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Abstract : Continuous wave (CW) laser oscillation of a stoichiometric microchip YbsAlsO5, (YDAG) crystal was realized at room
temperature (RT) with laser diode (LD) pumping. For single-emitter LD pumping, the maximum output power was 70 mW at an
oscillation wavelength of 1079 nm. The maximum slope efficiency and the maximum optical-to-optical efficiency were 13% and 10%

for the absorbed pump power, respectively. It isafirst result of CW operation by LD pumpingin stoichiometric material lasers.
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|. INTRODUCTION

In recent years, the ytterbium (Yb)-ion doped materials
have been recognized having attractive potential for laser
diode pumped solid state lasers [1]-[11]. Their absorption
spectrum around 900 nm wavelength is suited for pumping
by reliable InGaAs high-power laser diodes. They offer
severa advantages over the Nd-doped materials due to their
simple electronic structure. The Yb-doped materials have no
excited state absorption (ESA) and cross relaxation by
existing only two manifolds. The main advantage with
respect to high power and high efficiency lasing is caused by
their small quantum defect due to their small Stokes shift
between absorption and emission. Moreover, Y b-doped
materials have a long emission lifetime around 1 ms to
increase the storage pulse energy. Broad emission spectra
enable to generate ultrashort pulses. Yb-doped materials are
especially suited as gain media for high power ultrashort
pulse lasers and amplifiers with high efficiency.

One of the features of the Y b-doped materialsisthat it can
incorporate very high concentrations of the Yb ions without
concentration quenching. Highly doped Y b:YAG lasers have
been redlized previously [3]-[11] and highly efficient
oscillation was demonstrated close to the laser quantum
limited efficiency around 90% in the Yb:YAG crystal of 20
at.% concentration by high intensity pumping around 200
kW/cm? [4], [5]. The high laser ion-doped materials with
short absorption length permit the use of thin gain media with
high absorption efficiency. The thin media are useful for high
efficiency oscillation by high intensity pumping. Laser diodes
with low beam quality can be used as pump sources with
high mode-matching efficiency between the laser beam and
the pump beam.

The Yb-doped materials have the disadvantage of the
absorption at the laser wavelength as the reabsorption loss by
the thermal population of the lower laser level. Therefore, the
stoichiometric Yb laser materias, which have the highest ion
concentration, have some problems of thermal distortions and
an increase in the reabsorption loss caused by high heat
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generation density. Techniques to compensate the thermal
distortions and to reduce the reabsorption loss are necessary
for efficient laser oscillation of the highly doped Yb
materials, especialy of the stoichiometric Yb laser materials.

Until now, laser oscillations of only two stoichiometric Yb
materials have been reported with 100% Yb concentration
[4-{11]. They are YbAG and KYbW crystals. On the
KYbW, which is one of the stoichiometric materials, CW
oscillation was obtained at 1068 nm wavelength by pumping
from a Ti:sapphire laser at 1025 nm wavelength to reduce the
heat generation density [9]. For pumping between 900 nm
and 1000 nm wavelengths, which are suitable for LD
pumping, the KYbW laser was only reported by pulsed
pumping [8], [9].

On the YbAG, which is another stoichiometric material, it
has several advantages over the KYbW. The thermal
conductivity of the YbAG is 7 W/(m K) [7] which is more
than two times larger than the KYbW [8]. The fractional
thermal population at the lower laser level of the YbAG is
smaler than that of the KYbW because of higher energy
separation of the lower laser level from the ground state. The
YAG is optically isotropic, stable, and robust compared with
the Yb-doped host materials. In previous studies, we have
achieved CW YbAG laser oscillation by using the microchip
crystd to minimize the reabsorption loss by optimum
thickness and to realize high intensity pumping [10], [11].
Although the pump source was a Ti:sapphire laser, the pump
wavelength was 937 nm which is suitable for LD pumping.
In this paper, we report the first CW YbAG laser oscillation
at RT with LD pumping, to our knowledge.

1. EXPERIMENT AND RESULTS

The structure of the microchip YbAG laser was shown in
Fig. 1. We used the YbAG crystal (Scientific Material Corp.)
which was used in the previous experiment [10], [11]. To
optimize the pump absorption efficiency, the crysta
thickness was chosen to be 200 um. The (100) cut crystal was
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used to redlize intrinsic reduction of the thermal-
birefringence induced depolarization in the crystals [12],
[13]. The peak absorption wavelength of the crystal is 937
nm. The pump surface of the crystal, was used as an end
mirror of the laser resonator, was coated for high reflection
between 1020 and 1080 nm wavelength and anti-reflection
coated at 937 nm wavelength. The other surface was coated
for broadband anti-reflection. The crystal was adhered to a
copper heat-sink to cooling. The heat-sink temperature was
controlled around 20°C by athermo-electric cooler.

The pump source was a multi-mode single emitter LD
(OSRAM) with an emitter area of 1 um x 200 um. The
maximum output power was 720 mW with a wavelength of
940 nm. The LD beam was focused in the laser crystal with a
spot area of 30 um X 150 pum. The pump absorption
efficiency was 94%. The maximum pump intensity in the
laser crystal was obtained around 19 kW/cm?® for the
absorbed pump power.
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Fig. 1 Schematic of the CW YbAG laser.

In this setup, LD pumped CW laser oscillation of the
stoichiometric YbAG crystal was achieved. The lasing
spectrum is shown in Fig. 2, and the peak wavelength was
1079 nm which is a similar result in the previous experiment
[10], [11].
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Fig. 2 The lasing spectrum of a CW YbAG laser with multi-mode LD
pumping.

Figure 3 shows the output power of the YbAG laser by
multi-mode LD pumping and Ti:sapphire laser pumping as a
function of the incident pump power. With an output coupler
of atransmittance T = 0.1%, the lasing threshold was around
140 mW and the maximum output power was 70 mW. The
lasing threshold intensity for the absorbed power was around
4 kW/cm?. The optical-to-optical efficiency was 9.7% for the
incident pump power and 10% for the absorbed pump power.
The slope efficiency was 12% for the incident pump power
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and 13% for the absorbed pump power. These efficiencies are
low compared to those of the Ti:sapphire pumped laser due to
low mode-matching efficiency and high lasing threshold. The
low mode-matching efficiency was caused by the difference
in shape between an elliptical spot of the LD beam and a
nearly circular spot of the laser beam in the crystal. The high
lasing threshold was caused by a large spot area of the LD
beam compared to that of the Ti:sapphire laser beam. The
mode-matching efficiency will be increased, if the spot shape
of the laser beam and the pump beam are almost same in the
YDbAG crystal. The optical-to-optical and slope efficiencies
will be increased by multi path pumping schemes which are
usually used in thin-disk lasers.

For Ti:sapphire laser pumping in the previous experiment
[10], [11], the YDAG did not lase with higher pump power
above 400 mW. Here, we obtained laser operation up to 700
mW pump power. The reason which limits the lasing pump
power is considered to be thermal distortion such as thermal
lensing.
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Fig. 3 The output power of CW YbAG laser as a function of the
incident pump power. The pump sour ces were the multi-mode LD and
the Ti:sapphirelaser.

[11. CONCLUSIONS

In conclusion, we obtained a CW YbAG laser oscillation
with LD pumping. It is the first report for the CW
stoichiometric Yb laser oscillation with LD pumping, in our
knowledge. The maximum output power was 70 mW with a
laser wavelength of 1079 nm. The maximum slope efficiency
and the maximum optical-to-optical efficiency were 13% and
10% for the absorbed pump power, respectively. These
results were obtained using the microchip gain materials. The
efficiencies can be increased by precise compensation of
thermo-optic effects.
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