February 10, 2011 / Vol. 9, No. 2 / CHINESE OPTICS LETTERS

021404-1

1047-nm all-solid-state laser based on Nd:LuLF
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A compact all-solid-state continuous-wave (CW) laser at 1047 nm is developed based on Nd:LuLF, which
is grown through the Czochralski technique. From the laser system, 1.3-W laser can be obtained, which
corresponds to the slope efficiencies of 20.1% and 49.5% with respect to the incident and absorbed pump
powers, respectively. To the best of our knowledge, this is the highest power level achieved at 1047 nm

based on the Nd:LuLF crystal.
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1047-nm laser can be used as a fundamental wave to
produce 523.5-nm green laser emission, which has signif-
icant applications in display technology and underwater
communication. A 1047-nm laser can now be obtained
based on Nd:YLF or Nd:LuLF crystal on the transition
of 4F;,5 =411 /o174, However, Nd:YLF has suffered
problems of internal defects, which often lead to laser-
induced bulk damage occurring before laser-induced sur-
face damagel®%: meanwhile, stoichiometrically grown
Nd:LuLF crystal has potential benefits for increased op-
tical quality and appears to have the ability to mitigate
these problems!”.

Nd:LuLiFy4, also known as Nd:LuLF which is isomor-
phic to Nd:YLF, was first grown by the national aeronau-
tics and space administration (NASA) langley research
center, and a 1047-nm laser was obtained through flash-
lamp pumping, with slope efficiency of 1%B3-101. 1In
1993, Alexander et al. have demonstrated room tem-
perature oscillation of a laser-diode-pumped continuous-
wave (CW) 1047-nm laser based on Nd:LuLF crystal
with slope efficiency of 9.2% and an output power of 8
mWUI | However, in their experiment, because of the
limitation of technologies at that time, a single AlGaAs
diode at 805 nm was adopted as pump source, which did
not match the highest absorption. At present, Nd:LuLF
has been grown domestically using the Czochralski tech-
nique by the key laboratory of materials for high power
laser, Shanghai Institute of Optics and Fine Mechanics
(SIOM). Hence, it is important to explore the lasing
characteristics of the abovementioned crystal. Polarized
absorption and emission spectra for the ¢ and 7 axes
at 300 K are measured, as shown in Figs. 1(a) and (b),
respectively.

In this letter, a compact 1047-nm all-solid-state laser
based on Nd:LuLF crystal is demonstrated. With an
incident pump power of 7.5 W, laser output of up to
1.3 W is obtained, while the optical-to-optical conver-
sion efficiency is greater than 17%.

The experimental setup of the 1047-nm laser is shown
in Fig. 2. Typical end-pumping configuration was used
for the lasing experiment. A 792-nm fiber-coupled laser

1671-7694/2011/021404(2)

diode (LD) with spectral bandwidth of about 2 nm and
the fiber having a core diameter of 400 ym and numer-
ical aperture of 0.22 was used as the pump source for
CW operation. The central wavelength can be slightly
adjusted by changing the temperature to match the
strongest absorption near 792 nm. The coupling optics,
which consists of two identical plano-convex lenses with
focal length of 18 mm at a ratio of 1:1, was used to
adjust the spot size on the facet of the Nd:LuLF crys-
tal. A simple linear plane-plane resonator with cavity
length of about 25 mm was used. The rear mirror was
coated with high transmission at 790 nm and high re-
flectivity at 1047 nm (R > 99.5%). Two different types
of coated mirrors were used as the output coupler; one
mirror was coated with 5% transmission, while the other
was coated with 10% transmission, both at 1047 nm. In
our experiment, the 1% doped Nd:LuLF crystal, with a
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Fig. 1. Polarized absorption (a) and emission (b) spectra of

Nd:LuLF for the ¢ and 7 axes at 300 K.
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Fig. 2. Experimental setup of the 1047-nm laser system.
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Fig. 3. Nd:LuLF laser output power versus pump power at
different output couplers.
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Fig. 4. Spectral profile of the 1047-nm laser.

dimensions of 3 x 3 x 4 (mm), was coated with high
transmission at wavelengths of 790 and 1047 nm on both
faces. The Nd:LuLF crystal was mounted on a water-
cooled heat sink located close to the rear mirror.

Figure 3 shows the lasing characteristics of the emis-
sion of the 1047-nm laser using different output couplers.
As can be seen, the lasing performance when a 5% trans-
mission output coupler was used is better than that with
10% transmission. Compared with the 5% transmission,
the 10% transmission indicates more intracavity losses,
which will lead to a decrease in intracavity energy. As a
result, the threshold will increase and the output power
will decrease accordingly.

When the transmission of the output coupler is 5%, a
slope efficiency of 20.1% with respect to incident pump
power can be achieved. The effective absorption coef-
ficient of the laser crystal at 792 nm is 1.3/cm, thus a
slope efficiency of 49.5% can be obtained with absorbed
pump power. Due to the negative thermal lens effect of
the Nd:LuLF crystal and the instability of the resonator,
slope efficiency is restricted. The spectral profile mea-
sured by the AQ6370B optical spectrum analyzer man-
ufactured by Yokogawa Electric Corporation is shown
in Fig. 4, which indicates that the central wavelength
is about 1047.3 nm and the linewidth (full-width at
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Fig. 5. Beam diameter versus position after focusing lens for
determining beam quality.

half-maximum) is less than 0.3 nm. The beam-
propagation factor M? of the 1047-nm laser is mea-
sured by the Spiricon M2-200 beam propagation ana-
lyzer, which is shown in Fig. 5. When the output power
is 1.3 W, M2 and My2 are measured as 1.35 and 1.12,
respectively.

In conclusion, a compact all-solid-state 1047-nm laser
based on Nd:LuLF crystal is developed. An output power
of 1.3 W can be obtained from the laser system, which
corresponds to a slope efficiency of 20.1% and 49.5% with
respect to incident and absorbed pump power, respec-
tively. Since the resonator is not optimized, there is still
potential to improve the performance of the laser sys-
tem. Nevertheless, to the best of our knowledge, this is
the highest power level achieved at 1047 nm based on
Nd:LuLF.
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