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Table 1 Crystal parameters for fourth harmonic generation
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Nonlinear crystal
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0/

vl
angle /mrad dor/ (pmeV0)

o /("

LBO 150-2600 90
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52.07 0.316
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Research on All Solid-State Ultraviolet Laser at 289.9 nm

Wang Jinyan', Li Shijie', Liu Tianhong"’, Zheng Quan"?, Chen Xi', Chen Lei',

Wang Donghe'
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! Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun,
Jilin 130033, China

Abstract

Objective Because of its advantages such as short wavelength, high single-photon energy and low thermal effect,
an ultraviolet laser can be used in spectral analysis, optical storage, and micro-fabrication. The 289 nm laser has
been proven to be an ideal light source for stripping the outer polymer of a fiber and writing a fiber grating. They can
also be used for spectrophotometric separation and determination. In this paper, we have investigated a 289.9 nm
ultraviolet laser based on frequency quadrupling of an Nd: KGW Raman laser with an external-cavity configuration. It
is a new way to get 289.9 nm laser for a solid state laser. This laser has advantages of ultra-compact, easy
operation, and low cost. By further optimizing the experiment, researchers can get better results.

Methods Nd:KGW is an efficient Raman crystal and has relatively low pumping threshold and a high Raman gain

' while

coefficient. If the exciting wave propagates along the N, axis, it involves the strong Raman line at 786 cm™
the polarization is parallel to the N, axis of the Nd: KGW crystal. LBO crystal is used for second harmonic generation
(SHG) . First, the Raman laser generated by Nd: KGW is linearly polarized and I-type phase matching can improve
the conversion efficiency. Second, the theoretical walk-off angle of LBO is 3. 06 mrad. A small walk-off angle
produces a good beam quality, which is beneficial for fourth harmonic generation (FHG). For FHG, we compare the
common ultraviolet nonlinear crystals and their parameters (Table 1). Taking everything into consideration, the
BBO is chosen for FHG.

The experimental setup is designed (Fig. 1). The laser is end-pumped by a fiber-coupled diode array (LD)
emitting at 808 nm. The diode emission is focused into the laser crystal by a pair of lenses (coupler). Cl is a
Nd:YVO, crystal coated with anti-reflection(AR) @808 nm&1064 nm coatings on both facets. C2 is a 20 mm long
b-cut Nd: KGW Raman crystal. M1 is an input mirror. M2 is an output coupler coated with high reflection (HR) @
1064 nm coating, and the transmittance at 1159 nm is 30 % . The transmittance spectra for M1 and M2 from 700 nm
to 1200 nm are designed (Fig. 2). Q is an acousto-optic @ switch. The geometric length of the cavity is 90 mm.
The LBO crystal is deposited at the focus of the convex lens (F).

Results and Discussions The output wavelength of the Raman laser is 1159. 31 nm (Fig. 3). The maximum
average output power of 983 mW is obtained at a total pump power of 20 W with repetition rate of 10 kHz and pulse
duration of 13.5 ns (Fig. 4). The pulse trains and temporal profiles under the maximum output power are displayed
(Fig. 4). The maximum power of the yellow laser is up to 358 mW with pulse duration of 9.5 ns. The output
wavelengths of the yellow and ultraviolet (UV) lasers are measured to be 579.7 nm and 289.9 nm (Fig. 5).

Three kinds of convex lenses with focal lengths of 40 mm, 60 mm, and 100 mm are used in the experiment,
respectively. Correspondingly, the UV lasers with the highest average powers of 55 mW, 108 mW, and 88 mW are
achieved. It can be seen that the shorter the focal length, the higher the efficiency. Although the power density of
the Raman light is large with a shorter focal length, it also causes great divergence into the BBO crystal.
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Alternately, if the focal length is too large, the power density of the Raman laser will be reduced, and the efficiency
of FHG will also be reduced. Therefore, choosing the focal length of the lens should take into account these two
factors.

The focal length of 100 mm corresponds to a small divergence angle, but the quadruple frequency conversion
efficiency is 8.9% . When the focal length is 60 mm, the conversion efficiency is 11%. The relationships between
the output powers of SHG and FHG lasers and the power of the Raman laser with a 60 mm focal length are measured
(Fig. 6). The highest average power of the UV laser is 108 mW, and the pulse duration is 8 ns at 10 kHz. The
output powers at different frequencies are shown (Fig. 7). When the repetition rate is less than 10 kHz, the average
power increases with the frequency. The power changes a little between 10 kHz and 16 kHz. When the rate is
greater than 16 kHz, it decreases gradually. Taking into account the damage threshold of the instrument, a scanning
slit optical beam profiler is used to measure the spot distribution of the 289.9 nm laser 40 ¢cm away from the exit
(Fig. 8). The size of the spot at the exit measured by the knife-edge method is 0.48 mm X 0.4 mm. The horizontal
divergence angle is 1.18 mrad, and the vertical divergence angle is 2. 06 mrad.

Conclusions In summary, a pulsed ultra-violet laser at 289.9 nm with good beam-quality has been investigated.
And based on the nonlinear conversion of type-I phase-matched LBO and BBO crystals for extra-cavity SHG and FHG,
a 289.9 nm UV laser is achieved. The average output power is 108 mW with a repetition rate of 10 kHz and a pulse
duration of 8.0 ns at a total pump power of 20 W.

Key words lasers; diode-pumped laser; Raman laser; ultraviolet laser; acousto-optic Q-switch
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