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Quantum cascade lasers (QCLs) find applications in several fields including chemical spectroscopy, telecommunications, and defense technologies such as LIDAR.  This developing laser technology has many advantages over what is currently commercially available, such as small size, long lifetime, and potential mass-producibility.  The growth of GaInAs/AlInAs QCL lasers is achieved through Gas Source Molecular Beam Epitaxy, which is a powerful epitaxial technique, capable of atomic monolayer accuracy.  This accuracy is required because the QCL structure is engineered to contain hundreds of layers that are only a few monolayers thick.  In addition, modern designs also can incorporate highly strained layers, and the composition (along with net strain) needs to be carefully controlled to avoid defects in the device.  As such, accurate structural characterization is vital to understanding the behavior of a given laser wafer.  Rather than use time- and cost-intensive electron microscopy methods, a much faster, yet accurate characterization of the complex structure can also be made using High Resolution X-Ray Diffraction (HRXRD) in parallel with layer-by-layer simulation.  These techniques allow, for periodic structures like the QCL, a complete analysis of the complex layer structure, including growth rate and composition of the constituent materials.  In this project, the accuracy and speed of HRXRD and simulation were explored for the purpose of characterizing QCL wafers.  Discrepancies from the ideal design are easy to observe and can be quantified in a straightforward manner.  In order to enable the previously mentioned applications for high yield mass production, this characterization technique needs to step out of the laboratory environment and into industry. Such functionality is facilitated by the device-structure-relevant, rapid feedback capabilities of this characterization technique.   

