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Abstract: The InAs/GaSbh type- Il superlattice (SL) constitutes the fundamental structure for mid-infrared opto-
electronic devices, characterized by its type- Il band alignment that facilitates the spatial separation of electrons and
holes across the interface, and a unique atomic configuration leading to a rich variety of interface states. Building up-
on the Burt-Foreman envelope function theory, we investigate the influence of different interface states on the elec-
tronic states and wave functions of the superlattice. Theoretical calculations indicate that both asymmetric distribu-
tions of interface states, namely gradual interface variation and interface potential, result in spin splitting of the
heavy-hole band, while spin splitting in the light-hole band occurs only with the application of an interface potential.
Additionally, we examine the trends in the band gap of the superlattice system when altering well width and barrier
height. The results show that as the barrier thickness increases, the gap calculations under both abrupt and gradual
interface states gradually decrease, converging with increasing thickness. In contrast, the gap calculated with inter-

face potential treatment increases with the thickness of the barrier, exhibiting an opposite trend to the former two.
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This provides a theoretical foundation for the precise design of mid-infrared superlattice devices.
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Fig.2 Dispersion diagram under different interface conditions. (a) E-k relationship when the interface is steep interface. (b)E-k

relationship when the interface is gradually modified. (¢ ) E-k relationship when the interface potential is applied

K3 W 7n 1 B8 SL 4h Al 2 HO0 Al B Y 52
Wi o 3 O R BB JR R AT LA B 2 B T R
BT O R IR T S A BE i B T Y 45 R
ST B i BT G SR U B AR T BE i B T A
i i AR B LR E N LR R, B R

3 8 2 R 5 B W R 0 2 SR
P A, 3 LB 75 5816 56 4 B s 005 T 1
5000 25 B T 57 4 SR WO 95 9 I 59 K T g
5 BRI 8 5, 55 SR o 0 5
Kok S £

0.9 1.0
(a) (b)
0.8
—f—Original 08k —@—Original
0.7r =® -Gradual ' =® -Gradual
0.6 —he—MIA —h—MIA
- s -
L <L 06
ET: 0.5F ;EB
o Q
€ 04t g
: = 04}
O 03+f & ” A N A A
A 4 A
0.2+ 02
0.1F
0 L L . 1 0 L
1 2 3 4 5 1 2 3 4 5
InAs L /nm GaSb L /nm
B3 (a) B0 InAs HABiJEEBE X Al BRGS0 5 (b) B0AE GaSh 34 42 J5L BE X B i) 5% 0

Fig.3
band gap
Pl 4 i T 6 8 5 W 96 00 26 P T, 08 R
A5 8 JE X BB B . T 4 Ca) T LU A
B 20 205 F2 A S 0 K 828 A T 6
A KGR W 1613 85 T 0907 18RS 3 B 4(b)
S T O T I T 24 T R K,

(a) Effect of changing the InAs well thickness on the band gap. (b) Effect of changing the GaSb barrier thickness on the

At I PR EC IR R T W] A A (EL A 0 R RO AR 2
S N TREREE <R T N CIE ST

K5 Son 1 AE AR BE 98T, i St i A o
XF Al B A SZ I . AN 5 (a) AT LU Y, 24 InAs #VBF
Yo FEI1. 0 nm 2. 0 nm [, Bl 75 22 72 )2 JE 1Y , 2



%55 DA, 4 FUERFERT InAs/GaSh 1T T8 4 56 2% 1 Jo 5% o 2110 BAF 52 821

(a) 020 2.0
0.15+ {115
5 GaSb  InAs  GaSb InAs  GaSh
s 0.10r - 11.0
= | ] e
S "——
E 0.05 + 10.5
=]
v
z 0.00f t ——O0nm 40.0
= & —0.2 nm
—0.4 nm
-0.05}+ HH1 ——0.6 nm4 -0.5
=z — 0.8 nm
—— 1.0 nm
-0.10 ! ! 1 1 1 -1.0
2 4 6 8 10 12 14
Position/nm

Energy/eV

(b) 0.20 2.0
0.15}F 415
3 GaSb InAs  GaSb InAs  GaSh
. 0.10F 11.0
= a z
g 2z
2 00st {05 &
<2 =
z 000} — ey 100
= 1 L —0.2eV
—0.4eV
-0.05} HH1 — 06ev{-05
z —0.7 eV
-0.10 L L ! ! L =1.0
2 4 6 8 10 12 14

Position/nm

P4 (a)dios 52748 J2 J5E R F I pR A 52 08 5 () 3028 7 T 50 5 32 o I8 R B ) 52 )

Fig.4 (a)The effect of changing the thickness of the gradual layer on the wave function. (b) The effect of changing the interface

potential strength on the wave function
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