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Characterization of GaSb/Si buffer  

Si substrate. Figure S1 shows a high-resolution transmission electron microscopy (TEM) 

micrograph of the Si:III-V interface, which allows the direct observation of the atomic 

configuration and confirms the 4° offcut of Si surface towards [0-11] directions.   

 

Figure S1. High resolution bright field TEM micrograph of Si:III-V interface.  

 

Figure S2. (a) Dark field TEM image of the two-step GaSb buffer layer taken along the [220] 

direction. (b) High resolution TEM image of the Si:III-V interface presenting the well-formed IMF 

array. (c) Fourier filter image of the IMF array shown in Fig. (b) obtained using (-111) Bragg 

reflection. 
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Two-step growth temperature GaSb buffer. Figure S2 (a) shows a TEM image of the 2 μm thick 

two-step GaSb buffer layer. The threading dislocation density significantly decreased within the 

first half of the buffer layer and no APDs were observed, contrary to previous reports1. The high 

resolution TEM image in Fig. S2 (b) shows the periodic arrangement of the interfacial misfit 

dislocations (IMFs) network at the Si:III-V interface. Fourier filtering using the (-111) Bragg 

reflection was employed to highlight the IMFs position and the extra atomic planes on the Si side 

as shown in Fig. S2 (c). 

 

Figure S3. ECCI surface images of samples grown using (a) just the two-step GaSb buffer and 

(b) the two-step buffer and DFs. AFM surface images of (c) the two step-buffer and (d) the DF 

sample. 

 

Dislocation filters. Figure S3 presents a surface comparison using electron channeling contrast 

imaging ECCI and AFM: of the two-step GaSb buffer layer and the improvements observed with 

the dislocation filters (DFs). A resulting root mean square (RMS) surface roughness of 2 nm 

(AFM: area: 10 x 10 μm) was measured from the two-step GaSb buffer layer and a threading 
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dislocation pit density of 2 x 108 cm-2. The use of DFs reduced the surface roughness to 1.18 nm 

and the dislocation density to 3 x 107 cm-2. This RMS surface roughness is lower than previously 

reports on GaSb/Si2 and close to values reported for GaSb integrated onto lower lattice mismatched 

GaAs3. 

 

Figure S4.  (a) Normalized spectral response signal of the SL nBn detector obtained at different 

temperatures. (b) Peak response energy dependence on temperature with a Varshni line of best fit. 
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Temperature dependent spectral response  

The temperature dependent spectral response is shown in Figure S4 (a). An absorption dip due to 

CO2 can be clearly observed, while the 50% cut-off wavelength red shifts towards longer 

wavelengths with increasing temperature. Plotting the square of the response at each temperature 

against the energy and extrapolating to the zero value reveals information on the energy gap4, as 

shown in Figure S4 (b). The data is fit using the Varshni equation5 

                                                             𝐸𝑔(𝑇) = 𝐸0 −
𝑎𝑇2

𝛽+𝑇
                                                                  (1) 

 

where 𝐸0 (eV) is the band gap at 0 K, 𝛼  and β are Varshni coefficients and T is the temperature in 

Kelvin. A 0 K ground-state transition energy of 𝐸0 = 265 meV was found, which is in agreement 

with the 268 meV ground-state recombination calculated using Nextnano. The constants 𝛼  and β 

were found to be 0.24 meV/K and 63K respectively.   

 

Designing a strain balanced type-II InAs/InAsSb SL 

To achieve a high quality InAs/InAsSb SL it is important to accomplish strain balancing on GaSb 

using an optimized combination of layer thicknesses and Sb composition in the InAsSb layer. 

Furthermore, as the layers of the SL are strained the thickness of every single layer needs to be 

smaller than the critical thickness, equal to 20 nm for the InAs/GaSb system as predicted using the 

classic Matthews-Blakeslee model6. The strain balancing conditions for the InAs/InAsSb SL on 

GaSb can be described using the equation7 

                                            𝑡𝐼𝑛𝐴𝑠𝑆𝑏 = (
𝑎𝐺𝑎𝑆𝑏−𝑎𝐼𝑛𝐴𝑠

𝑎𝐼𝑛𝑆𝑏−𝑎𝐼𝑛𝐴𝑠
) (

𝑃

𝑥
) = 0.090 (

𝑃

𝑥
)                                    (2) 
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where P = tInAs + tInAsSb is the thickness of one period, ti is the thickness of the i-th layer, x is the 

fraction of Sb in the InAsSb layer and ai is the lattice constant of the i-th material. An Sb content 

of 16% and a period of P= 13.3 nm was chosen to tune the SL emission wavelength over the 3 – 5 

μm atmospheric window resulting in tInAs = 7.4 nm and tInAsSb = 5.9 nm.  

The band structure and the quantum confined bands inside the InAs/InAsSb type-II SL were 

calculated using a six-band k∙p solver using Nextnano software8. Material parameters for the bulk 

InAs and InSb were taken from the work reported by Vurgaftman et al9. The lattice constant of 

InAsSb alloys were obtained using Vegard’s law  

                                         𝑎(𝐼𝑛𝐴𝑠1−𝑥𝑆𝑏𝑥) = 𝑥𝑎(𝐼𝑛𝑆𝑏) + (1 − 𝑥)𝑎(𝐼𝑛𝐴𝑠)                                    (3) 

 

by interpolation of values between InAs and InSb binary alloys. The band gap energy Eg was 

obtained using the quadratic approximation 

                       𝐸𝑔(𝐼𝑛𝐴𝑠1−𝑥𝑆𝑏𝑥) = 𝑥𝐸𝑔(𝐼𝑛𝑆𝑏) + (1 − 𝑥)𝐸𝑔(𝐼𝑛𝐴𝑠) + 𝑥(1 − 𝑥)𝐶                             (4) 

where C is the bowing parameter for InAsSb. A value of 0.971 eV was used for the total bowing 

parameter, as reported by Webster et. al.10 The predicted transition energy from the conduction 

band to the lowest confined heavy hole level in the InAsSb well was in excellent agreement with 

the experimental photoluminescence and spectral response results.  

 

Overview and summary of recent results 

Figure S5 and S6 presents an overview of the specific detectivity (D*) and external quantum 

efficiency (EQE) results from this work along with previously published data for state-of-the-art 

photodetector devices (References No. 11 - 21). All detector devices show a mid-wavelength 

infrared 50% cut-off wavelength. These results are comparable to that of type-II superlattice pin 
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detectors integrated on GaSb11,15,16,20 and GaAs11 substrates which can be attributed to the excellent 

crystal quality of the GaSb-on-Si buffer layer. Further optimization of the GaSb buffer could lead 

to further improvements, paving the way for future high temperature and performance Si integrated 

devices, comparable to those of state-of-the-art InAs/GaSb SL pMp detector structures13,21. Table 

S1 also presents a summary of D* and EQE for recent devices operating in the mid-infrared 

spectral region. 

 

Table S1.  Key operating parameters (D* and EQE) of detector devices reported previously in the 

literature. 

Structure 50% cut-off 

wavelength (μm) 

D* (Jones) EQE 

(%) 

Temperature 

(K) 

InAs/GaSb SL pin on GaSb [11] 3.7 4.7 x 1010 - 80 

InAs/GaSb SL pin on GaAs [11] 3.7 2.34 x 1010 - 80 

InAs/GaSb SL p-on-n on GaSb [12] 4.5 2 x109 8 240 

InAs/GaSb SL pMp on GaSb [13] 4.4 8 x 1011 44 150 

InSb pin on Si [14] 5.3 8.8 x 109 16.3 80 

InAs/GaSb SL pin on GaSb [15] 5.4 3 x 1012 25 77 

InAs/InAsSb SL pin on GaSb [16] 5 - 24.1 80 

InSb pin on Si [17] 5.3 3.08 x 109 11.1 77 

InGaAs/InAsSb SL nBn on GaSb 

[18] 

3.4 - 27 180 

InAs/GaSb SL pBiBn on GaSb [19] 4.2 2.1 x 1011 38 77 

InAs/InAsSb SL pin on GaSb [20] 5.4 - 20 77 

InAs/GaSb SL pMp on GaSb [21] 4.5 7.7 x 109 68.6 250 

InAs/InAsSb SL nBn on Si [This 

work] 

5.4 3.65 x 1010 25.6 

(200K) 

160 
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Figure S5.  Summary of recent results showing the specific detectivity as a function of the cut-off 

wavelength.  

 

Figure S6.  Summary of recent results showing the external quantum efficiency as a function of 

the cut-off wavelength. 
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