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IX-X Development and Research of Advanced Tunable Solid
State Lasers

Diode-pumped solid-state lasers can provide excellent spatial mode quality and narrow linewidths. The high
spectral power brightness of these lasers has allowed high efficiency frequency extension by nonlinear frequency
conversion. Moreover, the availability of new and improved nonlinear optical crystals makes these techniques more
practical. Additionally, quasi phase matching (QPM) is a new technique instead of conventional birefringent phase
matching for compensating phase velocity dispersion in frequency conversion. These kinds of advanced tunable
solid-state light sources, so to speak “ Chroma Chip Lasers,” will assist the research of molecular science.

In this projects we are developing Chroma Chip Lasers based on diode-pumped-microchip-solid-sate lasers and

advanced nonlinear frequency conversion technique.

IX-X-1 Spectroscopic Properties of Yb:GdVO4
Single Crystal: Stark Levels, Selection Rules,
and Polarized Cross Sections

SATO, Yoichi; TAIRA, Takunori; NAKAMURA,
Osamul; FURUKAWA, Yasunoril
(1OXIDE)

[OSA Topical Meeting of Advanced Solid Sate
Photonics MF8 (2005)]

Spectroscopic properties Yh:GdV O, single crystals
were investigated. We determined the stark levels and
discussed about the selection rules. We found that the
1030.7-nm transition from the lowest level in upper
manifold to the highest level in lower manifold was for-
bidden transition in wt-polarization. The absorption cross
section, stimulated emission cross section, and radiative
lifetime were also evaluated. o4, and oem at 948-nm
were 6.1 and 6.7 x 10720-cm?, respectively. The calcu-
lated radiative lifetime of Yb:GdVO,4 was 313-us, and
was consistent to the reported fluorescence lifetime of
320-us. From the wave-profiles of cem and polarized
decay rate, the averaged wavelength of fluorescence was
estimated to be 991-nm. If the pumping wavelength is
set to 1000-nm, the absorption coefficient of 15 at.%
Yb:GdV Oy is still 9.8-cm™, and laser cooling effect
should be observed. Obtained spectroscopic parameters
in this work were consistent with the previous report of
laser oscillation. Authors aso indicate that Yb:GdV Oy
has enough absorption at pumping wavelength for laser
cooling.
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Figure 1. Polarized absorption and stimulated emission cross
sections of Yh:GdVOg.

IX-X-2 Spectroscopic Properties of All-Ceramic
Composite with Layer-by-Layer of Nd:Y3Al5012
and Nd:YgsCA|4012

SATO, Yoichi; TAIRA, Takunori; IKESUE, Akiot
(LJFCe)

[Conf. Lasers Electro-Optics JTUC28 (2005)]

The ceramic laser materials have been greatly inter-
ested because of their possibility for advanced lasers.
The technique of composite ceramics has been especial-
ly considered to be the most important in the ceramics.
Recently, this new ceramics technology about compos-
ite ceramics has been realized. In this work, we fabri-
cated the all-ceramic composite with layer-by-layer of
NdZYgsCA|40]_2 (YSAG) and NdZY3A|50;|_2 (YAG).

The wide emission bandwidth of 5.5 nm in Nd:
Y SAG is composed of three transitions (Ri-Y1, Ri-Yo,
Ro-Y3), and contains the valley in its profile. The ratio of
peak-to-valley is almost 50%, which reaches 93% in
Nd:YAG. Fortunately, the valley in the emission band
of Nd:Y SAG overlaps the peak in the emission band of
Nd:YAG. When we pumped from YSAG side with
809.0 nm pumping source, this peak-to-valley improved
to 43%. If we fabricate the three-layered composite of
YAG, YSAG, and Y 3ScAl3012, this specimen will per-
form more flat emission band. These profiles of fluores-
cence in Figure 1 are related to the effective emission
cross-section, thus we can design the gain profile of this
layered composite material. Even in the case of diode-
pumping, we can control the spectroscopic properties by
tuning the temperature of laser diode.

As aresult, we found that the tuning of the pumping
wavelength made the spectral profile of fluorescence
from the composite ceramics more even than that from
single-layered Nd:Y 3ScAls xO12 ceramics. The tech-
nique of composite ceramics is proved to be useful
because it can provide not only the compositional tuning
but also a new controllability by the selection of the
pump source.
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Figure 1. Fluorescence profiles of 1.0at.% Nd:YAG, Nd:
Y SAG, and their composite.

IX-X-3 Hybrid Process for Measurement of
Spectroscopic Properties of Nd:GdVOq4

SATO, Yoichi; TAIRA, Takunori
[Pac. Rim Conf. Lasers Electro-Optics CWI2-5 (2005)]

In order to construct highly performing solid-state
lasers, laser materials should be able to absorb effi-
ciently the pump radiation. The request of high pump
absorption efficiency is more important for the case in
microchip laser scheme, or under direct pumping into
the emitting levels. Rare-earth doped vanadate crystals
are the promised candidates solid-state lasers with high-
performance because of their desirable properties of
high optical absorption. However, there are many re-
ports for an absorption cross section of the transition
between “lg/» and 4Fg» in Nd:GdV Oy4. In this paper,
authors discussed how to evaluate the spectroscopic
properties of Nd- and Y b-doped GdV O, crystals.

We propose the “Hybrid Process’ which is shown in
Figure 1 as a technique for the spectroscopic evauation
in order to avoid overlooking the influences of emission
in absorption and the influences of absorption in emis-
sion by simultaneous evaluation. This process also gives
the radiative quantum efficiency (n,). We studied Nd:
GdVO4 (Shandong Newphotonics) and Nd:YVO4 (ITI)
according to the Hybrid Process.

As a result, rare-earth doped vanadate crystals are
the promised candidates solid-state lasers due to their
large cross sections and relatively high thermal conduc-
tivity. In order to perform these superior characteristics,
we have to notice that heavy heat generation under non-
lasing condition and the difference in the thermal con-
ductivity depending on the crystal-axis.
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Figure 1. The flow-chart of “Hybrid Process’ for measure-
ment of the spectroscopic properties in Nd:vanadate.

IV-X-4 Absorption, Emission Spectrum
Properties and Efficient Laser Performances of
Yb:Y3ScAl;O12 Ceramics

SAIKAWA, Jiro; SATO, Yoichi; TAIRA, Takunori;
IKESUE, Akiol
(LJFce)

[Appl. Phys. Lett. 85, 1898 (2004)]

We report on the continuous-wave laser perfor-
mances of Yb3*-doped disordered Y 3Als015/Y 3Sc)
Al4012 (YAG/YSAG) ceramics fabricated by sintering
method. These new materials exhibit relatively low
minimum pump intensity (Imin) and broad emission
bandwidth even in the yttrium aluminum garnet sys-
tems. The value of Iyin in the Yb:Y 3ScAl401, ceramics
was found to be 2/3 compared with the Yb:YAG single
crystal under 970-nm zero-line pumping. Efficient laser
oscillation of 72% slope efficiency was obtained for
input pump power. These materials attract great interest
for high power femtosecond microchip lasers and am-
plifier applications.

IX-X-5 Passive Mode Locking of a Mixed
Garnet Yb:Y3ScAl4O12 Ceramic Laser

SAIKAWA, Jiro; SATO, Yoichi; TAIRA, Takunori;
IKESUE, Akiol
(LJFCe)

[Appl. Phys. Lett. 85, 5845 (2004)]

We have demonstrated a passively mode-locked
Y b3*-doped Y 3ScAl401 ceramic laser, which is a solid
solution of Y3Als012 (YAG) and Y3ScoAlz012 (YS
AG), by using a semiconductor saturable-absorber mir-
ror (SESAM). The maximum average output power was
as high as 150 mW with a pulse duration of 500 fs. With
a 0.5% output coupler, pulses as short as 280 fs having
an average output power of 62 mW at 1035.8 nm were
obtained.

IX-X-6 High-Power Operation of Diode Edge-
Pumped, Glue-Bonded, Composite Yb:Y3Al5012
Microchip Laser with Ceramic, Undoped YAG
Pump Light-Guide

TSUNEKANE, Masaki; TAIRA, Takunori
[Jpn. J. Appl. Phys. in press|

The high-power operation of a diode edge-pumped,
composite Yb®*-doped Y3Als012 (Yb:YAG) microchip
laser has been demonstrated. The novel composite
microchip has a 5-mm-diameter, 300-um-thickness,
single-crystal Yb:YAG core and a transparent ceramic,
undoped YAG pump light-guide surrounding the core
with the same thickness. The high-reflection coated face
of the microchip was bonded to a water-cooled heat-
sink by a thermally conductive glue for efficient con-
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ductive cooling. The pump light from a fourfold diode
stack directly coupled to the light-guide and maximum
output powers of 410 W (peak) and 285 W have been
successfully obtained at an input pump power of 866 W
in quasi-continuous-wave (10 ms, 10 Hz) and continu-
ous-wave operations, respectively, at room temperature.
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Figure 1. Input pump power versus laser output power of
diode edge-pumped, composite Yh:YAG microchip laser in
QCW and CW operations at room temperature.

IX-X-7 Continuous-Wave Deep Blue Generation
in a Periodically Poled MgO:LiNbO3 Crystal by
Single-Pass Frequency Doubling of a 912-nm
Nd:GdVO,4 Laser

MI1ZUUCHI, Kiminoril; MORIKAWA, Akihiro?;
SUGITA, Tomoyal; YAMAMOTO, Kazuhisal;
PAVEL, Nicolaie?; TAIRA, Takunori
(*Matsushita Co., Ltd.; 2 AP-NILPRP, Romania)

[Jpn. J. Appl. Phys. 43, L1293 (2004)]

We report blue emission at 456 nm by single-pass
second-harmonic generation in a bulk periodically-
poled MgO:LiNbOs crystal, for the first time to our best
knowledge. Using as a pumping source a continuous-
wave Nd:GdV Og4 laser operating at 912 nm, blue power
of 167 mW with 8.3% infrared-to-blue conversion effi-
ciency and 4.2%/W normalized conversion efficiency
was obtained. The present data, combined with our pre-
vious results on green generation, supports the prospect
of obtaining compact and high power visible sources
based on bulk periodically poled MgO:LiNbOs.

IX-X-8 Continuous-Wave Ultraviolet Generation
at 354-nm in a Periodically Poled MgO:LiNbO3
by Frequency Tripling of a Diode End-Pumped
Nd:GdVO4 Microlaser

MI1ZUUCHI, Kiminoril; MORIKAWA, Akihiro?;
SUGITA, Tomoyal; YAMAMOTO, Kazuhisal;
PAVEL, Nicolaie?; TAIRA, Takunori
(*Matsushita Co., Ltd.; 2 AP-NILPRP, Romania)

[Appl. Phys. Lett. 85, 3959 (2004)]

Irregular side spread of polarization inversion was
suppressed in PPMgLN up to 2-mm thickness by using
a multipulse poling method. Cascaded THG was per-
formed by employing a first-order SHG-QPM PPMgLN
followed by a SFG-QPM PPMgLN stage, and a 1063
nm Nd:GdV Oy laser as a pumping source. CW power of
47 mW at 354 nm with 3.9%/W/cm normalized conver-
sion efficiency was obtained. To our knowledge this is
the first demonstration in PPMgLN of such a system
and the highest UV power at 354 nm reported by CW
single-pass process in a QPM structure. The present
result supports the prospect of obtaining compact and
high power UV source based on bulk periodically poled
MgO:LiNbOs.

IX-X-9 High-Power Continuous-Wave
Intracavity Frequency-Doubled Nd:GdVO4-LBO
Laser under Diode Pumping into the Emitting
Level

PAVEL, Nicolaiel; TAIRA, Takunori
(M AP-NILPRP, Romania)

[lEEE J. Sel. Top. Quantum Electron. 11, 631 (2005)]

Continuous-wave emission in Nd:GdV Q4 at the 1-
um fundamental wavelength and 531-nm second har-
monic, which was obtained by intracavity frequency-
doubling with LBO, is investigated under end-pumping
with high-power diode laser at 808 and 879 nm. The
maximum green power of 5.1 W with 0.31 overall
optical-to-optical efficiency in abeam of M2 = 1.46 was
obtained under 879-nm pumping, directly into the 4F3,
emitting level. To the authors best knowledge thisis the
highest CW green power obtained for the Nd:GdV Oy
laser material.

IX-X-10 Deep Blue Generation at 456 nm in a
Periodically Poled MgO:LiNbO3 Ridge-Type
Waveguide by Single-Pass Frequency Doubling
of a Nd:GdVO4 Micro-Laser

PAVEL, Nicolaiel; TAIRA, Takunori; IWAI,
Makato?, YOSHINO, TakeshiZ IMAEDA, Minoru?
(MAP-NILPRP, Romania; °NGK)

[Conf. Lasers Electro-Optics CTuC30 (2005)]

This paper reports on our work toward scaling deep
blue light by SHG-QPM process in a PPMgLN ridge-
type waveguide: 93 mW power at 456 nm was achieved
by single-pass SHG of a 912-nm Nd:GdV O, laser.

IX-X-11 Efficient 1.06 and 1.34-um Laser
Emission of Highly-Doped Nd:YAG under 885-
nm Diode Pumping into the Emitting Level

PAVEL, Nicolaiel; TAIRA, Takunori
(M1 AP-NILPRP, Romania)

[European Conf. Lasers Electro-Optics CA-19-MON
(2005)]



This work reports on 1.34-um emission in Nd:YAG
under direct pumping into the emitting level, at 885 nm,
the first demonstration of such a system to the best of
our knowledge. CW output power of 3.8 W at 1.34 um
with overall optical-to-optical efficiency of 0.26 is ob-
tained from a 2.5-at.% Nd:YAG single crysta pumped
into the 4F3/, level with a high-brightness 885-nm diode
laser. The influence of the lasing wavelength and
medium concentration on the thermal effects induced by
optical pumping into the active component is discussed.
It is shown that laser emission at 1.3 um increases the
thermal effects in medium only under a certain value of
Cng- This behavior was checked be mapping the tem-
perature of the output surface of the Nd:YAG crystals.
These results demonstrate that diode laser pumping into
the emitting level of concentrated Nd-based laser ma-
terials is a solution for construction of efficient micro-
lasers and for scaling to high power.

IX-X-12 High-Power Multi-Pass Pumped
Microchip Nd:GdVO4 Laser

PAVEL, Nicolaiel; TAIRA, Takunori
(M AP-NILPRP, Romania)

[Pacific Rim Conf. Lasers Electro-Optics CTul 3-5
(2005)]

We describe a continuous-wave thin-disk Nd:Gd
V Oy laser in a multi-pass pumping scheme. Employing
a 250-um thick, 0.5-at.% Nd:GdV O, crystal, a maxi-
mum output power of 13.9 W was obtained for 22 W
absorbed power; the slope efficiency in absorbed power
was 0.65. Pumping at 879 nm, directly into the 4Fz,
emitting level, resulted in laser operation with slope
efficiency in absorbed power of 0.69; the laser output
power was 3.6 W at an absorbed pump power of 6.2 W.
We appreciate that with an improved heat transfer
between the Nd:GdVO,4 and the cooling system, a Nd:
GdV O4 medium of lower doping and an increased
number of passes of the pump radiation, this geometry
could be also agood solution for efficient laser emission
at 912 nm.

IX-X-13 Highly Efficient New Pumping
Configuration for Microchip Solid State Laser

DASCALU, Traian®; TAIRA, Takunori
(M AP-NILPRP, Romania)

[European Conf. Lasers Electro-Optics CThu4-2
(2005)]

We propose a new pumping scheme which allows
94% absorption efficiency in Yb:YAG 15 at.% with 200
um thickness with uniform pump distribution. This con-
figuration can be scaled up and it is very attractive
especially for high power quasi-4-levels lasers where
the reabsorption |osses are important.

IX-X-14 High Energy Quasi-Phase-Matched
Optical Parametric Oscillation in a 3-mm-Thick
Periodically Poled MgO:LiNbO3 Device
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ISHIZUKI, Hideki; SHOJI, Ichiro; TAIRA,
Takunori

[Opt. Lett. 29, 2527 (2004)]

We presented high energy optical parametric oscilla-
tion (OPO) using 3-mm-thcik periodicaly poled MgO:
LN (PPMgLN) device. The maximum total output
energy of 22 mJ at the pump energy of 46 mJ was
obtained using a Q-switched Nd:YAG laser of 30 Hz
repetition rate with 15 ns pulse duration. The large-
aperture PPMgLN devices would enable us to realize
high-energy wavelength conversion, short pulse amplifi-
cation, and pulse compression.
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