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Fig. 1 Schematic of experimental device
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Fig. 3 Transmittance curve of F-P etalon
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Fig. 10 Power stability of 261 nm UV laser
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Development of 261 nm Single-Longitudinal Mode Ultraviolet Laser
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Jilin, China

Abstract

Objective The single longitudinal mode laser has the advantages of narrow linewidth and stable frequency. It is
widely used in the scientific research fields such as high-resolution laser spectroscopy, coherent communications,
gravitational detection, quantum optics, and coherent detection. The ultraviolet (UV) laser can be used in UV
lithography, Raman spectroscopy, semiconductor wafer micro-processing, and other fields, which has received
extensive attention from researchers at home and abroad. All-solid-state lasers pumped by laser diodes have the
advantages of high efficiency and stable output. At present, as far as we know, the 261 nm single longitudinal mode
UV laser has not been reported at home and abroad. The 261 nm single longitudinal mode UV laser can provide a new
light source for the above research fields.

Methods The laser experimental apparatus uses two blue laser diodes as the pump source. A 444 nm blue laser
diode has the maximum pump power of 1.4 W. And a 469 nm blue laser diode has the maximum power of 1.6 W. An
aspherical lens with a focal length of 4 mm is used to collimate the blue laser diode. A 45° combiner is used to
combine the pump light of the two blue laser diodes. The transmittance at 444 nm is more than 99.5% and the
reflectivity at 469 nm is more than 99% . Finally, a spherical focusing lens with a focal length of 12 mm is used to
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inject the pump light into the Pr: YLF crystal. The Pr: YLF crystal with the size of 3 mm X 3 mm X 5 mm and doping
concentration(mass fraction) of 0.5% is used as the gain medium. The end face of the Pr: YLF crystal near one end
of the pump source is plated with 444 nm and 469 nm antireflective dielectric films. The other end face of the
Pr:YLF crystal is plated with 261, 444, 469, and 522 nm antireflective dielectric films. The two blue laser diodes
are fixed in the = polarization direction. The purpose is to improve the absorption efficiency of the Pr: YLF crystal. A
type-I phase-matched BBO crystal with the size of 3 mm X3 mm X 3 mm is used as the frequency-doubling crystal.
The surface of the BBO crystal is not coated to avoid UV laser damages to the crystal. The laser experimental
apparatus is V-shaped. The purpose is to improve the conversion efficiency of the frequency doubling crystal. Two
Fabry-Perot etalons are used to select the single longitudinal mode. The thermoelectric cooler is used to control the
temperatures of the Pr: YLF crystal and the frequency doubling crystal to improve efficiency. The lead zirconate
titanate piezoelectric ceramics is used to control the position of the Fabry-Perot etalon in the laser resonator. By
carefully adjusting the length of the cavity, the position of the Fabry-Perot etalon, and the temperature of the
thermoelectric cooler(TEC), a good 261 nm single longitudinal mode UV laser is realized.

Results and Discussions  The laser experimental apparatus ( corresponding to the scheme mentioned above)
achieves good experimental results with single longitudinal mode (Fig. 7). The laser experimental apparatus uses
two Fabry-Perot etalons. The purpose is to select a stable single longitudinal mode. The lead zirconate titanate
piezoelectric ceramics is used to control the position of the Fabry-Perot etalon in the laser resonator (Fig. 6). The
maximum output power of the 261 nm single longitudinal mode laser is 110 mW when the incident pump power is
2500 mW (Fig. 9). A CCD laser beam analyzer is used to measure the beam quality of the 261 nm single longitudinal
UV laser with an output power of 110 mW. A laser beam quality analyzer is used to measure the beam quality factor
of the 261 nm single longitudinal mode UV laser with an output power of 110 mW (Fig. 8). A laser power detector
is used to measure the power stability of the 261 nm single longitudinal mode UV laser for 2 h (Fig. 10).

Conclusions A 444 nm blue laser diode and a 469 nm blue laser diode, whose maximum pump powers are 1.4 W
and 1.5 W, respectively, are used as the pumping source. The two blue laser diodes are fixed in the = polarization
direction. A 45° combiner is used to combine the pump light of the two blue laser diodes. An aspherical lens with a
focal length of 4 mm is used as a collimator to collimate the pump light emitted by the blue laser diode. A spherical
lens with a focal length of 12 mm is used as a focusing lens to focus the pump light emitted by the blue laser diode.
The cavity structure of the laser is V-shaped. The Fabry-Perot etalon is used to select a single-longitudinal mode.
The Pr: YLF crystal with a size of 3 mm X 3 mm X 5 mm and doping concentration (mass fraction) of 0.5% is used as
the gain medium. The type-I phase-matched BBO crystal with a size of 3 mm X 3 mm X 3 mm is used as the
frequency-doubling crystal. By optimizing the resonator parameters and the parameters of two Fabry-Perot etalons,
the maximum output power of 261 nm single-longitudinal ultraviolet laser is 110 mW when the incident pump power
1s 2500 mW.

Key words lasers; single longitudinal mode; ultraviolet laser; BBO crystal; Fabry-Perot etalon
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