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Amongst semiconductor lasers, Quantum Cascade (QC) lasers are unique for their practically unlimited 
design potential stemming from the quantum design of several 100’s of quantum wells and barriers that 
constitute the lasers’ active region.  Lately, we focused our attention to innovative approaches broadening 
the spectral capabilities.[1-5]  This work will provide an introduction into these new developments.   

First, a spectrally broadband QC laser based on a ‘continuum-to-continuum’ design (Fig. 1) is 
presented, which differs from conventional, artificially spectrally broadened QC lasers in that almost no 
trade-off has been made between gain-bandwidth and laser performance with respect to laser threshold 
and output power. [1]  When this laser is put into an external cavity, a wide, continuous single-mode 
tuning range of well over 300 cm-1 is achieved, as is shown in Fig. 2.[2] 

Next we explored opportunities for obtaining single-mode and tunable emission without the need 
of dispersive gratings, such as external dispersive cavities or gratings etched into the lasers as distributed 
feedback or distributed Bragg reflector gratings.  Three geometries, folded cavities (Fig. 3, left) [3], 
candy-cane-shaped lasers [4], and extreme multi-section lasers (Fig. 3, right) [5] have all shown great 
potential for achieving single-mode emission at reduced fabrication complexity and cost. 
 

    
Fig. 1. Conduction band 
diagram with wavefunctions 
squared of a portion of the 
active regions and injectors of 
the ‘continuum-to-continuum’ 
design QC laser.[1]  

Fig 2. External cavity tuning 
range and spectra for a 
‘continuum-to-continuum’ QC 
laser in an external cavity.  The 
laser spectra and corresponding 
threshold currents are shown.[1,2] 

Fig, 3. (Left) Scanning electron 
microscope image of a folded 
cavity QC laser; (right) optical 
microscope image of extreme 
multi-section QC lasers. [3,4,5] 
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