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Demonstration of Quadrature Arrangement using CsLiB4O,, Crystals
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The ability of CsLiBsO,, (CLBO) crystals for high power second-harmonic
generation (SHG) of a 1064-nm Nd:YAG laser in a quadrature arrangement was
experimentally demonstrated. A 532-nm second harmonic output pulse energy of 2.25 ]
was obtained with 3.21 J of an input 1064-nm fundamental pulse energy at a repetition
rate of 10 Hz, corresponding to a power conversion efficiency in excess of 70 %.
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1. INTRODUCTION

Several high power near-infrared solid-state laser systems such as the popular
Nd:YAG laser system have been developed and operated efficiently for many years. High
power green lasers using these systems are effective tools in material processing, remote
sensing and as a pumping source of Ti:sapphire lasers. In a solid-state laser, a green laser
beam is typically generated by a second-harmonic generation (SHG) scheme based on the
use of nonlinear optical crystals [1], [2]. At present, there are many crystals available for
SHG of the Nd:YAG laser : KTiOPO, (KTP), LiByOs (LBO), 8-BaB,0, (BBO), KD,PO,
(DKDP) and CsLiB4O,, (CLBO). KTP, LBO and BBO have been widely used due to their
large nonlinear coefficients [1]-[4]. However, the small crystal sizes are not suitable for
the SHG of high power lasers for which large laser beam diameter is typical. Both DKDP
and CLBO can be grown to large sizes in a relatively short period. The CLBO crystal offers
some attractive nonlinear parameters compared with DKDP crystal [5]. For type Il phase
matching at a pump wavelength of 1064-nm, the nonlinear coefficients (d,) for CLBO
and DKDP are 0.95 pm/V and 0.40 pm/V, respectively. DKDP has a wide angular
acceptance bandwidth of 5.0 mrad-cm compared with 1.7 mrad-cm for the CLBO crystal.
However, the temperature acceptance bandwidths for CLBO and DKDP are 43.1 ‘C-cm
and 6.7 C-cm, respectively. The walk-off angles and spectral acceptance bandwidths of
CLBO and DKDP are rather similar. For high-power and high repetition rate second
harmonic generation, the small nonlinear coefficient and narrow temperature acceptance
bandwidth limit the use of DKDP crystal. Also, it has been shown experimentally that the
performance of the CLBO crystal for SHG of the Nd:YAG laser is superior to that of the
DKDP crystal [5]. For these reasons, CLBO crystal is suitable for high power and high
repetition rate SHG of the Nd:YAG laser.

Eimerl proposed a quadrature frequency conversion scheme using of two
crystals [6]. In this scheme, the optic axes of two type II crystals in series are arranged
orthogonally. The input fundamental laser beam unconverted in the first crystal can be
reused for further frequency conversion in the second. This scheme provides for a wide
input intensity range over which conversion efficiency is high and a relatively high
tolerance to angle and thermal misadjustment compared with a single crystal scheme.
Furthermore, back-conversion can be minimized because the second-harmonic output
produced in the first crystal is not at the correct polarization for interaction in the second.
Eimerl has described in detail the quadrature SHG conversion efficiency for the Nd laser
with numerical calculations for DKDP, KTP and BBO, and measurement for DKDP.

In this paper, we describe the efficient SHG performances for high power
Nd:YAG laser by combining the advantages of CLBO crystal and the quadrature

frequency conversion scheme. This scheme can be easily scaled up by increasing the sizes

—-1-



JAERI-Research 2001-019

of the nonlinear optical crystals to accommodate larger input fundamental laser beam

cross—section.

2. EXPERIMENTAL SETUP

A schematic of the experimental setup is shown in Fig.1. A SHG experiment was
carried out using a high power 1064-nm Q-switched Nd:YAG laser system, operated at a
repetition rate of 10 Hz [7]. In this experiment, we used one of two beam lines in the
system. The laser system was injection seeded to provide a single axial-mode output. The
seeded temporal profile of the laser pulse was observed to be smooth and near Gaussian.
The spatial profile was near flat—-top. The beam diameter was 10.9 mm and the pulse
duration was about 13 ns at full width at half maximum (FWHM). Each CLBO crystal
(KOGAKUGIKEN Co., Ltd) had a cross section of 18 mmX18 mm and length of 10 mm
and had no antireflection coatings. Each crystal was oriented for type II for SHG of the
input 1064-nm fundamental laser and was housed in a heater with a proportional integral
derivative (PID) controller. The crystals were maintained constantly at 160 C with an
accuracy of 0.1 C and were argon gas purged in order to avoid their degradation due to
stresses introduced by crystal hydration, cutting, polishing, and thermal shock owing to
laser power absorption [8]. The temperature-ramping rate was fixed at 2.3°C/min. The
windows of the heaters were antireflection coated for both 1064-nm and 532-nm. Each
heater was mounted on a rotation stage to optimize the angle between the input beam
and the crystal.

The input 1064-nm fundamental laser beam, which was linearly polarized, was
passed through an optical isolator and relayed. The optical isolator provides sufficient
optical isolation between the Q-switched Nd:YAG laser system and the frequency
conversion part. The image-relay telescope was used to transport the input laser beam to
the CLBO crystals with the flat-top spatial profile while avoiding damage to the optics.
The two CLBO crystals were placed close to each other. Polarization of the input laser
beam was adjusted with a half-wave plate for correct orientation to the crystals for
efficient frequency conversion. A dichroic mirror was placed after the CLBO crystals to
separate the 1064-nm fundamental laser beam and the generated 532-nm second-

harmonic output beam.

3. RESULTS

Figure 2 shows the 532-nm second-harmonic output pulse energy as a function
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of the input 1064-nm fundamental pulse energy. A maximum second-harmonic output
pulse energy of 2.26 ] was obtained with an input fundamental pulse energy of 3.21 J at a
repetition rate of 10 Hz, corresponding to an average second-harmonic output power of
22.6 W. There was no compensation for optical losses such as reflection, absorption and
scattering of the crystals. No power saturation was observed within the investigated
power range. Figure 3 shows the 532-nm second-harmonic conversion efficiency as a
function of the input fundamental laser intensity. As can be seen in this figure, a high
conversion efficiency of over 70 % for SHG was achieved with an input laser intensity of
317 MW/cm?. This result indicates that the high efficiency enables an efficient use of
energy as well as hardware. The ability of CLBO crystals for high power SHG of the
Nd:YAG laser in a quadrature arrangement was clearly demonstrated.

Using the numerical calculation method [1], [6], the_performance at optimized
crystal length was estimated. The calculation assumed a beam divergence of 1.0 mrad at a
repetition rate of 10 Hz, and also assumed a Gaussian temporal profile and flat-top spatial
profile. Crystal length was assumed to be 10 mm (first crystal) and 10.8 mm (second
crystal), respectively, and there were losses for Fresnel reflections. The calculation
indicates that a second-harmonic conversion efficiency exceeding 75 % could be achieved

with the input laser intensity of about 360 MW /cm?.

4, CONCLUSION

W have demonstrated experimentally the ability of CLBO crystal for high power
frequency doubling of the Nd:YAG laser in a quadrature arrangement. A high second-
harmonic conversion efficiency of over 70 % was achieved with an input fundamental
laser intensity of 317 MW/cm?. A second-harmonic output pulse energy of 2.25 J was
obtained with 3.21 J of input fundamental pulse energy at 10 Hz. The results clearly
indicate that CLBO crystal can be attractive for high power second-harmonic generation

with large beam diameter.
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