Pump controlled flexible generation between
dissipative soliton and noise-like pulse from a mode-
locked Er-doped fiber laser
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We experimentally investigate the alternative generation of dissipative solitons (DSs) or noise-like pulses (NLPs)
from a passively mode-locked Er-doped all-fiber laser with 45° tilted fiber grating (45° TFG). The 45° TFG serves as
an in-fiber polarizer for mode locking in the all-fiber laser cavity. Under the fixed orientations of the polarization
controllers, flexible generation between DSs and NLPs can be precisely controlled by adjusting the pump power only.
To the best of our knowledge, the total cavity length 4.92 m of our fiber laser is the shortest one among all of NLP
fiber laser. We obtain the DS with 3 dB bandwidth of 20.4 nm centered at 1577 nm and the NLP with 3 dB bandwidth
of 25.2 nm centered at 1574 nm. The fundamental repetition rate of the mode-locked pulses is 42.3 MHz. This DS-
NLP switchable Er-doped fiber laser can be regarded as a multi-functional optical source for diverse practical and

potential applications. © 2019 Optical Society of America
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1. INTRODUCTION

Passively mode-locked fiber lasers (PMLFLs) have aroused great
attention due to their potential in achieving ultrafast light sources in
recent decades [1-3]. So far, versatile operating regimes of PMLFLs have
been demonstrated such as the conventional soliton (CS) regime [4], the
dispersion-managed soliton (DMS) regime [5], the similariton regime
[6] and the dissipative soliton (DS) regime [7]. Itis well known that DSs
can be generated from all-normal dispersion fiber lasers or large net
normal dispersion fiber lasers. DS has much higher energy compared
with CS and DMS because the pulse accumulates large chirp when it
propagates in a normal dispersion cavity [8-10]. The DS with strongly
chirped feature can also be easily amplified and compressed [11].
Therefore, DS fiber lasers with high quality output pulse can regarded
as economic and compact seed light sources for high-power
applications, such as micromachining and laser surgery. A
representative characteristic of DS is that the spectrum has steep edges
[12].

In addition to operating in the aboved-mentioned regimes which are
expected to produce stable and coherent ultrashort pulses, PMLFLs can
also operate in the so-called noise-like pulse (NLP) regime [13-16]. NLP

has aroused intense research interests due to the characteristics of high
energy, wide spectrum and low-coherence since it was reported by
Horowitz et al for the first time in 1997 [17]. The NLP fiber laser has
wide applications in the fields of optical sensors [18], supercontinuum
generation [19,20] and optical coherence tomography [21]. In general,
NLP has a nanosecond envelope and the interior of the envelope
consists of a series of sub-picosecond secondary-pulses with random
variations in terms of both intensity and width [17].

To date, several investigations of switchable generation between DS
and NLP in the normal fiber laser have been reported [22-26]. However,
itis hard to realize these two output pulse types with precise control in
most fiber lasers. In fact, in some practical applications, the demands of
the operation regime of fiber laser are very strict. So it is highly
meaningful to improve the controllability of this DS-NLP switchable
regime fiber lasers and to further explore whether DS and NLP can be
switched to one another by only changing one parameter with other
conditions fixed.

In this paper, we experimentally investigate the alternative
generation of DSs and NLPs from an all fiber net normal dispersion laser
by employing a 45° tilted fiber grating (45° TFG) as an intracavity
polarizer. The most distinctive feature of our fiber laser is that the output



pulse types can be precisely controlled by adjusting the pump power.
The obtained DSs have an optical spectrum with the steep edges with
the 3dB bandwidth of 20.4 nm centered at 1577 nm, and typical
generated NLPs have a wide optical spectrum with the 3dB bandwidth
of 25.2 nm centered at 1574 nm. A relatively short cavity length
corresponds to 423 MHz fundamental repetition rate. The
demonstrated laser features the highest fundamental repetition rate
NLP generation by far. This DS-NLP switchable fiber laser with precise
pump power control can be considered as multi-functional optical
source for non-linear optical frequency transformation [27] and
investigation of nonlinear dynamics [24,28]. Even more, to the best of
our knowledge, this is the first time to generate NLPs from an Er-doped
fiber laser (EDFL) based on a 45° TFG.

2. FABRICATION AND CHARACTERISTICS OF THE FIBER
POLARIZING GRATING

A 244 nm frequency-doubled argon ion laser works as an ultraviolet
laser source for grating inscription on a single mode fiber 28 (Corning
SMF28e) by a phase mask technique to obtain 45° TFG in the
experiment. The description of 45° TFG fabrication process is detailed
elsewhere [29]. Both polarization dependent loss (PDL) and insertion
loss spectrum of the 45° TFG are measured by an optical vector analyzer
(LUNA system) with 1pm spectral resolution covering the spectral
range from 1525 nm to 1608 nm.
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Fig. 1. Measured (a) insertion loss,and (b) PDL spectrum of the 45° TFG
from 1525 to 1608 nm.

45° TFG is a type of special fiber grating with designated polarization
dependent characteristics, which is able to tap out the s-light and
propagate the p-light. Therefore, it can work as an ideal in-fiber
polarizer by transforming the non-polarized light to linearly polarized
light [30,31]. Compared with some standard bulk polarizers, 45° TFG

benefits from the strong polarization dependent loss (PDL), low
insertion loss and compact structure [31]. The typical insertion loss
spectrum of the 45° TFG is depicted in Fig. 1(a). It can be clearly seen
that the insertion loss of 45° TFG at 1575 nm is about 4.6 dB. The
measured insertion loss is mostly composed of a huge transmission loss
of s-light and extra loss due to bad splicing and connection, which
manifests the low insertion loss of p-light [29]. There is an obvious
narrow dip in the insertion loss spectrum around 1583 nm, which
mainly caused by the second-order stimulated Bragg resonance [32]. In
the light of the previous report [32], it can be known that the narrow dip
has no significant effect on the performances of the grating. The PDL of
the 45° TFG is shown in Fig. 1(b). Obviously, the value of PDL is
wavelength dependent, and the maximum PDL value at 1575 nmis ~33
dB, the minimum PDL at 1608 nm is ~25dB, which means the 45° TFG
is an excellent wideband in-fiber polarizer. So compared with some
standard bulk polarizers, 45° TFG possesses the advantages of strong
PDL, low insertion loss and all-fiber structure [31]. The ripples existing
in insertion loss and PDL spectrum are both caused by the refractive
index (RI) mismatching between the cladding and air [29]. Such ripples
also can be removed by immersing the grating in the RI matching gel.

3. EXPERIMENTAL SETUP

The experimental schematic diagram of our proposed fiber laser is
depicted in Fig. 2. The laser cavity is comprised of 148 cm highly doped
EDF (OFS EDF80) with the group velocity dispersion (GVD) of +60.1
ps?/km, 90 cm OFS 980 fiber with the GVD of +4.5 ps?/km, and 243 cm
single mode fiber (SMF) with the GVD of -22.8 ps2/km. The overall
cavity length is about 4.92 m, matching well the measured fundamental
repetition rate. To the best of knowledge, this is the shortest cavity
length of the NLP fiber laser. Therefore, our fiber laser is more compact,
robust and controllable, which indicates it owns various advantages.
Furthermore, the net dispersion of whole cavity is estimated to be
+0.046 ps?, which can support to generate DS.
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Fig. 2. Schematic setup of a net normal dispersion Er-doped fiber laser
usinga 45° TFG.

A 980 nm benchtop laser with 673 mW maximum pump power is
used for pumping the EDF. The wavelength division multiplexer (WDM)
is applied for coupling the 980 nm laser to the EDFL cavity, which is
placed before the EDF. The 20:80 optical coupler (OC) taps out 20%
cavity laser power. The polarization state of the cavity is adjusted by two
polarization controllers (PCs) (PC1 and PC2). The 45° TFG is placed
between two PCs to realize nonlinear polarization rotation (NPR)
mechanism for mode locking. A polarization-independent isolator (PI-
ISO) is utilized to enforce the single direction operation of the cavity. An
optical spectrum analyzer (OSA, Yokogawa AQ6370C), a commercial
autocorrelator, a 8 GHz high speed oscilloscope together with a 12.5
GHz fast photodetector, and a radio-frequency (RF) spectrum analyzer
are applied for recording the laser output.

4. EXPERIMENTAL RESULTS AND DISCUSSIONS
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In our laser, when the pump power is set at 300 mW, the output pulse
states switch between DS and NLP with the different PCs setting. It is
well known that NPR not only acts as an equivalent saturable absorber
(SA), but also can form a birefringent filter in the fiber laser [33].
Adjusting the PCs changes the cavity birefringence, which is equivalent
to changing the spectral transmission in the cavity [34]. Therefore, the
bandwidth of the artificial cavity birefringence filter can be adjusted by
the PCs [34]. As the filtering effect is one of the conditions for promoting
the formation of DS, we can obtain the DS mode locking at proper
orientations of PCs. The performances of the DSs under 300 mW pump
power is shown in Fig. 3. The pulse temporal sequence of the DSs is
presented in Fig. 3(a). The time interval of the adjacent pulses is 23.6 ns,
matching the fundamental repetition rate. The inset shows the single
shot pulse of the DS regime. The measured optical spectrum of the DSs
centering at 1577 nm with a 3 dB bandwidth of 20.4 nm is shown in Fig.
3(b). The optical spectrum with steep rising and falling edges is the
indication of the DS operation. There is a clear sideband in the spectrum
at 1598 nm, which maybe mainly caused by modulation instability [35].
It can also be seen a narrow small spike in the spectrum around 1583
nm, owing to the insertion loss spectrum with the narrow dip at 1583
nm illustrated in Fig. 1(a) [36]. We further measure the AC trace of the
DSs, which is represented in Fig. 3(c). The recorded pulse duration is 3
ps when assumed the Gaussian pulse profile. Therefore, the calculated
time-bandwidth product (TBP) is 7.4, signifying that the pulse is highly
chirped. The RF represented signal-to-noise ratio (SNR) of 55 dB as
shown in Fig. 3(d), which indicates that the operation of DS is relatively
stable.

It is commonly known that NPR as an artificial SA allows the high
intensity part of the pulse to pass with high transmission, while the low
intensity part of the pulse wings suffers high loss. The extremum of the
NPR transfer function was defined as the critical saturation power (CSP)
[25]. Once the peak power exceeds the CSP, the effective cavity feedback
mechanisms transformed from one to another [25]. This feedback
conversion mechanism is the main reason for the formation of NLP in
the fiber laser using NPR technique [14,16,25]. Actually, the adjustment
of the PCs can result in the change of the CSP in a NPR mode locked fiber
laser [25]. Under the standard scenario, we can easily observe that the
pulse shaping regime transformation from DS to NLP by adjusting the
PCs carefully under the fixed pump power of 300 mW. Fig. 4 reveals the
characteristics of the NLP generated in such case. The oscilloscope pulse
trace is depicted in Fig. 4(a), indicating the time interval of the adjacent

pulsesis 23.6 ns. The inset shows the single shot pulse of the NLP regime.

The broad and smooth optical spectrum without steep edges is
presented in Fig. 4(b). The center wavelength is turned to 1574 nm and
3 dB bandwidth is changed to 25.2 nm, which is wider than that of DSs.
The AC trace with double-scale structure clearly shows a narrow spike
on a wide pedestal in Fig. 4(c), which is the remarkable feature of NLP
[17]. The FWHM of the spike and the pedestal are 620 fs and 6.4 ps,
respectively. Fig. 4(d) is the RF spectrum of the NLPs, and the SNR is
about 50 dB. There are two symmetrical sidelobs on the RF spectrum,
indicating the inherent instability of the internal structure [37-39].
Besides, both of the output pulse types can work stably for several hours
without spontaneously switching to another pulse state.

One distinct feature of our laser is that, when the DSs is obtained
under 300 mW pump power, with just the pump power slowly
increasing to 313 mW, the output pulse states can be changed from DSs
to NLPs. This NLPs operation could be kept by increasing the pump
power to 326 mW. Further pump power elevation makes the NLP
operation unstable and finally disappear [24]. But if we lower the pump
power to around 326 mW without changing any other conditions in our
fiber laser, the NLP mode locking state can obtain again, and further
reducing the pump power can switch the operation states from NLP to
DS. It is worth noting that this process is repeatable and reversible,
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which implies that the transition of output pulse types in our laser is
precisely and solely controlled by the pump power. The necessity of
NLP is eliminated. Nonetheless, in other pulse states switchable lasers,
it is usually necessary to fine adjust the PCs to achieve the switching
conditions after changing pump power, which may cause the mode-
locked state to be lost or unstable. This situation can be avoided when
we use precise control of pump power instead, which implies our fiber
laser possesses higher switching efficiency. The output pulses evolution
features at different pump power levels are summarized in Fig. 5. The
spectra have steep edges at pump power of 300 mW and 306 mW,
which is a distinctive feature of DS. When the pump power is increased
to 313 mW, the spectral sharp edges disappear and smoother spectrum
is obtained, which is depicted in Fig. 5(a). At the same time, we can
observe the evolution of AC traces in Fig. 5(b). As the pump power
increases, the measured AC traces switch from Gaussian profiles to the
double-scale structures. The evolution of the spectra and AC traces
prove the output pulse types transformation from DS to NLP with the
increasing of pump power [14]. This switching phenomenon is most
likely attributed to the peak power clamping effect [14]. While the peak
power of the DS reaches the CSP, further increasing pump power will
break the DS into multiple pulses and then lead to the formation of the
NLP [14,16,25]. The evolution of RF spectra under different pump
power are illustrated in Fig. 5(c). When the output pulse types switch
from DSs to NLPs, the pedestal of the RF spectrum will be lifted, which
means the background noise of the NLPs is stronger than that of DSs.
The SNR and output power versus the pump power are depicted in Fig.
5(d). When the fiber laser operates in the DS regime, the value of SNR
increases with the pump power, but it is the opposite in the NLP regime.
In addition, the SNR of NLP is smaller than that of DS. The average
output power increases monotonically with pump power in both
regimes, and the slope efficiency of the DS regime is higher than that of
the NLP regime.

5. CONCLUSIONS

In summary, we demonstrate the pump precisely controlled
switchable generation of DSs and NLPs in a net normal dispersion
passively mode-locked EDFL using a 45° TFG. The output pulses can be
flexibly switched between DSs and NLPs by simply changing the pump
power. Therefore, eliminating the necessity of PCs adjustment for
transformation between DS and NLP can make our laser possess higher
switching efficiency. The NPR mode-locked mechanism consisting of a
45° TFG and two PCs plays an important role in switching of these two
pulse types. We observe that the DS is centered at 1577 nm with the 3
dB bandwidth of 20.4 nm, and the typical NLP is centered at 1574 nm
with the 3 dB bandwidth of 25.2 nm. The demonstrated laser also
manifests the shortest laser cavity for NLP generation to date. We
believe our work can make a contribution for further study of more
physical formation mechanisms of the NLPs in the future. The
demonstrated versatile laser may also find applications in various fields.
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