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In this letter, we report a diode-pumped nano-second laser with the output energy 10 J,
the repetition rate 50 Hz, and the average power 500 W. The main amplifier was made up
of eight amplify modules. Each amplify module was pumped by an 808 nm laser diode and
cooled by water from the back end of the Nd:YAG slab. To our knowledge, this represents
the highest pulse repetition rate for the 10 J class nano-second single-aperture Nd:YAG
laser. The beam quality was controlled by means of mechanical design and adjustment
and compensation by a home-made deforming mirror. The beam quality was controlled
well with the beam quality of the laser 2.61DL.

Keywords: re-frequency pulse laser, high-energy laser, high conversion efficiency, thermal management, Nd:YAG
laser

INTRODUCTION

Diode-pumped re-frequency high-energy nano-second laser is one of the developing directions of
the new generation of lasers and has a wide range of application prospects. It can be used for
industrial applications and laboratory research, such as laser peening, pump source of Ti:sapphire
femtosecond laser, high-energy density physics, strong field physics, high-energy and high-
brightness X-ray source, or high-energy and high-brightness particle beams. Many industrial
applications require high repetition of laser frequency to realize high processing rate.

In recent years, 10 Hz nano-second laser has developed rapidly, and the output energy had
increased from 10 J to 100 J [1-7]. However, at that energy level, higher frequency just as 50 Hz or
even 100 Hz was not realized before 2020. In 2018, we used Nd:YAG crystals as laser media and
obtained 12 J-10 Hz laser output [8]. Taking the advantage of the low pumping intensity, the laser
system has a large potential to increase the operation frequency to 50 Hz in 2020 [9]. In this paper, we
introduce the details of the laser system to readers. We present the configuration of the laser,
introduce the key problems of thermal management and ASE inhibition, and give the experimental
results in this paper.

EXPERIMENTAL SETUP

Figure 1 shows the schematic diagram of the laser system. A Q switch cavity with a side face
pumped Nd:YAG rod was the seed. Two side face pumped rods were used as pre-amplifiers.
The maximal output energy was 375 m]. The beam was shaped by a glass diaphragm to a square
with the output energy of about 190 mJ. The main amplifier was composed of eight water-
cooled laser amplifier modules which were pumped from the back end by 808 nm LD arrays.
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FIGURE 1 | Schematic diagram of the 10 J-50 Hz laser system. HR is the high-reflection mirror. P is the polarization mirror. L is the lens. M4 is the 1/4 wave plate. FRis the
Faraday rotator. /2 is the 1/2 wave plate. DM is the deformable mirror. DH is the diaphragm. WF-Detector is the wave front detector. PB is the sampling mirror with obliquity.
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FIGURE 2 | (A) The average surface temperature. (B) A typical surface temperature distribution.

FIGURE 3 | Total defocus
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FIGURE 4 | Astigmatism of one amplifier module (A) before adjustment and (B) after adjustment.
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FIGURE 5 | Simulation results of different thicknesses and doping
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FIGURE 6 | Small signal gain of each amplifier module.

The laser beam run double passes in the main amplifier and
then output from the polaroid plate (P5). A deformable
mirror (DM) was used to compress the phase aberration of
the laser beam after the output polaroid plate (P5).

KEY ISSUES OF THE LASER SYSTEM

Thermal Management of the Amplifier

Under 50 Hz pumping, the thermal effect of the amplifier was
significant. We present the thermal management in detail with
theory and numerical simulation in our earlier paper [10]. The
surface temperature of each crystal was measured, and the results
are shown in Figure 2. The average surface temperature of each
crystal was about 48-49°C. The surface temperature modulation
in the pumping area of a typical surface was 1.05. The defocus of
the double pass amplifier chain from thermal was as large as 35\,
which is shown in Figure 3. The defocus was pre-compressed by
the image transfer lens (L4 and L5) before the laser seed injecting
to the main amplifier. The focal length of L4 and L5 was 500 and
1500 mm, respectively, and we set the distance of them to
2400 mm to pre-compress the defocus. The astigmatism from
each amplifier module was about 0.9\. We adjusted the
astigmatism at the laser head by mechanism. The residual
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FIGURE 7 | Output energy and average power in 6000 shots.

astigmatism after adjustment was less than 0.1A, which is
shown in Figure 4. The depolarization of the amplifier chain
was measured, and the result was 16% on a single pass. To
compensate the depolarization, we put a 90° quartz rotator (R90)
in the middle of the amplifier chain. We use 120 m] energy as the
measurement beam, and the minimum energy of the energy
meter was 100 pJ. After compensation, the depolarization could
not be measured by an energy meter, which means the
depolarization must be lower than 0.1%.
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FIGURE 8 | Far field of the laser beam (A) before compensation and (B) after compensation.
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FIGURE 9 | Beam image in the near field.

ASE Control of the Laser Amplifier

The Nd:YAG crystal has a large emission cross area which makes
the ASE very remarkable in a large area amplifier. The size of the
Nd:YAG crystal was 60 mm x 40 mm x 8 mm, which was larger
than that we used in 2018 [6]. Although the aperture was larger,
the thickness was increased from 7 to 8 mm, which was a benefit
to reduce ASE. The simulation results of different thicknesses and
doping concentrations are shown in Figure 5. To obtain high
energy conversion efficiency, we use a relatively high pumping
power with a relatively short duration. The pumping current was
360 A, and the pumping duration was set to 140 ps with a rise
edge of 20 ps. To absorb the ASE light, we use Cr*":YAG as the
edge cladding. The absorption coefficient and the width of Cr**:
YAG were 8/cm and 8 mm, respectively. In this condition, the
small signal gain was measured and is shown in Figure 6.

On the contrary, the edge cladding was used as a thermal
balance method to obtain a good beam quality. The principle has
been described in [7]. Figure 7 shows the near field of one pass of

an amplifier without edge cladding and double pass of eight
amplifiers with edge cladding.

OUTPUT PARAMETERS OF THE LASER

The output parameters of the laser were measured. The output
energy was 10 J with the stability of 0.8% (RMS@6000shots).
The output energy is shown in Figure 7. The far field was
compensated by adaptive optics (AO). The far field of the laser
before and after compensation is shown in Figure 8. The beam
quality of the laser was 11 diffraction limited (DL) and 2.6 DL
before and after compensation, respectively. The origin of the
side-lobes was the marginal residual high-frequency
component which could not be compressed by AO. The
near field is shown in Figure 9. The overall outline of beam
distribution was supergauss with thin modulation on the top
due to polishing of the crystal. The total modulation of the near
field was 1.9.

CONCLUSION

In this letter, a laser beam of energy 10 J with the repetition rate of
50 Hz was realized. For such a high repetition rate, the thermal effect
was controlled by uniform pumping and cooling, adjustment of
astigmatism and compensation of defocus, and compensation of
AO. The beam quality less than 3DL was realized. This confirms the
viability of active mirror Nd:YAG amplifier concept, which is
scalability to the kilowatt level. Further increases in the average
power to 1000 W are expected at the frequency of 100 Hz.
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