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ABSTRACT 
We present here theoretical study of the electronic bands structure E (d1) of InAs (d1=25 Å)/GaSb (d2=25 Å) type 

II superlattice at 4.2 K performed in the envelope function formalism. We study the effect of d1 and the offset  , 

between heavy holes bands edges of InAs and GaSb, on the band gap Eg (), at the center of the first Brillouin 

zone, and the semiconductor-to-semimetal transition. Eg (, T) decreases from 288.7 meV at 4.2 K to 230 meV 

at 300K. In the investigated temperature range, the cut-off wavelength 4.3 m ≤ c ≤ 5.4 m situates this sample 

as mid-wavelength infrared detector (MWIR). Our results are in good agreement with the experimental data 

realized by C. Cervera et al. 
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I. INTRODUCTION 

 The idea of the type II InAs/GaSb superlattice 

(T2SL) was firstly suggested by Sai-Halasz and 

coworkers in 1977 [1]. The application of such (SL), 

only after several years, was proposed as an infrared 

sensing material by Smith and Mailhoit in 1987 [2]. 

Since then, the (T2SL) have made significant 

progress and attracted increasing interest for mid (3–

5m) [3] and long wavelength infrared region (8–

12m) [4]. 

 This system characterized by the type II 

alignment wherein the bottom of the conduction 

band of InAs lies well below the top of the valence 

band of GaSb [1-5] (see Fig.1). It has been 

established that the overlap between these two bands 

is in the vicinity of 150 meV [2-3]. This structure 

leads to the separation of electrons and holes into the 

InAs and GaSb layers, respectively. This peculiar 

relationship of band edge separation creates a 

situation in which the fundamental band gap energy 

of this superlattice can be tailored by varying the 

thickness of the constituents InAs and GaSb layers, 

and switch from being positive to negative. It 

follows that a wide range of operation wavelengths 

can be covered, and the system undergoes a 

semiconductor to semimetal transition that is 

expected to occur when the InAs conduction band is 

lower in energy than the GaSb valence band [6]. 

 In order to study the electronic bands structure 

of InAs/GaSb, intensive theoretical investigations 

have been developed. The most widely used are the 

empirical tight binding method [7] and the k.p model 

[8] including the envelope-function formalism [9].  

In this paper we report the bands structure and the 

effect of d1, the offset, the temperature on the band 

gap Eg () and the semiconductor-to-semimetal 

transition. 
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Fig. 1: Schematic illustration of the energy band 

alignment of InAs/GaSb. Ec1 (resp.Ec2) and Ev1 (resp. Ev2) 

are the conduction and valence band of InAs (resp. GaSb). 

The LH and HH indices refer to light holes and heavy 

holes, respectively. Vs and Vp are the conduction and 

valence band offsets which play the roles as the barriers 

for confining electrons and holes, respectively. 

 

II. THEORY OF ELECTRONIC 

BANDS STRUCTURE 

 Calculations of the spectra of energy were 

performed in the envelope function formalism. We 

will show that this technique can be used with a 

small number of experimental bands structure 

parameters. The origin of energy is taken at the 

bottom 6 of InAs conduction band (Fig.1). 

2.1. Light particle subbands 

Applying the Bloch theorem and the use of 
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appropriate matching conditions at the interface, 

leads to the general dispersion relation of the (SL) 

light particle (electron and light hole) subbands 

given by the expression [9]: 
2

p
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2 4k k r
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Here, k1 and k2 are the wave vectors along the z axis. 

The two-dimensional wave Vector kp(kx,ky) 

describes the motion of particles perpendicularly to 

kz. d1 and d2 refer to the thickness of InAs and GaSb 

layers, respectively. Finally   is given by: 

 

1 1 2

2 2 2

k k E-ε -Λ
= r=

k k E-ε
     (2) 

At given energy, the two–band Kane model [10] 

gives the wave vector (
2 2

i p
k +k ) in each host material 

by: 

2 2 2 2

1 p 1
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2 p 2

2
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3

  (3) 

1and 2 are the interaction band gaps of InAs and 

GaSb, respectively. We use the valence band offset 

=570 meV determined by far-infrared absorption 

in a magnetic field for different hydrostatic pressures 

[11]. P is the Kane matrix element which is taken to 

be 1.36.10
6
 J/kg for InAs and 1.41.10

6
 J/kg for GaSb 

[12]. At given energy E, a (SL) state of wave vector 

kz exists if the right-hand-side of (1) lies in the range 

(-1, +1) that implies −/d≤ kz ≤ /d in the first 

Brillouin zone. 

2.2. Heavy hole subbands 

 The (SL) heavy hole subbands are obtained 

from the same equation (1) with: 
*1

2 2 HH

1 p 2
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Where m

*
1HH =0.41m0 and m

*
2HH =0.44m0 are the 

heavy hole masses in InAs and GaSb, respectively. 

These experimental values are determined 

respectively by F. Matossi et al in p-type InAs [13], 

and A. Filion by magneto-photoconductivity in 

GaSb at 4.2 K [14]. 

 

III. RESULTS AND DISCUSSIONS 

 When d1 increase, Fig.2 shows that the energy 

of electrons E1, in the InAs layer, decreases. While 

the energy of heavy holes HH1, in GaSb, increases in 

agreement with the prevision of [15]. The crossover 

of E1 and HH1 occurs when d1(InAs) reaches a 

critical value d1c=74 Å, corresponding to the energy 

Ec=558 meV. Then, the (T2SL) achieves a 

semiconductor-to-semimetal transition. After, E1 lie 

down HH1 and Eg(becomes negative assuming a 

semimetallic conductivity. In this case, the electrons 

flood from the GaSb valence band to the InAs 

conduction band minimum. 
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Fig. 2: Energy position and width of the conduction (Ei), 

heavy-hole (HHi), and light-hole (hi) subbands calculated 

at 4.2 K, in the first Brillion zone, as a function of the 

d1(InAs) layer thickness. 

In the Fig.3, when the offset  increases, the 

band gap Eg () increases to a maximum near 600 

meV at =-44 meV. After it decreases to zero at the 

transition semiconductor-to-semimetal conductivity, 

and becomes negative accusing a semimetallic 

conduction after c =990 meV at T=4.2 K. Our 

chosen value of 570 meV is indicated by a vertical 

dashed line. This offset is closed to 500 meV used 
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Fig. 3: The band gap Eg() at , as function the offset  at 

4.2 K, for the investigated InAs/GaSb (SL) with 

d1=d2=25Å. 

by L. L. Li et al [15] for a sample with d1=23.5 Å 

and d2=24 Å. 
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 Fig.4 shows that when d1 increases Eg () 

decreases, go to zero at the transition point T’c, and 

becomes negative with a semimetal conductivity. 

The cut-off wavelength |c| diverge at T’c with 

d1c=74 Ǻ. This band gap variation can be understood 

using this simple model; the InAs layer acts as a 

quantum well confining the conduction electrons. 

It’s well known that the energy level of a particle is 

closely inversely proportional to its effective mass 
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Fig.4: Band gap energy Eg () and the cut-off wavelength 

|c| as a function of InAs layer width d1 at 4.2K. 

and the square of the well width. When the InAs 

well width increases, the energy level of the 

electrons miniband in the InAs layer decreases, 

leading to a decrease in the band gap. On another 

hand, the GaSb layer is envisioned as a well for 

holes. Because of the bigger GaSb valence band 

effective mass, the dependence of the energy on the 

well width becomes much smaller. This behavior 

can also be explained by the “model-solid theory” of 

Van de Walle and Martin [16], which describes the 

shift in position of the conduction and valence band 

when the volume of the crystal changes (id d1 and/or 

d2). 

  Significant research and number of empirical 

models has been developed to describe the 

temperature-dependent behavior of band gap on 

various semiconductors. Among them, the Varshni 

model [17] suggests that in semiconductors the 

temperature dependence of band gap derives partly 

from the lattice expansion of the crystal and partly 

from the electron-phonon interaction.  
 Using the value of ε1 and ε2 at different 

temperatures between 4.2 K and 300 K, we get the 

temperature dependence of the band gap Eg( in 

Fig.5 which can be described quite well by the 

empirical Varshni form [17]. 
2

g g

T
E (T)=E (T=0)-α (meV)

T+β
  (6) 

The zero temperature extrapolated energy gap Eg 

(T=0), and the coefficients  and for our (SL) are 

listed in Tab.1. 

Tab.1: Fit parameters for temperature dependence of 

superlattice band gap. 

 The both experimental results and our 

calculated band-gap (and the cut-off wavelength) as 

function of temperature are shown in Fig.5. This 

shift of band gap arises mainly from the decreasing 

of the potential seen by the electrons in the material 

due to the increase of the interatomic spacing. The 

detection cut-off wavelength was calculated

 Our calculations:=570 meV
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 Our calculation ofc for C. Cervera et al [18].

      

 Our calculations:=570 meV

 Our calculation :=650 meV

 C. Cervera and al [18]
      

0 50 100 150 200 250 300

240

280

0 50 100 150 200 250 300

InAs/GaSb

25Å / 25 Å

E
g
(

)(
m

e
V

)

T(K) T(K)

0 50 100 150 200 250 300

0 50 100 150 200 250 300

4

5

6

InAs/GaSb

25Å / 25 Å  
c
(

m
)

Fig.5: Temperature dependence of the band gap Eg (Left panel). The right panel shows the Cut-off wavelength c, at the 

center -point of the first Brillion zone. 

 

 

 
Eg(0)(meV) (meV/K) (K) 

InAs/GaSb
[18]

 277 0.34 254 

 

InAs/GaSb 

(=570meV) 

288.8 0,36 241 

InAs/GaSb 

(=650meV) 

279.2 0.37 258 
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using the expression: 

c
g

( m)
1240

E (meV)
    (7) 

We note that the offset  of the sample 

characterized by Cervera et al. is not indicated in 

[18]. According to our calculations the offset 

=650 meV give a good agreement of our 

calculations with the experimental data in [18]. For 

=570 meV, the fundamental gap energy decreases 

from 288.7 meV at 4.2 K to 230 meV at 300K. In 

the investigated temperature range, the cut-off 

wavelength 4.3m ≤ c ≤ 5.4m situates this 

sample as a mid-infrared detector (MWIR). 

 

IV. CONCLUSION  

 Our calculations of the electronic bands 

structure E(d1) at 4.2K had shown that when d1 and 

the offset  increases, Eg decreases to zero with a 

transition semiconductor to semimetal, 

respectively, for d1c=74 Å and c =990 meV. When 

the temperature increases, the Eg(, T) decreases 

from 288.7 meV at 4.2 K to 230 meV at 300K 

corresponding to the cut-off wavelength 4.3m ≤ c 

≤5.4m which situates this sample as mid-

wavelength infrared detector (MWIR). Our results 

are in good agreement with the experimental data 

realized by C.Cervera, et al. for an offset  =650 

meV. Note that we had observed a semiconductor 

type n conduction mechanism in a narrow gap, 

two-dimensional and far-infrared detector 

HgTe/CdTe type III superlattice [19]. 
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