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Abstract

Objective Deep ultraviolet (DUV) lasers have an important and irreplaceable role in the field of spectral analysis.
At present, DUV laser sources are mainly excimer lasers, gas lasers, solid-state lasers or those generated by
synchrotron radiation. Deep ultraviolet all-solid-state lasers based on nonlinear frequency conversion have gained
great popularity because of its compact, low system maintenance cost, and high efficiency. The most common
approach is the fourth-harmonic generation of the 1064 nm laser line of Nd: YAG, which has been a commercial
product for many years. Unfortunately, some particular spectroscopic applications require specific wavelengths in the
DUV region. Based on Ti: Sapphire lasers, those with output power of several mW in the vicinity of 228 nm deep
ultraviolet region have proved very suitable in the detection of genomic deoxyribonucleic acid methylation, protein
structure, and explosive Raman spectroscopic analysis. However, Ti: Sapphire laser systems are complex, bulky,
and inefficient. This paper introduces a new compact 228.5 nm high-repetition-rate, frequency-quadrupled Nd:YVO,
laser as a new excitation source for ultraviolet resonance Raman spectroscopic analysis.

Methods Figure 1 shows the experimental principle. Via a V-shaped folded-cavity, the acousto-optical Q-switched
technology and a LiB;O; (LBO) crystal, the 914 nm fundamental laser has been obtained by laser diode (LD) end-
pumping, which is then used for intra-cavity frequency doubling generation of a pulsed 457 nm laser. This blue laser
is frequency-converted to a 228.5 nm laser in a -BaB, O, (BBO) crystal. The pump source is a 30 W 808 nm fiber-
coupled LD with a core diameter of 400 pm and a numerical aperture of 0.22. The coupling system is composed of
two plano-convex mirrors with a focal length of 10 mm. The pumping light is focused and collimated into a light beam
of about 250 pm in radius through the collimation and focusing system. A Nd:YVO, crystal with a doping
concentration (atomic fraction) of 0.1% and a dimension of 4 mm X 4 mm X 5 mm is employed as the gain medium.
The left facet is antireflection coated at 808 nm and 1064 nm and high-reflection coated at 914 nm, and the right
facet is antireflection coated at 914, 1064, and 1342 nm wavelengths. The laser crystal is wrapped in a layer of
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indium foil on the side and secured on a copper heat sink, which is capable of controlling the temperature through
circulating water cooling. The radii of the concave mirrors M and M2 are 100 mm and 200 mm, respectively. The V-
shaped cavity is formed by the left facet of Nd: YVO, crystal (M1) and M2, where the angle between two arms is
about 5°. Using the ABCD matrix and stable cavity conditions, considering the thermal effect of Nd:YVO, and the
mode matching between pumping light and fundamental frequency light, and through numerical calculation by Matlab
programming, one can obtain that the lengths of L1 and L2 are 160 mm and 70 mm, respectively. The 15 mm long
LBO crystal is cut for the type-I critical-phase-matching condition (¢ = 90°, ¢ = 21. 7°), and both facets are
antireflection coated at 457 nm, 914 nm, and 1064 nm. The 8 mm long BBO crystal is cut for the type-I critical-
phase-matching condition (6 =61.4°,¢ =0°). Both facets of the BBO crystal are antireflection coated at 457 nm and
228.5 nm.

Results and Discussions At a pump power of 17 W and a repetition rate of 10 kHz, the mean output power for the
457 nm laser has reached 360 mW at an 86 ns pulse duration. With the type-I phase-matched BBO crystal, the
externally frequency doubling of a 457 nm blue output is realized, and the 228.5 nm DUV laser has been achieved
with a mean output power of 10 mW at repetition rate of 10 kHz and pulse duration of 64.26 ns [ Figs. 2(b) and
2(c)]. The 228.5 nm laser spot is shown in Fig. 2(d), with a somewhat elliptic shape as the result of the walk-off
effect.

Conclusions A compact all-solid-state DUV-laser source producing a short pulse at 228.5 nm is reported. The
acoustically Q-switched quasi-three-level Nd: YVO, laser at 914 nm is first intra-cavity frequency doubled into a blue
laser with an LBO nonlinear crystal, and then into a DUV output from externally frequency doubling of the blue laser
with a BBO nonlinear crystal. The 228.5 nm DUV pulsed laser output power of 10 mW is obtained, with a stable
output power and good output beam quality. The present laser system is simple, compact and portable compared with
the Ti: sapphire UV Raman laser reported earlier. Our laser source can be favorably used in the spectroscopic
measurement of explosives and biomolecules.

Key words lasers; all-solid-state lasers; acousto-optical Q-switching technology; deep ultraviolet laser; 228.5 nm
laser
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