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In this Letter, we report, for the first time to our knowledge, on a continuous-wave, singly resonant optical
parametric oscillator using an MgO: PPLN crystal pumped by an all-fiberized master-oscillator power amplifier
structured amplified random fiber laser. An idler output power of 2.46 W at 3752 nm is achieved with excellent
beam quality, and the corresponding pump-to-idler conversion efficiency is 9.6% at room temperature. The idler
output power exhibits a peak-to-peak power stability better than 12.7%, and the corresponding standard
deviation is better than 3.6% RMS in about 20 min at the maximum output power. Meanwhile, other character-
istics of the generated signal and idler laser are studied in detail and not only offered an effective guide in the
research of optical parametric processes in the case of a continuous spectrum, but also broadened the range of
random fiber laser applications.
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Many applications, such as environmental monitoring,
high-resolution molecular spectroscopy, and infrared
countermeasures, require mid-infrared (MIR) sources
operating in the 3–5 μm wavelength range[1–3]. Optical
parametric oscillators[4–20] (OPOs), especially fiber laser-
pumped MgO: PPLN OPOs[10–20], provide an effective ap-
proach to generate MIR lasers for their compact volume,
electrical operation, and high conversion efficiency, which
have attracted the interest of many researchers. In 2014,
we reported the highest continuous-wave (CW) output
power of 34.2 W at 3.35 μm from an MgO: PPLN OPO,
which was pumped by a homemade quasi-single-frequency
(SF) Yb-doped fiber laser[21]. A higher idler laser is hard to
obtain. One potential reason for this is that the nonline-
arity effect (such as the self-pulsation effect) has a signifi-
cant influence on the performances of conventional fiber
lasers under high power output scaling, such as spectral
broadening, temporal instability, and intensity fluctua-
tions[22,23]. All of these would have unfavorable influences
on the following optical parametric processes, including
the power instability and low pump-to-idler conversion
efficiency, which prevents OPOs from further power scaling.
Recently, the concept of random fiber lasers (RFLs) has

attracted a great deal of attention for its ability to gener-
ate incoherent light free from mode competition without a
traditional laser resonator and ensure the stationary nar-
row-band continuous modeless spectrum[24–30]. The RFLs
took a big step forward when, in the year 2010[24], a random
distributed feedback (RDFB) fiber laser based on Raman
amplification and distributed Rayleigh scattering feed-
back in a single-mode fiber (SMF) was reported. Since

then, more and more scholars have been committed to
the research in this field. In 2015, Du et al.[29] demonstrated
a kW-class fiber amplifier seeded by an RFL with a spec-
tral-broadening-free property caused by the temporal sta-
bility of the RFL seed, which was quite different from a
traditional high-power fiber amplifier. Early this year,
Dontsova et al.[30] reported the first experimental study
of frequency doubling an RFL in an MgO: PPLN crystal,
and by contrast, the highest second harmonic generation
(SHG) efficiency was obtained for the RDFB Raman fiber
laser with the fiber Bragg grating (FBG). On these bases,
the corresponding experiments of a singly resonant optical
parametric oscillator (SRO) pumped by a high-power,
all-fiberized, master oscillator power amplifier (MOPA)-
configuration-amplified RFL were carried out.

In this Letter, we reported on, to our knowledge, what
was the first experimental demonstration of an SRO
pumped by an amplified RFL. The characteristics of the
generated signal and idler laser have been studied in detail.
The experimental results were of great interest in terms of
both the investigation of optical parametric processes in
the case of a continuous spectrum and the extension of
the range of RFL applications.

An experimental schematic diagram of the amplified
RFL-pumped MIR OPO system is illustrated in Fig. 1.
The OPO was pumped by a homemade high-power non-
linearly polarized 1070 nm amplified RFL, which was com-
posed of a half-cavity structure, temporally stable RDFB
Raman fiber laser and a high-power fiber amplifier stage,
similar to the MOPA described in Ref. [29], except that
the gain fiber used in the amplifier was characterized
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by polarization-maintaining (PM) physical properties
according to the existing experimental conditions. Both
the seed laser and amplifier system had been successfully
established by using a standard SMF (10/125 μm, core
diameter/inner cladding). The output fiber laser was
collimated by an optical fiber collimator. Due to the non-
linearly polarized seed source and the nonlinearly polar-
ized fiber isolator, a nonlinearly polarized beam of
4 mm in diameter in the TEM00 spatial mode was finally
obtained.
In the experiment, a maximal nonlinearly polarized out-

put power of 51.2 W was obtained. It should be noted that
the amount of two orthogonally polarized directions’ out-
put powers were measured by using a polarized beam
splitter (PBS). The measured results showed that the
polarization splitting ratio of the output laser was about
1∶1, which meant that the actual pump power used in the
following frequency conversion processes was only about
25.6 W. There was no effort made to polarize the pump
laser in the experiment, considering the optimized configu-
ration and easy operation.
The corresponding spectrum of the amplified RFL at

different output powers is charted in Fig. 2(a). The output
spectrum was centered at 1070 nm with a maximum out-
put power of 51.2 W. The full width at half-maximum
(FWHM) spectrum linewidth as a function of the output
power is depicted in the graph in Fig. 2(a), where it can be
seen that the spectrum linewidth has almost had no broad-
ening varying with the output power. Figure 2(b) (de-
tected by a Thorlab InGaAs detector with a bandwidth
of 180 MHz and a Tektronix oscillograph with a band-
width of 1 GHz) shows the temporal stability of the
amplified RFL at the maximal output power under a
100 μs resolution, which illustrates that no self-pulsing
effect was observed in the amplified RFL.
The nonlinearly polarized output power of the amplified

RFL was then passed through an optical isolator to pro-
tect the pumping source from OPO’s back reflections and
back conversions, and then it was focused into the OPO

cavity with a beam radius of 48 μm at the center of the
crystal. The OPO cavity was designed to be a simple lin-
ear, singly resonant signal with a couple of plane-concave
mirrors (M1 and M2) based on a 50 mm long MgO: PPLN
crystal (HC Photonics) with a 4 mm × 1 mm aperture,
which was anti-reflection coated for the pump, signal,
and idler lasers. The quasi-phase-matched (QPM) poling
period was Λ ¼ 29.8 μm. The input mirror M1 had a high
reflectivity (R > 99.9%) over 1.4–1.7 μm and was anti-
reflection coated for the pump from 1.0–1.1 μm and the
idler from 2.5–4.1 μm. The coupling output mirror M2
was coated with partial transparency around the signal
laser in the 1.4–1.7 μm wavelength region. A convex-plane
lens was used to collimate the output laser in order to
ensure the measurements were accurate. In fact, the idler,
signal, and residual pump laser were coupled out through
the output coupler. Two dichroic mirrors were utilized
after the collimating lens for separating the three kinds
of lasers from each other. Firstly, M3 had a high reflectiv-
ity (R > 99.9%) over the pump from 1.0–1.1 μm and was
anti-reflection coated for signal from 1.4–1.7 μm and the
idler from 2.5–4.1 μm; thus, the pump laser was separated
from the signal and idler lasers. Additionally, M4 had high
reflectivity coating for the signal and high transmission for
the idler, and then the signal laser was separated from the
idler laser. Three power meters were used to measure
the power of the un-depleted pump laser, the signal laser,
and the idler laser.
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Fig. 1. Schematic diagram of experimental setup. HR-FBG,
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Fig. 2. Characteristics of the amplified RFL. (a) Detailed
spectrum varying with different output powers. (b) Temporal
stability at full power.
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The measured idler output power of the OPO system as
a function of the pump power is shown in Fig. 3(a). As can
be seen, the OPO realized a maximum idler output power
of 2.46 W for given 25.6 W linearly polarized pump power
with a corresponding conversion efficiency of 9.6% and a
threshold of 18 W under the novel pumping source. The
oscillator threshold power of the OPO was relatively high.
One potential reason for this is that the pump source had a
broad linewidth of 0.9 nm, which resulted in a low power
spectral density. Meanwhile, a signal power of 4.88 W was
obtained, and the total conversion efficiency was up to
28.7%. Figure 3(b) shows the power stability of the idler
laser at a high-power operation. The peak-to-peak power
fluctuation was computed as being 12.7%, and the stan-
dard deviation was better than 3.6% RMS in about
20 min, as was that of the OPO pumped by a conventional
fiber laser[16]. The idler power fluctuation was mainly from
the environmental changes in the laboratory because the
whole system, including the fiber MOPA and the OPO,
was simply air cooled. The graph in Fig. 3(b) shows the
temporal stability of idler laser at a high-power operation
in the μs-class domain. It is clearly seen that the idler laser
had good temporal stability, as did the pumping source.
Figure 4(a) shows the optical signal spectrum at the

maximal power scaling of the OPO using the optical spec-
trum analyzer. The signal spectrum was centered at
1498 nm with an FWHM linewidth of 0.14 nm, which
presented a wavelength shift for repeat measurements.
One possible reason was that the extremely weak temper-
ature rise of the nonlinear crystal resulted in a new

phase-matching condition. Meanwhile, the optical idler
spectrum at the maximum output power of the OPO using
an MIR wavelength meter (Bristol, 621 A) is shown in
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Fig. 3. Characteristics of the idler laser. (a) Output power as a
function of the pump power. (b) Temporal stability.
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Fig. 4. Spectra details of (a) signal laser and (b) idler laser.
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Fig. 5. (a) Beam quality measurement. (b) Near-field intensity
distribution of the idler laser.
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Fig. 4(b). The idler spectrum was centered at 3752 nm
with an FWHM linewidth of 11 nm.
The beam quality of the idler laser at the maximum out-

put power pumped by the amplified RFL was measured
with knife-edge method by Ophir-Spiricon beam propaga-
tion analyzer software with a pyrocam-III, as depicted in
Fig. 5(a). The beam quality M 2 factors were ∼1.24 and
∼1.16 in the horizontal and vertical directions, respec-
tively. Figure 5(b) shows the corresponding beam near-
field intensity distribution of the mid-infrared laser at
the maximum output power.
In conclusion, we report on, to our knowledge, what is

the first experimental demonstration of an SRO pumped
by an amplified RFL. An idler power of 2.46W at 3752 nm
is achieved with good beam qualities of M 2

x ¼ 1.24 and
M 2

y ¼ 1.16 under the highest pump power, and the corre-
sponding pump-to-idler conversion efficiency is 9.6% at
room temperature. The idler output power exhibits a
peak-to-peak power stability better than 12.7%, and the
standard deviation is better than 3.6% RMS in about
20 min at the maximum output power. Meanwhile, other
characteristics of the generated signal and idler laser are
studied in detail. These are of great interest in terms of
both the investigation of optical parametric processes in
the case of a continuous spectrum and the extension of
the range of RFL applications.

The authors would like to thank Master Xueyuan Du
and Dr. Hanwei Zhang for their kind assistance with
the RFL seed source.
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