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Ultrafast Optics

Femtosecond Fiber Lasers Based  
on Dissipative Solitons 

Frank Wise

The development of sources of ultra-
short light pulses has had a major 

scientific impact, enabling the direct ob-
servation of some of the fastest processes 
in nature. Ultrafast lasers and techniques 
are also finding application in areas 
such as precision machining, biological 
imaging and ocular surgery, for example. 
Short-pulse fiber lasers are beginning to 
supplant solid-state lasers in these areas. 

Reliable femtosecond lasers could be 
designed only after researchers demon-
strated in the 1980s that prism pairs 
could provide adjustable anomalous 
dispersion with minimal loss. Since then, 
the research community has accepted 
that femtosecond lasers require a device 
or segment that provides anomalous 
dispersion. Soliton-like pulse-shaping 
that occurs in lasers with net anomalous 
dispersion underlies standard mode-
locked solid-state and fiber lasers. 

Standard fiber solitons balance phase 
modulations that arise from dispersion 
and nonlinearity. Renninger and Chong 
et al. have recently demonstrated that a 
new kind of soliton can form in fiber la-
sers. So-called dissipative solitons balance 
amplitude as well as phase modulations. 
A fiber laser with only normal-dispersion 
components and a spectral filter can gen-
erate femtosecond pulses. The dominant 
pulse-shaping mechanism is the filtering 
of a chirped pulse in the cavity, and the 
pulses are modeled well as dissipative 
solitons of a Ginzburg-Landau equation.1 

Experimental reports of dissipative 
solitons in optical physics are rela-
tively rare, and the fiber laser offers an 
ideal setting for their study. Ultrashort 
pulses are obtained by de-chirping the 
pulse outside the laser, as is done with 
dispersion-managed solitons and self-
similar pulses. 

Dissipative-soliton fiber lasers offer 
major advantages for applications. First, 
as mentioned earlier, anomalous disper-

sion is not required inside the cavity. 
Compensation of the normal dispersion 
of meters of fiber at wavelengths around 
1 mm (and over the bandwidth needed 
to support femtosecond pulses) presents 
a serious practical challenge for fiber de-
vices. All-normal-dispersion lasers2 thus 
simplify the cavity design substantially.  

Dissipative solitons are quite flexible; 
the pulses can be shorter than 100 fs or 
longer than 100 ps.1  Dissipative solitons 
are fundamentally capable of higher sta-
ble pulse energies than any other pulse 
evolution. Researchers have achieved 
energies above 20 nJ by lasers made 
with ordinary single-mode fiber,3 which 
thus combine the practical benefits of 
fiber with performance close to that 
of a Ti:sapphire laser. A version of the 
laser constructed entirely of fiber-format 
components demonstrates the potential 
for robust and integrated devices.4

To summarize, the generation of 
dissipative solitons in a fiber laser is 
scientifically important as a new example 

Top: Schematic of dissipative-soliton laser. The birefringent plate acts as a filter. Bottom: 
Spectrum and autocorrelation of 75-fs pulses generated by dissipative-soliton laser.

of a nonlinear wave. Lasers based on 
dissipative solitons counter conventional 
wisdom by generating femtosecond-
duration pulses without intracavity 
dispersion control or anomalous disper-
sion. Fundamentally, dissipative solitons 
are stable at higher energies than other 
known pulses, and normal-dispersion 
lasers already produce the highest-energy 
pulses reported for single-mode fiber in-
struments. Based on these properties, we 
expect that the dissipative soliton lasers 
will find widespread use in ultrafast sci-
ence and technology. t
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