High-power gold vapor laser operating in ultraviolet and deep ultraviolet spectral ranges
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Metal vapor lasers operating on the atomic self-terminating transitions of different chemical elements, such as copper (Cu), gold (Au), strontium, lead, iron, etc., are still very promising, because of the possibility to deliver significant average laser power at relatively high efficiency in any spectral range, namely from ultraviolet (UV) to middle infrared ones. Even the average output power of the copper vapor laser (CVL) is still the highest one in the visible spectral diapason so far. Nevertheless, the well-developed UV laser sources, such as excimer lasers and frequency-converted solid state lasers, prevail in the UV spectral range. Unfortunately, the gold vapor laser (GVL) is the only one laser source that operates on the atomic Au self-terminating transition in the UV spectral diapason. The GVLs are less researched and developed in comparison with the CVLs and their various versions, due to the severe difficulties related to the extremely high operating temperature for both atomic Au 627.8- and 312.2-nm lines and the impossibly contradictory gas-discharge conditions for the UV laser line. The highest average output power of 20 W at the 627.8-nm line has been delivered by a laser tube with an active volume of 2376 cm3 (55 mm inside diameter and 100 cm length) at a pulse repetition frequency of 5.5 kHz and average electrical power of 15.7 kW [1]. A laser tube with an active volume of 232 cm3 (22 mm inside diameter and 61 cm length) has produced at the 627.8-nm line an average laser power of 11.6 W at a pulse repetition frequency of 27.5 kHz and average electrical power of 3.9 kW [2]. These results correspond to a wall-plug efficiency of 0.30 % and a specific average output power (SAOP) of 0.050 W.cm-3 [2], which are the highest efficiency and SAOP reported for the GVL. For comparison, the efficiency and SAOP presented in [1] are 0.13 % and 0.008 W.cm-3, respectively. The record-high average output power of 1.20 W has been declared in 1978 [3] at the atomic Au 312-nm line by a laser tube with an active volume of 140.7 cm3 (16-mm inside diameter and 70-cm length). Since then the only observed UV laser oscillation at the atomic Au 312.2-nm line reported only in [2] has been so weak that it has been unmeasurable.
An active volume scaling of the GVL is carried out. The highest average laser power of 1.04 W at the atomic Au 312-nm line is delivered by a laser tube LT1 with an active volume of 49.5 cm3 (10-mm inside diameter and 63-cm length), i. e. SAOP is 17.8 mW.cm-3. The highest SAOP of 46.5 mW.cm-3, i. e. more than 5 times higher than the SAOP reported in [3], is produced through a discharge tube LT2 delivering average laser power of 251 mW with an active volume of 5.4 cm3 (a 4-mm bore and an active length of 43 cm). Polarized diffraction-limited (M2 = 1) laser beam is produced for the first time placing the LT2 in a negative-branch unstable cavity with magnification M = 20, which incorporates a Glan prism for linear polarization of the laser beam. Laser beam is focused with a 25-cm concave mirror into a 5-mm-long nonlinear crystal made of β-Barium Borate (BBO) and recollimated by a 15-mm lens made of CaF2. DUV laser oscillation is obtained for the first time at a new spectral line with a wavelength of 208.5 nm via Sum Frequency Generation (SFG) of the two atomic Au 312.2- and 627.8-nm lines.
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