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ABSTRACT 

InAs/GaSb and InAs/InAsSb type II superlattices have been proposed as promising alternatives to HgCdTe for 

the photon absorbing layer of an infrared detector. When combined with a barrier layer based on an InAs/AlSb 

superlattice or a AlSbAs alloy, respectively, they can be used to make diffusion limited "barrier" detectors with 

very low dark currents.  In this work we compare theoretical simulations with experimental bandgap and 

photoabsorption data for such superlattices, spanning from the mid- to the long-wave infra-red (2.3-12 µm). 

The spectral response of detectors based on these materials is also simulated. The simulations are based on a 

version of the k ∙ p model developed by one of the authors, which takes interface contributions and bandgap 

bowing into account. Our results provide a way of assessing the relative merits of InAs/GaSb and InAs/InAsSb 

superlattices as potential detector materials.  
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INTRODUCTION 

Over the last few years, InAs/GaSb type II superlattices (T2SLs) have attracted attention as a promising 

III-V alternative to HgCdTe for infrared detector applications [1]. Recently it was proposed that InAs/InAsSb 

Ga-free T2SLs may offer superior performance due to their longer carrier lifetime [2].  In this work we 
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compare theoretical simulations with experimental bandgap data for more than 30 InAs/GaSb T2SLs grown by 

molecular beam epitaxy (MBE) with "InSb-like" interfaces and with cut-off wavelengths from the mid-wave 

infra-red (MWIR) to the long-wave infra-red (LWIR). We also address the optical properties of two other 

T2SL structures which are lattice matched to a GaSb substrate: InAs/AlSb and InAs/InAsSb. The simulations 

are based on a modified version of the k ∙ p model with a small number of input parameters [3]. This model 

was developed by one of the authors after Takhtamirov and Volkov [4] showed that the widely used Burt-

Foreman approach is incomplete. Some notable points in the model are [5,6]: 

(1) An interface matrix which is essentially diagonal in the case of no common atom (NCA) superlattices 

such as InAs/GaSb or InAs/AlSb and which has three leading parameters: DS, DX and DZ. 

(2) An interface matrix which is essentially off-diagonal for common atom (CA) superlattices such as 

GaSb/AlSb or InAs/InAsSb and which has two leading parameters,  and . 

(3) A reduction in the number of independent Luttinger parameters. Namely, using equation C1 of Ref. 5,  

four out of the six Luttinger parameters (three for each material) can be expressed in terms of the other 

two, with no loss of precision. This provides a direct way of determining all three parameters in the 

alloy layer of an InAs/InAsSb T2SL. It should be noted that standard methods of interpolation do not 

work for the alloy, due to strong bowing effects. 

In the next three sections we present a comparison between experimental bandgap data and theoretical 

simulations for three types of InAs/X superlattice (X=GaSb, AlSb or InAsSb). The data is in the form of low 

temperature photoluminescence or absorption spectra (see Ref. 5 for details of the methods of measurement). 

We then compare the simulated performance of LWIR detectors based on InAs/GaSb and InAs/InAsSb T2SL 

photon absorbing layers, respectively. Note that all T2SL layer thicknesses are given in monolayers (ML). 

 

InAs/GaSb TYPE II SUPERLATTICES 

Figure 1 shows a comparison between the calculated bandgaps and the photoluminescence (PL) peak 

energies measured at 10K for our set of InAs/GaSb T2SLs. The calculations were based on InAs and GaSb 

layer widths determined with a typical accuracy of 0.2 ML, by finding a single pair of growth constants for 

more than 30 T2SLs, which when multiplied by the beam fluxes and shutter timings gave the least RMS errors 
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for the precisely measured superlattice periods [5]. The measured and calculated energies in Figure 1 match  

the ideal behavior (thick line)  to within an accuracy of kBT at 77K (thin lines), for bandgap energies between 

100 to 300meV (cut-off wavelengths between 4 and 12 µm). Figure 2 shows examples of measured (grey) and 

calculated (black) absorption spectra for MWIR and LWIR T2SL structures. All of the main features in the 

measured spectra are reproduced, including the strong peak due to the zone boundary HH2E1 transition 

below 3 µm [5].  Note that this peak is much stronger than the longer wavelength zone centre LH1  E1 

transition (at ~3.4 m in Figure 2 (a)), because it has a larger oscillator strength and because the in-plane HH2 

energy dispersion is electron like at small wave-vector, leading to a very high joint density of states. In fact, 

the LH1  E1 transition does not show a clear peak in our calculation, because we use a simple linear increase 

of the inhomogeneous broadening with energy [5] which probably over broadens this particular transition. Our 

two independent Luttinger parameters are 1 and 2 for InAs, and they have fitted values of 19.77 and 8.57 

respectively. The fitting procedure involves finding a single set of two Luttinger parameters, three interface 

parameters, and the valence band offset, that give the best fits to the absorption spectra and bandgap energy 

data shown in Figures 1 and 2. Further details of the fitting procedure may be found in Ref. [5]. The values of 

1 and 2 for InAs, and those of the four remaining Luttinger parameters calculated from them (3 for InAs, and 

1, 2, 3 for GaSb), are all within 3% of those proposed by Lawaetz [7]. The other fitted parameter values are 

the interface potentials: DS, DX, DZ = 1.70, 1.17, 1.17 eV Å, and the valence band offset: VBO = 0.553eV 

(with respect to the valence band of GaSb). The matrix element scaling parameter defined in Ref. 5, although 

not needed to fit the energies, was =1.13  0.09
 
 [8]. It should be noted that if we omit the interface matrix, 

the calculated bandgaps in Figure 2 exhibit a blue-shift of about 0.75 m for the MWIR T2SL and 4.5 m for 

the LWIR T2SL. This demonstrates that the contribution of the interface potentials to the superlattice 

bandstructure is far from negligible.   

We have also tested our model against experimental data on other InAs based superlattice structures, 

namely InAs/AlSb and InAs/InAsSb and it works remarkably well. In each case we use the same values of 1 

and 2 for InAs (19.77 and 8.57) and do not need to introduce any other independent Luttinger parameters. In 

the next section, we show results for InAs/AlSb T2SLs. These superlattices are important because they can be 
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used as the barrier material in a XBp barrier detector structure made with an InAs/GaSb T2SL photon 

absorbing active layer (AL). Results for InAs/InAsSb T2SLs are then presented in the following section. 

 

InAs/AlSb SUPERLATTICES 

Figure 3 shows that within the range of experimental error, the calculated bandgaps of fourteen 

InAs/AlSb T2SLs with "InSb-like" interfaces agree quite well with the measured values for bandgap energies 

between 350 and 530 meV (cut-off wavelengths between 2.3 and 3.5 µm).  In some cases not all of the 

individual layer thicknesses could be determined to an accuracy of 0.2 ML, and for these cases the resulting 

energy uncertainty is indicated with error bars. The largest thickness uncertainty was 0.5 ML. The following 

values were used for the interface parameters: DS, DX, DZ = 0.8, 2.4, 0.5 eV Å, and the InAs valence band 

was 109 meV below that of AlSb [9].  

 

InAs/InAsSb GALLIUM FREE SUPERLATTICES 

Figure 4 shows a comparison between measured and calculated absorption spectra for a 12.8/12.8 

InAs/InAs0.815Sb0.185 T2SL. Note that all the main features of the experimental spectrum in Figure 4 are 

reproduced by our calculation, including the bandgap, the strength of the absorption, and the wavelengths of 

the four points where the slope changes abruptly. 

Since the composition difference between the two layers in this CA superlattice is less than 20%, the 

two interface parameters,  and , are reduced by more than 80% and can be taken to be negligibly small. 

There are no other interface parameters in a CA superlattice. The interface matrix can therefore be neglected 

and the calculation is a simple piecewise calculation based on bulk matrices for InAs and the InAsSb alloy. 

The parameters which were fitted in this calculation, in order to get the good agreement between model and 

experiment in Figure 4, are the bowing parameters in the alloy for the bandgap, E0, and for the VBO. As 

described below the former has a strong influence on the values which we calculate for the Luttinger 

parameters of the alloy, while the latter affects the optical transition energies between the various mini-bands 

in the superlattice. If we express any physical property of the InAs1-xSbx alloy, such as the bandgap or VBO, 

by the general expression Y = Y(InAs) +{Y(InSb) - Y(InAs)}. x + {C1+C2. x}x(1-x),  then the following values 
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(in eV) were found to give a reasonably good fit to our absorption data and to the low temperature PL data 

recently reported by Lin et al. [10] for InAs/InAsSb T2SLs and bulk layers with Sb-concentrations of up to 

~40%:  (C1, C2) = (1.08, -0.42) for the bandgap, and (C1, C2) = (-0.21, 0) for the VBO. Bowing parameters of 

(C1, C2) = (0.0456, 0) and (1.05 eV, 0) were also used for the conduction band effective mass ratio, mc
*
/m0 

(where m0 is the free electron mass), and the spin-orbit splitting, 0, based on data in Ref. 11. Linear 

interpolation was used for the bandgap energies E0', 0' and for the k ∙ p parameter, EP (notation as in Ref. 5). 

This was also based on data in Ref. 11 for the two bandgaps, and on a 5-level k ∙ p analysis [6] for EP. The 

matrix element scaling parameter was found to be  = 0.99. Presumably it is closer to unity than in the case of 

an InAs/GaSb T2SL, because the two superlattice materials are rather more similar to one another. 

It was mentioned in the Introduction that we calculate the Luttinger parameters for the alloy from the 

values of 1 and 2 for InAs and equations C1 in Ref. 5. The results depend on the choice of bowing parameters 

for E0, 0, E0', 0' and EP. Of these, the first two are the most critical, while the other three have a much weaker 

effect. Figure 5 (a) shows the values of 1 and 2 in the alloy and also the difference between 3 and 2, for our 

final choice of bowing parameters quoted above. It can be seen that the bowing effect is extremely strong in all 

three of the alloy Luttinger parameters. The values calculated for an alloy composition of x=1 (corresponding 

to InSb) are all within 2% of the Lawaetz values [7]. This gives us a high level of confidence in the reliability 

of the Luttinger values for alloy compositions with x < 1. In Figure 5(b) we plot the light and heavy hole mass 

ratios along [100], mLH/m0 and mHH/m0 = (122)
-1 

, which are calculated from the alloy Luttinger parameters 

in Figure 5(a). A popular way of estimating the Luttinger parameters of alloys [12] is to calculate them from 

linear interpolations of mLH, mHH, and 3 - 2. Figure 5 shows that while linear interpolation works reasonably 

well for the heavy hole mass and 3 - 2, it works very badly for the light hole mass. Therefore simple 

interpolation methods are not reliable in the presence of strong bandgap bowing. 

 

SIMULATION OF SUPERLATTICE DETECTORS 

 InAs and As-rich InAsSb diodes are known to be very hard to passivate, due to a very strong 

accumulation layer that forms on exposed surfaces [13]. A more successful approach has been to use a new 
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XBn "barrier detector" architecture [14,15,16], which also reduces the dark current to that of MCT Rule 07 

[17].  Recently InAs/InAsSb T2SLs have been proposed as a replacement for the lattice matched InAs0.91Sb0.09  

alloy used in the AL of such XBn detectors grown on GaSb [18]. The cut-off wavelength can then be extended 

beyond ~4.2 µm, which is the wavelength of the lattice matched alloy and which lies roughly in the middle of 

the MWIR atmospheric transmission window.  In order to investigate this approach, we have compared 

simulated spectral response curves of InAs/GaSb and InAs/InAsSb T2SL "barrier" detectors with a 10 m 

bandgap wavelength. In barrier detectors, an important condition on the barrier is that it should block the flow 

of only one carrier type [16, 19]. Since the barrier material should also be closely lattice matched, this leads to 

the choice of an InAs/AlSb T2SL as the ideal barrier for a detector with an InAs/GaSb T2SL active layer. The 

detector is an XBp design because the barrier blocks the flow of holes but allows the more mobile electrons to 

flow freely. This is preferable to an XBn design, which can be made using a barrier such as GaAlSbAs alloy, 

because it ensures a larger minority carrier diffusion length. In the case of the detector with an InAs/InAsSb 

T2SL active layer, a lattice matched barrier only exists for the conduction band (AlSbAs alloy), leading to an 

XBn design. As will be discussed below, the low mobility of the minority carriers (holes) in this case is likely 

to limit the maximum quantum efficiency of the detector.  

In order to simulate the spectral response of a superlattice barrier detector, we first calculate the 

absorption coefficient of the superlattice AL, as described above, and use it to determine the imaginary part of 

the complex refractive index. We then use a combination of the optical transfer matrix technique [20, 21] and 

the Van de Wiele model [22] to simulate the photoresponse. We assume a zero surface recombination velocity 

on the back side of the AL and average over different thicknesses of the thin remaining transparent GaSb 

substrate in order to suppress Fabry-Perot oscillations in the response curve. For simplicity we use the 

following values for the thickness (t) and the real part of the refractive index (n) in all cases: tBL = 0.5m,  tCL = 

0.2 m and  nAL = nCL = 3.6, nBL = 3.4 where CL and BL are the contact layer and barrier layer, respectively.   

 For a reasonable quantum efficiency (QE) in a strain balanced InAs/InAsSb T2SL grown on GaSb, a 

relatively high Sb concentration should be used, so that the T2SL period can be kept as small as possible.  

Figure 6 shows the calculated spectral response curves at 77K for double pass LWIR barrier detectors, each 

with a 5 µm AL thickness (tAL) and with an antireflection coating (ARC) of optical thickness, 2.17 m. The 
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two upper curves are for a 13.8/7 InAs/GaSb XBp structure [6] and a 31.5/9.5 InAs/ InAs0.61Sb0.39 XBn 

structure, respectively. Since the dispersion of the valence mini-band is very narrow, the results for the XBn 

case are shown as a function of the minority carrier diffusion length (LD). Even when LD >>LAL, the QE of the 

XBn detector is significantly below that of the XBp, due to the smaller absorption coefficient of the 

InAs/InAsSb T2SL. It is in fact much more likely that LD <LAL, since very small hole mobility values have 

been reported recently from direct measurements on InAs/GaSb T2SL structures with a qualitatively similar 

valence band profile to that of the InAs/InAsSb T2SL considered here [23].  In Ref. 23 a vertical hole diffusion 

coefficient of 0.04 cm
2
/s was reported at 77K for a 8/16 InAs/GaSb MWIR T2SL. For a typical minority 

carrier lifetime in MWIR InAs/GaSb of 65 ns [24], this corresponds to a diffusion length of only 0.5 µm.  

Moreover, when we calculate the valence band dispersion along the growth direction at zero and at small in-

plane wave-vectors, for both the 8/16 InAs/GaSb T2SL of Ref. 23 and the InAs/InAsSb T2SL of Figure 6, the 

InAs/InAsSb T2SL exhibits the narrower dispersion. Therefore even though the InAs/InAsSb T2SL has a 

carrier lifetime typically about one order of magnitude greater than that in the InAs/GaSb T2SL [2], its 

narrower valence band dispersion will tend to compensate for any enhancement of the diffusion length due to 

the longer lifetime, so the vertical transport is unlikely to be significantly more effective in the InAs/InAsSb 

T2SL than in the InAs/GaSb T2SL. For these reasons we expect an upper limit on the diffusion length in the 

InAs/InAsSb T2SL of about 1 µm.  The simulations in Figure 6 thus suggest that the maximum QE of the 

InAs/InAsSb XBn detector is not expected to exceed 10%. Even though the dark current in the InAs/InAsSb 

XBn detector is also expected to be very small due to a combination of the long carrier lifetime and the small 

diffusion length, the low QE will limit the value of such a detector in applications which require a high 

sensitivity or a high frame rate.  

 

CONCLUSIONS 

We have used a modified version of the k ∙ p model to calculate the bandgaps and absorption spectra 

of three types of type II superlattice based on InAs, namely InAs/GaSb, InAs/AlSb and InAs/InAsSb. 

Important features of the model are different interface matrices for CA and NCA superlattices, and a reduction 

in the number of Luttinger parameters from the usual six to just two independent parameters. Using measured 
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bandgap data and 1 and 2 of InAs as the independent Luttinger parameters, it has previously been 

demonstrated that 3 of InAs and1, 2 and 3 of the second superlattice material can all be determined with 

sufficiently high precision [5]. The two independent InAs parameters are evaluated by adjusting their values 

and the values of three interface parameters and the valence band offset, until a good fit is obtained with 

experimental InAs/GaSb T2SL absorption spectra in the MWIR and LWIR, and with bandgap wavelengths 

measured by low temperature PL on more than thirty T2SL structures spanning a range of 4 - 12 µm. In all 

these cases the individual InAs and GaSb layer thicknesses have been determined with a typical accuracy of 

0.2 ML [5]. The PL bandgap wavelengths and all the main features of the absorption spectra are reproduced 

fairly well, including a strong peak in the absorption spectra due to the zone boundary HH2 E1 transition.  

The two independent InAs Luttinger parameters deduced for the InAs/GaSb T2SLs were used without 

adjustment in the two other superlattice structures, InAs/AlSb and InAs/InAsSb. Most significantly, this 

approach provides a reliable way of calculating the three Luttinger parameters for the InAs1-xSbx alloy used in 

InAs/InAsSb T2SLs, even though it exhibits very strong bandgap bowing. Good agreement between our model 

and the experimental bandgap wavelengths determined from 10 K PL spectra was demonstrated for fourteen 

InAs/AlSb structures over a wavelength range of 2.3-3.5 µm. For a MWIR InAs/InAs1-xSbx T2SL (x = 0.185) 

the model was able to reproduce all of the main features of the experimentally measured absorption spectrum. 

In this case the bowing parameters of the fundamental bandgap and the VBO in InAs1-xSbx were deduced by 

adjusting their values until the best fit was obtained. Using the same bowing parameters we also found 

reasonable agreement between the model and measured bandgap data reported by Lin et al. [10] for bulk alloys 

and for five InAs/InAsSb T2SLs with x-values up to ~0.4. This will be reported in more detail in a future 

publication. 

 Having demonstrated that our model is able to provide a reasonably faithful simulation of the 

experimental absorption spectra for both InAs/GaSb and InAs/InAsSb T2SLs, we have used the simulated 

absorption spectra to calculate the two pass spectral response of an InAs/GaSb XBp detector and an 

InAs/InAsSb XBn detector, each with an active layer thickness of 5 µm and a cut-off wavelength close to 10 

µm. It was noted that no suitable barrier material exists for the fabrication of an XBp design based on an 

InAs/InAsSb active layer. In the case of the InAs/InAsSb XBn detector, the response was calculated as a 
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function of the minority carrier diffusion length, since the diffusion length is expected to be smaller than the 

active layer thickness due to the absence of dispersion in the InAs/InAsSb valence band. Even for a very large 

diffusion length, the InAs/InAsSb T2SL has a significantly lower QE than the InAs/GaSb T2SL, due to its 

weaker absorption coefficient. When the short diffusion length is taken into account, the InAs/InAsSb XBn 

detector exhibits a much smaller QE (<10%) than the InAs/GaSb XBp detector (~70%). This may limit the 

value of the InAs/InAsSb XBn detector in LWIR applications which require a high sensitivity or a high frame 

rate.  
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FIGURE CAPTIONS 

 

FIGURE 1: (a) Comparison between calculated bandgaps and PL peak energies measured at 10K for more than 30 

InAs/GaSb T2SLs spanning the MWIR to LWIR wavelength range. Thin lines show deviation by kBT at  

77 K from ideal behavior (thick line) (b) Expanded view of the LWIR region. 

 

FIGURE 2: Measured (grey) and calculated (black) absorption spectra for (a) 8.4/13.7 MWIR and (b) 14.4/7.2 

LWIR InAs/GaSb T2SLs (dimensions in ML). The large peaks at short wavelengths are from zone boundary 

HH2E1 transitions. 

 

FIGURE 3: Comparison between calculated bandgaps and PL peak energies measured at 10 K for 14 InAs/AlSb 

T2SLs.  

 

FIGURE 4: Comparison between calculated (black) and measured (grey) absorption spectra for a 12.8/12.8 

InAs/InAs0.815Sb0.185 T2SL at 77 K. 

 

FIGURE 5: (a) Luttinger parameters at 77 K for InAs1-xSbx alloys, calculated from 1 and 2 of InAs using equation 

C1 or Ref. 5, and plotted as a function of alloy composition, x. (b) Heavy and light hole effective masses along the 

[100] direction, in units of the free electron mass, m0, calculated from the values of 1 and 2 for InAs1-xSbx in (a). 

 

FIGURE 6:  

Calculated spectral response of a 13.8/7 InAs/GaSb XBp detector (red, solid) and a 31.5/9.5 InAs/InAs1-xSbx 

(x=0.39) XBn detector (blue, alternating solid and dash) at 77 K, as a function of the minority carrier diffusion 

length, LD. In each case 80 % of the light is reflected back for a second pass, the ARC has an optical thickness 

of 2.17 µm, and the AL is 5µm.  
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FIGURES: 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 

 

Figure 6  
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