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Abstract: We study numerically the possibility of using various gain-switched seed laser pulse
parameters and fibers for a low-cost, all-fiber Mamyshev regenerator scheme. We find that for
increasing pulse durations, sufficient spectral broadening will be difficult to achieve in practice and
careful design of the system parameters is required for the regenerator to function. Furthermore,
an optimal input peak power level can be defined for a given fiber and pulse duration that results
from a balance of competing Kerr effect and stimulated Raman scattering. We also demonstrate
experimental results of 3 ps pulse generation seeded by an 80 ps gain-switched diode. Our results
pave the way for designing pulse-on-demand picosecond scale fiber sources for applications.

© 2021 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Pulsed laser sources with picosecond and femtosecond durations have enabled numerous
applications in applied sciences such as materials processing [1,2] and LIDAR measurements
[3,4] as well as opened up new frontiers in fundamental science by allowing straightforward
access in experiments in nonlinear dynamics [5,6] and dual-comb spectroscopy [7,8]. The
plethora of applications drive ultrafast laser source development continuously with new targets
set in sight for cost-effectiveness, low footprint and turn-key and robust use. Fiber lasers are
particularly well suited for this task due to the compact nature of the sources with necessary
industrial ruggedness when all-fiber polarization maintaining configurations are used.

Mode-locking remains as the de-facto standard for generating ultrafast pulses in fibers. Mode-
locking is typically achieved with either a real saturable absorber (e.g. semiconductor, graphite
or carbon nanotubes) or an artifical saturable absorber (e.g. nonlinear polarization rotation,
nonlinear fiber loop mirrors). Pulses obtained from mode-locked sources offer excellent pulse
contrast and signal-to-noise ratio. These mode-locking schemes have different traits in terms of
stability and lifetime and a suitable one can often be chosen depending on the requirements of
the application. One characteristic common to all of these designs is that the repetition rate of
the laser is fixed to the fundamental repetition rate set by the cavity length typically ranging in
the 10-100 MHz range. Some applications such as materials processing would, however, benefit
from tunable pulse repetition rate or even pulse-on-demand operation. For mode-locked lasers,
various mechanisms such as harmonic mode-locking, multiplexers or acousto-optic pulse picking
can usually be employed to slightly vary the repetition rate of the source [9–13]. However, these
techniques have their limitations in what can be achieved, and they often result in additional cost
and complexity for the final system. Thus an electronically controllable, pulse-on-demand source
could provide new aspects for applications.

Recently, a new path towards coherent ultrafast pulse generation in fibers was proposed
utilizing a Mamyshev regenerator scheme [14,15]. In the scheme an electronically controllable
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gain-switched pulsed diode laser was launched into a passive optical fiber, where self-phase
modulation (SPM) broadens the spectrum, so that a coherent part of the spectrum can be filtered
out resulting in a cleaner pulse shape suitable for further pulse shaping. This is illustrated in
Fig. 1.

Fig. 1. High-level experimental schematic of a single Mamyshev Regenerator stage
consisting of a noisy gain-switched diode laser, a long piece of passive fiber and a subsequent
bandpass filter. Subfigures demonstrate pulse temporal and spectral evolution inside the
regenerator starting at the GSD pulses (a), after propagation in fiber (b) and after filtering (c).
We have compared a Gaussian pulse shape (black) to two noisy GSD pulse shapes (red and
blue pulses with added random fluctuations) with the same peak power & duration. Filter
is shown as the grayed area in (b2). Additional pulse shaping stages can be used after the
regenerator scheme to achieve even shorter pulse durations than shown here.

The initially noisy pulses from the gain-switched laser diode (GSD) will broaden the spectrum
sufficiently, so that when a part of the spectrum is filtered out, it will clean the pulse shape and
increase coherence. However, for successful filtering that cleans the pulse, spectral broadening
of several nanometers has to be achieved. In contrast to traditional mode-locked oscillators or
recently presented femtosecond Mamyshev oscillators [16–19], the regenerator scheme requires
no laser cavity to produce the pulses. Thus, such source could provide a simple, pulse-on-demand
or tunable repetition rate operation with increased coherence, reduced pulse duration compared
to conventional GSD solutions. The details of the scheme presented in Fig. 1 will be discussed
later.

Initial demonstration of the scheme [14] used a gain-switched diode with 10 ps pulse duration,
that could be compressed down to 135 fs after the regenerator and following pulse shaping stages.
However, such pulse durations represent the state-of-the art GSD performance and cost-reduction
in such cases becomes questionable. In this article we present experimental demonstration of
pulse shortening to roughly 3 ps seeded by 80 ps GSD pulses and a thorough numerical study on
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the practical limitations of GSD seeded Mamyshev regenerators. In particular we concentrate in
the simulations on the launched pulse duration, peak power and fiber parameters. The results
demonstrate the viability of the scheme even with moderate GSD pulse durations if care is taken
with adjusting the input peak power.

2. Experimental results

To verify whether pulse shortening is achievable with noisy and relatively long seed pulse
durations in a Mamyshev regenerator scheme and to justify some of the approximations made in
our numerical model, we built an experimental setup as illustrated in Fig. 2.

Fig. 2. Schematic of a GSD based Mamyshev Regenerator. The output of the GSD is
amplified in a highly doped (absorption >85 dB/m @ 915 nm) pre-amplifier fiber pumped
by a 976 nm diode. Non-PM fiber with 300 m length and MFD of 5.2 µm is spliced after the
amplifier, which is followed by a tunable bandpass filter.

The seed laser was an 80 ps GSD from PicoQuant (CPDL-S-F-1064) that produced 23 µW
at 1 MHz repetition rate with a center wavelength of 1063.2 nm. The output of the GSD was
amplified in a short fiber pre-amplifier allowing us to scale the peak power of the pulses in
experiments between 1 - 150 W. The seed and amplifier were PM-fiber based, but were coupled
to a 300 m of non-PM fiber with a mode-field diameter of 5.2 µm for our tests. This non-PM fiber
was chosen to reduce the Raman gain in the fiber due to polarization scrambling and because it
was long enough to achieve sufficient spectral broadening for further filtering and compression.
Furthermore, our simulations indicated this to be close to the optimum length with our pulse
parameter range. The nonlinear effects and fiber length optimization will be discussed in more
detail in the following sections.

The setup is fundamentally similar to the one presented by Fu et al. [14]. The major differences
are the longer pulse duration of the diode (80 ps vs. 10 ps) as well as using longer and non-PM
passive fiber segments for pulse broadening (300 m vs. 30 m). The achieved spectral broadening
is smaller in our case due to the difference in pulse durations, being approximately 4 nm (vs. 7.5
nm). This limits our flexibility for tuning the filter as the incoherent central part of the spectrum
has to be suppressed by the filter. Therefore, in contrast to Fu et al., the filter in our case has to
be placed near the edge of the spectrum where pulse fluctuations can be enhanced.

We start by demonstrating the behavior of the output spectrum of the GSD after propagating
through the 300 m spool with increasing input peak power in Fig. 3. This corresponds to a typical
experimental scenario, where the fiber length is fixed and the power can be adjusted by increasing
the pre-amplifier pump current.

For low peak powers the system shows nearly no spectral broadening. Only after the peak power
has increased above 40 W we start to see symmetrical broadening due to SPM. Increasing the
power, the spectrum continues to broaden as nonlinear effects increase and we simultaneously see
the stimulated Raman scattering (SRS) peak appear at around 1115 nm in Fig. 3(b). At the highest
peak power of 148 W the SRS peak is already at −8 dB level relative to the spectral maximum,
and it starts to affect the symmetry of the spectral broadening, with the long wavelengths suffering
losses due to combined effects of depletion by SRS and cross-phase modulation [20]. We also
note the increasing spectral contribution at 1030 nm, that is a typical characteristic of ASE
increasing in a non-saturated ytterbium doped fiber amplifier.
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Fig. 3. Optical spectra recorded at the output of 300 m of non-PM fiber with increasing
peak power: (a) High resolution spectra. The peak in the middle is caused by the incoherent
fluctuations of the GSD laser. (b) Wide-bandwidth, low resolution spectra demonstrating
the growth of the Raman sidebands (1110 nm) with increasing peak power. Peak at 1030 nm
is ASE from the pre-amplifier.

In order to maintain the SRS levels moderate, we used approximately 110 W of peak power
(10 mW of average power) after amplification at the input of the fiber spool. After the 300 m
spool of fiber, a fiber coupled bandpass filter with approximately super-Gaussian filter shape and
FWHM of 1.2 nm was used to carve out a part of the spectrum centered at 1065 nm. Average
power dropped to 7 mW after the 300 m spool and consequently to 1 mW after the filter due
to the filter intrinsic losses (3 dB) and a large part of the spectral power density being filtered
out. A grating compressor in the Treacy configuration was used to verify compressibility of the
pulses in conjunction with a scanning autocorrelator. Figure 4(c) and (d) demonstrate the filtered
spectrum and autocorrelation data of the input GSD and after compression. We have chosen
the peak power of 90 W to correspond to the case where Raman is still not affecting the pulse
dynamics significantly.

Fig. 4. (a) Filtered spectrum after by 1.2 nm bandpass filter. The peak on the left edge of
the spectrum is the residual noise of the GSD. (b) autocorrelation of original GSD pulse
(blue) and the compressed pulse after filtering (black).

The input autocorrelation is very noisy and asymmetric (which points to fluctuations or
measurement error in the autocorrelation measurement) and has a FWHM duration 95 ps. After
broadening in the fiber, the pulse achieves a spectral width of approximately 4.2 nm, which after
filtering to 1.2 nm can be compressed down to 4.3 ps (autocorrelation FWHM), which assuming a
Gaussian deconvolution factor of 1.414 corresponds to roughly to 3 ps of average pulse duration.
This demonstrates the potential of the Mamyshev regenerator scheme even with longer pulses.

We point out that all of these measurements are averaged. In practice the pulse-to-pulse spectral
widths will vary, and consequently the filtered pulse energies and durations will also fluctuate.
Filtering at the edge of the spectrum is the most prone to these variations and performance of
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the system will depend largely on the GSD fluctuations. Due to practical limitations we had to
choose filtering near the edge in our experiments. In particular, we could not use smaller filter
bandwidths in experiments that would allow us to filter more carefully between the noisy center
peak of the GSD and the edge of the spectrum. As the spectral broadening was also limited with
our GSD pulses, we had to resort to filtering nearly half of the broadened spectrum. We note
that this increased the pulse amplitude fluctuations, but this was not quantified in more detail.
Indeed, careful engineering of the system parameters: pulse duration, peak power, fiber length,
fluctuations, filter position & bandwidth are required for the reliable operation of regenerator
system. In the following sections we concentrate on optimizing the pulse parameters and fiber
length by numerical simulations.

3. Numerical model and pulse dynamics

For the Mamyshev regenerator scheme to function, the spectral broadening of the GSD pulse has
to be sufficient so that a coherent part of the spectrum can be carved out by the spectral filter.
Thus a natural metric for the suitability of a scheme for practical purposes is the obtained spectral
bandwidth at the output of the regenerator. Intuitively, one would just assume higher pulse powers
to result in larger SPM induced spectral broadening and therefore better performance. However,
increased peak power also changes the growth rate of detrimental stimulated Raman scattering
(SRS) arising from noise that will eventually destroy the pulse temporal shape and affect spectral
broadening, and thus preventing any subsequent filtering efforts in the regenerator scheme. Thus
careful selection of pulse and fiber parameters is essential.

While analytical formulas can be given for SPM spectral broadening and Raman growth
rate, these formulas are usually only valid in special cases where dispersive or nonlinear effects
dominate [20]. In order to evaluate the simultaneous impact of the various nonlinear effects
and dispersion on the pulse propagation we use numerical simulations based on solving the
generalized nonlinear Schrödinger equation (GNLSE) by the split-step Fourier method [20,21]
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Here E(z, T) is the complex electric field envelope propagating in the co-moving time-frame of
the pulse, βk are the dispersion values up to third order, γ is the nonlinear coefficient of the fiber,
R(t) is the experimentally measured Raman response function and τshock is the self-steepening
effect [21,22].

Initially, we performed some simulations with noisy pulse trains (Gaussian pulse with added
broadband noise, see Fig. 1 for illustration) and compared the spectral broadening to transform
limited Gaussian pulses of the same duration. We discovered, that the average spectrum of the
noisy pulses corresponds roughly to the spectral broadening of transform limited pulses. We
also simulated the propagation of 80 ps Gaussian pulses in 300 m of non-PM fiber with 150
W of peak power, corresponding to the experimental data shown in Fig. 3. The output spectra
of the simulation is compared to the experimental data in Fig. 5. To initiate SRS growth in
simulations, 300 photons per simulation frequency bin with random phase are used to generate
the noisy background. This value is based on achieving a reasonable agreement with Raman
values observed in the lab with the 80 ps GSD pulses. The simulation grid consisted of 216 points
on a 1.2 ns time window.

Encouraged by the agreement of simulations with experiments, we decided to use only
transform limited Gaussian pulses with varying durations as the input pulses in the simulations
presented in the manuscript in order to reduce computation time and to make the analysis more
straightforward.

Simulations were performed for four different pulse durations: 20 ps, 50 ps, 80 ps and 100 ps
with peak powers ranging from 50 W to 800 W centered at 1064 nm. In addition to this we studied
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Fig. 5. Comparison of experimental (red) and simulated (black) results at the output of 300
m of non-PM fiber with 80 ps GSD pulses. (a) High resolution optical spectra. (b) Wide
bandwidth, low resolution spectra demonstrating similar levels of SRS signal. Note that
the Gaussian pulse simulations did not contain any ASE that affects the noise-floor in the
spectral measurements.

the effect of choosing a different fiber type for obtaining optimal performance. The group velocity
dispersion coefficient β2 ranged from 0.018 ps2 to 0.03 ps2 in the normal dispersion regime
and the effective area of the fiber ranged between 5-10 µm affecting the nonlinear coefficient
according to γ = n2ω0/(cAeff) [20]. We have also simulated polarization-maintaining (PM) and
non-polarization maintaining single-mode fiber (SM) performance. For the latter case the Raman
gain coefficient was halved, assuming totally unpolarized light propagating in the fiber [20].
While this approximation is probably too pessimistic, as the light is not fully depolarized after
the SM fiber in practice, it serves as a good boundary case example of what are the limitations of
PM and SM fibers.

3.1. Pulse dynamics and limitations for Mamyshev regenerator systems

As an illustrative example of the pulse dynamics in Fig. 6 shows the temporal and spectral domain
evolution of a Gaussian pulse propagation with 50 ps duration and 350 W of peak power in 500
m of SM fiber.

This example highlights several key features similar to all simulated cases, that underline the
major limiting factors for Mamyshev regenerator systems. Initial propagation from 0 m to 167 m
is dominated by the SPM spectral broadening and dispersion acting simultaneously, resulting in
broadening of the pulse in the time domain from 50 ps to 80 ps. Simultaneously SRS starts to
grow from the noise floor at −60 dB at the Raman gain maximum at 1115 nm (visible in the
logarithmic plot), but the energy in the Raman peak is still relatively low that it has little effect
on the pulse temporal shape. With further propagation, temporal broadening due to dispersion
slows down the spectral broadening as the peak power is decreasing. At approximately 278 m,
additional spectral sidelobes can be noticed near the signal spectrum. The sidelobes are caused
by optical wave breaking (OWB) [20]. These are particularly apparent in the logarithmic plot
(Fig. 6(c)), but can also be seen in the latter stages on the linear spectra as well (Fig. 6(b)). OWB
is also apparent in the time domain with the pulse edges steepening and oscillatory structures
appearing at the edges (Fig. 6(a)).

Also around 278 meters the exponential amplification of SRS leads to spectral power at
1115 nm being significant enough (−30 dB relative to the signal) to start causing a significant
modulation in the leading edge of the pulse profile. In our simulations we limit the Raman
sideband growth to −15 dB level by stopping the simulation when this level is reached. This level
was chosen to be well below −10 dB, where significant pump depletion affects Raman dynamics
[23], and where the Raman effects to the pulse temporal shape were still considered moderate.

Interestingly enough, after 333 m, OWB temporarily halts further spectral broadening and
can even result in a slight decrease of the 3 dB bandwidth of the pulse, as four-wave mixing
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Fig. 6. Example of SPM broadening and SRS growth in SM fiber along the fiber length.
Input pulse was 50 ps with 350 W peak power. (a) Pulse temporal intensity profile, (b)
Linear spectrum, (c) Logarithmic spectrum. Intensities and spectra have been normalized
for illustrative purposes.

from the edges of the spectra seed the OWB [20]. This can also be observed qualitatively in
the linear spectra of Fig. 6 comparing the spectra after 333 m, showing no significant spectral
broadening due to SPM. The 3 dB spectral bandwidth would stagnate or decrease until the OWB
sidelobes’ amplitude reach the −3 dB level, and consequently a sudden increase in the 3 dB
bandwidth would be observed. However, this additional bandwidth is not useful anymore, as
the nonlinear phase profile at the pulse edges could cause problems with further pulse shaping
methods. Therefore we have imposed an additional limit condition for the propagation simulation
in fiber, set by the length where OWB starts decreasing the bandwidth of the pulse.

Summarizing the above discussion, the simulations are performed with the pulse propagating
in the fiber until one of the following three limit conditions is met:

1. OWB condition: The 3 dB bandwidth of the pulse starts to decrease due to OWB.

2. Raman condition: Highest peak in the SRS band at around 1115 nm rises above −15 dB
level relative to the maximum.

3. Maximum length condition: Fiber length exceeds 500 m.

The last condition is set by practical constraints as fiber lengths in the excess of hundreds of
meters are not very viable in real laser systems. Furthermore, longer fibers increase the pulse
duration due to added dispersion, resulting in also longer pulse durations after filtering. This
will consequently reduce the peak power of the filtered pulses making additional pulse shaping
efforts difficult.

All simulations are launched with the given fiber and input pulse parameters and simulated
until one of the three limiting conditions is triggered, which then stops the simulation at the given
length. The stop conditions served to define the practical fiber length in Mamyshev regenerator
resulting in varying output bandwidths, where the broadest spectrum is considered to be the
optimum operating point.
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4. Results and discussion

4.1. General behavior due to the limitations

We start our discussion by reviewing the results obtained in standard SM-980 and PM-980 fibers.
Mode field diameter of the fiber is set at MFD = 6.92 µm and GVD at β2 = 0.024 ps2. As a
simple approximation we use Aeff ≈ π(MFD/2)2 to evaluate the nonlinear coefficient. These
values are close to commercially available fibers and serve as a good benchmark to understand
the effect of different parameters on system behavior. The SM and PM cases were simulated by
their different Raman gain coefficients, as mentioned earlier in the text. We first show the spectral
broadening evolution for an initial pulse duration of 50 ps only with varying peak powers, as this
helps to understand how the different limit cases are met arising from nonlinear effects along the
propagation (Fig. 7). We have chosen 6 dB bandwidth as the metric as the 3 dB bandwidth is
more prone to variations due to the rapid fluctuations of the SPM broadened spectrum combined
with asymmetry caused by SRS.

Fig. 7. (a) Example of evolution of bandwidth vs. input pulse peak power for 50 ps pulse in
SM-980 fiber (red line, circles) and PM-980 (black line, squares). (b) Corresponding fiber
length where simulation is terminated by the specified conditions.

Figure 7(a) shows the peak power of the pulse against the 6 dB bandwidth for both PM and
SM fibers. Each point is defined by one of the stop conditions (OWB, Raman or Max. length).
For peak powers ranging from 25 W to 150 W the 6 dB spectral bandwidth grows predictably
with increasing power due to SPM (green arrow). When the peak power reaches 175 W we see a
difference for the SM and PM fibers. For the SM fiber the bandwidth continues to grow (blue
arrow), however the fiber length is limited due to OWB limit condition. For PM fibers we see
already a decreasing 6 dB bandwidth beyond this point caused by the high power pulses reaching
SRS threshold very rapidly. It is accompanied by a rapid decrease in the fiber length. The same
effect occurs in SM fibers only at 325 W (red arrow).

Looking at Fig. 7(b), that illustrates the simulated fiber lengths corresponding to Fig. 7(a), we
can verify the statements in the above paragraph. Up to 175 W both PM and SM fiber simulation
lengths are limited by the 500 m limit condition. Beyond this point PM fiber lengths drop rapidly
due to the Raman threshold condition, whereas SM fibers see a slower decline in fiber lengths
due to the OWB condition. The Raman limit is achieved for the PM fiber faster due to the higher
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Raman gain as discussed. Beyond 325 W we also observe a change in the slope of the SM fiber
length, that corresponds to transition of the dominating limiting condition from OWB to Raman.

With increasing peak powers SRS grows even faster and the −15 dB threshold is reached
before OWB has even cause significant effects on the pulse. This sets a stringent limit on the
maximum fiber length, which can be used in the Mamyshev regenerator for pulse broadening, and
consequently for the maximum obtainable bandwidth. As pointed out, the growth of the Raman
sideband for higher peak powers is the reason why a careful balance of optimum peak power and
fiber length is essential to achieve the broadest spectrum in Mamyshev regenerator systems.

4.2. Varying pulse duration in a standard fiber

Figure 8 demonstrates similar results as Fig. 7, but now for various pulse durations (20, 50, 80 and
100 ps). We observe several noteworthy features in the graphs. Firstly, the obtained maximum
bandwidth for PM fiber is always lower than for SM fiber due to the difference in Raman gain.
Secondly, shorter pulses will generally result in broader spectra compared to longer pulses for
given input peak powers. This can be intuitively understood by larger spectral broadening due to
the Kerr effect but also due to longer pulses suffering from longer walk-off length between the
amplified SRS noise and the input pulse resulting in more net gain for SRS [20].

Fig. 8. Bandwidth and related maximum fiber length evolution for 20 ps, 50 ps, 80 ps and
100 ps pulses for different powers in SM-980 fiber (a,b) and PM-980 fiber (c,d).

Somewhat counterintuitively, this leads to the fact that when using longer pulses in a Mamyshev
regenerator, increasing the peak power is a straightforward way to obtain broad spectra (considering
the SRS and OWB limitations). The optimum operating point is obtained by optimizing the
input pulse power in combination with fiber length. For example in Fig. 8(c) we note that for
increasing pulse duration from 20 ps to 100 ps the optimum peak power (resulting in the broadest
spectrum) decreases from 425 W to 75 W. The optimal fiber lengths are 110 m for 20 ps and
500 m for the rest. Even though the simulations for the longest pulses continue up to 500 m, the
fiber can be made shorter in practice. The spectral broadening slows down during propagation in
the fiber due to dispersion reducing the peak power, and nearly equivalent bandwidths could be
obtained for the longer pulses with shorter fibers.

From a practical point of view, longer pulses will be significantly more difficult to use for
regeneration, as the maximum obtainable broadening in can be only 2-5 nm. One should filter a
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broad enough part from the side of the spectrum to be used as an efficient seed for further pulse
shaping, while efficiently rejecting the incoherent part of the GSLD seed pulse at the center of
the spectrum. Some ways to circumvent this problem is to either resort to SM fibers if the output
polarization state is not crucial, to use additional pulse shaping stages at the cost of simplicity, or
use different fibers that will affect the propagation dynamics. We will next look at the last option
in more detail.

4.3. Effect of fiber parameters on optimum operating power

We start by setting the fiber dispersion to three values of β2 = 0.018ps2,β2 = 0.024ps2 (standard
value of PM-980) and β2 = 0.03ps2 while maintaining the MFD of 6.9 µm. Typically adjusting
the dispersion will also affect the fiber MFD, but for reasons of clarity we do not take this into
account. In Fig. 9 we plot the 6 dB bandwidths for these three dispersion values.

Fig. 9. Effect of dispersion on optimal bandwidth. Bandwidth evolution for 20 ps, 50 ps,
80 ps and 100 ps pulses for different input peak powers and different dispersion values in
SM fiber (a,b,c) and PM fiber (d,e,f).

Comparing these results we note that the fiber dispersion has only minor effect on the maximum
obtainable bandwidth for each pulse duration. However, the optimal input peak power is shifted
towards higher powers with increasing dispersion. Increasing dispersion generally broadens the
pulse in time domain faster, reducing the peak power. While this reduction in peak power is
less favorable in terms of SPM, it also reduces the SRS growth rate. Hence, in order to achieve
the same spectral bandwidth in fiber with higher dispersion, increased peak power is required.
Simultaneously the reduced SRS allows one to use longer fiber lengths, effectively shifting the
optimum position.

Following this, we now keep the dispersion constant at β2 = 0.024ps2 while varying the MFD
to values of 5 µm and 10 µm. The results in this case, shown in Fig. 10, are similar when varying
the dispersion. The maximum obtainable bandwidth is increasing only slightly with larger MFD.
While this is again slightly counterintuitive, as one would expect smaller MFD (larger nonlinear
coefficient) to cause larger spectral broadening, the reason can again be understood between
the balance of SPM and SRS. Larger MFDs result in slower SRS growth rate, allowing one to
use longer fibers for a given peak power resulting in larger spectral broadening, that could be
achieved with a higher nonlinearity alone. Indeed, if we compare the spectral bandwidths at
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Fig. 10. Effect of the MFD of the fiber on optimum bandwidth. Bandwidth evolution for
20 ps, 50 ps, 80 ps and 100 ps pulses for different input peak powers and different MFD
values in SM fiber (a,b,c) and PM fiber (d,e,f).

identical low peak power values, where SRS is not the limiting factor, smaller MFD will yield a
broader spectrum.

5. Conclusions

We demonstrated experimentally pulse shortening down to <3 ps by a Mamyshev regenerator
seeded by 80 ps GSD pulses. Such systems could provide an alternative way for pulse-on-demand
applications requiring short pulse durations without mode-locked lasers. The system does not
posses the pulse-to-pulse stability of mode-locked sources, but could be a viable option in
applications where some fluctuations are allowed.

We have also studied the possibility of using different pulse durations and powers as well as
various fiber configurations for Mamyshev regeneration schemes based on numerical simulations.
The results indicate that for a given pulse duration an optimal input pulse peak power exists and
should be used in order to achieve the largest spectral broadening, while keeping undesirable
Raman noise levels down. Furthermore, the results show that reasonable spectral broadening (i.e.
>5 nm) can be achieved with GSLD pulse durations below 50 ps. Longer pulses could also be
used, but subsequent pulse filtering and nonlinear shaping steps need to be designed carefully
to not enhance the already noisy seed source. Furthermore, improper filter design can result in
double pulse structures due to the nature of the SPM broadened pulses. Optimizing the filter
properties will be the subject of future studies.

While the choice of fiber has only minor effect on the maximum obtainable spectral broadening
for a given pulse duration, the fiber parameters will affect the optimum peak power where this
maximum is obtained. This optimum is a result of the delicate balance of SPM and dispersion
affecting the pulse bandwidth and duration that, in turn, affect the total Raman gain seen by
the amplified noise that depends on the dynamically changing walk-off length. Our results
demonstrate the need for careful design of the pulse parameters for the system to work optimally.
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