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TECHNICAL ABSTRACT   
In recent years, the performance of InAs/GaSb superlattice (SL) detectors for the long-wavelength infrared spectral 
range (8-12 µm) has been significantly improved. These improvements were due to the adoption of heterostructure 
design concepts such as, e.g., CBIRD, M-barrier, graded band-gap, or the nbn design, which were employed to 
overcome the limitations of the previously common homojunction pin-diodes [1-4]. These novel concepts are complex 
in terms of bandstructure design and special care has to be taken for the design of a valence band barrier. An unintended, 
residual conduction band barrier can inhibit the flow of photon generated electrons and shift the operation voltage to a 
higher reverse bias, which results in higher dark current and noise. Thus, a precise band alignment between the different 
detector regions is crucial for optimum performance. 

For the calculation of the superlattice band structure, an empirical pseudopotential method (EPM) that was 
originally introduced by Dente and Tilton [5,6], was implemented. The theoretical model has been verified for the long-
wavelength infrared (LWIR) regime with a set of nine different superlattice structures with varying band-gap. For 
calibration purposes, structures comprised of two superlattices on top of each other were grown. These structures were 
used to precisely calibrate the growth rates of InAs and GaSb during molecular beam epitaxial (MBE) growth. While the 
layer thickness of one constituent material (e.g., GaSb) has been kept constant in the top and bottom superlattice, the 
layer thickness of the second material (e.g., InAs) was altered between the growths of the two stacked superlattices. The 
period thicknesses of both superlattices were precisely measured by high resolution X-ray diffraction (HRXRD) and the 
growth rate (e.g., of InAs) was determined from the difference in period thickness and the growth time for the 
corresponding constituent. These growth-rates were used in combination with the shutter times to calculate period and 
individual layer thicknesses in each grown sample.  HRXRD was employed to measure the period thicknesses in the 
grown samples and these values matched the calculated ones, indicating the accuracy of the individual layer thicknesses. 
Hence, the exact composition of all eight InAs/GaSb superlattice structures is precisely known from the growth times / 
rates and the theoretically calculated band gap energies at 77 K for the set of superlattices could be compared to the 
measured photoluminescence peak energy at 10 K. The result of the comparison is depicted in Fig. 1. At 77 K, the 
calculated band-gap energy is within the thermal energy (kBT) of the photoluminescence peak, except for two outliers. 
Thus, the band-gap predicted by the EPM was confirmed for LWIR InAs/GaSb superlattices.  

Heterostructure SL devices with nominally zero conduction band offset were designed using the confirmed EPM.  
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Subsequently, they were grown by MBE and processed into mesa detectors. Electro-optical characterization of the 
samples allows the assessment of the conduction band offset and the detector performance. As the dark current density 
constitutes one of the most important figures of merit for infrared detectors, the dark current density of heterostructure 
devices, which originates from diffusion and generation/recombination processes, was measured and simulated. The 
results obtained from heterostructure diodes are compared to the results obtained from homojunction devices.  
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Fig. 1: Calculated band gap at 77 K vs photoluminescence peak energy for a set of nine calibrated InAs/GaSb 
superlattices with varying composition at a temperature of 10 K. The grey lines represent the kBT margin at 
77 K. 
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