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In this work, the absorption, fluorescence spectra, and fluorescence decay curve of Nd:LuzAl;01,, i.e., neodym-
ium lutetium aluminum garnet (Nd:LuAG) ceramic are investigated. A diode-end-pumped Nd:LuAG ceramic
laser is demonstrated for the first time (to our knowledge). We present the experiment results of Nd:LuAG
ceramic’s continuous wave (CW) and electro-optically (E-O) Q-switched performance. CW output power of
2.5 W is obtained, corresponding to optical-to-optical efficiency of 17.2% and slope efficiency of 24.3%. For
the E-O Q-switched setup, the shortest pulse width and the largest pulse energy are measured to be 4.8 ns
and 1.96 mJ, respectively. Its optical-to-optical efficiency and the slope efficiency are 17.3% and 28.7%,

respectively.
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Lutetium aluminum garnet (LuAG) has attracted a great
deal of attention as one of the most attractive laser hosts
due to its excellent physical and chemical propertiesZ.
Compared with Nd:Y;AL;Gi, (Nd:YAG), Nd:LuAG has
longer fluorescence lifetime and larger saturation fluence,
which makes it a promising material to apply in high-
energy lasers. There are some reports about Nd:LuAG
crystal lasers. Continuous wave (CW) and passively
Q-switched performances of Nd:LuAG crystal were dem-
onstrated?¥. Compared with crystal, ceramic has many
outstanding features in the application of high-energy la-
sers: easily fabricated, much larger size, and high doping
concentration. Meanwhile, ceramic also has other advan-
tages, namely: less expensive, and available as a multi-
layer and multi-functional material. Since Ikesue et al.
reported that the fabrication of Nd**-doped YAG laser
ceramics with excellent optical quality and laser output,
Nd:YAG ceramic has attracted considerable attention. In
2014, Chen et al. investigated a quasi-continuous-wave
(QCW) face-pumped Nd:YAG ceramic laser and achieved
4.35 kW output power, corresponding to an optical-to-
optical efficiency of 43.6%E. But, until now, neither
CW nor electro-optically (E-O) Q-switch laser output of
the Nd:LuAG ceramic have been achieved. In this Letter,
we report, to the best of our knowledge, the first demon-
stration of laser output which use Nd:LuAG ceramic as
the laser gain medium.

Laser material is one of the most significant research is-
sues for inertial fusion energy (IFE) driver developments.
The preferable emission cross section of the IFE gain
medium is between 2 x 10729 and 7 x 10720 ¢m?¥, which
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is close to that of Nd:LuAG ceramic. All results indicate
that Nd:LuAG ceramic is a promising material to apply in
IFE laser system. Meanwhile, high-energy lasers have been
widely used in space applications2Z,

In our work, the Nd:LuAG ceramic was fabricated by
vacuum sintering plus hot isostatic press (HIP) sintering
method™.

The room-temperature absorption and emission spec-
trum of Nd:LuAG ceramic are shown in Figs. 1(a) and
1(b), respectively. The thickness of sample used in this
experiment is 5 mm. The transitions *I, /2= L5 ot
"Dyjo+Th10 +*Dsjo + 1Dy 0, o2 =" Gs o +2Grya, Tgjo =
YF7/0 +*S3/2, and *Igy — 2Hg s + *F;,5 around 355, 589,
748, and 808 nm, respectively, are prominent. The absorp-
tion band at 808 nm has a full-width half-maximum
(FWHM) of 5 nm, which is suitable for AlGaAs diode-
laser pumping.

We also measured the transmission of Nd:LuAG
ceramic from 1000 to 1100 nm. We can get that the aver-
age transmission is 83.01% when 5 mm thick Nd:LuAG
ceramic was measured. According to the Fresnel formula

R= EZE;“ we can deduce the transmission formula

T (1 — R)? x exp(—a/2)
1—[R x exp(—a/2)]?’

(1)

where n is the refractive index (1.824) of the Nd:LuAG
ceramic at 1064 nm, R is the reflectivity of Nd:LuAG
ceramic at 0° incident, and a is the scattering loss of
1 cm. We can get that the scattering loss of Nd:LuAG
ceramic is 0.0306 cm~'. The fluorescence spectrum of
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Fig. 1. Spectra of Nd:LuAG ceramic at room temperature;
(a) absorption; (b) emission.

Nd:LuAG ceramics in the range 900-1500 nm is shown in
Fig. 1(b). Three emission bands corresponding to the
1F3/0 > Ygj9, Ly1)0, and ‘1335 transitions are observed
at 910-980, 1050-1210, and 1300-1480 nm, respectively.
The most intense peaks are at 1066 nm.

Fluorescence decay curve for the *F3/5 — 'I;;, energy
transition is shown in Fig. 2. The decay time was mea-
sured by a computer-controlled transient digitizer. The
curve follows nearly single-exponential decay behavior.
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Fig. 2. Fluorescence decay curve of the 4F3/2 multiplet in
Nd:LuAG and Nd:YAG ceramics.

The fluorescence lifetime of Nd:LuAG and Nd:YAG
transparent ceramics were fitted to be 303 and 238 ps,
respectively. Longer fluorescence lifetime is good for
energy storage.

In addition, the emission cross section can be estimated
by the Fuchtbauer-Ladenburg formula

_ A Q)
 8men’r, T [AI(A)dA

oe(4) (2)

where 2 is the wavelength, (1) is the fluorescence inten-
sity at wavelength A, n is the refractive index of the
Nd:LuAG ceramic, c is the speed of light in a vacuum,
p is the branching ratio which is calculated based on
Judd-Ofelt (J-O) theory, and z, is the radiative lifetime.
The values of f and 7, are shown in Table 1.

The emission cross section for the *F; /2 = 1, /2 transi-
tions was calculated to be 9.77 x 1072 cm? at 1066 nm.
According to the formula F, = hv/6, where FE, is the
saturation fluence, hv is the photon energy, and o is the
emission cross section, we can get that F, of the Nd:LuAG
ceramic is 1.91 J/em?, which is much larger than that of
Nd:YAG (0.67 J/cm?). Large saturation fluence is also
useful for energy storage. Therefore, Nd:LuAG ceramic
is a good gain medium for high-energy lasers.

The size of Nd:LuAG ceramic used in our work is
3mm x 3 mm x 8.5 mm with 1% doped. Both faces of
the Nd:LuAG ceramic were anti reflect (AR)-coated at
808 and 1064 nm. As an illustration of the laser potential
of Nd:LuAG ceramic, the CW and E-O Q-switch laser ex-
periment were realized. The laser experiment was carried
in a plane-parallel resonator shown in Fig. 3. In the CW
mode, the E-O Q-switch (the polarizer, /4 waveplate and
pockets cell) was taken away from the cavity. The length
of the cavity is 50 mm. The mirror M1 is AR~coated at
808 nm and high-reflection-coated at 1064 nm. The mirror

Table 1. “F3/, Level of Nd:LuAG

Transition from *F; /2 A (nm) B (%) T, (ps)
419/2 890 33.87 303
4111/2 1066 53.72
4113/2 1339 11.85
T3 1880 0.56
M1 va M2
.. waveplate H
Lp (AL e AN -
Nd:LUAG H'ase'
ceramic Polarizer ~ pockets cell

Fig. 3. Optical schematic of the laser system.
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Fig. 4. Nd:LuAG ceramic CW laser output power versus
absorbed pump power with different output transmissions.

M2 is selected to be output coupler with different trans-
mission rates of 10%, 45%, and 60% at 1064 nm. Nd:LuAG
ceramic output power versus the absorbed pump power
and different transmission rates of the output couplers,
as shown in Fig. 4. When the pump power was increased
to 14.54 W, the maximum CW laser output of 2.5 W was
obtained at the transmission rate of 45%, corresponding to
optical conversion efficiency of 17.2% and slope efficiency
of 24.3%.
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Fig. 5. (a) Pulse energy and pulse duration versus absorbed
pump energy; (b) oscillogram of single pulse in Q-switching
operation at maximum energy output.

We also got Q-switched laser output when the E-O
Q-switch was inserted into the cavity. The cavity length
is 175 mm with 60% transmission output coupler. The E-O
Q-switched experimental setup is also illustrated as Fig. 3.
Stable operation was achieved with the repetition rate
of 1 Hz.

The output pulse energy and duration as a function of
absorbed pump energy are shown in Fig. 5(a). A maxi-
mum output pulse energy of 1.96 mJ was achieved at
the absorbed pump energy of 11.3 mJ, corresponding to
an optical-optical conversion efficiency of 17.3% and a
slope efficiency of 28.7%. The output pulse energy scaled
linearly with the increase of pump energy. The oscillogram
of pulse shape is shown in Fig. 5(b). We can see that the
pulse duration is 4.8 ns.

In order to compare with the single-crystal rod laser, a
0.2%-doped Nd:LuAG crystal with dimensions 3 mm x
3 mm X 15 mm was placed in the cavity at the same
pumping condition and experimental setup. The relation
between single pulse energy and absorbed pump energy
is shown in Fig. 6. When the absorbed pump energy is
8.08 mJ, the pulse energy of Nd:LuAG crystal is
2.05 mJ. Because of the scattering loss, the pulse energy
of Nd:LuAG ceramic (1 mJ) is smaller than that
of Nd:LuAG crystal. Although the laser efficiency of
the Nd:LuAG ceramic laser is still less than that of the
Nd:LuAG single-crystal laser, it shows the possibility of
being used in high-energy laser in the near future. To
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Fig. 6. Pulse energy versus absorbed pump energy.
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Fig. 7. Laser spectrum of Nd:LuAG ceramic.
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Fig. 8. Spatial distribution of the laser beam in near-field.

improve the optical quality of Nd:LuAG ceramic and try
to get the same laser efficiency with single-crystal laser in
high-energy field is our next step.

A spectrometer (Ocean Optics USB2000) is used to
measure the output spectrum (Fig. 7). The central lasing
wavelength is approximately 1066 nm, and the spectral
width is 1.5 nm.

Figure 8 shows the near-field beam profile of the laser
beam, which was measured at a pumped power of 0.5 W
for Nd:LuAG ceramic. The laser was operated in long-
pulse mode (10 Hz, 1000 ps). The spots and annuluses
are caused by the dust on the CCD window glass surface.
The intensity distribution of the beam profile possesses
good symmetry.

In conclusion, the performance of CW and pulse oper-
ation of Nd:LuAG ceramic laser is experimentally
studied. We believe that Nd:LuAG ceramics as a new gen-
eration of laser materials will become a very good alterna-
tive to widely used Nd:YAG single crystals for Q-switch
lasers. Nd:LuAG ceramics is also a potential gain material
which can be applied to IFE.

We thank Peixiong Zhang for providing the Nd:LuAG
crystal for us.
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