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Abstract— We present a study on the growth, design, and 

characterization of strain-compensated InAs/AlSb quantum 

cascade detectors (QCDs) on GaSb substrates. A QCD detecting 

at 4.3 µm was designed and grown. HR-XRD and AFM confirm 

high growth quality and successful strain compensation. 
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I. INTRODUCTION  

Quantum cascade detectors (QCDs) are mid-infrared 
photovoltaic detectors built from a heterostructure of alternating 
well and barrier materials. These devices operate at room 
temperature and utilize intersubband transitions in the 
conduction band of the well material [1]. QCDs set themselves 
apart by high-speed operation enabled by bound-to-bound sub-
picosecond intersubband transitions and a designable absorption 
wavelength [2]. The possible MIR wavelengths depend on the 
conduction band offset (CBO) of the well and barrier materials 
and epitaxial growth limitations. These detectors are of interest 
for applications in chemical spectroscopy [3], imaging [4], and 
free space optical communication [5]. QCDs were mainly 
studied for wavelengths ≥4 µm, due to the use of the 
InGaAs/AlGaAs material system with a CBO of 0.52 eV [6], 
lattice matched to InP. The InAs/AlSb material system offers the 
highest CBO in non-polar III-V semiconductors of 2.1 eV [7]. 
A QCD operating at 2.7 µm was recently realized using 
InAs/AlAs0.16Sb0.84 lattice-matched to an InAs substrate [8]. 
This QCD needed to be top-side illuminated through a 
diffraction grating due to the low bandgap of the InAs substrate 
of 0.35 eV, absorbing below 3.54 µm [6]. On the other hand, 
InAs offers one of the lowest effective electron masses me

* of 
0.023 m0, which increases the optical transition strength. This is 
in comparison to InGaAs, which has an effective electron mass 
me

* of 0.043 m0. To retain the advantages of the InAs/AlSb 
material system (high CBO, low me

*) and remove the 
disadvantage of the low InAs bandgap, we present InAs/AlSb-
based QCDs grown strain balanced to GaSb substrates.  

 

II. EXPERIMENT AND RESULTS 

As a first step, the thermal oxide removal of GaSb and the 
following GaSb buffer layer was optimized to a root mean 
square (RMS) surface roughness measured with AFM of 
0.273 nm. This was achieved by optimizing the oxide removal 

temperature, the temperature during the buffer growth, and the 
Sb flux for both procedures. In the next step, the growth 
temperature for the InAs/AlSb heterostructure was optimized. It 
has to be taken into account that the optimal temperature for 
InAs differs from AlSb, so an intermediate temperature had to 
be found for high-quality superlattices. With this, the RMS 
surface roughness of the InAs/AlSb QCD is 0.286 nm for a 
10×10 µm area. Figure 1 shows an AFM picture of a 3×3 µm 
scan of the QCD with an RMS surface roughness of 0.189 nm.  

 

Fig. 1 AFM of a 3×3 µm area of the InAs/AlSb QCD grown strain 

balanced on GaSb. The RMS surface roughness of this scan is 

0.189 nm. 

Specific shutter sequences and 'soak' times were developed 
to achieve sharp interfaces between InAs and AlSb and suppress 
group V intermixing or As-for-Sb exchange, which increases the 
interface roughness. Additionally, the minimum necessary As 
and Sb fluxes had to be found. This way, the strain-balancing 
ratio can be maintained, especially with the thin wells and 
barriers required for the active region. High-resolution x-ray 
diffraction (HR-XRD) confirms sharp interfaces and successful 
strain-balancing, see Fig.2. Strain-compensated growth is 
necessary, because of the low critical layer thicknesses of InAs 
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and AlSb on G1aSb of ≈ 30 nm. InAs and AlSb strain balance 
each other with an approximate thickness ratio of 1:1. To 
achieve high responsivity, InAs and AlSb cannot be kept in the 

ideal 1:1 ratio for strain balancing, but, for the current design, in 
a 2.4-to-1 ratio. For this reason, a design technique must be 
employed, including sub-monolayer-thick InSb layers. Fig.2 
showing the HR-XRD of a grown QCD confirms successful 
strain-balancing with this technique.  

The QCD was processed into the 45º wedge-facet substrate 
illuminated geometry and then optically characterized with a 
Fourier transform infrared spectrometer (FTIR) and a polarized 
Globar source. The spectrum shows a QCD absorption at the 
designed wavelength of 4.3 µm, and higher energy interband 
absorptions. Details of the responsivity and the intersubband vs. 
interband absorption will be discussed. 

 

III. CONCLUSIONS 

The high-quality growth of InAs/AlSb heterostructures on 
GaSb substrates was developed. AFM scans show a low surface 
roughness of 0.286 nm. HR-XRD confirms high-quality 
superlattices with sharp peaks. It further confirms successful 
strain balancing. The QCD was fabricated into the 45° wedge-
facet configuration. Optical measurements show an 
intersubband QCD absorption at the designed wavelength of 
4.3 µm.  
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Fig. 2 HR-XRD of an InAs/AlSb QCD grown strain balanced on 

GaSb with a designed absorption wavelength of 4.3 µm. 


