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Generation of dissipative soliton resonance in a fiber
laser based on a nonlinear optical loop mirror
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e-mail: miguel.bello@uaslp.mx
eUniversidad Aut́onoma de Nuevo León, San Nicoĺas de los Garza 66455, Ḿexico.
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We experimentally demonstrate the generation of mode-locked pulses in a dissipative soliton resonance (DSR) regime. The DSR pulses
are obtained from a passively mode-locked figure-8 Er:Yb doped fiber laser operating in a large net anomalous dispersion regime. The
mode-locked laser emission is based on a polarization-imbalanced nonlinear optical loop mirror (NOLM), acting as an artificial saturable
absorber. Stable square DSR pulses, obtained by carefully adjusting the NOLM properties, increase their duration from 2.47 ns to 46.52 ns
as the pump power is increased from 0.68 to 6.31 W. With the maximum pump power launched, an average output power of 73.95 mW with
a pulse energy of 53.39 nJ is achieved.
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1. Introduction

In recent years, research on passive mode-locking (PML)
techniques for the generation of a wide variety from ultra-
short to ultra-wide pulses have been reported [1-10]. Partic-
ularly, the study of mode-locked fiber lasers has gained in-
creasing interest because of their intrinsic advantages and at-
tractive properties [2-3]. Techniques such as nonlinear po-
larization rotation (NPR) [4-6] and different devices such
as semiconductor saturable absorber (SESAM) [7], nonlin-
ear optical loop mirror (NOLM) [8], and nonlinear amplifier
loop mirror (NALM) [9-10], have been used for passively
mode-locked pulse generation in fiber lasers. Different pulse
shapes reported in the literature includesec h2 pulses [11],
self-similar parabolic pulses [12-13], and dissipative soliton
resonance (DSR) square pulses [14-15]. In this regard, there
is a strong motivation on nonlinear phenomena study in order
to obtain specific pulse shapes by designing the cavity con-
figuration and selecting the proper cavity parameters. Differ-
ent pulses regimes have been demonstrated in mode-locked
fiber lasers such as solitons [16,17], dissipative solitons [11-
13], DSR [4,8,14], solitons rain [15], femtosecond pulses [16,
17], noise-like pulses (NLPs) [18,19], among others. Particu-
larly, generation of square mode-locked laser pulses has been
demonstrated in DSR and NLPs operations [5,6,14]. In the
case of the laser cavity configurations explored in order to

generate and optimize the ultrashort pulsed laser emission,
figure-8 laser (F8L) configuration has been demonstrated its
versatility and reliability for DSR mode-locked laser pulses
generation in fiber lasers. Semaanet al. [20] demonstrated
the generation of DSR square pulses in a F8L cavity by cou-
pling two amplifiers with a different pump source. Krzem-
peket al. [21] reported DSR of an F8L enabling simultane-
ous amplification of a seed signal to obtain dual-wavelength
generation. Furthermore, the pulse energy in mode-locked
fiber lasers operating in the anomalous dispersion regime is
limited by the area theorem as a function of the pulse shape
[22]. However, in the case of DSR operation, a theoretical
study based on the numerical solution of the complex cubic-
quintic Ginsburg-Landau equation predicted that the pulses
energy of the DSR pulses could increase indefinitely while
its peak power remains constant [23]. Several experimen-
tal studies in both anomalous and normal dispersion regime
have confirmed the unique properties of DSR pulses, such as
long pulse duration, low linear chirp, and emission of high
energy pulses [24-26]. DSR pulses have been obtained in
different laser cavity configurations with the independence of
the mode-locking mechanism [25,27]. Particularly, the use of
a nonlinear optical loop mirror (NOLM) as and artificial sat-
urable absorber (SA) offers the advantage of obtaining dif-
ferent pulse shapes by simply modifying the nonlinear trans-
mission characteristics. In this regard, the use of a NOLM
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represents an outstanding advantage, compared with typical
SA elements where these characteristics are fixed. Besides
the polarization state at the input of the NOLM can be mod-
ified; then, the use of a linear polarizer (essential for NPR
technique), which may limit the power circulating inside the
cavity, is not required. Different approaches are commonly
used in order to accumulate different non-linear phase shifts
inside the loop, such as the use of an asymmetrical coupler
(which leads to different powers of the counter-propagating
beams) or the insertion of an optical amplifier asymmetrically
placed inside the loop (used in a NALM configuration). In
this regard, the use of a NOLM based on polarization imbal-
ance exhibit an attractive advantage compared with the pre-
vious methods mentioned above because it offers the possi-
bility to obtain very low transmission from low power com-
ponents and theoretically to obtain high transmission of high
power components by properly adjustment of the birefringent
element placed asymmetrically inside the loop. DSR pulses
generation from Er:Yb doped fiber offers the possibility of
achieving high energy wave-breaking free mode-locked fiber
lasers in the region of 1.55µm [10,27-29]. In this paper, we
demonstrate the DSR operation of an Er:Yb F8L based on the
use of a polarization-imbalanced NOLM used as SA. The ex-
perimental results show stable DSR square pulses trains with
a repetition rate of 1.385 MHz. The pulse width can be tuned
from 2.27 to 46.5 ns by increasing the pump power from 0.68
W to 6.31 W. For the maximum pump power of 6.31 W, the
average output power is 73.95 mW with a pulse energy of
53.39 nJ.

2. Experimental setup

The experimental setup of the passivly mode-locked fiber
laser is shown in Fig. 1. The mode-locking mechanism of
the F8L cavity is based on the use of a NOLM as SA. The
NOLM is formed by a 50/50 coupler whose output ports are
interconnected by 120 m of SMF-28 fiber twisted at a rate of

7 turns per meter and a quarter-waver retarder (QWR). Fiber
twist eliminates the fiber residual birefringence, preserving
the ellipticity during the light propagation. Since a symmet-
ric coupler is used, polarization imbalance in the NOLM is
induced by using a quarter-wave retarder (QWR2). For this
purpose, QWR2 has placed near a 50/50 coupler to break-
up the symmetry of the loop and achieve different nonlinear
phase shifts of counter-propagating pulses [30]. Because of
the power symmetry of the coupler, low power transmission
can be adjusted by rotation of QWR2 to reach a very low
level. Therefore, the NOLM allows the possibility of change
low power transmission and also nonlinear dependence of the
transmission just by rotation of QWR2.

The cavity includes a 1.8 m long Er:Yb double-clad fiber
(EYDCF, CorActive DCF-EY-10/128) with core numerical
aperture (NA) of 0.20, a diameter of 10µm, and absorption
of 85 dB/m at 1535 nm, and inner clad diameter of 128µm,
absorption of 2 dB/m at 915 nm and NA> 0.45. The laser
cavity also includes a polarization-dependent isolator (PD-
ISO) to ensure unidirectional light propagation and providing
stable linear polarization at a quarter-wave-retarder (QWR1).
Without PD-ISO, the polarization may be altered by the EY-
DCF birefringence, which depends on the pump power be-
cause of the thermal effect [30]. The QWR1 is placed after
the PD-ISO to change the light polarization at the input of the
NOLM.

Different input polarizations lead to different NOLM op-
eration characteristics. In the experiment, the angle of the
QWR1 was placed at 45◦ for the axis of the PD-ISO to
provide circular polarization of light at the NOLM input.
The advantages of using circular polarization at the input
of the NOLM were described by Barmenkovet al. in Ref.
[31]. The 10% output port of a 90/10 optical fiber cou-
pler placed at the NOLM output was used to provide the
laser output. A 90% port connected to the input signal port
of the beam combiner closes the laser cavity. The EYDCF is

FIGURE 1. Experimental setup of the EYDCF mode-locked F8L, based on the use of a NOLM as SA.
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FIGURE 2. Average output power as a function of the QWR2.

pumped by a 25 W multimode laser source at 976 nm through
a (2 + 1) × 1 beam combiner. The maximal launched pump
power was 6.31 W. The laser output power is measured by a
thermal optical power meter (Thorlabs PM310D). The out-
put pulses are detected by a high-speed photodiode (12.5
GHz bandwidth and 28 ps rise/fall time) and monitored by a
real-time 2.5 GHz bandwidth oscilloscope. The optical out-
put spectrum was measured by an optical spectrum analyzer
(OSA, Yokogawa AQ6375) with a scanning range from 1200
to 2400 nm and maximal resolution of 0.05 nm. The radio-
frequency (RF) spectrum of the output pulses is detected by a
high-speed photodiode and measured by using a spectrum an-
alyzer (Agilent, N9344C) with a resolution bandwidth from
10 Hz to 3 MHz and frequency span range from 100 Hz to 20
GHz. The estimated total cavity length is∼ 148, and the esti-
mated net cavity dispersion is−3.10 ps2. Then, the proposed
laser is operating in an anomalous dispersion regime.

3. Results

Self-started mode-locking operation of the F8L is reached
when the pump power is increased to 0.68 W. Then, with
the proper adjustments of QWR1 and QWR2, a stable DSR

mode-locking operation is obtained. In order to characterize
the QWR2 conditions in which DSR is achieved, the average
output power as a function of the QWR2 angle was measured,
as shown in Fig. 2. The pump power was set at 6.31 W. As
it can be observed, the rotation of QWR2 modifies the out-
put power of the laser due to the transmission variation in the
NOLM. The zero-degree angle corresponds to the maximum
low power of the NOLM transmission. DSR pulses were ob-
tained when the QWR2 plate was fixed at an eight degrees
angle.

Figure 3 shows the characteristics of DSR mode-locked
laser emission at the maximum pump power of 6.31 W. In
Fig. 3a), fundamental mode-locking is confirmed by the ap-
pearance of a stable train of pulses with a period of 721 ns,
i.e., a single pulse circulates in the 148 m long cavity. The
measurement of a single pulse in Fig. 3b) exhibits a square
waveform of the pulse profile with a duration of 46.52 ns.
The slightly asymmetrical amplitude is a typical characteris-
tic of some DSR mode-locked lasers [10,24,30]. The optical
spectrum of the DSR mode-locked laser emission is shown in
Fig. 3c). The optical spectrum shows a smooth shape profile
with central wavelength at 1564 nm and full width at half
maximum (FWHM) of 4.8 nm. The measured optical spec-
trum is well fitted to a Gaussian function.

Figure 4 shows the characteristics of the DSR laser gen-
eration as a function of the pump power in the range from
0.68 to 6.31 W. Figure 4a) shows the optical spectra centered
at 1564 nm. As it can be observed, the profile of the optical
spectra and the FWHM bandwidth are the same over all the
pump power range. As it can be expected from DSR laser
operation, the duration of the squared pulses increases from
2.47 to 46.52 ns as the pump power increases from 0.68 to
6.31 W, as shown in Fig. 4(b). As it was theoretically pre-
dicted in Ref. [31] and experimentally confirmed in Ref. [32],
the obtained DSR pulses exhibit low linear chirp across the
pulse, except to the observed at the edges, which shows ex-
ponentially variation of chirp.

Since the autocorrelation trace of the square pulse aims
towards constant level due to the low scanning range (200 ps)
compared to the pulse duration (∼ ns), in order to confirm
stable DSR laser operation, the RF spectrum was measured

FIGURE 3. Square-wave pulse emission of the laser for maximum pump power of 6.31 W: a) Pulses train, b) temporal profile of a single
DSR pulse, c) optical spectrum of the DSR pulse.
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FIGURE 4. DSR laser characteristics on pump power variations: a) optical spectra, b) evolution of rectangular pulses. c) RF spectra, d) trains
of pulses.

with a 100 MHz span and 1 kHz resolution. As it can be ob-
served in Fig. 4(c), when the pump power is increased from
0.68 to 6.31 W, the frequency of the first power minimum
decreases from 400 MHz to 21.4 MHz, related to pulse du-
ration variations from∼ 2.5 ns to∼ 46.7 ns. Thus, the
modulation pattern is defined by the duration of the gener-
ated pulses, which corresponds to the reciprocal value of the
pulse duration. Figure 4d) shows stable trains of pulses in a
pump power range from 0.68 to 6.31 W, with a fundamental
repetition rate of 1.386 MHz.

Figure 5 shows the parameters of the generated DSR
pulses as a function of the pump power. Figure 5a) shows
an increasing linear dependence of the average power and the
pulse energy with the pump power increase. At the maximum
pump power of 6.31 W, the measured average output power
is of 73.95 mW and the estimated pulse energy is∼ 53.39 nJ.
As it can be observed in Fig. 5b), the duration of the square
pulses increases from 2.47 to 46.5 ns as the pump power is
increased. Then, considering a pulse repetition rate of 1.385
MHz, the calculated peak power of∼ 1.15 W remains con-
stant independently of the pump power level, which is a dis-

tinctive operation characteristic of DSR laser emission.

4. Conclusions

In summary, we demonstrated DSR effects in a passively
mode-locked figure-eight Er:Yb doped fiber laser. With
proper settings of the QWR1 and QWR2, self-started mode-
locking is reached at the pump power level of 0.68 W. With
the increase of the pump power from 0.68 W to 6.31 W,
DSR square pulses with a repetition rate of 1.385 MHz, pulse
width in a range from 2.47 ns to 46.5 ns, average power from
3.35 mW to 73.95 mW, and pulse energy from 2.41 to 53.39
nJ, are obtained.
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