Diode pumped alkali laser – current status and prospects
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Diode-pumped alkali lasers (DPALs) are optically pumped, near-infrared, continuous-wave (CW) gas lasers. A vaporized alkali metal—such as potassium, rubidium, or cesium—mixed with helium buffer gas at nearly atmospheric pressure serves as the active medium. A DPAL is optically pumped by a narrow-band laser diode at the D2 transition, and it lases at the D1 transition. Figure 1 shows an energy diagram and the transition paths of a Cs DPAL. In a Cs DPAL, methane or ethane is added to the medium to facilitate upper-state mixing. 
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Figure 1. Energy diagram of a Cs DPAL.
There are two distinct advantages of DPAL over current high-energy solid-state laser sources. Because of this simple three-level construction, DPALs are inherently highly efficient. Optical-to-optical slope efficiency of more than 80% has been reported [1]. Therefore, DPALs are often referred to as a “beam quality converter,” in which output of the bunch of low-quality diode lasers are converted to a single, high-power, diffraction limited laser beam. The other benefit of DPALs comes from their gaseous laser medium. When the output power of solid-state lasers or fiber lasers exceeds a 10-kW level, heat generated in their solid-state material poses serious beam-quality degradation. On the other hand, beam quality issues are greatly eased for gas lasers such as DPALs. In addition to that, circulating the gas inside the optical cavity further reduces the index gradients inside the cavity that is not expected for solid-state media. 

Because of these advantages, DPALs have been extensively studied in the past decade as a potential source for extremely high-average-power applications, especially, for directed energy weapons. In the United States, a 30-kW output power has been demonstrated [2]. Because DPALs are scalable to megawatts, they are expected to be useful also as high-energy, ground-based laser drivers for the removal of space debris from orbit.
We have been studying DPAL with the aforementioned civil application as our goal. The method includes a simulation code that combines a three-dimensional Navier-Stokes Equation solver and Fresnel-Kirchhoff wave propagation solver to design a large-scale device [3]. Our recent achievement includes a 38-fold enhancement of the peak power with a cavity dumping technique [4].
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