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 Short-period 10 monolayers InAs/10ML GaSb type-II superlattices have been deposited on 

a highly lattice-mismatched GaAs (001), 2° offcut towards <110> substrates by molecular 

beam epitaxy. This superlattice was designed for detection in the mid-wave infrared spectral 

region (cut-off wavelength, λcut-off = 5.4 µm at 300 K). The growth was performed at 

relatively low temperatures. The InAs/GaSb superlattices were grown on a GaSb buffer layer 

by an interfacial misfit array in order to relieve the strain due to the ~7.6% lattice-mismatch 

between the GaAs substrate and type-II superlattices. The X-ray characterisation reveals a 

good crystalline quality exhibiting full width at half maximum ~100 arcsec of the zero-order 

peak. Besides, the grown samples have been found to exhibit a change in the conductivity.  

 

  

  

 

 

1. Introduction  

After the conception of InAs/GaSb type-II superlattices 

(T2SLs) in 1977, numerous research groups have 

investigated this semiconductor material [1]. T2SLs 

infrared (IR) detectors exhibit higher performance than the 

state-of-the-art materials for the future generation 

applications [2, 3]. Indeed, the well-known HgCdTe 

ternary alloy exhibits technological problems, surface and 

interfaces instabilities, and high dark current which limits 

the performance of the detectors based on this material [4]. 

On the other hand, InSb IR detectors are limited by the 

cryogenic cooling to reduce the thermally generated dark 

current, which rises the overall system size and cost [5]. 

InAs/GaSb material system is characterised by a type-

II broken gap band line-up where the InAs conduction band 

minimum is located lower than the top of the GaSb valence 

band [1]. Therefore, the fundamental transition between the 

conduction band bottom and the heavy hole sub-bands  

is determined by the InAs and GaSb layer thickness [6]. 

This alignment contributes to a reduction of the Auger 

generation-recombination rate due to the suppression of 

some non-radiative pathways in the valence band [7]. 

Besides, the band-to-band tunnelling is significantly redu-

ced due to high electrons and holes effective masses [8].  

InAs/GaSb T2SL is commonly deposited on expensive 

and available in small sizes (less than 3 in) lattice-matched 

GaSb substrates. Moreover, GaSb substrates are not “epi-

ready”, i.e.: they need to be treated (chemically or 

physically) before the epitaxial deposition. Moreover, their 

surfaces contain many macroscopic defects [9]. The GaSb 

absorption coefficient is fairly high assuming ~100 cm−1 

for IR range >5 µm [10]. Due to its many advantages, GaAs 

was proposed as a feasible substrate candidate for 

InAs/GaSb T2SL deposition being “epi-ready”, cost-

efficient, and available up to 6 in [11–14]. In addition, the 

GaAs absorption coefficient is two orders of magnitude 

lower than that of GaSb but a ~7.6% lattice-mismatch 

between GaAs and InAs/GaSb T2SL contributes to the 

level of ~109 cm−2 misfit dislocation density [15]. There is 

a need to develop growth conditions to mitigate strain and 

reduce dislocation densities. The low-temperature nucleation 

[16], and the interfacial misfit array (IMF) technique 

[17, 18] have been introduced and implemented to date. 

The growth temperature is a very important deposition 

parameter determining the InAs/GaSb T2SL quality. It is 

responsible for the surface atoms diffusion and the 

intermixing of elements between different layers. These 

phenomena directly affect the crystalline and optical 

parameters of the T2SL. Consequently, the growth 

temperature should be high enough to remove the remedies 

of the group V atoms, and sufficiently low to regulate the *Corresponding author at: piotr.martyniuk@wat.edu.pl 
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atoms intermixing at different interfaces. Generally, the 

InAs/GaSb T2SL deposition temperatures reported by 

previous groups are 400±10 °C [19–25]. However, there 

are some groups which reported a growth temperature of 

420 °C [26, 27] and 430 °C [28].  

This paper presents the InAs/GaSb T2SLs molecular 

beam epitaxy (MBE) growth conditions on the ~7.6% 

lattice-mismatched GaAs (001), 2° offcut towards <110> 

substrates. This deposition is conducted at lower tempera-

tures in comparison to those mentioned previously. 

2. Experiment 

Several 30 period (P) 10 monolayers (ML) InAs/10ML 

GaSb T2SLs were grown on GaAs (001), 2° offcut towards 

<110> substrates at selected low temperatures. Samples 

were deposited by a RIBER Compact 21-DZ MBE system. 

The MBE was equipped with gallium (Ga) and indium (In) 

standard effusion cells and with arsenic (As) and antimony 

(Sb) valved cracked cells. The substrate temperature was 

monitored by a manipulator thermocouple. 

First, the deoxidization of the GaAs substrate at 625 °C 

was conducted. Later, a 0.6 µm thick GaAs buffer layer 

was deposited at 590 °C in order to get a smooth surface. 

Then, a 1.5 µm thick GaSb layer was deposited at 465 °C 

to mitigate the lattice-mismatch between the GaAs 

substrate and T2SLs. The growth conditions of a GaSb 

buffer are reported elsewhere [29]. Later, 30 P 10ML InAs/ 

10ML GaSb T2SLs were deposited at several growth 

temperatures: 330, 350, and 370 °C. The V/III flux ratio 

was assumed at a level of 8.3 and 4.6 for InAs and GaSb, 

respectively. The growth rate was 0.33 µm/h and 0.76 µm/h 

for InAs and GaSb, respectively. In order to mitigate the 

strain between InAs and GaSb, the shutters sequence 

presented in Fig. 1 was used. The InAs deposition was 

followed by 8 s Sb soak to form InSb-like bonds. The GaSb 

deposition was followed by a 2 s As soak to grow a GaAs-

like interface. The deposition was controlled in situ by a 

reflection high-energy electron diffraction system (RHEED). 

The surface roughness was quantitatively evaluated by 

a high-resolution optical profilometer. A PANalytical 

X’Pert high-resolution X-ray diffractometer (HRXRD) 

was used to determine the InAs/GaSb T2SLs structural 

properties. The Cu Kα1 λ ≈ 1.5406 Å was used and X-ray 

beam was monochromatized by a four-bounce Ge (004) 

hybrid monochromator. The measurements were perfor-

med in a 2θ-ω direction. The electrical properties were 

assessed by the Hall effect measurements based on the  

Van de Pauw method. Spectral responsivity has been 

measured by a Fourier transform infrared (FTIR) spectro-

photometer. 

3. Results and discussions 

The T2SLs InAs/GaSb surface morphology/surface 

roughness (Rq), full width at half maximum (FWHM), and 

lattice-mismatch GaAs-zero-order/GaSb (Δa/a) are 

presented in Table 1. As can be seen, three samples exhibit 

practically the same Rq. On the other hand, the InAs/GaSb 

T2SLs grown at 330 °C exhibit the best structural parameter, 

with a FWHM of 103 arcsec. That characterisation data 

proves the high quality of T2SLs (grown at low 

temperatures). This is probably due to the reduction of the 

dislocation density at low temperatures. It should be noted 

that the dislocation density at the GaSb-GaAs interface 

substrate has been determined to be as low as 108 cm−2 [18].  

Figure 2 presents the high-resolution XRD pattern 

around the symmetric 004 reflection of a 30 P 10ML InAs 

/10ML GaSb T2SL grown on GaAs substrates. There are 

two peaks from the GaAs (2θ = 66.07°) substrate and the 

GaSb (2θ = 60.73°) buffer layer, in addition to the satellite 

peaks visible up to the third order (shown as “0”, “±1”). 

This is the evidence of the good crystalline quality and the 

high reproducibility of the InAs/GaSb T2SLs. The 

FWHMs of the zero-order peaks are reported in Table 1.  

Table 1.  

Structural parameters of InAs/GaSb T2SL vs.  

the growth temperature. 

T 

[°C] 

Rq 

[nm] 

FWHM 

[arcsec] 

Δa/a 

[%] 

370 7.8 150 −0.94 

350 7.3 107 −0.89 

330 7.1 103 −0.87 

It should be noted that there were other growths at high 

temperature conditions, but T2SLs were not observed. This 

is due to the desorption of the atoms from the surface. 

Figure 3 shows that there are no satellite peaks indicating 

the lack of T2SLs. Only the presence of the GaAs and GaSb 

peaks can be seen. Besides, satellites were not present in 

the samples grown at a temperature below 330 °C. 

Figure 4 presents the Hall concentration of the grown 

InAs/GaSb T2SLs. The samples deposited at 350 °C 

exhibit a change of conductivity at 145 K. It has n-type 

conductivity at high temperature, and p-type at low 

temperature. This result was reported by several groups 

previously [8, 30]. This is due to different types of 

impurities at low and high temperatures. Besides, other two 

samples grown at 330 and 370 °C are characterised by  

n-type and p-type, respectively. This can be seen in the 

trend of both curves. This unique conductivity dependence 

is probably due to the creation of one dominant level of 

impurities during the low growth temperature. 

Figure 5 illustrates the spectral responsivity of the 

grown sample at a temperature of 330 °C, measured at 230 

and 300 K. As can be seen, the InAs/GaSb T2SLs present 

a 50% cut-off wavelength of 5.4 µm, which is located in 

the mid-wave IR (MWIR) region. It should be noted that 

the sample exhibits a spectral response despite the small 

thickness of the T2SLs (only 30 P). 

 

Fig. 1. The shutter sequence for the InAs/GaSb T2SLs growth. 
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4. Conclusions 

The InAs/GaSb T2SLs have been deposited at 

relatively low temperature on a GaAs substrate with 2° 

offcut towards <110>. The grown layers exhibit a good 

surface morphology or a shiny mirror-like surface. Despite 

the ~7.6% lattice-mismatch between GaAs and InAs/GaSb 

T2SLs, comparable crystalline quality and Rq to that of 

T2SLs deposited on GaSb were achieved. The electrical 

parameters are found to be dependent on the deposition 

temperature. The InAs/GaSb T2SLs can present n-type or 

p-type conductivity or even both. This important 

characteristic can be used in the conception of IR detectors 

or transistors. 

 

Fig. 3. (004) HRXRD 2θ-ω scan for the InAs/GaSb T2SL 

deposited at T>370 °C. 

 

Fig. 4. Hall concentration of three deposited InAs/GaSb T2SLs. 

 

Fig. 5. Spectral responsivity of the InAs/GaSb T2SLs grown at 

330 °C. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2. (004) HRXRD 2θ-ω scan for the 30 P InAs/GaSb T2SLs 

deposited at 330 °C (a), 350 °C (b), and 370 °C (c). 
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