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TECHNICAL ABSTRACT   
Intersubband emitters like the Quantum Cascade Laser (QCL) are the main source of Mid Infrafred Radiation (MIR) 
delivering high power at room temperature CW operation [1]. On the other hand, regardless of a major effort with 
continuous increase of the operating temperature [2], THz QCLs still require cryocooling. The main microscopic 
difficulty is that the electronic scattering mechanisms have characteristic energies of the same order of magnitude as the 
photon transition energies, making it difficult to achieve population inversion.  Thus smart architectures that may lead to 
lasing without population inversion may deliver a major improvement in the QCL THz development and can also be 
potentially interesting for the MIR range in the race for even more efficient devices. 

 

The first experimental demonstration of lasing without inversion exploited conduction band nonparabolicity [3].  
Later on, valence-band-based designs have been proposed [4] including concepts that combine nonparabolicity with k-
space filtering for TE mode transitions [5].  However, holes thermalize very fast and it would be in principle more 
efficient to be able to exploit extreme nonparabolicity in the conduction bands. This can be achieved e.g., in dilute 
nitride quantum wells. It has been recently demonstrated that a judicious combination of material and design parameters 
can lead to conduction bands with dispersion relation characterized with lower masses on top and heavier masses in 
lower subbands, thus allowing for local inversion in k-space and gain even though there is no global population 
inversion [6].  This study demonstrates that for similar effective masses, dispersive gain is recovered as expected [7, 8], 
but for masses engineered to be sufficiently different there is a deviation from the dispersive shape. 

 
In this paper we start by reviewing the concept behind the gain without inversion based on dilute nitrides and next 

investigate the linewidth enhancement (alpha) factor [9,10] of both MIR and THz laser. Although each specific 
application has its own set of performance requirements, the majority require single-mode laser light, high optical power 
with good beam quality, and high temperature of operation (room temperature ideally) QCLs have typically narrow 
linewidths and traditionally the linewidth of laser sources is analyzed in terms of the alpha factor and its determination 
above threshold is an issue of intense current research [11,12]. Our calculations will be compared and contrasted with 
experimental data and a critical discussion of the concept of the alpha factor for a quantum cascade laser will be 
presented. Furthermore we will discuss the possible impact of the dispersive gain shape in the alpha factor of a ISB laser 
without inversion.  
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