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Since the first demonstration in 1994, quantum-cascade lasers (QCLs) have become one of the most important solid-state 
mid-infrared (MIR) coherent light sources for various applications in environment sensing, medical diagnosis and defense 

and free-space communication. Dynamics analysis and stable pulse progression of MIR QCLs are crucial in order for QCLs to 
have reliable performance in these applications. An explicit description of dynamics of QCLs is inevitably complicated when 
compared to conventional lasers because of the unique combination of ultrafast carrier scatterings and gain recovery, significant 
non-linearities and dispersion effect in a QCL medium. Discussions on dynamics in MIR QCLs have been mostly focused on 
the stability analysis. However, the interplay between the non-linearity and dispersion effect during the QCL coherent pulse 
progression has received less attention. Especially, in a nonlinear dispersive lasing medium, the combination of group-velocity 
dispersion (GVD) and self-phase modulation (SPM) could possibly lead to the soliton formation. A measurement of GVD 
in the MIR QCLs has been reported. The interaction between the GVD and the saturable absorber (SA) in the self-induced 
transparency (SIT) modelocking of QCLs is discussed, where the analysis is based on the evolution of electric field only and 
the coherence effect in the lasing transition is not included. In our current study toward the soliton formation in QCLs, we got 
the opportunity to carefully examine each of those two effects and analyze their interaction on the coherent pulse progression 
in both time-domain and frequency-domain.
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