising candidates for kW fiber lasers.

The power from high-brightness fiber-coupled laser diodes is around an order of magnitude more expensive than the raw power from a diode bar. Diode cost dominates the overall cost for very high-power fiber lasers. The prospect of pumping fibers directly with diode bars is therefore very attractive, but the output from a diode bar cannot be directly launched into a fiber. It was recently proposed to make fiber lasers from a fiber formed into a solid object (e.g., a coil or disk). The low propagation loss and waveguiding properties of an optical fiber are then retained, with the added advantage that the fiber structure can be arranged and machined for direct pumping with diode bars [4].

For high-energy Q-switched fiber lasers, the challenge lies in finding core designs that can store a large amount of energy before self-saturation and spurious lasing limits further storage. The solution is to use a large core. This also reduces nonlinear distortions and increases the damage threshold. The downside is that the beam-quality degrades as the core becomes multi-moded. However, it is possible to maintain a good beam-quality even with a large core. One option is to use a small numerical aperture so that even a large core will be single- or few-moded. The active ytterbium ions can be restricted to the center of the core to further select the fundamental mode. This kind of fiber generated pulses with more than 2 mJ of energy in a beam with an M2-value of 3 [2]. Mode-selecting ytterbium-doping can be used also in a large multi-mode core with a higher NA. Another option we have tried is to use a tapered-fiber mode filter that only supports the fundamental mode [5]. With that approach, we have generated pulse energies over 1 mJ in a beam with an M2-value of 1.8. The different approaches to high pulse energies can be combined, and we view that 10 mJ of pulse energy may be realistically achieved with a high-brightness fiber laser.

Besides power and energy, advanced designs extend the scope of cladding-pumped fiber lasers in many other ways, e.g., towards new wavelengths, single-polarization operation, narrow linewidths, and tunability. Future design innovations are set to progress cladding-pumped fiber laser technology even further.
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