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Tandem-pumped 1120-nm actively Q-switched fiber laser
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We report on a tandem-pumped actively Q-switched fiber laser system emitting at 1120 nm. Parasitic oscillation is
challenging in Yb-doped Q-switched 1120-nm fiber laser, which is suppressed by pumping with a fiber laser at 1018 nm. At
least four times improvement in output peak power is demonstrated in a single laser setup with 1018-nm fiber laser pumping
instead of 976-nm laser diode pumping. This is, to the best of our knowledge, the first demonstration of a tandem-pumped
Q-switched fiber laser.
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1. Introduction
There is a need for a pulsed fiber laser at 1120 nm

due to its application in researching stimulated Raman scat-
tering (SRS) and stimulated Brillouin scattering (SBS).[1–4]

However, reports on pulsed 1120-nm Yb-doped fiber laser
are rare compared with those on a conventional pulsed fiber
laser at 1 µm and a short wavelength pulsed fiber laser at
976 nm.[2,5–8] The major limiting factor is the parasitic os-
cillation at about 1060 nm for long wavelength operation of
a Yb-doped fiber laser. At continuous wave (CW) operat-
ing mode, fiber lasers emitting beyond 1100 nm have been
investigated.[9–12] The threshold of parasitic lasing can be im-
proved by carefully choosing the gain fiber, employing high
reflectivity output fiber Bragg grating (FBG), and heating
the gain fiber for reducing the amplified stimulated emission
(ASE) gain. With the active fiber heated up to 60 ◦C, a 15-W
fiber laser at 1154 nm was obtained with a slope efficiency of
50%.[9] A 167-W fiber laser at 1178 nm was achieved with
a slope efficiency of 61% by employing Yb-doped solid-core
photonic bandgap fiber.[10] With a pump laser at 1090 nm, a
1179-nm fiber laser with up to 12 W was demonstrated by
Kalita et al. using a standard Yb-doped gain fiber.[11]

Although methods are employed to improve the thresh-
old of parasitic lasing and reduce the gain of ASE in a CW
fiber laser, there are no papers reported on the suppression
of parasitic lasing in pulsed fiber laser. The tandem pump-
ing scheme,[13] in which one or several fiber lasers are used as
a pump source, is mostly used to obtain high power CW laser
output for low thermal load. In this paper, we focus on the
parasitic oscillation suppression by using a tandem pumping
scheme. We demonstrate an all-fiber, single-mode, tandem-

pumped, actively Q-switched laser at 1120 nm pumped by a
fiber laser at 1018 nm. The threshold of parasitic oscillation is
improved and a peak power of 320 W with a pulse duration of
150 ns is realized.

2. Experimental setup

The experimental configuration is shown in Fig. 1. The
laser cavity consists of a pair of FBGs, 5-m Yb-doped fiber,
and a fiber-pigtailed acousto–optical modulator (AOM). The
detailed parameters of gain fiber, FBGs, and AOM are the
same as those in our previous report.[2] There are two differ-
ent pump lasers injected to the laser cavity by a (2+1)×1 com-
biner. The pump input fibers of the combiner are multi-mode
fiber with a 105-µm core diameter and a numerical aperture
(NA) of 0.15. The input and output signal fibers have the same
parameters as the FBG fiber. Pump 1 is a laser diode (LD) of
10 W at 976 nm, whose output fiber has a core diameter of
105 µm and an NA of 0.15. Pump 2 is a Yb-doped phospho-
silicate fiber laser at 1018 nm,[14] whose output fiber has a
core and inner cladding diameter of 15 µm and 130 µm, re-
spectively. An isolator (ISO) at 1015 nm is used to block any
backward light, as shown in Fig. 1. The pigtail of the ISO is a
single cladding fiber, which is used to provide core-pumping
for tandem-pumped 1120 nm actively Q-switched laser. The
parasitic oscillation, which is harmful for a laser, can be pro-
duced with a low pump power in a Q-switched laser with large
cavity loss. In order to illustrate the suppression effect of par-
asitic oscillation with tandem-pumping by a 1018-nm fiber
laser, the loss at spliced point A is increased compared with
the result in our previous paper.[2]
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Fig. 1. (color online) Experimental configuration with pump 1 (976-nm laser diode) and pump 2 (1018-nm fiber laser).

Pump 1 and pump 2 are injected into the laser cavity
through the pump fiber and signal fiber of the combiner, as
shown in Fig. 1, respectively. The residual cladding power of
pump 1 is removed by the single cladding fiber of the AOM.
All of the fiber ends are cleaved with an angle of 8◦ to suppress
parasitic oscillation.

3. Results and discussion

With our experimental configuration, there is a range of
AOM switching rates that can produce a stable pulse train from
2 kHz to 20 kHz. The output powers of 1120-nm Q-switched
fiber laser versus launched 1018-nm and 976-nm pump pow-
ers are shown in Figs. 2 and 3, respectively. One can see that
the output power increases with the increase of repetition rate.
At repetition rates of 2 kHz and 20 kHz, the output powers
of 1018-nm pumped Q-switched fiber laser are 95 mW and
120 mW, respectively, which are limited by the available pump
power. When the same laser setup is pumped with the 976-nm
laser diode, parasitic lasing is encountered at a pump power as
low as 1.5 W. The maximum achieved outputs are only 34 mW
and 45 mW at repetition rates of 2 kHz and 20 kHz, respec-
tively. Higher parasitic lasing threshold and lower ASE with
1018-nm pumping is understood for the lower ratio of excited
ions than with 976-nm pumping, and red-shifted gain spec-
trum.

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
0

20

40

60

80

100

120

140

O
u
tp

u
t 

p
o
w

e
r/

m
W

1018-nm pump power/W

 2 kHz
 20 kHz

Fig. 2. (color online) Plots of output power of 1120-nm Q-switched
fiber laser versus launched 1018-nm pump power at two different fre-
quencies.
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Fig. 3. (color online) Plots of output power of 1120-nm Q-switched
fiber laser versus launched 976-nm pump power.

Measured with a spectral analyzer (AQ 6370, Yakogawa
Corp.), the spectral characteristics of tandem-pumped actively
Q-switched fiber laser at the 1120 nm is shown in Fig. 4. Al-
though core pumping is employed for adequate absorption, lit-
tle residual 1018-nm pump laser is observed in Fig. 4. The sig-
nal laser at 1120 nm is 30 dB higher than ASE at a repetition
rate of 2 kHz with a pump power of 2.5 W. The full width at
half maximum (FWHM) linewidth is 0.3 nm, measured with a
resolution of 0.02 nm. Estimated by spectral integration,[6] the
ratio of ASE to laser power is lower than 4.5%. The spectral
characteristics of the 1120-nm actively Q-switched fiber laser
at 2 kHz pumped by 976-nm laser diode are shown in Fig. 5,
in which there appears a sign of parasitic lasing at ∼1060 nm.
The ratio of ASE to the total power is about 41.7%, which is
calculated by the spectral integration. The large ratio of ASE
also illustrates that the tandem-pumping scheme with 1018-
nm fiber laser serving as a pump source is beneficial to the
ASE suppression.

The single pulse profile at a repetition rate of 2 kHz is il-
lustrated in Fig. 6, where the inset shows the pulse train. The
pulse is recorded by a digitally sampled oscilloscope (600-
MHz bandwidth, LeCroy Corp.) together with a 2.3-ns rising
time photodiode (PDA 10CF, Thorlabs Inc.). No interpulse
ASE is observed.

The variations of pulse duration with pulse repetition are
shown in Fig. 7. The pulse duration increases with the in-
crease of the repetition rate. When the actively Q-switched
fiber laser is pumped by the 976-nm laser diode, the least pulse
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durations are 190-ns at a repetition rate of 2 kHz, and 260 ns
at 20 kHz, respectively. In the tandem-pumping scheme with
a 1018-nm fiber laser as a pump source, the least pulse du-
rations of 150 ns and 220 ns are obtained at repetition rates
of 2 kHz and 20 kHz, respectively. The threshold of parasitic
lasing is improved by tandem-pumping, so more pump power
can be injected and the pulse duration is much smaller than
that pumped by a 976-nm laser diode.
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Fig. 4. (color online) Spectral characteristics of tandem-pumped 1120-
nm actively Q-switched fiber laser at 2 kHz.
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Fig. 5. (color online) Spectral characteristics of 1120-nm actively Q-
switched fiber laser at 2 kHz pumped by 976-nm laser diode.

The variations of peak power of actively Q-switched fiber
laser at 1120 nm with pulse repetition are shown in Fig. 8.
With the increase of pulse repetition, the peak power decreases
due to the increase of pulse duration. A peak power of 80 W
is achieved at a repetition rate of 2 kHz pumped by 976-
nm laser diode. Correspondingly, the peak power tandem-
pumped by 1018-nm fiber laser is 320 W at a repetition rate
of 2 kHz, which is four times higher than that achieved by
976-nm laser diode pumping. The experimental results show
that the tandem-pumping is more suitable to obtain high aver-
age power and high peak power Yb-doped actively Q-switched
fiber laser at 1120 nm.
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Fig. 6. Single pulse profile at 2 kHz from tandem-pumped 1120-nm ac-
tively Q-switched fiber laser, with the inset showing the measured pulse
train.
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Fig. 7. (color online) Plots of pulse duration versus pulse repetition.
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Fig. 8. (color online) Variations of peak power with pulse repetition.

4. Conclusion
In this paper, we demonstrate an all-fiber single-mode ac-

tively Q-switched fiber laser at 1120 nm with ASE and par-
asitic oscillation suppression by a tandem-pumping scheme.
At least four times suppression of parasitic lasing is achieved
with 1018-nm fiber laser pumping instead of 976-nm laser
diode pumping. As far as we know, this is the first report on a
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tandem-pumped Q-switched Yb-doped fiber laser. Better per-
formance can be obtained by optimizing the laser setup and a
much higher peak power with large mode area gain fiber and
tandem pumping scheme can be expected.
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