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A new disordered crystal Nd:SrAl;;O,9 (Nd:SRA) with an Nd*" doping concentration of 5% was successfully
grown using the Czochralski method. A diode-pumped Nd:SRA @-switched laser operating at 1049 nm was
demonstrated for the first time, to the best of our knowledge. Based on an MXene Ti;C,T, sheet, a high repetition
rate of 201 kHz and a Q-switched pulse width of 346 ns were obtained when the absorbed pump power was 2.8 W.
The peak power and single pulse energy were 1.87 W and 0.65 pJ, respectively.
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High repetition rate passively @Q-switched solid-state la-
sers in the 1 pm band have many areas of application such
as industrial manufacturing, laser communication, laser
processing, and medical treatment®?. The laser gain
medium is an important factor for @Q-switched pulse lasers.
To date, Nd3*-doped laser crystals are the most typically
and widely used laser gain media in the 1 pm band&?Y.
However, their relatively narrow emission bandwidth
has limited their advancement in short-pulse generation,
so new laser crystals with excellent properties are increas-
ingly being exploredZ2,

Recently, attention has been drawn to a new disordered
oxide crystal, SrAl;;O9 (SRA), which is a common

phosphor material. Nowadays, rare-earth-ion-doped

SRAs have shown great performance in the laser field 22,
The SRA has a light transmission band of 0.2-5.8 pm. In
an Nd:SRA crystal, the Nd** fluorescence lifetime of *F 5
energy level is about 400 ps'2. This is much longer than
that of other Nd3**-doped laser crystals, which means that
it can store more energy®J. Compared to other Nd**-
doped disordered laser gain media’®2J, the large distribu-
tion coefficient (>0.6) of Nd*" guarantees its higher
gain®?. Moreover, the large thermal diffusivity, high
damage threshold, and non-uniform broadening of the
emission spectrum caused by the disordered structure
of the crystal make it a potential ultra-short laser gain
mediumZ 2. It is worth noting that the output wave-
length of the laser on Nd:SRA is 1049 nm, owing to the
iF, /2—4111 /2 energy level transition of Nd** in SRA. In re-
cent research on laser performance, rare-earth ions based
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on SRA include Pr3*, Mg?t, Sm?*, etc.2. However,
studies related to the laser characteristics of the Nd:SRA
crystal have not been reported until now.

A saturable absorber is another significant factor in
passively @Q-switched technology®2). The new much-
debated, two-dimensional material MXenes have the out-
standing optical characteristics such as high damage
threshold, fast recovery, and large non-linear absorp-
tion coefficient?2¥, They have been used as Q-switched
components in many passively @Q-switched laser experi-
ments involving multiple wavebands2-2, In experiments,
MXenes are usually fabricated by the acid etching
process.

In this Letter, a stable passively @Q-switched operation
on Nd:SRA has been demonstrated for the first time, to
the best of our knowledge. Using an MXene TizC,T,
sheet, a repetition rate as high as 201 kHz with the corre-
sponding pulse width of 346 ns was obtained. The single
pulse energy and peak power were 0.65 pJ and 1.87 W,
respectively. Detailed aspects of Nd:SRA laser perfor-
mance are discussed below.

The MXene TizC,T, solution in our experiment was
prepared by chemical acid etching technology? and by
smearing the solution at quartz substrates via the spin
coater with a low speed of 1000 r/s to distribute the
material evenly. The finished sample sheet was then
placed horizontally at the normal temperature to dry. The
scanning electron microscopy (SEM) image in Fig. 1(a)
shows that it has a lamellar graphene-like structure. We
characterized a Z-scan transmittance curve by using a
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Fig. 1. (a) SEM image of MXene TizC,T,, (b) Z-scan curve of
MXene TizC,T,, and non-linear transmission versus energy
intensity.

Z-scan non-linear optical measurement system, presented
in Fig. 1(b). The insert shows the non-linear transmit-
tance versus energy intensity. The saturation optical
intensity and modulation depth were 107 pJ/cm? and
36.7%, respectively. The results were fitted with the satu-
rable absorber model, given by

By L

T(z)=1- 2V2(1+ 2%/23)’

(1)

where T(z) is the normalized transmittance, z is the
position of the sample relative to the focus, I is the
on-axis peak intensity at focus, z, is the Rayleigh range,
Lo = (1 — e ) /a is the effective length, and L is the
length of the sample.

The experimental device is shown in Fig. 2. A 30 W
commercial fiber-coupled laser diode emitting at 808 nm
with a numerical aperture (NA) of 0.22 and a core diam-
eter of 200 pm was used as the pumping source. The pump
light was coupled into the Nd:SRA crystal by the optical
collimation system of 1:1. The Nd:SRA (5 at.%) crystal
was cut along its ¢ axis, polished with the parallel end
surface, and uncoated. The dimensions of the crystal were
3 mm x 3 mm X 6 mm. The crystal was wrapped with
indium foil and tightly mounted on a water-cooled copper
heat sink at a temperature of 16°C.

Fig. 2. Experimental setup of the @Q-switched laser.

In order to study the properties of the crystal, we de-
signed a simple laser resonator consisting of an input plane
mirror (M1) and a concave output mirror (M2). M1 was
high-transmission (HT) coated at 808 nm and high-
reflection (HR) coated at 1064 nm. M2 had a radius of
100 mm and was coated with a transmission of 3% at
1064 nm. To obtain the best state of the cavity resonator,
we calculated the optimum cavity length of 36 mm using
the ABCD matrix propagation theory. The mode radius
at the MXenes TizC, T, sheet was computed to be 114 pm.

By replacing M2 with different transmittances, we
found that the output mirrors with transmission of 3%
showed better performance of the laser. By optimizing
the cavity type and cavity length, the saturable absorber
MXene TizC, T, film was then inserted into the resonant
cavity, close to M2. After carefully adjusting the position
of the absorber and the cavity, a passively @Q-switched
pulse train appeared in the oscilloscope (Tektronix DPO-
4104, USA) at an absorbed pump power of 2.29 W. The
output power increased with the increase of the pump
power. Under an absorbed pump power of 2.8 W, the laser
had a maximum average output power of 130 mW,
as plotted in Fig. 3. Owing to the insertion of the uncoated
absorber, which led to much loss in the cavity, the maxi-
mum output power was not too high. It was obvious that
there was no saturation trend of the laser output power.
In order to protect the crystal and absorber, no further
pump power was added in the @-switched operation.
By optimizing the parameters of MXene TizC,T, and
processing the crystal with an anti-reflection coating, an
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Fig. 3. Average output power of the @-switched Nd:SRA laser
and spectrum of the passively @Q-switched laser at 1049 nm.

041401-2



COL 18(4), 041401(2020)

CHINESE OPTICS LETTERS

April 2020

improvement in the @Q-switched output power was ex-
pected. By using a spectrometer (Avaspec-3648-USB2),
we can see that the center wavelength was 1049.45 nm,
and the full width at half-maximum (FWHM) was
0.8 nm, as shown in the insert of Fig. 3.

Figure 4(a) illustrates the dependence of both the pulse
width and the repetition rate on the absorbed pump
power. With the increase of pump power, the repetition
rate varied from 134 to 201 kHz. The pulse width gradu-
ally shortened, and its minimum pulse width was 346 ns,
as the absorbed pump power was 2.8 W. Using the formu-
las B = P,./f and P = E/7, where P, is the average
output power, 7 is the pulse width, f is the repetition fre-
quency, E is the single pulse energy, and P,y is the peak
power, we calculated the highest single pulse energy and
peak power as 0.65 pJ and 1.87 W, respectively, as dis-
played in Fig. 4(b). The output pulse energy increases
with the increase of pump power, which is caused by
the thermal lensing effect.

A typical @-switched pulse train was observed at
10 ps/div and 400 ns/div using a Tektronix DP0O4104
digital oscilloscope, as shown in Fig. 5(a). The pulse con-
tours were asymmetrical, with fast-rising and slow-falling
edges; this was mainly due to the saturable absorption
characteristics of MXene Ti3C,T,. Moreover, by using an
M? factor analyzer (Spiricon-M?2-200S-USB), the spatial
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Fig. 4. (a) Pulse duration and repetition rate dependence on the
absorbed pump power, (b) single pulse energy and peak power
versus the absorbed pump power.

10us/div

346ns

(b) ;

M 2=1.510
=1.449
¥

Fig. 5. (a) Typical pulse profiles on time scales of 10 ps/div and
400 ns/div, (b) spatial beam profile and beam quality of the
@-switched laser.

beam profile and laser beam quality were observed at a
maximum average output power, as shown in Fig. 5(b).
The relatively small M? value (M3 = 1.510, M} = 1.449)
and the symmetric hyperbolic function indicated that the
laser was operating under a nearly Gaussian mode.

In this work, the nanosecond high repetition rate
@-switched laser on Nd:SRA was demonstrated for the
first time, to the best of our knowledge, at 1049.45 nm.
With an MXene Ti;C,T, sheet, a clean pulse laser with
a maximum repetition rate of 201 kHz was achieved.
The minimum pulse duration was 346 ns, corresponding
to the single pulse energy of 0.65 pJ and peak power
of 1.87 W. The combination of Nd:SRA and MXenes
TizCy T, proved a feasible approach to achieve a high rep-
etition rate laser. However, we found that the strong non-
uniform broadening absorption and emission spectra make
Nd:SRA a promising ultra-short laser gain medium, so we
suggest that the ultra-fast laser characteristic of Nd:SRA
needs to be further explored. By optimizing the optical
quality of the Nd:SRA crystal and designing a suitable
laser cavity, ultra-fast laser operation of the Nd:SRA crys-
tal is expected.
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