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Abstract: The performance of a stable dispersion tunable Erbium doped fiber laser modelocked 

by multi-layer graphene is presented and discussed. The cavity is based on all PM fibers and a 

free-space Martinez compressor.  
OCIS codes: (320.7090) Ultrafast lasers; (140.3510)   Lasers, fiber; (320.5540)   Pulse shaping  

 

Favorable features such as beam quality, robustness, power efficiency and cost have made fiber-based ultrashort 

laser systems attractive sources in applications spanning from metrology to THz-generation through nonlinear 

frequency mixing [1].  

Modelocking of fiber lasers have been realized by a variety of mechanisms for saturable absorbtion [2]. A novel 

mechanism is based on the nonlinear transmission of low-dimensional materials [3]. As these materials are 

commonly put on the tips of fiber pigtails, they are experimentally very easy to implement and adjust inside the 

cavity. In this work we present a fiber laser modelocked by multi-layer graphene. Furthermore, our laser employed 

an intra-cavity Martinez compressor, similar to the one discussed in [4], to set the net cavity group delay dispersion 

(GDD) and thus control the operating regime of the laser. A slit was also added to the compressor to enable spectral 

filtering. 

The cavity consisted of an Erbium-doped fiber, Liekki 4/125 PM, which was core pumped by a 975.8 nm single 

mode diode coupled to the active fiber by a wavelength division multiplexer (WDM). The active fiber was followed 

by an isolator and a 10% output coupler. The graphene saturable absorber was placed after the output coupler and 

before the compressor. The output from the compressor was connected to the WDM and thus completed the ring 

cavity. A schematic picture of the laser is shown in Fig. 1. 

 
Fig. 1. The laser consisted of a wavelength division multiplexer (WDM), an Erbium-doped fiber (Er), an isolator 

(ISO), an output coupler (OC) and graphense satruable absorber (GSA). 

  

The heatmap in Figure 2 a) and the stacked spectra in Figure 2 b) show that it was possible to operate the laser 

over a great range of cavity GDD and generate solitons in the anomalous dispersion regime, dispersion-managed 

solitons close to the zero GDD and parabolic pulses in the net normal dispersion regime. The slit was fully open 

(with a bandwidth exceeding 40 nm) until reaching the normal dispersion regime where it was gradually closed 

while increasing the net GDD. The shift in central wavelength seen in the anomalous region was achieved by 

moving the fully opened slit and was necessary to suppress 1530 nm radiation which destabilized the modelocking. 
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Fig. 2. Heatmap for the spectral intensity at different net cavity GDD shown in a) with the corresponding stacked 

spectra shown in b). 

 

The pulses generated in the anomalous dispersion regime, i.e. the solitons and the dispersion managed solitons, 

could easily be compressed in passive fibers exhibiting normal second order dispersion. Comparisons of the 

autocorrelations before and after compression of a soliton with a 20 nm bandwidth and of a dispersion managed 

soliton with a 30 nm bandwidth are shown in Fig. 3 a) and Fig. 3 b) respectively. As can be seen, they are both 

compressed to about the same pulse duration but the compression factor of the dispersion managed soliton is greater 

than what it is for the soliton. However, the time-bandwidth product is only about 0.36 for the soliton whereas it is 

about 0.53 for the dispersion managed soliton. This corresponds to a 12% and a 20% greater value than their 

corresponding transform-limited values for the soliton and the dispersion managed soliton respectively. 

 
Fig.3 Comparison of autocorrelations before and after compression of a) a soliton with a 20 nm bandwidth and 

b) a dispersion managed soliton with a bandwidth of 30 nm. 
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