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We demonstrate an all-fiber supercontinuum (SC) source delivering up to 40 W of average power ranging 
from 750 to 2200 nm. The laser source is based on a self-Q-switched pump-sharing oscillator-amplifier. The 
self-Q-switched master oscillator generates giant pulses, amplified in the high-power stage. Finally, a passive 
fiber acts as a nonlinear stage improving the spectrum flatness as well as the spectral broadening. To the 
best of our knowledge, this is the first time that a pump-sharing oscillator-amplifier is used for SC 
generation and based on the use of a submeter Ytterbium-doped fiber length inside the oscillator. 
© 2024 Optica Publishing Group 
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1. INTRODUCTION 
High-power supercontinuum (SC) laser sources are 

currently of increased interest for remote environmental 
sensing and military applications [1–4]. Consequently, 
research activities aim to improve output power and the 
spectral broadening of the laser as well as its flatness [5,6]. 
In 2018, Zhao et al. reported an all-fiber supercontinuum 
source delivering an average power of 215 W with a 
spectrum spanning from 480 nm to beyond 2000 nm. This 
source was obtained by injecting amplified picosecond 
pulses into a piece of 5 m-long PCF with a 4.8 µm core 
diameter [7]. Another SC source going from 390 to 2400 nm 
with 314.7 W average output power, was also achieved by 
pumping, with picosecond pulses having an average power 
of 942 W, a 14 m-long tapered PCF with a core diameter 
varying from 4.2 µm to 3.3 µm. The authors achieved a 
coupling efficiency of about 63.7% thanks to the 
development of a mode field adaptor between the amplifier 
stage and the PCF [8]. However, the power scaling in SC 
sources including a PCF is quite limited by the power 
handling capabilities of the very small core and the low 
coupling efficiency into the PCF and through the splice 
between the nonlinear fiber and the amplification chain. The 
latter point suffers a severe thermal load due to modal 
mismatch.  

Otherwise, large mode area ytterbium-doped double-
clad fibers (DC-LMA-YDFs), which are key components 
for multi-kW range laser sources operating in the 
continuous wave regime, also face nonlinear limits due to 
long interaction lengths between silica core and high guided 
power levels, despite core diameter larger than 20 µm [9]. 
Using such fibers can overcome the issues mentioned above 
with PCFs, enabling a high coupling efficiency between the 

amplifier stage and the non-linear stage of the laser source 
and offering the opportunity to handle very high average 
powers. Moreover, they can be used to amplify and broaden 
the initial seed spectrum. Some master oscillator power 
amplifier (MOPA) systems for high-power SC generation 
including multiple amplification chains are reported in the 
following literature.  

For example, in 2023, Jiang et al. reported a 714 W SC 
source with a spectrum ranging from 690 nm to 2350 nm 
and a spectrum spanning from 1050 nm to 2095 nm (at 
- 10 dB) [5]. The system includes both, a four-stage MOPA 
configuration for the power scaling starting from a 15 ns 
low-power seed laser at 1065 nm and a 20 m-long piece of 
passive 30/600 µm (core/cladding diameters) fiber. The 
latter perfectly matches the opto-geometrical characteristics 
of the active fiber used in the last power amplification stage 
and is used to optimize the spectrum performances. Since 
the peak power of the incident laser is low, and the system 
consists of large MFD fiber pumped by a CW source, the 
only way to increase the nonlinearities and spread the 
spectrum is to increase the fiber length. In 2022, a 3 kW SC 
source spanning from 925 nm to 1862 nm (with a 20 dB 
bandwidth of 574 nm) was obtained using a configuration 
including a Raman fiber laser oscillator and a YDF laser 
oscillator as multi-wavelength seeds for the fiber amplifier 
of 40 m followed by a piece of 415 m germanium-doped 
fiber (GDF) [6]. Signals coming from the Raman fiber laser 
and the YDF laser, are then amplified through an active 
fiber with core/cladding diameters of 46/400 µm. Finally, 
they propagate through the passive fiber, with the same 
core/cladding diameters as the active fiber, for the SC 
generation.  



The two aforementioned configurations based on, at 
least, four stages for SC generation, are quite complex, 
expensive, cumbersome, and difficult to implement in 
portable systems. Recently, researchers worked on a 
structure called “oscillating-amplifying integrated fiber 
laser” (OAIFL) as a simpler method for power scaling 
compared to the classical MOPA structure [10]. Indeed, due 
to the lack of any isolator or cladding power stripper (CPS) 
between the seeder and the amplifier, the unabsorbed 
forward pump light emerging from the oscillator can pump 
the amplification stage. In the case of a bi-directional 
pumping scheme, the residual backward pump light can also 
enter the oscillating section. In 2021, an OAIFL system 
achieved a power of up to 3.5 kW at 1080 nm [10]. To do 
so, the fiber lengths integrated are about 8 meters in the 
seeder and around 18 meters in the amplifier stage when 
using ytterbium-doped fibers (YDF) with core/cladding 
diameters of 22/400 µm and a cladding absorption 
coefficient at 976 nm of approximately 2.6 dB/m. In 2022, 
a particular OAIFL named “pump-sharing oscillator-
amplifier” (PSOA) with a shorter active fiber length of 
1.6 m was reported [11]. In this work, the laser delivered 3.1 
kW of power at 1050 nm with an M² of 1.33. However, the 
authors did not investigate the temporal dynamics resulting 
from the very high level of unabsorbed pump power in the 
oscillator. Furthermore, neither study has been led on SC 
generation through a PSOA.  

In this paper, we propose a method for SC generation 
based on a pump-sharing oscillator-amplifier.  The PSOA is 
designed to be as simple as possible. The seeder stage is 
temporally unstable and transmits almost all the pump 
power to the amplifier stage thanks to a very short 
intracavity active fiber length. Respectively both the power 
amplifier and the nonlinear frequency conversion stages are 
simply made of active and passive 20/400 µm core/cladding 
diameters fibers. With this all-fiber PSOA SC source, we 
obtained up to 40.7 W of average power ranging from 
750 nm to 2200 nm. To the best of our knowledge, this is 
the first time that a pump-sharing oscillator-amplifier is 

used for SC generation and based on the use of a submeter 
YDF length inside the oscillator. 

 

2. EXPERIMENTAL SET-UP 
The experimental set-up developed here is a PSOA 

structure and consists of three stages which are a master 
oscillator with a short cavity length, a fiber amplifier, and a 
nonlinear frequency conversion stage as shown in Fig. 1.  
The nonlinear stage consists of a piece of passive fiber 
perfectly matching the opto-geometrical characteristics of 
the active fiber used for the seeder and amplifier stage. 
Concerning the first stage, the resonant cavity is made of a 
high reflectivity (99.8 %) fiber Bragg grating (HR-FBG) on 
one side and a low reflectivity (10.1 %) output coupler fiber 
Bragg grating (OC-FBG) on the other side with a spectral 
linewidth of 3 and 1.03 nm, respectively. Both gratings are 
commercially sourced, are centered at 1080 nm and are 
written on a 20/400 µm passive fiber. A short piece of 0.8 m-
long YDF with a core diameter of 20 µm and an inner-
cladding diameter of 400 µm is used as the gain medium. Its 
peak cladding absorption is 1.7 dB/m at 976 nm and its zero-
dispersion wavelength (ZDW) is near to 1.3 µm. This YDF 
is curved on a diameter of 21 cm to filter the high-order 
transversal modes and only emits the fundamental mode. The 
YDF has been previously tested with this curvature in a free 
space cavity to ensure the singlemodeness of the output 
beam. Indeed, the measure of the M² values gave 1.07 and 
1.08 at a pump power of 50 W, and another measure with a 
supercontinuum source and a high pass filter with a cutting 
wavelength at 1075 nm, showed that only the fundamental 
mode could be excited. A single 140 W 976nm wavelength-
locked fiber-coupled Laser Diode (LD) is used as a forward 
CW pump source.  

The pump power is coupled into the active fiber cladding 
through a (6+1)´1 multimode combiner located in the seeder 
cavity. Considering the very short cavity length as well as 
the cladding absorption coefficient at 976 nm of the YDF, 
the level of absorbed pump power will be very low in the 

 
Fig. 1. Schematic of the PSOA experimental setup and optical bench measurement. BB = Beam Block, PM = Power Meter. 



seeder stage meaning that the residual pump power at the end 
of the oscillator will be mainly absorbed in the power 
amplification stage. As a consequence of the very low level 
of absorbed pump power, the emitted signal is self-pulsed 
without any inner cavity amplitude modulator. This is a 
common signature of the passive Q-switching lasing method 
which generates pulses using a saturable absorber [12]. The 
pulses are then amplified thanks to the residual pump power 
entering into the second stage which is made of a 25 m-long 
section YDF with the same core/clad diameters and 
absorption as the doped fiber used in the master oscillator.  

Finally, the third stage is composed of a 30 m-long piece 
of 20/400 µm passive GDF which contributes to the spectral 
broadening. The free port of the HR-FBG and the final 
output fiber end were angle-cleaved to avoid any parasitic 
lasing effect coming from the resonant cavity due to the 
Fresnel reflection at the silica-air interfaces. The output 
signal power, the residual pump power, the spectra, and the 
temporal dynamics were monitored at the end of each stage. 
For this purpose, the output power in the core of the beam of 
the SC laser was measured with a wavelength-insensitive 
power meter. Indeed, the power meter was placed so that the 
core of the beam covered its full cell area while the cladding 
beam was blocked. Far-field intensity distributions, at the 
output of the GDF, were recorded with a commercial CCD 
camera. The spectra were collected at low power through a 
multimode fiber (MMF) and recorded thanks to two different 
optical spectrum analyzers (OSA) covering the short 
wavelengths (from 600 to 1700 nm) and long ones (from 
1200 to 2400 nm). To reduce the influence of the multi-order 
diffraction during the measurement process, a long 
wavelength-pass filter with a cutoff wavelength of 1400 nm 
was used when recording the long-wavelength OSA. The 
final spectrum was made of the coupling of each OSA’s 
spectrum by aligning their spectral intensity level. Finally, a 
photodiode (PD) and an oscilloscope having a 100 MHz 
bandwidth were employed for temporal dynamics 
characterizations. 

 

3. EXPERIMENTAL RESULTS AND 
DISCUSSION 

Experimental results at the output of the 
master oscillator stage 

Fig. 2 shows the evolution of both the emitted signal power 
(red line) and the residual pump power (blue line) at the 
output of the seeder considered independently as a function 
of pump power. At a pump power of 143 W, we measure, at 
the oscillator’s output, an average signal power of 11 W. 
Therefore, 92% of the pump power is transmitted to the 
amplification stage and thus only 8% of the pump power is 
absorbed in the short piece of YDF and generates signal 
power. 

 
Fig. 2. Evolution of the signal (red curve) and residual power 

pump transmitted in the amplifier stage (blue curve) as a 
function of input pump power. 

 
Fig. 3 shows the spectral evolution measured at the output 
of the seeder when increasing the pump power from 30 W 
up to 143 W. We observe the signal wavelength is 1080 nm 
without any significant spectral broadening when 
increasing the pump power. 

 
Fig. 3. Experimental spectra at the output of the seeder for an 

input pump power of 30 W (red curve) and 143 W (blue curve). 

Fig. 4 represents the recorded temporal trace, at the 
oscillator’s output, for an output signal power of 2 W.  

 
Fig. 4. Temporal signal recorded at the output of the seeder for 

a signal power of 2 W. 

We observe, in Fig.4, that a periodic pulse train has been 
emitted thus meaning our oscillator is not fully locked. Also, 



the signal is quite unstable seeing the power difference 
between the pulses. Furthermore, we observe through the 
inset, zooming on one of the pulses, that the intra-pulse 
exhibits fast oscillations with a mean period of 40 ns, 
corresponding to the round-trip time of light inside the 
cavity. In addition, we measure a mean temporal width at 
half maximum for the pulse envelope of 500 ns.   

In Fig.5, we plot the evolution of the repetition rate of our 
unlocked oscillator as a function of output pump power. We 
observe the repetition rate evolves linearly when increasing 
the pump power and goes up to 170 kHz at 153 W. This 
temporal behavior and frequency evolution can be 
interpreted as signatures of passive self-Q-switching laser 
signals using a saturable absorber [13]. Usually, this 
phenomenon occurs in a cavity having a long piece of active 
fiber because of the reabsorption of the laser photons in the 
unpumped part of the fiber or occurs in heavily doped 
ytterbium fibers due to the quenching effect [14,15]. In our 
case, the physical reason for the Q-switching dynamics may 
not be explained in the same way since the YDF length used 
as the gain medium in the oscillator is very short. The 
underlying phenomena causing the self-Q-switched laser 
may be linked to the very low level of absorbed pump power 
in the short YDF coupled with the low reflectivity output 
coupler. Thus, the YDF plays the role of the gain medium as 
well as the saturable absorber self-modulating the losses and 
so creating the impulsions as in a common passively Q-
switched laser [16,17]. In the literature, self-pulsing laser 
sources have already been used for SC generation [17,18]. 

 
Fig.5. Evolution of the repetition rate as a function of input pump 

power. 

 

Supercontinuum generation in active 
double-clad large mode area 

Following our oscillator, we splice an amplification 
stage, constituting the PSOA system. This amplification 
stage consists of 25 m of 20/400 DC-LMA-YDF, the same 
one used for the oscillator, bent over a diameter of 20 cm. 
We plot, in Fig. 6, the spectrum evolution at the output of 

the amplifying fiber, using the pulse train emitted by the 
oscillator as a pump, for different signal powers. At a total 
output power of 90 W, we obtain a supercontinuum 
spectrum going from 1080 nm to 1600 nm at - 30 dB of the 
1135 nm peak.  

 
Fig. 6. Experimental SC spectra at the output of the amplifier 

stage for an output power going from 3 W to 90 W. 

In the whole paper, we use numerical filters and integrate 
the area under the curve of each part of the spectra in order 
to split the output power between the residual pump power 
𝑃"#$%&'()*+, the signal power at 1080 nm 𝑃&	and the power 
dedicated to the supercontinuum 𝑃&)"%$-./0'/))1:  

(1) 𝑃.)0 = 𝑃"#$%&'()*+ + 𝑃& + 𝑃&)"%$-./0'/))1 

Thanks to this method, we evaluate the power dedicated to 
the supercontinuum of about 48 W, corresponding to 
53.5 % of the total output power at the maximal pump 
power of 143 W. 

We estimate the zero-dispersion wavelength of our 
amplifying fiber is around 1.3 µm reckoning the guide 
dispersion could be neglected compared to the material 
one. Thus, initially our system evolves in the normal 
dispersion regime and should, in theory, broad 
symmetrically due to self-phase modulation [19]. 
However, we have to consider the absorption spectrum of 
the ytterbium. Indeed, every generated wavelength through 
nonlinear effects, shorter than the signal’s, is reabsorbed by 
the doped fiber due to the absorption cross-section and is 
remitted to higher wavelengths. Furthermore, the extension 
of the spectrum toward the higher wavelengths is attributed 
to the cascaded stimulated Raman scattering [13]. Also, 
those spectra are quite similar to the ones obtained in the 
literature [20,21]. 

 

 

 



Enhancing the supercontinuum generation in 
the nonlinear stage 

To further increase the broadening of the supercontinuum 
spectrum, a 30 m-long passive germanium doped fiber is 
spliced to the output of the PSOA. The GDF is firstly bent 
over a spool with a diameter of 15.5 cm to promote the 
single-mode propagation into the core. However, this 
bending introduced spectral-dependent additional losses that 
had not only limited the spectral expansion but also created 
a strong heat load over the whole GDF. Indeed, for the 
15.5 cm bending diameter, the higher wavelengths spread 
out from the core and are propagated into the cladding being 
responsible for the increase in temperature of the latter. 
Because of the abnormal elevation of the heat of the GDF 
curved at 15.5 cm, we stopped the measurement at the pump 
power of 112 W. To overcome this problem, we tested 
different bending diameters and found an optimal diameter 
curvature for the GDF of about 30 cm, allowing us to reduce 
the heat load up to 20 °C (from 53 °C to 33 °C). Thus, no 
cooling system was used for this section of the set-up. As 
shown in Fig. 7, the curvature of 30 cm helped to reach a 
maximum spectral broadening up to 2200 nm at -30 dB 
(compared to the 1135 nm peak) while the curvature of 
15.5 cm restricted the spectrum up to 1650 nm at - 30 dB. 

 
Fig.7. Evolution of the SC spectra as a function of bending 

diameter of 15.5 cm (red curve) and 30 cm (green curve), for a 
pump power of 120 W 

 
At the output of the GDF, we measure an average output 
power of 82 W (with 90 W at the input) when the pump 
power is about 143 W.  This time, using the same numerical 
filter as before, the SC power represents 49.6 % (40.7 W) of 
the output power while 49.6 % is at 1080 nm and 0.8 % at 
976 nm. Furthermore, Fig. 8 highlights the differences in the 
SC spectrum at the output of the YDF and the GDF. We 
notice the spectrum is extended from [1080; 1650] nm at 
- 30 dB to [750; 2200] nm at -30 dB of the 1135 nm peak 
after splicing the GDF. Indeed, this time we are not limited 
by the ytterbium absorption and thus supercontinuum can 
extend below the pump wavelength. 

 
Fig.8. Spectrum evolution before (red curve) and after (green 

curve) the passive fiber at the pump power of 143 W. 
 

The temporal dynamics of the GDF output is still a 
pulsed signal at the nanosecond range with average 
repetition rate values increasing as for the pump power. 
The evolution of the pulse repetition rate is shown in Fig.  9 
with the temporal signal at pump powers of 53 W and 
143 W. It is quite similar to the repetition rate out of the 
YDF but lower compared to the seeder repetition rate 
evolution for the same pump power values. As the 
averaged values of the repetition rate coming from the 
YDF are the same as the output of the GDF, the 
modification of the repetition rate comes directly from the 
YDF. It can be due to the mutual influence between the 
backward ASE of the amplifier stage and the oscillator 
stage, a higher level of ASE resulting in a lower level of 
population inversion that naturally shifts the repetition rate 
to lower values, the available gain getting smaller. 

 

Fig.9. Temporal signal recorded at the output of the passive 
fiber for a signal power of 4 W (red curve) and 82 W (blue 

curve). 
 

 

 



4. CONCLUSION 
In this article, we proposed a simple method for 

supercontinuum generation based on an original all-fiber 
PSOA system simply made of a short all-fiber oscillator 
spliced to an active 20/400 double cladding fiber then a 
passive 20/400 double cladding fiber. The short cavity 
length of the seeder allowed us to get an 11 W self-pulsed 
Q-switched laser at 1080 nm. Thanks to the emission of a 
pulse train, we generate enough peak power in the 25 m-
long active ytterbium fiber to generate a supercontinuum 
spectrum. At the output of our amplifying stage, our SC 
spectrum went from 1080 nm to 1650 nm at - 30 dB with an 
average output power of 48 W. Then, using a long piece of 
passive silica fiber, we were able to increase the span of our 
spectrum from 750 nm to 2200 nm with an average SC 
power of 40.7 W.  
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