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TECHNICAL ABSTRACT   
Many recent improvements in quantum cascade laser design, growth, fabrication, and packaging have allowed the 
demonstration of high power continuous wave lasers at a variety of wavelengths throughout the mid-infrared spectral 
region.  While this is a necessary step towards enabling widespread adoption of this laser technology, simple multimode 
(Fabry-Perot) lasers are not suitable for all applications.  One of the most exciting application areas for this technology is 
for chemical spectroscopy, which requires narrow linewidth, single mode sources with some degree of tunability. 

 Several groups (including commercial suppliers) have developed external cavity quantum cascade laser systems 
for precisely this activity.  This solution shows very wide tuning capability thanks to the use of an external diffraction 
grating for wavelength-selective feedback.  By adjusting the angle of the grating relative to the semiconductor mirror 
facet, the emission wavelength can be selected. 

 Though significant efforts have been made to miniaturize this technology and make the tuning mechanism fast 
and accurate, there are a few issues that will always exist that make external cavity solution non-ideal.  First, the overall 
device volume is limited by the need for a large (compared to the laser itself) free space optical cavity and diffractive 
optical element (DOE), which are necessary to demonstrate seamless tuning with a narrow linewidth.  Second, alignment 
of the optical components has a strong impact on performance, which makes the assembly sensitive to shock and 
vibration.  Third, the hybrid nature of the system makes assembly time consuming and expensive.  Lastly, for extremely 
broad or multi-spectral tuning, multiple separate modules may be necessary, as individual DOEs and lasers will be 
required. 

 For the above reasons, there is significant interest in realizing broad tuning using a monolithic, electrically 
tuned mechanism.  Electrical tuning (via current control) provides a very fast and robust alternative to an external cavity 
tuning system.  Toward this end, we have developed extremely high power, single mode distributed feedback (DFB) 
lasers that can operate in continuous wave operation at room temperature with >2 W of power. Unfortunately, tuning of 
traditional single element DFB QCLs has proven to be extremely limited, with a tuning range of ~5 cm-1 at room 
temperature.  Nevertheless, this technology has paved the way for more advanced device architectures that are capable of 
much wider tuning on a single chip-based platform. 

 In this talk I will show how we have dramatically extended the monolithic tuning range of high power quantum 
cascade lasers with high side mode suppression.  This includes individual laser element tuning of over 40 cm-1 and array 
architectures for a much broader system tuning.  No external optical components are required for operation, which may 
provide a cost effective solution for mass production.  Future directions will also be explored in which this technology 
can be expanded to accommodate multiple spectral regions on a single chip. 
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