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ABSTRACT 

Type II superlattices (T2SLs) based on alternating layers of InAs and GaSb exhibit rather 

unique properties, including a zero band gap at a critical value of the layer thicknesses. In this respect, 

T2SLs bear a close relationship to the alloy, Hg1-xCdxTe (“MCT”), where the band gap vanishes at a 

critical value of the composition parameter, x. A 15 m pitch T2SL Long Wave Infrared array detector 

has recently been developed by SCD, based on a new XBp barrier architecture and a new and robust 

passivation process. This detector is made entirely from III-V materials and exhibits performance 

comparable to high quality MCT detectors. 

The SCD T2SL XBp detector contains both an InAs/GaSb active layer (AL) and an 

InAs/AlSb barrier layer. A k p simulation method is described which can predict both the quantum 

efficiency and dark current with reasonable precision, from a basic definition of the superlattice period 

and the AL stack thickness. Results are compared with simulations for type I HgTe/CdTe superlattices. 

The method introduces a number of novel features including the use of an interface matrix, and a way 

of calculating the Luttinger parameters from standard reference values.  

For layer thicknesses greater than the critical values, both InAs/GaSb/AlSb and HgTe/CdTe 

superlattices undergo a transition to a Topological Insulator (TI) phase. The TI phase exhibits unusual 

spin polarized transport and optical properties which may be useful in future spintronic and THz 

devices. 

 

Keywords: Infrared detector, Focal plane array, Type II superlattice, XBn, XBp, Mercury cadmium telluride, 

Topological insulator. 

 

 

 

1. INTRODUCTION 

 

In a pioneering article
1
 entitled “a new semiconductor superlattice” published in 1977, Sai-Halasz, Tsu and Esaki 

proposed that a III-V superlattice based on alternating layers of InAs and GaSb would exhibit rather unique properties, 

including a zero band gap at a critical value of the layer thicknesses. In this respect, the new superlattice bore a close 

relationship with the II-VI alloy, HgxCd1-xTe, where the band gap vanishes at a critical value of the composition 

parameter, x (See Figure 1). HgxCd1-xTe has become one of the most widely used tunable band gap infrared detector 

materials, because it is a versatile technology that can match the characteristic photon wavelength of most infrared 

applications. On the other hand, InAs/GaSb superlattices, also known as type II superlattices (T2SLs), have only 

recently been considered to be a viable alternative technology to Hg1-xCdxTe, due to the more challenging crystal 

growth that is required. T2SLs must be grown by molecular beam epitaxy (MBE), which has taken longer to mature to a 

reliable commercial production tool than the liquid phase epitaxy (LPE) technique that is used most widely in the 

production of Hg1-xCdxTe detector arrays. An important factor driving T2SL development, however, is that commercial 
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3” or 4” GaSb substrates can be used for their growth, while smaller and more expensive CdZnTe substrates must be 

used for the highest quality Hg1-xCdxTe layers.  

Yet two more technological hurdles still had to be overcome, before T2SL technology began to look truly 

competitive. The first was the suppression of generation-recombination (G-R) limited dark current
2
, which is absent in 

high quality Hg1-xCdxTe photodiodes, and the second was device passivation. A novel barrier device, known as an XBp 

detector,
3,4

 was developed at SCD, which contains two types of p-type T2SL: InAs/GaSb for the photon absorbing or 

“active” layer (AL) and InAs/AlSb for the barrier layer (BL).  The dark current in a T2SL XBp device is quite close to 

the Rule 07 value
5
, which is the state of the art metric for Hg1-xCdxTe photodiodes

6
.  

The second technological hurdle that had to be overcome was a reliable passivation treatment of the processed 

XBp devices, which is compatible with all of the standard Focal Plane Array (FPA) processes, including wet and dry 

etching, indium bump hybridization, glue under-fill, and back-side thinning. The development of this passivation at 

SCD
5
 is the final step that has enabled the fabrication of long wave infrared (LWIR) T2SL FPAs with a performance 

comparable to high quality Hg1-xCdxTe FPAs. The physics of these FPAs is the subject of the first part of this paper.  

An important step in the progress and optimization of T2SL FPAs at SCD has been the development of simulation 

tools for device design and the prediction of performance. The electronic band structure including the alignment of 

bands between different T2SLs is calculated using k  p perturbation theory. This enables the thicknesses of the 

superlattice layers to be designed correctly and also provides a prediction of the absorption spectrum and an estimation 

of the dark current. The absorption spectrum is then used as input to an optical transfer matrix calculation which 

predicts the absolute spectral response of the detector. An example of this procedure will be described below. The k  p 

model includes several novel features including a reduction in the number of required Luttinger parameters (compared 

with standard treatments) and a realistic treatment of the interfaces which have a strong influence on the cut-off 

wavelengths and band alignments
7,8

.  

In the second part of this paper, the k  p model is used to show how novel properties emerge in both III-V T2SLs 

and II-VI HgTe/CdTe superlattices as the anisotropy of the band structure is increased between the growth and in-plane 

directions, and as the ordering of the s- and p-like states that constitute the conduction and valence bands is reversed by 

a suitable choice of layer thicknesses. Topological materials can be created with controllable narrow band gaps and spin 

polarized edge states that may be the basis of future Terahertz photonic or spin filtered electronic devices.  

 

 

2. DESIGN AND PERFORMANCE OF T2SL BARRIER DEVICES 

 

As mentioned in the Introduction, a barrier architecture is used in SCDs T2SL detectors to suppress G-R currents. 

A G-R current is generated in the depletion region of a standard photodiode when Shockley-Read-Hall (SRH) traps near 
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Figure 1 

The zero band gap state occurs when the bands with s- and p-like orbital symmetry cross at a critical value of (a) the composition 

parameter, x, in Hg1-xCdxTe and (b) the InAs and GaSb layer thicknesses in a type II superlattice (bulk band edge profiles shown in 

red for the p-like valence band and blue for the s-like conduction band) 
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the middle of the band gap enable transitions 

between the valence and conduction bands in 

steps that require roughly half the band gap 

energy
2
. The hole and electron created by such 

a process are immediately removed by the 

built-in electric field of the depletion region, 

preventing recombination and thereby 

providing a strong driving force for the dark 

current noise in the detector. In a barrier 

device the depletion region is prevented from 

entering the narrow band gap AL by doping 

the BL with the same type as the AL
3,4

. For 

the XBp devices used in SCD LWIR FPA 

detectors, the conduction band energies in the 

two T2SLs used for the AL and BL are 

similar, allowing minority electrons diffusing 

out of the AL to pass unimpeded into the BL
5
. 

G-R currents generated in the wide band gap 

depletion region located in the BL are 

negligible due to the large energies required 

for valence electrons to reach near mid gap 

SRH traps, or for such trapped electrons to be 

excited to the conduction band.  

Figure 2 compares the Arrhenius dark 

current density curves from two 

photosensitive devices, each with a nominally 

identical p-type InAs/GaSb T2SL AL having a 

measured band gap wavelength of 10.0 μm. In 

one case (blue curve), a pBp heterojunction 

architecture is used (see inset) with a p-type InAs/AlSb T2SL BL and a p-type InAs/GaSb contact layer (CL). The dark 

current of this device exhibits a single slope with an activation energy close to the AL band gap energy. In the second 

case (red curve) a simple n-on-p homojunction design exhibits a dark current with both a diffusion regime at high 
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Figure 2 
Log Jdark vs. 1000/T in pBp barrier device (bias = 0.6V) and n-p diode 
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Figure 3 

(a) PL spectrum measured at ~10 K on a pBp device structure. The wide peak at 8-10m is shown to be made up of two Gaussian 

peaks (dashed lines) separated in energy by 11.1 meV (b) Schematic depiction of an exciton in a T2SL structure 
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temperatures and a G-R regime at low temperatures
2
 where the slope of the curve is reduced by a factor of ~2. This low 

temperature regime is totally suppressed in the barrier device. The large dots in the Figure correspond to a temperature 

of 77K, showing that at this temperature the dark current in the barrier device is more than 20 times smaller than in the 

diode. 

The simplest way to characterize the energy profile in a barrier device similar to that shown in Figure 2 is to 

measure its photoluminescence (PL) spectrum at low temperatures (~10 K). Usually two narrow peaks are observed at 

wavelengths close to 9.5 μm which is the cut-off wavelength of the AL in a LWIR detector, and 3 μm which is the band 

gap wavelength of the BL. Occasionally the peak from the AL is split into two peaks with a photon energy separation 

that is always close to ~11 meV. Figure 3(a) shows a spectrum for such a case. The measured spectrum is shown by the 

blue circles and the two dashed curves are two Gaussian peaks which add up to the observed spectrum and which are 

split in energy by 11.1 meV. This splitting can be explained by a simple exciton model, as depicted in the diagram 

shown in Figure 3(b). The diagram depicts the typical layer structure of the T2SL AL which has an InAs thickness of 

about 13.5 monolayers (ML) and a GaSb thickness of about 7 ML. The diagram shows monolayer steps at each 

interface, which have a height of 3.05 Å and which must invariably be present. A fit to the energy dispersions of the 

first conduction and valence mini-bands calculated for this superlattice with the k  p model gives fairly parabolic 

dispersions up to wave vectors corresponding to the reciprocal of a typical exciton radius, and band edge effective 

masses (in units of the free electron mass) of mE||=0.019, mE=0.024 for the conduction band, and mH||=0.03 for the 

valence band which has a negligible dispersion in the growth direction (<<1meV). The electron orbit will therefore be 

fairly isotropic while the hole orbit will be almost perfectly two dimensional (2D). Using the in-plane mass values to 

calculate the orbital radii of a 3D exciton around its center of mass, values of 425 and 270 Å are obtained for the 

electron and hole. However, since orbital dimensions are halved in the case of 2D excitons
9
, the radius of the hole orbit 

is expected to reduce significantly due to its 2D character. Reasonable estimates for the orbital diameters are thus 2rE  

850 Å for the electron and 270 < 2rH  < 540 Å for the hole. Therefore the hole, being more strongly confined in both 

lateral and perpendicular directions, is more likely to sense differences in the width of the GaSb layer in which it is 

located, if the width changes due to interface steps are separated by typical distances of a few hundred Angstroms. The 

electron, on the other hand being extended over many layers and over more steps will feel an average width and be 

relatively unaffected by the presence of the steps. The change in the valence band edge of the T2SL calculated with the 

k  p model due to the addition of an extra GaSb monolayer, both at constant T2SL period or at constant InAs width is 
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Figure 4 

Comparison between calculated band gaps and PL peak energies measured at 10 K for (a) more than 30 InAs/GaSb T2SLs 

spanning the MWIR to LWIR wavelength range, and  (b) 14 InAs/AlSb T2SLs.  The thin lines show deviation by kBT at 77 K 

from ideal behavior (thick line) 
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11.00.1 meV. This corresponds well with the PL peak splitting 

observed in Figure 3, and gives some confidence in the simple 

exciton model presented above. 

In most cases the PL emission from the InAs/GaSb 

T2SL is a single, fairly symmetrical peak that corresponds very 

well with the calculated band gap energy. Figure 4(a) shows a 

plot of the band gap energy as measured from the position of 

the PL peak at 10 K vs. the band gap calculated with the k  p 

model for more than 30 T2SL samples. The calculated value 

was based on InAs and GaSb layer widths determined to an 

accuracy of 0.2 ML from X-ray diffraction and MBE beam 

flux measurements, as described in Ref. 7. It can be seen in 

Figure 4 (a) that the measured and calculated energies match the 

ideal behavior (thick line) to within an accuracy of kBT at 77 K 

(thin lines), for band gap energies which span the full range 

from LWIR to MWIR. Figure 4 (b) shows equivalent results for 

14 InAs/AlSb superlattices. In this case, error bars are shown 

for those samples where the layer width accuracy was poorer 

than 0.2 ML.     

The k  p model provides the full dispersions of the 

conduction and valence sub-bands, as shown in Figure 5, where 

the in-plane dispersion along [1,0,0] is plotted in black for the 

center of the mini-zone (Brillouin zone in the growth direction) 

and in blue for equally spaced values of the growth direction 

wave vector, qz, between 0 and /Lperiod, where Lperiod is the 

superlattice period.   From such results it is possible to calculate physical properties such as the density of states for 

dark current simulations, or the absorption spectrum for simulations of the spectral response. An example of the latter is 

shown in Figure 6(a) and (b).  

The absorption spectrum calculated for the T2SL of Figure 3 is plotted in Figure 6(a) where the inhomogeneous 

broadening parameter at the band edge (defined in Ref.7) is set to Ein = 10meV. This value is close to the exciton 

splitting energy discussed above and may be taken to represent the effect of interface steps on the sharpness of the 

absorption edge. The band gap wave length is 9.46 μm which is exactly half way between the two peaks shown in the 
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Figure 5 

k  p dispersion for a 14.9/6.7 InAs/GaSb T2SL. Black 

curves along kx are for qz = 0 and blue curves are for 

equally spaced qz-values between 0 and /Lperiod. kx is 

parallel to [1,0,0] and is plotted in units of 2/asub where 

asub is the  dimension of the cubic substrate unit cell. 
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Figure 6 

(a) k  p calculated absorption spectrum for the T2SL of Figure 3 and (b)  Quantum efficiency vs. wavelength for a 1 pass detector 

with AL = 4.5 m, comparing measured spectrum (blue) and  simulation (purple) using the spectrum in (a) as input. 
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PL spectrum of Figure 3. An OTM calculation
10

 is used to 

simulate the spectral response of a complete detector structure 

made from the same T2SL, in which the complex refractive 

index of the absorbing layer is calculated from the k  p 

absorption spectrum. The detector has an anti-reflection 

coating with a reflection minimum close to 9 μm and an AL 

stack thickness of 4.5 μm. A high resistance metal is used for 

the contact corresponding to the current process used for FPA 

fabrication. This metal reflects only a few percent of the 

unabsorbed signal photons back for a second pass, so the 

detector is a single-pass device. The result of the calculation is 

shown as the purple curve in Figure 6(b) and it is compared 

with the measured spectral response, shown as the dark blue 

curve. The measurement was performed using a Bruker 

Equinox FTIR spectrometer and is quite noisy due to a weak 

globar source and to some atmospheric absorption along the 

measurement path. Nevertheless, it can be seen that very good 

agreement is obtained with the simulation. The spectral 

response has a peak of ~60% which is expected to increase to 

about 75% when a double pass version of the FPA is 

developed. 

The fully fabricated detector, known as Pelican D LW, 

has a format of 640512 pixels and a pitch of 15μm. As 

discussed in Ref. 5, the BL does not provide adequate passivation against leakage currents, particularly when a glue 

under-fill is injected after bonding to a read out integrated circuit (ROIC). Therefore additional steps must be taken in 

order to provide an appropriate passivation layer on its surface
5
. The FPA then exhibits true diffusion limited 

performance at 77 K with a pixel dark current density corresponding to the blue curve in Figure 2 (when the cut-off 

wave length is 10 μm), and a response curve similar to that shown in Figure 6 (b). Under these conditions the dark 

current distribution is narrow with no pronounced tail and has a peak value that is more than one order of magnitude 
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Figure 7 

Normalized 77 K dark current distribution for five Pelican-D 

LW FPAs with cut-off wavelengths between 9.1μm and 

10.3μm 
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Figure 8 
(a) NETD histogram at F/2.7, an operating temperature of 77 K, and a frame rate of 30Hz (b) Image registered with a demonstration 

camera containing the 15μm pitch, 640  512 Pelican-D LW FPA, operating with F/2.7 optics at 77 K. 
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smaller than the photocurrent at a typical 

aperture of F/2.7 (see examples shown in Figure 

7). This leads to very stable performance with a 

typical residual non-uniformity after a two point 

correction of less than 0.04% for well fill values 

between 10 and 90%. The number of defective 

pixels, defined using SCD’s standard production 

criteria, is less than 1%.  

Full details of the detector performance 

have been reported recently in Ref. 5. Two 

examples that showcase this performance are 

presented in Figure 8. Figure 8(a) shows a 

histogram of the Noise Equivalent Temperature 

Difference (NETD) of the FPA with an aperture 

of F/2.7, when operating at 77 K with a frame 

rate of 30Hz. The histogram has a narrow 

symmetrical peak with a maximum of 13 mK, 

and no tail at high values which would indicate 

residual passivation problems.  In Figure 8(b) a sample image is shown, measured at 77 K using F/2.7 optics which 

were not fully optimized. Nevertheless, the image quality is good, and successful imaging has been carried out up to 

distances of more than 10 Km. 

This section has highlighted both the rich underlying physics and also some of the challenges that have been 

overcome in order to produce the current generation of SCD T2SL detectors that are currently entering production. The 

high performance of these detectors shows that InAs/GaSb based type II superlattice materials can now be considered to 

be a realistic alternative to Hg1-xCdxTe for small pitch, high performance LWIR and dual-color FPA detectors.  

For comparison with the T2SL results, k  p calculations have also been carried out for type I HgTe/CdTe 

superlattices (SLs). The band profile of a HgTe/CdTe SL is depicted in Figure 9. The band profiles of II-VI and III-V 

superlattices are quite similar, the main difference being that the valence band profile in the T2SL is shifted by one 

layer of the SL unit relative to that in the HgTe/CdTe SL (see Figure 1). Figure 10 compares the bulk absorption 

spectrum of Hg1-xCdxTe with x = 0.21 reported by Y-Chang et 

al.
11

 with spectra calculated for two HgTe/CdTe SLs and two 

InAs/GaSb T2SLs (the k  p parameters may be found in 

Ref.17). An 8/4ML HgTe/CdTe SL shows a similar absorption 

spectrum to the bulk case. Note, however, that the SL contains 

33% CdTe while the bulk contains only 21%. There is not a 

direct correspondence between the concentrations, even when 

the SL layers are relatively thin. The spectrum of the 8/4 SL 

(solid blue) is compared with that of a 7/4 ML SL (dashed 

blue) for which the cut-off wavelength is shorter by ~3 μm, 

showing that it is very sensitive to small variations in layer 

thickness. It would therefore be very hard to control the 

uniformity of the cut-off wavelength in short period 

HgTe/CdTe SLs of this type. The two InAs/GaSb T2SLs (red 

lines) correspond to different SL periods, but both exhibit 

similar absorption spectra with about 62% of the absorption 

coefficient of bulk Hg1-xCdxTe at wavelengths greater than 8.5 

m. Note, however, that the Hg1-xCdxTe data has a pedestal 

(wavelength independent) contribution of 0.03 m
-1

. If this 

value is subtracted, the ratio of T2SL absorption to Hg1-xCdxTe 

absorption increases to about 72%. Although the T2SL 

absorption coefficient is weaker than for Hg1-xCdxTe, the 

results presented in Figure 6 show that it is large enough to 

obtain a reasonable quantum efficiency for a 4.5 m thick 

absorbing layer. 
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CdTe  
Figure 9 

Bulk band edge profiles (blue and red lines) for a type I HgTe / CdTe 

superlattice, and corresponding SL mini-bands (blue and red shading). EG 

is the SL band gap. 
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Figure 10 

Comparison of experimental absorption spectrum of bulk 

Hg0.79Cd0.21Te [Ref. 11] with k  p spectra calculated for 

two HgTe/CdTe SLs and two InAs/GaSb T2SLs. 
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In the following section, k  p theory is used to investigate some of the more exotic physical properties of both II-

VI and III-V SLs. It will be shown that their device potential is still far from exhausted. 

 

 

3. TOPOLOGICAL  PROPERTIES 

 

The band profile diagrams in Figure 1 and Figure 9 describe the ordering of the bands based on s- and p-like 

orbitals that form the conduction and valence bands of HgTe/CdTe and InAs/GaSb SLs. For standard Hg1-xCdxTe 

detectors and for the T2SL detectors described in the previous section, the conduction band is s-like and the valence 

band is p-like. However for low x-values in Hg1-xCdxTe and for wider layer widths in both HgTe/CdTe and InAs/GaSb 

SLs, the order of the bands is inverted, with the p-like band lying above the s-like band.  

In the inverted phase it is possible to generate a SL band structure with a narrow band gap that is nearly isotropic 

in the SL plane and which corresponds to Terahertz photon frequencies. Such materials may be useful for edge or 

surface emitting THz photon sources which present a particular challenge in solid state devices. In the inverted phase of 

the T2SL, the band gap changes relatively slowly with layer 

width, which could enhance wavelength uniformity. The 

oscillator strength for inter-band transitions is also substantially 

enhanced relative to the normal phase due to strong electron-hole 

hybridization, as recently pointed out by Li et al
12

. Figure 11 

shows an example of the dispersion for each inverted SL 

calculated using the k  p model, namely a 25/8 ML HgTe/CdTe 

SL and a 40/20 ML InAs/GaSb T2SL. In each case the band gap 

is near the edge of the mini-zone. The larger dispersion of the 

valence band is due to the fact that it is based on s-orbitals in the 

inverted phase, while the finite dispersion of both SL bands is 

important for carrier injection and transport. Note, however, that 

the p-like conduction band of both SLs in the inverted phase has 

a negligible dispersion at the zone center, similar to the p-like 

valence band of the normal phase of the T2SL in Figure 5. 

 The SLs in Figure 11 have relatively large layer widths 

and highly anisotropic band dispersions. The HgTe/CdTe SL can 

be made essentially two dimensional by increasing the width of 

the CdTe barrier layers. For the III-V materials a two 
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k  p dispersions for (a) HgTe25/CdTe8 SL and (b) InAs40/GaSb20 T2SL 
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Figure 12 

Band profile of one period of a 2D InAs/GaSb/AlSb 

T2SL. 
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dimensional inverted 

band structure is 

achieved by using a 

superlattice with a 3-

layer InAs/GaSb/AlSb 

period, in which the first 

confined electron level 

(E1) located in the InAs 

layer lies below the first 

confined heavy hole 

level (HH1) located in 

the GaSb layer, as 

depicted in Figure 12. 

The AlSb layers provide 

tall barriers that prevent 

significant overlap 

between the hybridized 

E1 and HH1 wave 

functions in successive 

SL periods. Superlattices 

of this type are known as 

2D Topological 

Insulators (TIs)
13

 

Two dimensional 

TI superlattices exhibit 

somewhat exotic 

properties including one 

dimensional edge states 

whose spin is locked to 

the direction of motion. 

Their dispersions can be calculated using the relatively simple k  p model proposed by Bernevig et al
14

.  However, the 

results depend sensitively on the boundary conditions used at the edge of the sample, and the issue is still under 

discussion
15,16

.   

Dispersions calculated by the author using “standard boundary conditions” (SBCs) are shown for both types of 

superlattice in the lower part of Figure 13
17,18 

. In each case, the 

blue curve corresponds to the spin-up, and the red curve to the 

spin-down, edge states. These states merge with the bulk 

dispersions (depicted in black) at finite in-plane wave vector. 

The upper part of Figure 13 shows how the two edge states can 

be considered to follow opposite helical paths around the sample 

edge, whose direction of rotation is determined by the spin. 

Along a given edge, therefore, the spin direction depends on the 

direction of the current and this could provide the basis of a spin 

filter in a future spintronic device architecture.    

The normalized zone-center edge state wave functions 

calculated for the two types of SL using SBCs are shown in 

Figure 14. The calculations are described in detail in Refs. 17, 18 

where the k  p band structure parameters are listed. The zone-

center band gap used here in each case is 2|M| = 15 meV. It can 

be seen that the edge states of the type II InAs/GaSb SL structure 

are more strongly localized to the edge than those for a type I 

HgTe/CdTe SL structure. In Ref. 18 it is shown that the decay 

length of the former does not increase with edge state wave 

vector until wave vectors very close to the merging points with 

z

x y

   

HgTe/CdTe InAs/GaSb/AlSb

 
Figure 13 

Top: Rectangular SL sample showing trajectories of spin-polarized edge states.  

Bottom: Bulk (black) and edge state (blue and red) dispersions for wave vectors, k, parallel to the 

sample edge for HgTe/CdTe and InAs/GaSb/AlSb SLs. Dashed region indicates hybridization with 

overlapping bulk states and black squares correspond to the bulk dispersion calculated in the absence of 

inversion asymmetry. 
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Figure 14 

Comparison of edge state wave functions at k = 0 

calculated with SBCs when the bulk band gap at k = 0 in 

each SL is 15 meV. 
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the bulk bands, while for the latter it increases monotonically, in each case tending to infinity at the merging points. 

This is due to the much weaker s-p hybridization for the type II case. Due to their spin polarization, the edge states 

exhibit dissipation-less transport over long distances of several microns, while their 1D character results in a quantized 

conductance contribution of e
2
/h from each edge

13
. 

 

 

4. CONCLUSIONS 

 

Bulk cubic semiconductors and their superlattice structures containing heavy atoms exhibit small band gaps and 

large spin-orbit interactions.  The same materials are therefore suitable as absorbers in infrared detectors, as emitters in 

THz devices and as 2D topological insulators with spin polarized edge states. The prime examples are HgTe/CdTe SLs 

and alloys, and InAs/GaSb T2SLs. With the availability of reliable MBE growth technology suitable for a production 

environment, and the perfection of barrier structures with a low, diffusion limited dark current, LWIR InAs/GaSb T2SL 

detectors have been realized at SCD with a performance close to state of the art, bulk Hg1-xCdxTe detectors. The first 

product is Pelican-D LW, which has a format of 640  512 with a 15 m pitch, operates at 77K with a pixel operability 

above 99%, and exhibits a single pass QE of ~48% with high uniformity and stability of response and dark current. 

Sophisticated simulation techniques have been demonstrated based on k  p theory, which can predict the T2SL 

detector cut-off wavelength and spectral response a-priori, according to the individual layer thicknesses chosen for each 

superlattice period, and the overall active layer stack thickness. The same model has been used to predict the 

performance of short period type I HgTe/CdTe LWIR SLs, which can exhibit a similar absorption coefficient to bulk  

Hg1-xCdxTe. This absorption coefficient is about 30% higher than for InAs/GaSb T2SLs with a similar cut-off 

wavelength.  

For sufficiently large superlattice periods, the ordering of the s- and p-like bands that constitute the band gap 

region is inverted leading to a new two dimensional Topological Insulator phase.  k  p theory has been used to 

demonstrate narrow band gaps matched to THz frequencies and one dimensional edge states with essentially 

dissipation-less transport and with a spin direction locked to the direction of the current. While these properties exist in 

both types of SL, the THz band gap is less sensitive to layer width and the edge states are more strongly confined to the 

edge in type II structures.  It is likely that HgTe/CdTe or InAs/GaSb/AlSb SLs, and related structures, will play a 

significant role in future THz and spintronic devices. 
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