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F 1 ARRMEMASE
Table 1.  Parameters of nonlinear crystal.

LES BYEE/am B E/GW-cm 2 dege1/pmVE dg?/pme V' SEEMA /mrad  EEA?/mrad
LBO 160—2600 36.308 0.83 (zy) 0.53 (2) 7.06 (zy) 9.30 (y2)
BBO 185—2600 18.27118] 2.01 2.02 55.86 72.33
KDP 177—1700 20018] 0.26 0.32 28.06 30.12
BIBO 286—2500 3.4019 2.96 (2) 3.9 (y2) 25.74 (y2) 67.86 (2)
CLBO 1802570 27318 0.38 0.52 31.41 37.16
CBO 170—3000 26120) 1.01 (22) 1.19 () 31.17 (z2) 16.25 (ay)

1, 1064 nmfEA 1532 nm I 54FF; 2, 1064 nm5532 n A H 355 nmAYSF R
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Fig. 1. Structure of all-solid-state picosecond laser amplifier,
SHG and THG (HR, high reflectivity mirror; DM, dichroic
mirror; LD, laser diode; HT 1064 HR 532: high transmit-
tance @ 1064 nm and high reflectivity @ 532 nm).
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Fig. 2. Self-reference curve of seed laser and fundamental
laser (sech? fitting): (a) Self-referencecurve of seed laser; (b)

self-reference curve of fundamental laser.
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Fig. 3. Wavelength and beam quality (M?) of fundamental
laser: (a) Wavelength of fundamental laser; (b) beam qual-
ity (M?) of fundamental laser.
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Fig. 4. Schematic diagram of space walk-off and compensa-
tion for SHG and THG.
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Fig. 5. Power stability of SHG power.
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Abstract

Picosecond laser with high-repetition-rate and high pulse energy is widely favorite in many scientific and
industrial applications. Some nonlinear crystals can be used to efficiently convert a near-infrared laser into a
green laser or an ultraviolet laser which has a higher photon energy and a smaller focal area. Especially for
high-quality and high-speed transparent hard material fabrication, green or ultraviolet picosecond laser has been
found to possess unique advantages. In this paper, the experiments on high-efficiency second-harmonic-
generation (SHG) and third-harmonic-generation (THG) by using a home-made all-solid-state picosecond laser
amplifier and an LBO crystal are reported.

The picosecond laser amplifier consists of a seed source, a regenerative amplifier and a two-stage single-pass
amplifier. The seed source is a commercial all-solid-state picosecond oscillator with a pulse duration of 8.3 ps
and a repetition rate of 68 MHz. The repetition rate is reduced from 68 MHz to 500 kHz by an electro-optic
Pockels cell (PC), and the period doubling bifurcation is minimized by reducing the duration of high voltage in
PC. Both the regenerative amplifier and the two-stage single-pass amplifier are pumped by three 30-W
continuous-wave fiber-coupled laser diodes. After the regenerative amplifier, the seed laser is amplified to 4.86 W
with a repetition rate of 500 kHz at 1064 nm. Then the laser power is increased to 23.2 W by a two-stage
single-pass amplifier, and the M2 value of the amplified laser in the X direction and in the Y direction are 1.330
and 1.235, respectively. The final pulse duration is 13.4 ps, which is slightly stretched in the amplification chain
compared with the seed pulse duration (8.3 ps).

For high-efficiency SHG and THG from near-infrared to green and ultraviolet, we carefully study the
optical characteristics of some nonlinear crystals, such as LBO, BBO, BIBO, CLBO, etc., and we find that the
LBO crystal, which has a high damage threshold, small walk-off and high nonlinear coefficient, is the best
choice for both SHG and THG. Then the parameters of the two crystals for SHG and THG are specially
designed according to the phase matching condition, the walk-off and the laser parameter. As a result, a 4-mm-
long type-I phase matching LBO with cutting angle of § = 90° and ¢ = 11.6° is used for SHG, and a 3-mm-
long type-II phase matching LBO with cutting angle of § = 42.2° and ¢ = 90° is used for THG. Finally, we
realize high-efficiency frequency conversion with SHG power of 12.7 W at 532 nm and THG power of 9.25 W at
355 nm. The corresponding optical-optical conversion efficiencies reach 54.7% and 39.6%, respectively.

Keywords: nonlinear optics, frequency conversion, diode-pumped lasers, amplifiers
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