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ABSTRACT 

In this work, the electronic band structure of the InAs/GaSb superlattice (SL) is calculated using a commercial 8-band k⸳p 

solver and the electrical performance of longwave nBp device structure evaluated with Atlas from Silvaco software. By 

taking into account an InSb interface layer and the interface matrix (formulated by P.C. Klisptein), the model can predict 

the measured energy band gap of different InAs/GaSb SLs having different period composition and thickness (7/4, 10/4, 

12/4, 14/4 and 14/7 SLs) within an error corresponding to the ±𝑘𝐵𝑇 deviation range. The effective mass is then extracted 

from the electronic band structure calculation and discussed for numerous SL designs. In particular, we compare a 14/7 

SL and a 12/2 SL having an energy band gap equal to 0.122 and 0.118 eV at 77K, respectively. The electron-hole 

wavefunction overlap for the 12/2 SL has been estimated to be ~74%, which is almost twice the value calculated for the 

14/7 SL (~40%). This arises from the delocalization of carriers in a thinner SL period also leading to smaller carrier 

effective masses in the 12/2 SL. The dark-current of a nBp structure has been calculated for both SLs. For the 14/7 SL, the 

dark-current level has been found to be higher by a factor of over 3 than the Rule07 benchmark, whereas for the 12/2 SL, 

it is lower by a factor of 0.77, demonstrating that the SL design can be used to improve the device performances.   
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1. INTRODUCTION  

Since the proposal by Smith and Mailhiot in 1987 [1], the Type-II InAs/GaSb superlattice (SL) material has been of great 

interest as it offers unique properties for infrared detection including a tunable band gap, a high absorption coefficient and 

low tunneling currents. In recent years, the attention has mainly been focused on developing InAs/GaSb SLs for Long-

Wavelength InfraRed (LWIR) detection, motivated by the growing interest in space applications such as Earth observation, 

climatology, cold object detection and satellite tracking. Although important results have already been obtained [2-6], the 

need of simulation tools for performance analysis and device design is increasingly relevant to achieve high performance 

with low dark-current and high quantum efficiency. Indeed, they are necessary to gain understanding of this SL material 

system that governs the properties of a detector active region, to properly design emerging barrier structures and to 

investigate new device concepts.  

In this work, we used the 8-band k⸳p solver implemented in Nextnano3 software [7] for the band structure modelling of 

InAs/GaSb SL and the Atlas software from Silvaco [8] for the device simulation. After describing the simulation methods 

in section 2, the k⸳p modelling is calibrated in section 3 by comparing the calculated and measured band gap of SLs having 

different period composition and thickness. The effective mass is then extracted from the electronic band structure 

calculation and discussed for different SL designs. In particular, we compare a SL composed of 14 monolayers (MLs) of 

InAs and 7 MLs of GaSb (14/7 SL) and a 12/2 SL in terms of band structure and material parameters. Finally, the dark-

current of a nBp structure based on the 14/7 SL and 12/2 SL is evaluated and compared.  
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2. METHODS 

2.1 Electronic band structure calculation using an 8-band k⸳p envelope-function method 

The 8-band k⸳p envelope-function method employed for this work is available in Nextnano3. The model is described in 

detail in Ref. [9]. The interface (IF) matrix 𝐻𝐼𝐹  formulated by P.C Klipstein and implemented in the software framework 

has been used to model the no atom in common InAs/GaSb SL. It is defined as [10]: 

 

𝐻𝐼𝐹 = ∑ 𝛿(𝑧 − 𝑧𝑖)𝑖 [

𝐷𝑆 0 0 𝜋𝑖𝛽
0 𝐷𝑋 𝜋𝑖𝛼 0
0 𝜋𝑖𝛼 𝐷𝑋 0

𝜋𝑖𝛽 0 0 𝐷𝑍

]      (1) 

 

where 𝑖 is the index of the interface at the position 𝑧𝑖 and 𝜋𝑖 takes a value of -1 or 1 at the InAs-GaSb and GaSb-InAs IFs. 

The IF parameters 𝛼 and 𝛽 have been fixed to a value of 0.2 eV⸳Å [11] whereas the 𝐷 diagonal IF parameters (𝐷𝑆, 𝐷𝑋, 𝐷𝑍), 

which are equal to zero in the case of a common atom superlattice, are determined in order to obtain a good agreement 

between the calculated and measured energy band gap.  

To promote strain compensation of the SL layer on GaSb substrate, “InSb-like” IFs at the InAs-GaSb and/or GaSb-InAs 

IFs are usually formed [12-13] or intentionally grown [14-15] during the SL growth by molecular beam epitaxy (MBE). 

Homogenous strain on GaSb is therefore considered for the strain calculation, as well as, an InSb intentional layer at both 

interfaces. The total thickness of this InSb layer is equal to 10% of the InAs thickness in one period of SL which is 

approximately equal to the thickness needed to compensate the tensile strain caused by InAs on GaSb.  

The material parameters of InAs, GaSb and InSb binaries used for the k⸳p band structure calculation are summarized in 

Table 1. These parameters are particularly important to calculate the strain and the k⸳p parameters.  

 

Table 1: Material parameters of InAs, GaSb and InSb binaries used in Nextnano3 for the k⸳p band structure calculation. All 

values can be found in Ref. [11],[16],[17],[18] and [19] which correspond in the table to the superscripts a, b, c, d and e, 

respectively. 

Parameters InAs GaSb InSb 

Lattice constant a0 [Å] 6.0583c 6.0959c 6.4794c 

Energy band gap at 0K [eV] 0.410c 0.812c 0.240c 

Varshni parameter α [meV/K] 0.276c 0.417c 0.320c 

Varshni parameter β [K] 93c 140c 170c 

Conduction band mass mc(m0) 0.022a 0.042a 0.135c 

Luttinger parameters ϒ1 19.77b 11.74b 34.8c 

Luttinger parameters ϒ2 8.57b 4.16b 15.5c 

Luttinger parameters ϒ3 9.43b 5.28b 16.5c 

Interband matrix element Ep [eV] 22.2d 22.4d 23.3c 

Spin orbit splitting ∆O [eV] 0.38d 0.752d 0.81c 

Elastic constant c11 [GPa] 832.9c 884.2c 684.7c 

Elastic constant c12 [GPa] 452.6c 402.6c 373.5c 

Elastic constant c44 [GPa] 395.9c 432.2c 311.1c 

Deformation potential CB ac [eV] -6.66e -9.33e -6.94c 

Deformation potential VB av [eV] -1e -1.32e -0.36c 

Uniaxial deformation potential b [eV] -1.8c -2c -2c 

Uniaxial deformation potential d [eV] -3.6c -4.7c -4.7c 

Valence band offset VBO [eV] -0.56c 0 c 0.03 c 

 

2.2 Device simulation 

The electrical characteristic, i.e. dark-current density versus voltage (J-V), of InAs/GaSb SL detectors has been simulated 

using Atlas software which is a commercial physically-based device simulator. It has already been employed to analyze 
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performances of III-V infrared detectors [20-22]. Recently, it has been used as a tool to design barrier devices based on SL 

as reported in Ref. [23] where the contact, barrier and absorber layers of such a structure are optimized in terms of 

composition, thickness and doping concentration and type.  

For J-V simulation, the different components of the dark-current that have been considered are presented in detail in Ref. 

[22]. The diffusion current is calculated using the drift-diffusion model. The generation-recombination current is described 

by the Shockley-Read-Hall recombination rate in which a field effect enhancement factor is included to take into account 

the trap-assisted tunneling contribution. This factor depends mainly on the energy range where the tunneling can occur, 

the electric field within the device and the tunneling mass 𝑚𝑡. Finally, the band-to-band tunneling current is calculated 

using a non-local model which considers the spatial variation of energy bands and assumes that the generation-

recombination of opposite carrier types is not spatially coincident, contrary to a local model that calculates the generation-

recombination rate at each grid point solely on the electric field value local to this point. 

In Atlas, the InAs/GaSb SL material is defined as a bulk material instead of a periodic pile of thin layers. The material 

parameters used as input for the device simulation are extracted from the electronic band structure calculation, calculated 

using analytical equations or calculated as a weighted average of InAs and GaSb bulk values. Bulk-based models are in 

fact used, in particular for the calculation of the intrinsic carrier concentration 𝑛𝑖 which depends on the effective density 

of states in the conduction and valence band, and therefore on the electron and hole effective mass. We thus assume that 

the transport properties of SLs can reasonably be described by defining a bulk material instead. This assumption is 

particularly true for thin SL periods where the carriers tend to be delocalized and minibands relatively large.  

The device structure used in section 3.3 is the same nBp structure as the one presented in Ref. [23]. It consists of a 140 nm 

n-type (1 x 1016
 cm-3) contact layer, a 200 nm p-type (5 x 1015 cm-3) barrier layer and a 4 µm p-type (1 x 1016

 cm-3) active 

region. The contact and absorber layers are composed of the same LWIR InAs/GaSb SL. The barrier layer is considered 

to have no conduction band offset with the absorber allowing transport of minority electrons and a sufficiently large valence 

band offset to block the majority holes to reach the contact. The electric field is confined in the high band-gap barrier layer 

so that the generation-current is suppressed in the absorber. The nBp device is therefore diffusion-limited at low reverse 

bias (as long as the electric field is confined in the barrier layer) and at any given temperature with a lower dark-current 

level than the equivalent pin photodiode. 

 

3. RESULTS AND DISCUSSION 

3.1 Energy band gap 

The energy band gap extracted from the electronic band structure calculated with the 8-band k⸳p envelope-function model 

has been compared to the experimental band gap measured by photoluminescence (PL) at a temperature of 77K for 

different MWIR and LWIR samples grown by MBE. In Table 2, the cut-off wavelength at the PL peak position measured 

for SLs having different period thickness and composition, i.e. different ratio R of InAs and GaSb layer thicknesses, is 

reported. The SL period total thickness and the lattice mismatch (∆a/a) between the SL epitaxial layer and GaSb substrate 

extracted from high-resolution x-ray diffraction (XRD) spectra are also summarized in this table.  

 

Table 2: SL period thickness extracted from the XRD spectrum along with the lattice mismatch (∆a/a) between the SL epitaxial 

layer and GaSb substrate for different grown SLs and cut-off wavelength at the PL peak position measured at a 

temperature of 77K.  

InAs/GaSb SL 

(MLs) 

Period thickness 

(nm) 

∆a/a 

(%) 

PL peak position 

at 77K (µm) 

7/4  3.54 ~ 0 5.15 

10/4  4.51 ~ 0.149 8 

12/4  5.17 ~ 0.06 9.7 

14/4  5.75 ~ 0 11.3 

14/7  6.76 ~ 0 10 

 

Please verify that (1) all pages are present, (2) all figures are correct, (3) all fonts and special characters are correct, and (4) all text and figures fit within the red
margin lines shown on this review document. Complete formatting information is available at http://SPIE.org/manuscripts

Return to the Manage Active Submissions page at http://spie.org/submissions/tasks.aspx and approve or disapprove this submission. Your manuscript will not
be published without this approval. Please contact author_help@spie.org with any questions or concerns.

10926 - 15 V. 1 (p.3 of 11) / Color: No / Format: A4 / Date: 12/11/2018 11:22:18 AM

SPIE USE: ____ DB Check, ____ Prod Check, Notes:



 

 
 

 

 

 

In Figure 1, the calculated cut-off wavelength as a function of the measured cut-off wavelength is represented along with 

the ideal prediction line for which the calculated cut-off wavelength is equal to the measured cut-off wavelength. The 

±𝑘𝐵𝑇 deviation (with 𝑘𝐵 the Boltzmann constant and 𝑇 the temperature) in the predicted cut-off is also represented. Note 

that the 𝐷 diagonal IF parameters (𝐷𝑆, 𝐷𝑋, 𝐷𝑍) of Eq. (1) used are equal to (0.8, 0.3, -0.3). 

From Figure 1, we observe a good agreement between the calculated and the measured cut-off wavelength for all different 

SLs with an error in the ±𝑘𝐵𝑇 deviation range, apart from the SL composed of 10 MLs of InAs and 4 MLs of GaSb (10/4 

SL). This can be explained by the fact that in our simulation we assume a SL layer lattice matched on GaSb by considering 

an InSb intentional layer at both IFs. However, from Table 2 it appears that there is large lattice mismatch between the 

10/4 SL epitaxial layer and the GaSb substrate of about ∆a/a ~ 0.149%. This compressive strain indicates that there is too 

much of InSb within the period and that the InAs tensile strain has been over-compensated. In addition, a slight change in 

the growth rate during the MBE growth can lead to a slight change in composition and thickness of the SL period compared 

to the targeted layer thicknesses which we do not take into consideration in our simulation. For comparison, the cut-off 

wavelength calculated without taking into account the interface matrix and without considering either the 𝐻𝐼𝐹  or the InSb 

layer at the IFs are also plotted in Figure 1. We can see that if both the 𝐻𝐼𝐹  and the InSb IF layers are not considered, the 

model cannot predict the measured cut-off wavelength and under estimates it. This result demonstrates the importance of 

the interface consideration for band gap calculation.  
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Figure 1: Calculated cut-off wavelength (squares) as a function of the measured cut-off at 77K for the different SL samples 

along with the ideal prediction line (dashed line). The cut-off wavelengths calculated without taking into account the 

interface matrix (triangles) and without considering either the 𝐻𝐼𝐹 or the InSb layer at the IFs (circles) are also plotted 

for comparison. The ±𝑘𝐵𝑇 deviation in the predicted cut-off is represented by the solid lines and the grey area.  

 

After fitting the energy band gap, the electronic band structure (E(k) dispersion curve) of different SLs has been calculated 

for different directions of the k vector. An example of an E(k) plot is represented in Figure 2 for a 12/4 SL for two in-plane 

directions in the Brillouin zone 𝑘// and in the perpendicular direction 𝑘⊥. From this figure, the spin-splitting can be seen 

in the parallel direction as observed in Ref. [11] for non-zero value of the α parameter in Eq. (1).  
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Figure 2: Electronic band structure of a 12/4 SL calculated at T = 77K for (a) two in-plane directions in the Brillouin zone and 

(b) in the perpendicular direction. In the growth direction the 𝑘 vector is in units of π/L with L the period thickness.  

 

3.2 Electron effective mass 

From Figure 2, it is possible to extract the effective electron mass 𝑚𝑒,//
∗  and 𝑚𝑒,⊥

∗  at the band edge (second derivative at 

the Brillouin zone center) for both the in-plane and perpendicular directions, respectively. 𝑚𝑒,//
∗  and 𝑚𝑒,⊥

∗  have been 

calculated for different InAs/GaSb SL periods as plotted in Figure 3. As a guide for the eyes, different areas corresponding 

to different values of the ratio R of the InAs and GaSb layer thicknesses are indicated. R > 1 means that the SL period is 

mainly composed of InAs, while for R < 1, it is mainly composed of GaSb. R = 1 is for a ‘symmetrical’ SL for which the 

thickness of the InAs layer is equal to the thickness of the GaSb layer.  
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Figure 3: Color map of the (a) in-plane electron effective mass and (b) perpendicular effective mass calculated for as a function 

of the InAs and GaSb thicknesses. R is the ratio of the InAs and GaSb thicknesses within the period (R = InAs / GaSb).  

 

For SL periods with layer thicknesses varying from 4 to 16 MLs, 𝑚𝑒//
∗  is in the range of (0.0151 – 0.0396)𝑚0 (with 𝑚0 

the free electron mass) while the value of 𝑚𝑒⊥
∗ is between (0.022 – 0.0444)𝑚0. We can also notice in Figure 3 that whatever 

the direction the electron effective mass for a SL mainly composed of GaSb (R < 1) is larger than for a SL with R > 1.  
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The effective electron mass 𝑚𝑒
∗  in the InAs/GaSb SL has been calculated as 𝑚𝑒

∗ = 𝑚𝑒,//
∗ 2/3

∙ 𝑚𝑒,⊥
∗ 1/3 for different SL periods 

and is plotted in Figure 4 as a function of the energy band gap 𝐸𝑔 at 77K. The horizontal solid lines are calculated for a 

fixed GaSb layer thickness (from 4 to 16 MLs) while the vertical symbols represent data calculated for a fixed InAs layer 

thickness (from 8 to 16 MLs).  

It can be seen from Figure 4 that the electron effective mass depends mainly on the SL period composition and thickness 

and slightly on the energy band gap which is not the case for bulk materials. In the SL, the effective mass is mainly 

influenced by the electron wavefunctions overlap between adjacent InAs wells and less by the interaction between the 

conduction and valence band.  For example, 𝑚𝑒
∗  for the 8/6 SL with an energy band gap of 245 meV is equal to 0.0235𝑚0 

whereas for the 16/6 SL with Eg of 88 meV, 𝑚𝑒
∗  is 0.0196𝑚0. However, for 12/4 SL and 14/12 SL, which have a similar 

Eg ~ 135meV, the electron effective mass is 0.0188𝑚0 and 0.0284𝑚0, respectively. The calculated value of 𝑚𝑒
∗  in the 

range of (0.015 to 0.040)𝑚0 for the SL periods studied here. In comparison, the electron effective mass in the HgCdTe 

(MCT) material is varying with the energy band gap as 0.071 × 𝐸𝑔 [24] which is smaller than in InAs/GaSb SLs as 

illustrated in Figure 4. With the tunneling probability being exponentially dependent on the effective mass, the tunneling 

contribution in SLs is thus lower than in HgCdTe, especially in the LWIR range where the effective mass in HgCdTe is 

really small compared to the one in SL.  
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Figure 4: Effective electron mass as a function of the energy band gap at 77K, calculated for different InAs and GaSb layer 

thicknesses. The horizontal solid lines are calculated for a fixed GaSb layer thickness (indicated below). From bottom to 

top the GaSb thickness increases from 4 to 16 MLs. The same vertical symbols represent data calculated for a fixed InAs 

layer thickness. From right to left, the InAs thickness increases from 8 to 16 MLs. For comparison, the effective electron 

mass in HgCdTe material is also represented. 

 

In addition, Figure 4 illustrates the great tunability that the InAs/GaSb SL material offers. The same energy band gap can 

be addressed by different SL periods which have different electronic band structure, and therefore different intrinsic 

properties. The period flexibility has already been experimentally investigated in the MWIR spectral range, and the 

influence of the period design on the electro-optical properties of pin photodiodes demonstrated [25-26]. In the following 

section, two different SL periods, having a cut-off wavelength around 10 µm, are studied. The electronic band structure is 

first discussed and the influence of the SL design on the electrical properties of a nBp structure is then theoretically 

evaluated.  

Please verify that (1) all pages are present, (2) all figures are correct, (3) all fonts and special characters are correct, and (4) all text and figures fit within the red
margin lines shown on this review document. Complete formatting information is available at http://SPIE.org/manuscripts

Return to the Manage Active Submissions page at http://spie.org/submissions/tasks.aspx and approve or disapprove this submission. Your manuscript will not
be published without this approval. Please contact author_help@spie.org with any questions or concerns.

10926 - 15 V. 1 (p.6 of 11) / Color: No / Format: A4 / Date: 12/11/2018 11:22:18 AM

SPIE USE: ____ DB Check, ____ Prod Check, Notes:



 

 
 

 

 

 

3.3 Influence of the InAs/GaSb SL design on the band structure and the electrical characteristics of nBp structure 

for LWIR detection 

When properly designed, the nBp structure is diffusion-limited at any given temperature. The diffusion current depends 

on the diffusion length of the minority carrier and the intrinsic carrier concentration 𝑛𝑖 = √𝑁𝑐 . 𝑁𝑣exp (−𝐸𝑔 2𝑘𝐵𝑇⁄ ) with 𝑁𝑐 

and 𝑁𝑣 the effective density of states in the conduction and valence band, respectively, and it is inversely proportional to 

the product 𝜏 × 𝑁 with 𝜏 the minority carrier lifetime and 𝑁 the doping concentration in the absorber layer. By maximizing  

𝜏 × 𝑁, the diffusion contribution can be minimized. However, the optimal 𝜏 × 𝑁 value is ruled by the Auger recombination 

process which limits the lifetime at a certain doping concentration, around 1 x 1017 cm-3 for LWIR InAs/GaSb SLs [2]. 

The objective of this section is to compare theoretically the 14/7 SL (R = 2) - used by many research groups for LWIR 

detection [4-5][27-30] - with a 12/2 SL (R = 6) which has a similar band gap. The calculated E(k) dispersion plot for 

different directions of the 𝑘 vector is represented in Figure 5 for both SL designs. The energy band gap at 77K is 0.122 

and 0.118 eV for the 14/7 SL and 12/2 SL, respectively. 

Although both SLs have a similar band gap, their electronic band structure presents some clear differences. Firstly, we can 

see that the valence bands are pushed down for the thinner SL. In particular, the lower ones are further removed from the 

top valence band (corresponding to the heavy hole). Using a 12/2 SL one could further minimize/suppress Auger 

recombination in p-type SLs enhancing carrier lifetime (at high doping concentration) [31]. In addition, the spin-splitting 

observed in the in-plane direction is smaller for the SL with thinner layers because of the delocalization of the hole 

wavefunction. This delocalization of carriers is also noticeable on the value of the wavefunction overlap of the first heavy 

hole and first electron quantized states (|< 𝑓𝑒1|𝑓ℎ1 > |2) which has been determined to be 40% and 74% for the 14/7 SL 

and 12/2 SL, respectively. Such an increase of the wavefunction overlap can result in an enhancement of the absorption 

coefficient, and thus of the external quantum efficiency of the device. Furthermore, the electron and heavy hole effective 

masses are larger in the 14/7 SL, in particular the hole effective mass in the growth direction (Table 3). This can be seen 

on the E(k) plot where the bands tend to be “flatter” for the 14/7 SL than for the 12/2 SL. Although a larger effective mass 

is required to reduce the tunneling contribution, in the case of a nBp structure it will mainly impact on the diffusion 

component via the intrinsic carrier concentration. To evaluate and quantify this impact, the dark-current of a nBp structure 

with the 14/7 SL and the 12/2 SL has been calculated. Note that the material parameters of both SL designs along with the 

method to determine them are reported in Table 3. 
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Figure 5: Calculated band structure at a temperature of 77K for different directions of the 𝑘 vector for the (a) 14/7 SL and 

(b) 12/2 SL. 

 

In the following, we assume that the minority carrier lifetime is equal to 30 ns whatever the SL design [32] and the doping 

concentration level of the p-type absorber is 1 x 1016 cm-3. We consider that the diffusion length is not the limiting factor 

of our device, i.e. it is larger than the absorber thickness of 4 µm [33-34]. Therefore, the only difference between both 

structures comes from the intrinsic carrier concentration. Although, in Ref. [34] it is mentioned that the intrinsic carrier 
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concentration is almost independent of the SL period, we observed a slight difference between the 14/7 SL and 12/2 SL. 

This may come from the fact that the method to determine the effective mass from the electronic band structure is different 

in Ref. [34]. In addition, the ratio of the InAs and GaSb layer thicknesses is ranging from 1.4 to 2.5 whereas in our case 

the difference of ratio between the 14/7 SL and 12/2 SL is quite large (factor of 3). 

 

Table 3: Material parameters of the 14/7 SL and 12/2 SL. The method to determine these parameters is also indicated. 

Parameters 
14/7 MLs 

InAs/GaSb 

12/2 MLs 

InAs/GaSb 
Method 

Energy band gap at T = 77K [eV] 0.122 0.118 E(k)  

Wavefunction overlap [%] 40 70 |< 𝑓𝑒1|𝑓ℎ1 > |2 

Electron effective mass [/m0]    

𝑚𝑒
∗             0.022 0.016 𝑚𝑒

∗ = 𝑚𝑒,//
∗ 2/3

∙ 𝑚𝑒,⊥
∗ 1/3 

𝑚𝑒,// 
∗  0.021 0.014 E(k)  

𝑚𝑒,⊥
∗  0.024 0.021 E(k)  

Hole effective mass [/m0]    

𝑚ℎ
∗  0.309 0.169 𝑚ℎ

∗ = 𝑚ℎ,//
∗ 2/3

∙ 𝑚ℎ,⊥
∗ 1/3

 

𝑚ℎ,//
∗   0.033 0.024 E(k)  

𝑚ℎ,⊥
∗   27.10 8.325 E(k)  

Effective density of states in 

conduction band 𝑁𝑐 at 300K [cm-3] 
8.16 x 1016 5.06 x 1016 𝑁𝑐 = 2.5 × 1019(𝑚𝑒

∗)1.5(
𝑇

300𝐾
)1.5 

Effective density of states in 

valence band 𝑁𝑣 at 300K [cm-3] 
4.30 x 1018 1.73 x 1016 𝑁𝑣 = 2.5 × 1019(𝑚ℎ

∗ )1.5(
𝑇

300𝐾
)1.5 

Permittivity 휀𝑆𝐿  15.33 15.23 Weighted average 

Minority carrier lifetime 𝜏 [ns] 30 30 Ref. [32] 

Tunneling mass 𝑚𝑡 [/m0] 0.021 0.015 1 𝑚𝑡⁄ = 1 𝑚𝑒
∗ +⁄ 1 𝑚ℎ

∗⁄  

 

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0
10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

101

12 ML InAs / 2 ML GaSb

Barrier 

P ~ 5 x 1015 cm-3  200 nm

D
ar

k
-c

u
rr

en
t 

d
en

si
ty

 (
A

/c
m

2
)

Voltage (V)

T = 77K

Contact   InAs/GaSb SL

N ~ 1 x 1016 cm-3 140 nm

Active zone

InAs/GaSb SL

P ~ 1 x 1016 cm-3

4 m

14 ML InAs / 7 ML GaSb

 
Figure 6: Dark-current density of a nBp device as a function of voltage calculated at 77K for the 14/7 SL (blue line) and 

12/2 SL (orange line). The nBp barrier structure is presented in inset.  
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The calculated dark-current density of the nBp structure versus voltage at 77K is plotted in Figure 6. The dark-current of 

both structures has a similar behavior and three regimes can be observed. At high reverse bias (V < - 0.6V), the band-to-

band tunneling contribution is the dominant component of the dark-current, and as already mentioned, it is higher for the 

12/2 SL due to a smaller effective mass. For -0.6 V < V < -0.3 V, the generation-recombination current, which includes 

the trap assisted tunneling current, is the main limiting mechanism. At low reverse bias (-0.3 V < V < 0 V), as expected 

for a nBp structure the dark-current is diffusion-limited. At -50 mV, it is equal to 1.4 x 10-5 and 6.7 x 10-6 A/cm2 for the 

14/7 SL and 12/2 SL, respectively. Although this improvement appears to be less than one order of magnitude on the dark-

current with the 12/2 SL, the two SL periods have a slight difference in the energy band gap which has a non-negligible 

effect on the dark-current. For a fair comparison, the dark-current is compared to the well-known MCT Rule07 benchmark 

at the same cut-off wavelength instead [35]. The dark-current of the 14/7 SL nBp is higher than the Rule07 by a factor of 

over 3 whereas it is lower by a factor of 0.77 for the 12/2 SL nBp. These results thus demonstrate that by using the flexibility 

of the SL design the performances of nBp barrier structure can be improved.  

 

4. SUMMARY  

In conclusion, an 8-band k⸳p envelope function method has been used to calculate the electronic band structure of 

InAs/GaSb superlattices. This model can predict the measured energy band gap of different SLs having different period 

composition and thickness (7/4, 10/4, 12/4, 14/4 and 14/7 SLs) within an error corresponding to the thermal broadening in 

the MWIR and LWIR spectral range. The electron effective mass has been found to be in the range of (0.015 to 0.040)𝑚0 

which is larger than for HgCdTe material. Finally, the conventional 14/7 SL and a 12/2 SL having a cut-off wavelength 

close to 10 µm have been compared. First, the electron-hole wavefunction overlap of the 12/2 SL has been estimated to be 

~74% which is almost twice the value calculated for a 14/7 SL (~40%). This can result in an enhancement of the absorption 

coefficient for the thinner period thanks to the delocalization of carriers, which also leads to smaller carrier effective masses 

in the 12/2 SL. This difference has an influence on the intrinsic carrier concentration and therefore on the electrical 

characteristic of nBp structure. The dark-current of the 14/7 SL nBp is higher than the Rule07 benchamark by a factor of 

over 3, whereas for the 12/2 SL nBp it is lower by a factor of 0.77, demonstrating that the SL design can be used to improve 

the overall device performances.   
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