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Keywords

“Micro Solid-State Photonics” based on the micro domain
structure and boundary controlled materials, opens new horizon
in the laser science. The engineered materials of micro ceramic
and single-crystal, solid-state lasers can provide excellent
spatial mode quality and narrow linewidths with enough
power. High-brightness nature of these lasers has allowed
efficient wavelength extension by nonlinear frequency con-
version: The world first laser ignited car, highly efficiency
broad frequency conversions from the wavelength of 118nm
VUV until 300um—1mm THz waves, and so on. In addition,
the quasi phase matching (QPM) is an attractive technique for
compensating phase velocity dispersion in frequency con-
version. Lately, we propose a new architecture to realize a
monolithic multi-disk laser by the surface activated bonding
(SAB). This multiple thin-disk or chip gain medium for
distributed face cooling (DFC) structure can manage the high-
power and high-field laser with high-gain compact system.
Besides, QPM-structured crystal quartz constructed by multi-
plate stacking could be promising as a high-power and reliable
VUV frequency conversion devices. These downsized and
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Figure 1. TILA consortium toward “Laser Science and Innovation”

by micro solid-state photonics.

modularized tiny integrated lasers (TILA) promise the
extremely high-brightness lasers to open up the new science,
such as laser driven electron accelerator toward table-top
XFEL, and innovation by the compact power laser (Figure 1).
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1. Laser-Induced Damage Study of Bonded
Material for a High-Brightness Laser
System')

We evaluated the laser-induced damage threshold (LIDT)
of the interface between two identical YAG crystals, bonded
by an inter-layer assisted surface activated bonding (il-SAB)
method. The experimental results indicate slight damage
threshold degradation for both single- and polycrystalline
trivalent rear-earth (RE**)-ion-doped YAG gain media in the
sub-nanosecond pulse regime. Moreover, crystal annealing
prior to damage testing could provide additional improvement
for the laser damage threshold of the bulk and bonded interface.
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Figure 2. LIDT data for (a) single crystal and (b) ceramic Nd:YAG
materials. Both experimental data (points) and fitting (lines) for
surface (green), bulk (blue), and bonded interface (orange) are shown.
Each data point on the graph represents 16 and 12 measurements for
the single crystal and ceramic Nd:YAG, respectively.

2. Development of a Portable Laser
Peening Device and lts Effect on the Fatigue
Properties of HT780 Butt-Welded Joints?

Laser peening (LP) is a well-established technique for
introducing compressive residual stress (RS) near the surface
of metal components, to improve their high-cycle fatigue
properties. The authors have developed a compact LP device
with a thumb-sized Nd:YAG microchip laser mounted on a
collaborative robot arm. The device was applied to 9-mm-
thick HT780 high-strength steel plate samples with irradiated
pulse energies of 7.5-8.0 mJ, spot sizes of 0.42—0.58 mm and
pulse densities of 100—1,600 pulses/mm?2. X-ray diffraction
showed that the maximum compressive RS was over 500 MPa
near the surface, and the LP effect reached a depth of approxi-
mately 0.1 mm from the surface. Butt-welded HT780 samples
were laser-peened with a pulse energy of 7.7 mJ, spot size of
0.49 mm and pulse density of 800 pulses/mm?2. Then, the
samples were subjected to a uniaxial fatigue test with a stress
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ratio of 0.1. The results showed that the fatigue strength at 107
cycles was improved by at least 50 MPa, comparable to the
improvement attained by LP in a previous study with a pulse
energy of 200 mJ from a conventional Nd:YAG laser.
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Figure 3. Configuration of the portable laser peening device with an
Nd:YAG microchip laser.

3. >50 MW Peak Power, High Brightness
Nd:YAG/Cr*":YAG Microchip Laser with
Unstable Resonator?)

We demonstrated a flat-convex unstable cavity Nd:YAG/
Cr*":YAG ceramic air-cooled microchip laser (MCL) generat-
ing a record 37.6 and 59.2 MW peak power pulses with an
energy of 17.0 and 24.1 mJ and a width of 452 and 407 ps at
20 Hz by using a uniform power square and hexagon pump,
respectively. For hexagon pump, the near field hexagon donut
beam was changed in to a Bessel-like beam in far field, whose
beam quality was estimated as 2"4 moment M? of 7.67. The
brightness scale of unstable resonator MCL was achieved up
to 88.9 TW/(sr-cm?) in contrast with flat-flat cavity MCL.
However, the high intense center part of Bessel-like beam
increased its brightness effectively more than 8 times, up to
736 TW/(sr-cm?).
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Figure 4. New record peak powers of 37.6, 41.7, and 52.9 MW of
Nd:YAG/Cr*":YAG microchip laser (MCL) using uniform power
pump. Successful brightness scale of unstable cavity MCL up to 88.9
TW/(sr-cm?) in contrast to flat-flat cavity, promising further brightness
scale up.
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