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Passively Q-Switched Yb-Doped Fiber Laser Operating at 1.06 pym with
Two-Dimensional Silver Nanoplate as Saturable Absorber *
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A two-dimensional silver nanoplate is prepared with the seed-mediated growth method and is used for achieving
pulse fiber laser operation. By controlling the dimension parameters of the silver nanoplate, the surface plasmon
resonance absorption peak of the material is successfully adjusted to 1068 nm. Based on the silver nanoplate as
a saturable absorber, a passively Q-switched Yb-doped fiber laser operating at 1062nm is demonstrated. The
maximum average output power of 3.49 mW is obtained with a minimum pulse width of 1.84 us at a pulse repetition
rate of 65.7kHz, and the corresponding pulse energy and peak power are 53.1nJ and 28.8 mW, respectively.

PACS: 42.55.Wd, 42.60.Gd, 42.70.Hj

Q-switched lasers have widely important applica-
tions in the fields of spectroscopy, remote sensing,
telecommunications, and bio-medical diagnostics ow-
ing to their advantages of low cost, compactness, large
pulse energy and so on.l' ®] The main technique of
achieving passively Q-switched lasers is based on sat-
urable absorbers (SAs). Typical SAs such as Crt*-
doped crystals,'] V3*-doped crystals,[?! graphene and
graphene-like two-dimensional materialsl®~'* have
been widely investigated and applied. As a result,
based on Cr#*-doped crystals, or V3*-doped crystals
as SAs, pulse lasers with high power, narrow width
pulse can be obtained. However, the peak absorption
of the crystals are always located at a narrow station-
ary area, which limits the widespread application of
those kinds of SAs.

Graphenel”~ 1 and other graphene-like
dimensional materials such as MoSs, 511 WS, 5] and
MoSes,®! black phosphorus,''! and topological insu-
lators (BiySes,['” BiyTis'?) have outstanding opti-
cal properties including ultra broad absorption, high
third-order nonlinearity and ultrafast nonlinear re-
sponse time.[°"'*) Therefore, based on those SAs,
pulsed laser operations within a wide spectral range
can be obtained. The two-dimensional materials act-
ing as SAs have promoted the progress of the pulsed
lasers, while the absorption intensities of those ma-
terials are associated with the layers of the mate-
rials, which can only change gradiently rather than
continuously. [0~ 17

Recently, nanomaterials have received a great deal
of attention due to their extraordinary electronic and
optical properties dependent on their shape, size, and
aspect ratio.'* 'l In comparison with the above-
mentioned SAs, such as graphene and topological insu-

two-
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lators, nanomaterial SAs have the most important ad-
vantage of a variable surface plasmon resonance (SPR)
peak, which can be achieved by controlling the aspect
of the materials.['~ '] Additionally, metal nanoparti-
cles (NPs) exhibit a relatively fast response time of a
few picoseconds,'® and the SPR peak can range from
the near-UV to the IR by changing the NP sizes and
shapes. Recently, the theoretical potential of these
SAs for Q-switching and mode-locking in the short-
wavelength range has been studied.['*?’] In addition,
several works have been demonstrated to investigate
the potential of nanomaterials for pulsed lasers. Zhang
et al. have demonstrated that gold nanobipyramids
(Au-NBPs) can be used as SAs for ultrafast pulsed-
laser applications.!'”) Jiang et al. have proposed that
spherical GNPs could be used to realize the passively
Q-switched fiber laser.['"]

In this Letter, based on the silver nanoplate as a
saturable absorber, a passively Q-switched Yb-doped
fiber laser operated at 1062 nm is demonstrated. To
our knowledge, no work has been reported before to
focus on the applications of silver nanoplate in the
pulse laser region. Based on the silver nanoplate as a
saturable absorber, when the pump power is 345 mW,
a 1062nm Q-switched laser with the pulse width of
1.84 ps at the repetition rate of 65.7kHz can be ob-
tained. The results prove that silver nanoplates have a
good performance as an SA in the field of pulse lasers.
In our opinion, new SAs with wide absorption band
and variable absorption peaks can be compounded by
combining the silver nanoplate with graphene or other
graphene-like two-dimensional materials, which will
immensely promote the development of the passively
Q-switched technology.

The silver nanoplates used in our experiment were
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synthesized through a seed-mediated growth method.
For the preparation of seed solution, 220 uL of 1%
sodium citrate, 20 uL of 0.1 M silver nitrate, 48 pL of
30% hydrogen peroxide and 120 uL of 0.1 M sodium
boron hydride were added into 20 mL pure water, and
the solution was vigorously stirred for 5min. Then,
1.67mL acetonitrile were added into 3.3 mL pure wa-

ter, and the solution was placed in ice water for 15 min.
After that, 50 uL of 0.1 M ascorbic acid, 61 pL of 1%
citrate, 2mL seed solution which has been concen-
trated 2.5 times and 40 pL of 0.1 M AgNOs3 were se-
quentially added into the solution. Next, the solu-

tion was placed into the ice water for 30 min and cen-
trifuged at 3000 rpm for 10 min.

Fig. 1. TEM images of the silver nanoplate: (a) scale bar of 1000 nm, (b) scale bar of 200 nm, and (c) scale bar of

100 nm.
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Fig. 2. The absorption spectrum of the silver nanoplate.

Figures 1(a)-1(c) show the transmission electron
microscopy (TEM) image of the silver nanoplate SA
film with scale bars of 1000, 200 and 100 nm, re-
spectively. Additionally, the corresponding absorption
spectrum in the range from 400 nm to 1100 of the sil-
ver nanoplate is shown in Fig.2. It is obvious that
the absorption peak locates at 1068 nm, which corre-
sponds to the longitudinal SPR.

The experimental setup of the silver nanoplate-
based passively Q-switched Yb-doped fiber laser is
shown in Fig.3. A 20-cm-long Yb-doped fiber
(Liekki Yb 1200-4/125) with the peak absorption of
1200dB/m at 976 nm was employed as the laser gain
medium with a total absorption of 240dB. A 974nm
laser diode with a maximum output power of 600 mW
was used as the pump source. Additionally, two fiber
Bragg gratings (FBGs), FBG1 with a high reflection
(R > 99%) at 1062nm and FBG2 with a transmis-
sion of 10% at 1062 nm, were used to compose the
laser cavity for the 1062 nm laser operation. The total
cavity length was about 35cm. The laser pulse and
repetition rate of the laser pulses were recorded by

a Tektronix TDS4054B digital oscilloscope (500 MHz
bandwidth, 2.5 G samples/s) and a fast PIN photo-
diode. The average output power was measured by
a power meter (MolectronPM3). The emission spec-
trum was measured with an optical spectrum analyzer

(AQ6370B).
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Fig. 3. Experimental setup of the silver nanoplate

saturable absorber-based passively Q-switched Yb-doped
fiber laser.
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Fig. 4. Output powers versus pump powers for the cw
and Q-switched operation.

In the experiment, stable passively Q-switched op-
eration was observed at the pump power of 145 mW,
and the pump threshold was higher than that of the
graphene or graphene-like two-dimensional-material-
based Q-switched Yb-doped fiber lasers, which were
mainly due to a higher saturation intensity of the sil-
ver nanoplate. Figure 4 shows the relationship be-
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tween the average output power and the pump power.
As is shown, the output power was linearly dependent
on the pumped power. The maximum output power
of 3.49mW was obtained when the pumped power
was 345mW, corresponding to an optical-to-optical
efficiency of 1% and a slope efficiency of 1.6%. The
emission spectrum of the fiber laser is shown in Fig. 5,
the spectrum was measured with an optical spectrum
analyzer with a resolution of 0.05nm. It is obvious
that the laser operates at 1062 nm, as shown in Fig. 2,
and 1062nm was within the high absorption region
of the silver nanoplate SA. Therefore, the demonstra-
tion of the Yb-doped fiber laser operating at 1062 nm
is suitable for verifying the absorption properties of
the silver nanoplate.
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Fig. 5. The laser emission spectrum of the Yb-doped fiber
laser at 1062 nm.
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Fig. 6. The pulse repetition rate and pulse width versus
the pump power.

In addition, the performance of the pulse widths
and repetition rates at different pump powers have
also been investigated. As shown in Fig.6, the
pulse widths have descendant tendency with the in-
crease of the pump power, and the minimum pulse
width of 1.84 us was obtained under a pump power
of 345 mW. Meanwhile, the repetition rate increased
from 25.8kHz to 65.7kHz when the pump power
changed from 145 mW to 345 mW.

Figure 7 shows the pulse train (measured by an

Tektronix TDS4054B digital oscilloscope (500 MHz
bandwidth, 2.5G samples/s)) of the passively Q-
switched fiber laser. The repetition rate was about
65.7kHz. The duration of a single pulse was 1.84 us
(shown in Fig.8), corresponding to a pulse energy
of 53.1nJ and a peak power of 28.8 mW. Addition-
ally, in the experiment, when the pump power was
higher than 345 mW, the passively Q-switched opera-
tion became unstable, as described in some passively
Q-switched fiber lasers reported previously.[®"'* The
reason for the unstable Q-switched operation is the
over-saturation of the SA at high incident intensity.
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pulse train of the Q-switched laser at the pulse repetition
rate of 65.7 kHz.

Fig. 8. A typical Q-switched laser pulse of 1.84 us.

In summary, the silver nanoplate has been suc-
cessfully prepared and employed as a saturable ab-
sorber for generating pulse laser operation. Under a
pump power of 345 mW, stable Q-switched pulses with
a maximum output power of 3.49 mW and a minimum
pulse width of 1.84 ps are achieved. The experimental
results show that silver nanoplate performs well in the
field of pulsed laser.
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