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The noise-like pulses (NLPs) with tunable fraction of the pedestal height in the whole intensity autocorrelation (AC) 
trace are numerically demonstrated in the designed erbium-doped fiber (EDF) mode-locked laser, which contains the 
saturable absorber (SA) with nonlinear polarization rotation (NPR), sinusoidal-shaped or Gaussian-shaped filter, two 
segments of EDFs, and two pieces of single-mode fibers (SMFs) with normal dispersion and anomalous dispersion, re-
spectively. The pedestal ratio of the intensity AC trace can be tuned by changing the gain saturation energies of EDFs. 
The results show that when the net cavity dispersion is 1.06 ps2, the tuning range of the pedestal ratio for the NLPs can 
reach its maximum values, which are 0.51—0.89 and 0.58—0.88 for the sinusoidal-shaped and Gaussian-shaped fil-
ters, respectively. In addition, an appropriate choice of filter bandwidth is also conducive to obtain a wide range of the 
tuning pedestal ratio for the intensity AC trace.   
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DOI  https://doi.org/10.1007/s11801-024-3133-2 
 
 

Passive mode-locked fiber lasers are widely used in ma-
terial processing, optical sensing, spectroscopy and bio-
medicine because of their compactness, high efficiency 
and high beam quality. Generally, the pulse operating 
state of passive mode-locked fiber lasers can be divided 
into two categories[1], coherent and incoherent ones. The 
former case includes conventional solitons[2], disper-
sion-managed  solitons[3], self-similarity[4], dissipative 
solitons[5] and dissipative solitons resonance[6]. The latter 
case is mainly noise-like pulses (NLPs)[7]. Two pulse 
states have their own advantages, among which the NLP 
fiber laser shows the characteristics of broadband[8,9], 
high energy[10], tunable abilities of harmonic order[11] and 
center wavelength[12,13] and low coherence[14]. Especially 
its low coherence makes it useful in the field of grating 
sensing array demodulation[15], optical coherence tomo-
graphy technology[16], optical data storage and recov-
ery[17] and so on. 

NLP is composed of a series of sub-pulses with dif-
ferent amplitudes and phases, similar to a wave packet. 
The special intensity autocorrelation (AC) trace is one of 
the unique features of NLP. Since the AC trace consists 
of a very wide pedestal and narrow peaks, NLP is also 
called double-scale pulse[18]. The width of the pedestal in 
the intensity AC trace is equal to the temporal width of 
the wave packet, and the average pulse width of an ul-
trashort pulse in the wave packet is related to the peak 
width. The closer the pedestal ratio is to 0.5, the more 

random the sub-pulses are. As a result, the increase of the 
pedestal ratio is helpful in improving the coherence of 
the sub-pulses[19].  

It had been demonstrated that NLP can be obtained in 
both cases with normal and anomalous net-cavity disper-
sion. For the former case, XU et al[20] systematically in-
vestigated the influences of filtering effects with Gaus-
sian-shaped, super Gaussian-shaped and sinusoi-
dal-shaped filters on the evolution of NLPs in Yb-doped 
fiber mode-locked lasers, where the net-cavity dispersion 
in the fiber lasers is 1.03 ps2. The results show that the 
ratio of pedestal height in the NLP AC trace can reach its 
maximum value of about 0.82 by using the sinusoidal 
filter. Based on semiconductor saturable mirror 
(SESAM), LI et al[12] reported that the pedestal ratios of 
the intensity AC trace of NLP is about 0.62 which is re-
alized in an erbium-doped fiber (EDF) laser with net 
dispersion of 0.095 ps2. LI et al[21] reported the controlla-
ble generation of different pulse modes in fiber lasers 
including the NLP, by using the pulse power editing 
(PPE) technique. When the net cavity dispersion is 
0.041 7 ps2, the pedestal ratio can reach up to 0.9. For the 
thulium-doped fiber ring laser cavity with anomalous 
net-cavity dispersion in the range of −1.425—14.877 ps2, 
LIU et al[22] obtained NLP with the pedestal ratio of 
about 0.65. TANG et al[23] demonstrated experimentally 
that an EDF mode locked ring laser with a net-cavity 
dispersion of −0.04 ps2 can obtain NLP with pedestal 
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ratio of about 0.45. LEI et al[24] proposed a mode-locked 
fiber laser based on nonlinear polarization rotation, and 
obtained pedestal ratios of about 0.45 when the 
net-cavity dispersion is −0.090 87 ps2. It can be seen the 
pedestal ratios in the intensity AC trace of NLPs obtained 
in the normal-dispersion laser cavities are relatively 
higher than those in the anomalous dispersion laser cavi-
ties.  

At present, there have been many researches on gen-
eration methods[25-27] and principles of NLP[23,28]. How-
ever, to the best of my knowledge, there are few reports 
about realizing the tunable pedestal ratio in the intensity 
AC trace of NLPs. Since the pedestal ratio of the inten-
sity AC trace of NLPs is dependent on the coherence of 
the sub-pulses, it is very interesting to realize the NLP 
mode-locked fiber laser with tunable pedestal ratios for 
expanding its application scenarios.   

Compared with a series of previous studies, it is found 
that the value of the net-cavity dispersion has a great 
influence on the pedestal ratio of the NLP intensity AC 
trace. However, for a fixed laser configuration, adjusting 
the net-cavity dispersion means changing the length of 
the fiber, which is a very tedious work for the structural 
adjustment of the laser in the experiment. Therefore, we 
propose to adjust the pedestal ratio of the NLP intensity 
AC trace by adjusting the gain saturation energy of the 
active fiber. 

Fig.1 shows the simulation model of the EDF 
mode-locked laser based on a ring cavity configuration. 
The EDF mode-locked laser consists of two EDF seg-
ments, a piece of single-mode fiber (SMF), a piece of 
dispersion-compensated fiber (DCF), a polarization de-
pendent isolator (PD-ISO), polarization controllers (PC), 
an optical coupler (OC) with 50% laser output and a fil-
ter. The fiber parameters used in the simulation are 
shown in Tab.1[29,30]. 

 
SMF: single-mode fiber; EDF: erbium-doped fiber; DCF: dispersion 
compensation fiber; OC: optical coupler; PC: polarization controller; 
PD-ISO: polarization dependent isolator 

Fig.1 Schematic of the EDF mode-locked ring cavity 
laser based on nonlinear polarization rotation  

 
The spectral filter can be used to suppress the ampli-

fied spontaneous emission in mode-locked fiber lasers 
for the purpose of obtaining the stable operation. On the 
other hand, the NLPs with tunable central wavelength 
can be obtained by tuning the central wavelength of the 

filter[12,31].  

Tab.1 Fiber parameters used in the simulation 

L 2 3 
Fiber 

(m) (ps2/m) (ps3/m) (W-1m-1) 
EDF1 0.5 1.5×10-2 5×10-5 3.2×10-3 
EDF2 0.5 1.5×10-2 5×10-5 3.2×10-3 
SMF 1 (varied) −2.3×10-2 8.6×10-5 1.0×10-3 
DCF 6 (varied) 1.78×10-1 5.2×10-4 5.7×10-3 

 
In addition, the simulation results shows that when the 

coupling ratios of the OC are 20: 80, 30: 70 and 40: 60, 
the laser cannot operate in the stable NLP state, as shown 
in Fig.2(a)—(c). Fig.2(d) exhibits a stable NLP output 
with the coupling ratio of 50: 50. When the ratio of the 
optical power returned to the cavity increases beyond 
60%, the temporal durations of output NLPs increase 
with the coupling ratio, as shown in Fig.2(e)—(h). 
Meanwhile, the decreased loss in the cavity can also lead 
to the output NLPs with broadened spectra. As a result, 
the simulations require more wider calculation windows 
both in the time and frequency domains, which will dra-
matically increase the calculation amount. Therefore, the 
coupling ratio is set to 50: 50 after taking comprehensive 
factors into account.  

 
Fig.2 Output pulse temporal envelopes under differ-
ent coupling ratios when the net-cavity dispersion is 
1.06 ps2, Esat1=0.6 nJ and Esat2=0.8 nJ (The coupling 
ratio here is defined as the ratio of the optical power 
returned to the cavity to that at the output port)  

In the simulation process, quantum noise (QN) is 
taken as the initial condition of modeling the 
mode-locked EDF laser, and can be expressed as[32]  

1/2
QN ( ) exp(i ),/ 2π mm Ω Φh                         (1) 

where h is Planck constant, and Φm is the random value 
in the range of 0—1.  

The pulse evolution in the EDF mode-locked laser can 
be described by the generalized nonlinear Schrodinger 
equation (GNLSE)[33,34] 
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where A(z,T) is the pulse envelope in the time domain; z 
represents the propagation distance; T is the delay in the 
time domain; 2 and 3 stand for the second-order and 
the third-order dispersion; α and γ are the linear loss and 
nonlinear coefficient in the fiber; g is the gain coefficient 
and can be expressed as[33,34] 
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where g0 represents the small signal gain, setting 
g0=15.7 m-1. Epulse and Esat represent the energy of the 
pulse and the gain saturation energy. Since the gain satu-
ration energy is related to the pump power[33], its value 
can be tuned by changing the pump power. ω0 and Δωg 
are the center angular frequency and the gain bandwidth. 
Raman response function R(t) is given by[34] 

R R R( )(1 ( ,( ) ) )t tR ft hf                    (4) 
where fR represents the fractional portion corresponding 
to the delay Raman and is set to 0.18, and hR(t) is the 
Raman response function of silica. For the SA based on 
the NPR technique, the transmittance can be expressed 
as[33] 

2
SA 0 Ad sin (π 0.5 ,)T R R P P               (5) 

where the phase delay φ is set to 0 for a simplicity. R0 
represents the minimum value of transmittance; dR is the 
modulation depth, corresponding to the variation range 
of SA transmittance. In addition, the transmittance curve 
is sinusoidal, with half the period equal to PA. It is called 
positive saturation absorption that the transmittance of 
SA increases with instantaneous power. Otherwise, it is 
so-called reverse saturation absorption. The NLP states 
usually occur as a result of reverse saturation absorp-
tion[33]. 

In this paper, two kinds of filters are used in the simu-
lation process: the Gaussian-shaped filter and the sinu-
soidal-shaped filter. The transmittance of the Gaus-
sian-shaped filter can be written as[20] 
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where ωc is center angular frequency, and is defined by 
the filter bandwidth[20] 
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The sinusoidal-shaped filter can be expressed as[20] 
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where Tmax and Tmin represent the maximum and mini-
mum transmittances of sinusoidal-shaped filter, respec-
tively; and is the constant phase and set to 0 in the 
simulation. Since the sinusoidal-shaped filter with nar-
row bandwidth and large Tmin is conducive to the genera-
tion of NLP[20], the filter bandwidth is set to 5 nm, while 

Tmax=0.99, and Tmin=0.9. In addition, the Gaus-
sian-shaped filter bandwidth is set to 15 nm. 

Fig.3 shows the intensity AC trace of NLP, where h1 
and h2 represent the heights of the pedestal and peak, 
respectively. In order to analyze the influence of pa-
rameters on the intensity AC trace, the pedestal height 
ratio Rc is defined as follows: 
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Fig.3 NLP intensity AC trace under Gaussian-shaped 
filter, when the net-cavity dispersion is 1.06 ps2, 
Esat1=0.8 nJ and Esat2=0.4 nJ 

The net-cavity dispersion of mode-locked laser can be 
tuned by adjusting the lengths of SMF and DCF. The 
gain saturation energies of EDF1 and EDF2 are repre-
sented by Esat1 and Esat2, respectively. Fig.4 shows the 
effect of the gain saturation energy of EDF on the pedes-
tal ratio of the NLP intensity AC, when the Gaus-
sian-shaped filter is used and the net-cavity dispersion is 
fixed at 1.06 ps2. As shown in Fig.4(a2)—(f2), it can be 
seen that under different Esat1 and Esat2, the pedestal ratio 
Rc varies significantly from 0.82 to 0.57. When Esat1 and 
Esat2 are 0.1 nJ and 1 nJ, the DCF segment with normal 
dispersion plays a dominated role. And when Esat1 and 
Esat2 are 1.8 nJ and 0.2 nJ, the SMF segment with 
anomalous dispersion plays a dominated role. As a result, 
the output NLP exhibits a relatively high ratio Rc of 0.82 
in Fig.4(a2). By contrast, when the anomalous SMF 
dominates the process of the pulse evolution with in-
creasing Esat1 and decreasing Esat2, the NLPs exhibit 
separated sub-pulses, accompanied by a decrease in ped-
estal ratio Rc.  
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Fig.4 Output NLPs under different Esat1 and Esat2 when 
the net-cavity dispersion is 1.06 ps2: (a1)—(f1) Pulse 
temporal envelopes; (a2)—(f2) Normalized intensity 
AC traces 

When the net-cavity dispersion is still 1.06 ps2, Fig.5 
shows the Rc as a function of Esat1 or Esat2 in the cases 
with sinusoidal-shaped and Gaussian-shaped filters. 
When Esat1 remains unchanged, as shown in Fig.5(a) and 
(c), the curves of Rc exhibit flat shape with Esat2. For 
example, in the case of sinusoidal-shaped filter with 
Esat1=1 nJ, Rc remains nearly unchanged at around 0.6. 
Moreover, Rc decreases with Esat1 when Esat2 is fixed. 
However, Rc exhibits a large variation range. Especially 
when Esat2=1 nJ, Rc has a largest variation range, which 
can be 0.56—0.88 and 0.61—0.82 in the cases with si-
nusoidal-shaped and Gaussian-shaped filters, respec-
tively.  

 

 
Fig.5 Rc curves of NLP intensity AC trace by using the 
(a, b) sinusoidal-shaped and (c, d) Gaussian-shaped 
filters ((a, c) Rc as a function of Esat2 with different 
Esat1; (b, d) Rc as a function of Esat1 with different Esat2; 
the net-cavity dispersion is 1.06 ps2) 

Fig.6 shows Rc as a function of both Esat1 and Esat2 in 
the cases with two kinds of filters, where the operation 
states of the fiber lasers include unstable state, single 
pulse and NLP. It can be seen that when both Esat1 and 
Esat2 are less than 0.5 nJ, the fiber lasers cannot obtain the 
mode locking and operate in the unstable state, as shown 

in Fig.6(b1) and (b2). When Esat2 increases beyond 0.5 nJ 
and reach up to near 1 nJ, the fiber lasers exhibit a wide 
tunable range of Rc by adjusting Esat1, which can be 
0.55—0.9 in the NLP sate and 1 in the single-pulse state.    

 

 
Fig.6 Rc of NLP intensity AC trace by using the 
(a1—d1) sinusoidal-shaped and (a2—d2) Gaus-
sian-shaped filters ((a1, a2) Rc as a function of Esat1 
and Esat2; Temporal pulse envelopes in (b1, b2) are 
unstable; (c1, c2) Single pulse; (d1, d2) NLP states; 
The net-cavity dispersion is 1.06 ps2)  

Then, the influence of filter bandwidth ∆λ on the ped-
estal ratio of NLP intensity AC trace also needs to be 
analyzed, as shown in Fig.7. Again, in both cases with 
the sinusoidal-shaped and Gaussian-shaped filters, the 
fiber lasers exhibit more wide tunable range of Rc by 
adjusting Esat1 than those by varying Esat2. Especially in 
the case of the Gaussian-shaped filter, when the band-
width is in the range of 10—20 nm, Rc can be tuned from 
0.55 to 0.9, as shown in Fig.7(c). In experiments, there 
are some ways to tune the filter bandwidth[35,36]. For ex-
ample, the filter bandwidth can be tuned by controlling 
the distance between the reflection grating and collima-
tor. The farther the distance, the smaller the band-
width[36]. For sinusoidal-shaped filter, Lyot filter can be 
used, where the bandwidth of the filter can be changed 
by adjusting the splicing angle between the polariza-
tion-maintaining fiber and polarizer. 

For the purpose of further analyzing the gain influence 
of two EDF segments on Rc, Fig.8 shows the variation 
range of Rc by tuning both Esat1 and Esat2 for the different 
filter bandwidths. It can be seen that the tunable ranges 
of Rc in NLP fiber lasers with sinusoidal-shaped filters 
are more sensitive to the filter bandwidth than those in 
NLP fiber lasers with Gaussian-shaped filters. Especially 
when the bandwidth of the sinusoidal-shaped filter is 
5 nm, the tunable range of Rc can reach up to 0.51—0.88. 

Finally, in order to observe the variation of Rc in the 
fiber lasers with different dispersion, Fig.9 shows the 
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variation range of Rc by adjusting both Esat1 and Esat2, 
when the net-cavity dispersion is tuned from −1.443 ps2 
to 1.8 ps2. The net-cavity dispersion of the fiber laser can 
be changed by tailoring the lengths of SMF and DCF. It 
is noteworthy that the NLP fiber lasers with the normal 
net-cavity dispersion can exhibit a wider tunable range of 
Rc than those with the anomalous net-cavity dispersion. 
Especially when the net-cavity dispersion is 1.06 ps2, Rc 
variation ranges can reach up to 0.51—0.89 and 
0.58—0.88 for the cases with the sinusoidal-shaped and 
Gaussian-shaped filters. 
 

 

 
Fig.7 Rc of NLP intensity AC trace by using (a, b) si-
nusoidal-shaped and (c, d) Gaussian-shaped filters 
((a, c) Rc as a function of Esat1 and ∆λ when Esat2=1 nJ; 
(b, d) Rc as a function of Esat2 and ∆λ when Esat1=1 nJ; 
The net-cavity dispersion is 1.06 ps2) 

   

 
Fig.8 Variation range of Rc by tuning Esat1 and Esat2 
with different filter bandwidths for (a) sinusoi-
dal-shaped and (b) Gaussian-shaped filters      

 
Fig.9 Tunable range of Rc by using (a) the sinusoi-
dal-shaped filter with ∆λ=5 nm, and (b) the Gaus-
sian-shaped filter with ∆λ=15 nm, where the net-cavity 
dispersion is from −1.443 ps2 to 1.8 ps2    

In conclusion, a novel method of tuning the pedestal 
ratio Rc of the intensity AC trace for the NLPs is pre-
sented based on the EDF mode-locked lasers, featured by 
two pieces of gain fibers, which are followed by normal 
and anomalous dispersion fibers. The influences of gain 
saturation energies of two EDF segments, i.e., Esat1 and 
Esat2, filter bandwidth, and net-cavity dispersion on the 
ratio Rc are investigated by numerical simulations. The 
results show that the NLP fiber lasers with the sinusoi-
dal-shaped filter and normal net-cavity dispersion can 
obtain a wider range of Rc than those with the Gaus-
sian-shaped filter and anomalous net-cavity dispersion. 
Therefore, the optimal conditions for obtaining a broad 
variable range of Rc are the net-cavity dispersion of 
1.06 ps2, and the sinusoidal-shaped filter with a band-
width of 5 nm. Under the circumstances, the pedestal 
ratio Rc can be tuned from 0.51 to 0.89 by adjusting pa-
rameters Esat1 and Esat2 in the range of 0.1—2 nJ.  
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