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TECHNICAL ABSTRACT   
With the help of new design concepts as well as improved growth and processing technologies, the performance of 

quantum cascade (QC) lasers has experienced tremendous improvements in the past years, including the demonstration 
of room-temperature continuous-wave (cw) operation and high output power across the mid-infrared region. Even 
though, the wall-plug efficiency of QC lasers is still quite limited and lies generally below 30% at room temperature, to 
be compared with conventional diode lasers whose wall-plug efficiency easily reaches e.g. 60% at room temperature. 
For improving the wall-plug efficiency of QC lasers and satisfying the demand for devices with extremely low power 
consumption, it is important to understand which parameters limit the wall-plug efficiency of QC lasers at present.  

There has been work devoted to analyzing the wall-plug efficiency of QC lasers and subsequently to optimize it. 
However, these analyses focus either on the modeling of specific structures and the results are therefore valid only for a 
certain kind of QC lasers, or to a discussion of the ultimate and fundamental limits of the device performance. We 
believe that it is important to derive a set of comprehensive and at the same time practical expression for the wall-plug 
efficiency in order to optimize this quantity for a wide range of actual devices and operating conditions. 

We present a comprehensive analysis of the wall-plug efficiency of mid-infrared (λ ~ 4-10 µm) quantum cascade 
lasers, by taking into account the transition efficiency of the active region, the light out-coupling efficiency from the 
emission facet, the voltage efficiency across the superlattice, and the current efficiency including the leakage and 
thermal backfilling current densities at threshold. All relevant parameters including their interdependencies have been 
taken into account and analyzed in order to optimize the wall-plug efficiency of practical QC lasers. Expressions for 
optimizing the extraction energy Δinj and the mirror loss αm are deduced, which are then used to maximize the wall-plug 
efficiency of QC lasers. Finally, predictions for the wall-plug efficiency of realistic QC lasers are made both for room 
temperature and low temperature operation. Good agreement is found with corresponding experimental data from 
literature. 
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Fig. 1. Calculated total wall-plug efficiency at room-temperature (300 K) as a function of photon energy (black 
curve). Also shown are the transition efficiency (red), the voltage efficiency (green), the current efficiency (blue), and 
the facet efficiency (magenta), as a function of photon energy. Experimental results taken from literature are shown as 
open circles (pulsed mode) and solid circles (cw operation).  

 
 

 
 

Fig. 2. Calculated total wall-plug efficiency at low temperature (30 K) as a function of photon energy (black 
curve). Also shown are the transition efficiency (red), the voltage efficiency (green), the current efficiency (blue), and 
the facet efficiency (magenta), as a function of photon energy. Experimental results taken from literature are shown as 
open circles (pulsed mode) and solid circles (cw operation).  
 


