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Abstract: This article systematically introduces the testing and analysis methods used by domestic and

foreign research institutions to study the superlattice interface. To evaluate the quality of the superlattice

interface, the InAs/GaSb type-II superlattice interface type, interface roughness, abruptness, and other

characteristics can be tested and analyzed using Raman spectroscopy, high-resolution transmission electron

microscopy, a scanning tunneling microscope, secondary ion mass spectroscopy, and X-ray photoelectron

spectroscopy. Photoluminescence spectroscopy, high-resolution X-ray diffraction, Hall measurements, and

absorption spectroscopy can be used to study the effect of the superlattice interface quality on the energy

band, crystal quality, and optical properties of superlattice materials.
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Fig.1 Room-temperature Raman spectrum of InAs/GaSb SLs with
InSb- or GaAs-like IFs grown on (0 0 1) GaAs using either
InAs or GaSb buffer layers
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Fig. 2 HRTEM image of InAs/GaSb superlattice grown on GaSb (0 0 1): (a) Cross-sectional HRTEM images of the InAs/InSb/GaSb

SL taken along the [1 1 0] zone axis; (b) Corresponding (0 0 2) lattice fringe image of the SL
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(a) To the left is a HRTEM image of cleaved specimen taken from an

InAs/GaSb SL grown on a GaSb buffer layer and GaSb (001) substrate, designated in Fig. (a)

(b) The {200} intensity profiles taken from the two columns

The processed image on the right, taken from the HRTEM image to the left
InSb Bonds, GaSb Buffer ~ GaAs Bonds, GaSb Buffer

(c) GaAs (0 0 D JE_EAE K (¥ GaSb 222 L1 InAs/GaSb SL 435 ) HRTEM & (%0181
(c) Processed HRTEM images of InAs/GaSb SLs grown on GaSb bufter layers on GaAs (0 0 1) substrate, the middle layer is InAs
K3 GaSb (00 1)k GaAs (0 0 D4 JE EAEK A GaSb 25412 _E 1 InAs/GaSb SL ¥ ) HRTEM {4
Fig.3 HRTEM images of InAs/GaSb SL samples on GaSb buffer layer grown on GaSb(0 0 1) or GaAs(0 0 1) substrate
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Fig. 4 XSTM images (anion sublattice) of InAs/GaSb SL samples: (a) STM images (anion sublattice) of InAs/GaSb SL samples in
(1 1 0) cross section. Asz-soak times are 0 s (bottom), 4 s (middle), and 15 s (top), respectively; (b) XSTM image of a GaSb/

InAs superlattice grown with Pb=5.3x10"° Torr revealing the anion sublattice (60 nmx60 nm). Inset: Close-up (7 nmx7 nm) of

an InAs/GaSb interface where a segment of GaAs interfacial bonds are observed (dark area indicated by the arrow)
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Fig. 5 SIMS of InAs layer growing on GaSb layer: (a) SIMS depth profile of an InAs layer buried in GaSb; (b) Sb profile measured by
SIMS for two InAs-grown-on-GaSb interfaces at substrate temperatures of 475°C (dashed line) and 380°C (solid line)
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Table 1 XPS peak intensity ratios between elements primarily

on the same side of the interface of GaSb/InAs and

InAs/GaSb
Measured range of XPS
Structure peak area ratios
Sb4d/Ga3d As3d/In4d
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1.20-1.31 0.63-0.86
4g:7s
InAs/GaSb
0.55-1.24 0.81-1.37
12g:17s

Note: The notation xg:ys specifies x growths and y XPS scans

used to obtain a given set of values
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#2 (InAs+IF)/(GaSb + IF) SLs #fi \ InSb-like m/#1 GaAs-like 5[ ¥ ZE L 44134
Table 2 Data summary of (InAs+IF)/(GaSb+IF) SLs: the InSb-like or/and GaAs-like IFs were inserted between the layers and their

values were estimated from shutter time

IF type Period/A  Strain/%  RJ/(QUsq)  nd/(x10em™2)  p/(cm¥Vs)
0/0 44.8 -0.13 8563 1.8 4104
InSb/GaAs 454 —-0.08 3409 2.8 6579
InSb/InSb 45.5 +0.10 7020 2.0 4343
GaAs/GaAs 45.2 -0.30 7675 1.5 5548
GaAs/InSb 45.1 -0.15 45690 52.2 26

Note: The Rs, ns, and g represent the 10 K resistivity, hole density, and in-plane hole mobility
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Fig. 10 RT measured absorption coefficient of strain

compensated InAs/InSb/GaSb (10/1/10MLs)SLs
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