High-power diffraction-limited laser systems oscillating in middle infrared spectral range on strontium atomic self-terminating transitions
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Efficient and precise laser ablation of soft and hard tissues with minimal thermal collateral damage with tunable laser sources delivering laser radiation at the wavelength 6.45 (m, namely free electron lasers [1] and optical parametric oscillators [2], justifies great efforts made to improve the Sr vapor laser performance. A large-bore Sr vapor laser excited in a nanosecond pulsed longitudinal discharge is reported. The optimal discharge conditions for achieving a maximal average output power at several Sr atom and ion lines in the mid-IR spectral range are determined. High average output power of 29 W (at 25 kHz pulse repetition frequency) and laser pulse energy of 2.9 mJ (at 5 kHz pulse repetition frequency) are obtained at the multiline operation. These values are more than two times better than the ones achieved so far with a single-tube strontium or strontium halide vapor lasers. 
Except for energy laser characteristics, efficiency and accuracy of high-precision microprocessing of various materials including biological tissues via laser ablation crucially depend on the laser beam quality, which is quantitatively determined with M 2 (M-squared), so called beam propagation factor (or times-diffraction-limited factor). High-power diffraction-limited (M2 = 1) master oscillator–power amplifier (MO–PA) system is also developed and studied. A new optical arrangement is utilized for MO, as follows: two laser tubes are placed in a negative branch unstable resonator with magnification M = 17. First laser tube is with copper bromide and windows made of CaF2. Laser oscillation at 510.6- and 578.2-nm copper atomic lines is used to visualize the optical path. The second laser tube is the actual MO with strontium. For spatial adjustment of the MO beam and the aperture of PA and spatial filtering, a mirror telescope with magnification M = 1.9 and a 0.5-mm diaphragm in its confocal plane is also applied. A large-volume sealed-off gas-discharge tube for Sr vapor laser, which was was studied with a stable cavity and was used as an amplifier in the MO–PA system in [3], had the a lifetime of several tens of hours that was definitely not satisfying. Using the MO laser tube construction ensuring 400-hour lifetime, a new sealed-off laser tube is developed and studied with a stable cavity and is applied as a power amplifier. For precise material processing laser beam is focused by an objective on samples, which are placed on X-Y stage. The MO–PA system is applied in microprocessing of quartz, glass, biological tissues, etc.
A compact mobile 5-15 W Sr vapor laser is also developed using all-solid-state power supply based on a new innovative bipolar excitation scheme.
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