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TECHNICAL ABSTRACT   
XBnn mid-wave infrared (MWIR) detector arrays are aimed at high operating temperature (HOT) applications and 

are based on device elements with an InAsSb/AlSbAs heterostructure.  Also known as barrier detectors or "bariodes", 
there is no depletion layer in the narrow-bandgap active layer of such devices.  The usual Generation-Recombination 
(G-R) and Trap Assisted Tunneling (TAT) mechanisms for dark current in standard narrow bandgap diodes are totally 
suppressed in bariodes, leading to much lower dark currents in bariode detectors with the same bandgap wavelength.  
InAsSb bariode detectors, grown by molecular beam epitaxy (MBE) on lattice matched GaSb substrates and operating at 
150 K have been shown previously to exhibit low dark current densities of ~10-7 A/cm2.  The ability to operate a bariode 
IR detector at a higher temperature than a standard photodiode results in an improved range of solutions for various 
applications, especially where the size, weight, and power (SWaP) are critical.  By raising the FPA operating 
temperature from 80K to 150 K the required cooling power is reduced by about 60%, yielding advantages such as: faster 
cool-down time and mission readiness, lower cooling power, higher cooler reliability, and more compact detectors for 
volume-critical applications. 

Another advantage of reduced SWaP is that the detector manufacturing costs can also be reduced, especially for 
large infrared imagers.  To maximize this goal, large inexpensive substrates of high crystallographic quality are needed. 
High quality GaAs substrates can be supplied commercially at lower cost and with diameters greater than the maximum 
4" currently available for GaSb.  However, the 7.8% lattice mismatch between InAs0.91Sb0.09 (lattice-matched to GaSb) 
and GaAs can cause a large number of dislocations in the epilayers.   

Also, the lattice-matched InAsSb-based detectors have a cutoff wavelength around 4.1 μm. Although when going to 
shorter MWIR cut-off wavelengths the photon flux is reduced dramatically, in standard atmospheric conditions, the 
optical transmission at wavelengths shorter than that of the CO2 absorption line (4.2 – 4 .4 µm) is much higher than the 
transmission at longer wavelengths.  Therefore, the radiometric performance is not degraded at the system level for 
applications related to long range observation at high environmental temperatures.  At lower scene temperatures, 
however, the transparency of the atmosphere above the CO2 line improves and total flux also plays a dominant roll, so 
the resulting signal to noise ratio (SNR) is higher in the full MWIR window, up to 4.9 μm. InAsSb-based bariodes aimed 
at this wavelength should contain more Sb in the alloy and have, therefore, a larger lattice constant than GaSb, again 
leading to a large number of dislocations in the structure. 

We have found that by first growing a suitable thick buffer layer we can achieve, for InAsSb-based bariodes with 
cutoff wavelengths in the range 4.0 to 5.0 μm (at the operating temperatures), comparable performance to the lattice 
matched FPAs, with negligible loss of pixel operability.   

These bariode structures, all grown on GaAs with ~8% lattice mismatch, have wide X-ray diffraction (XRD) peaks 
and rough surfaces as a result of the high density of dislocations in the structures.  HRTEM images of the GaSb 
bufferlayer – GaAs substrate interface, show a highly ordered array of misfit dislocations (fig. 1, left).  Furthermore, 



 

 

selectively etching-off the layers in the structure down to the top of the GaSb buffer and then etching it with a 
dislocation decorating etch reveal 107 – 108 cm-2 etch pits (fig. 1, right). In contrast, the etch pit density in the GaSb 
substrates used for the lattice-matched structures was only few hundreds per cm2.  Yet the 4.0 μm devices still 
demonstrate dark currents and quantum efficiencies, at 150 K, comparable with equivalent structures grown on GaSb, 
both for test devices and for focal plane array detectors (FPAs) with a 640 x 512 pixel format and a 15 μm pitch (fig. 2).  
This is in contrast to the behavior reported for InAsSb pin photodiodes grown on lattice mismatched substrates.  While 
the latter showed large leakage currents attributed to a TAT mechanism, no such leakage occurs in the InAsSb-based 
bariodes grown on GaAs.  Furthermore, the structures with cutoff wavelength of ~4.9 μm grown on GaAs with the 
appropriate buffer layer have, at ~125 K, dark currents similar to those of InSb photodiodes operating at ~80 K. 

 

                   
Fig. 1: Metallurgical characterization of a 4.0 μm bariode structure:   

Left: Cross-section HRTEM images of the interface between the GaAs substrate (bottom part) and the GaSb buffer layer 
(upper part) showing an ordered array of misfit dislocations with a pitch of ~ 5.5 nm (the bar length is 2 nm).   
Right: Micrograph of the etch pits formed after etching off the bariode layers down to the top of the GaSb buffer layer 
and exposing it to a dislocation decorating etch (the bar length is 20 μm) 

 

 
Fig. 2: Electro-optical characterizations of 4.0 μm cutoff  bariode test devices and FPAs:  

Left: Arhenius plots of dark current for 200 x 200 μm2 test bariode devices grown on either GaAs (squares) with 3 μm 
thick AL or GaSb (circles) substrates with 1.5 μm.   
Right: Electro-optical results of 640 x 512 pixel FPAs (15 μm pitch) fabricated using the same process, and at the same 
time, in two layers grown on either GaAs (FPAs CC and CE, full lines) or GaSb (FPA CD, dashed line) arrays. The AL 
thickness was 3 μm in both cases. The external QE (empty symbols), without anti-reflecting coating, and dark current 
(full symbols) are plotted against the applied bias at 150 K. 
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