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Research on epitaxial growth of InAs/GalnSb long-wave infrared
superlattice materials

LI Chen'?, JIANG Dong-Wei"", XU Ying-Qiang', NI Hai-Qiao', WANG Guo-Wei', WU Dong-Hai',
HAO Hong-Yue', NIU Zhi-Chuan"
(1. State Key Laboratory for Optoelectronic Materials and Devices, Institute of Semiconductors, Chinese Academy
of Sciences, Beijing 100083, China;
2. University of Chinese Academy of Sciences, Beijing 101408, China)

Abstract: InAs/GalnSb Type-II superlattice (T2SL) materials exhibit significant advantages in long-wave (LWIR) and
very long-wave infrared (VLWIR) detectors. By optimizing molecular beam epitaxy (MBE) growth parameters and in-
terface control techniques, a 50-period short-period superlattice (SL) structure composed of 10 monolayer (ML) InAs/
7 ML Ga, .In, ,;Sb was successfully grown at the GaSb reconstruction transition temperature. High-resolution X-ray dif-
fraction (HRXRD) characterization revealed a lattice constant of 6. 108 A and a period thickness of 53. 53 A for the su-
perlattice, with deviations from theoretical design values below 0.2%. The lattice mismatch with the GaSb substrate
was only 0. 197%. Atomic force microscopy (AFM) measurements demonstrated a root mean square (RMS) surface
roughness of 1. 67 A, while photoluminescence (PL) spectroscopy indicated a bandgap of 89. 9 meV. Furthermore, a
12 ML InAs/5 ML Al In, ,Sb superlattice barrier material was epitaxially grown, exhibiting a lattice mismatch of
0. 067% with the GaSb substrate. Experimental results confirm that both 10 ML InAs/7 ML Ga, ,In, ,;Sb and 12 ML
InAs/5 ML Al, In, ,Sb superlattices exhibit excellent lattice compatibility with the GaSb substrate. The presence of mul-
tiple satellite diffraction peaks and superior interface quality further validate the structural integrity of the materials.

These findings provide a critical material foundation for the development of high-performance infrared detectors.
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Fig. 2 Result of 10 ML InAs/7 ML Ga,,In,,.Sb superlattice
without IF control: (a) HRXRD; (b) AFM

GaAs-IF

P——

Aa InAs As
o 1=60's 1=4s

=105

v

3 10 ML InAs/7 ML Ga, ,.In, ,.Sb #8 ftA% bR 1 T 3753 75 1%
Fig. 3  Shutter sequence of 10 ML InAs/7 ML Ga, ,In, ,;Sb

superlattice

TE As S H A1 0. 5 ML Y GaAs FLi , HARA: K 4544
wmE 4R, ESESITTE L AK 0. 5 MLIEEER) GaAs
BLUH 5, 10 ML InAs/7 ML Ga, . In, ,,Sh i A% (1) B

GaShZE | e
0.5 ML GaAs
InAs/GagsIng,Sh BRIEE 10 ML InAs
7ML GasIngSb | | 5o
0.5 ML GaAs 5@
GaSb Buffer & 10 ML InAs
7 ML Gagalny,:Sb
GaSb¥E | e

4 10 ML InAs/7 ML Ga, ,.In, ,,Sb EAASNELE
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Fig. 5 Result of 10 ML InAs/7 ML Ga,,In,,;Sb superlattice
with IF control: (a) HRXRD; (b) AFM
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45 InAs V/IILEL  GalnSh V/IIEL  RMS(A)  AMERARE
1 6 4 1.78 EH
2 5 4 1.71 IEH
3 6 3 3.65 IEH
4 5 3 1. 67 IEH
5 4 3 R H KIR
6 3 3 R H KIR
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RAETE A R AR S ), RIS TV 38 2ok AFM i
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Table 2 RMS and FWHM of epitaxial wafers with
different V/III ratios
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11154 It (A) (arcsec) (%)

1 6 4 1.78 108. 7 0. 101

2 5 4 1.71 60.3 0.270
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4 5 3 1.67 46. 6 0.197

TEAMEE K InAs/GalnSh i#8 Sk A4 R R b, 36
T T4 FrAb 9 Ehrlich-Schwoebel (ES ) 34 22 K/ e
SE T MR TE IR T R S R . MK InAs
JZ VL =6 B, RIMAAAELL Z 10 VIEICER T IT
EAR EESHAERAT MK CE T BT H
B R e 1R o0 R Y X2 B i 2s 7, 53
AFM EUEIE K AL, W E 6 (a) 5 6(c) in , H
FWHM il 5 25 J A K, 2% 11 A A4t 2R 1T TR 550 oL
W%, HInAs)Z VI A SEFE 6(b) 5 6(d)
7R, BE N AFM &5 o ULEE 3 45 Sk 335 Wb ) L1 65
B, H L RMS BB, B6HA 76 L AU L T A kLR 1
BEBIEBY 807 Hd, 24 GalnSh J2 V/I1T
Fb ok 3. InAs )2 V/IIT R S B 8 SR A% A4 REHE) RMS i
INF1. 67 A3k R WITESME i AR P TR T 2 DL
W B 55 V5 TG 2R IR RS G DL s A, S E AL Y B T
R B, HAME F HRXRD P45 50,3508 B 4 5
4 BRI 2 16 B BN, o 46. 6 arcseco HRXRD 4
RN ANER RS IR Z A B G L EE R 0. 197%,
FH LG T AHEAT S 1H P84 (0 ARG LB 0. 266% A7 it
et (H 5 HE 2 BCE 0. 078% A7 AE 22 . Xl
RE S T 78 SE bR Bt A 4 2R Ko A v, AT A 9%
A 100% JE 1 Ga—As #E , W] BRI AAAE— T 53 In—Sh 5
s HA LA 8. FRE R K InAs )2 VT L Ny
6 B, BRI S O He VLT EE R 5 B R /DN 0 B AR 458
{51 14 InAs J2 V/IT AR S8R S 1H T 25 5 T8 ik
“GaAs” LT , WA 2 Fc B2 0 /)N , {5 iy VI HE 2% 4
TS S E R R DR SR 22, R e S B K
T e 7 AR N AR LA T RO o RIS, A AT A
L T 1 Soak B[] 45 A 1 2 85010 AT B 23 5% 1 ST
TE R, e 252 i ARG 2 LB, A RIS AR 48 MBE 1%
HF A Z2E0, 6 Y Soak B[] K 4 s, FF% 4 Soak
B[R] A R iE— 2 F S A . 5 22 A0 2k 2 3k B
InAs J2 V/III 4 5, GalnSh 2 /1 V/IIIL 1 3 461
AT o



200 g hh 5 2 oKk I e M 45 %

0pm 2 4 6 8

0.99 nm

a5

(¢)Sb/(Ga+In)=3 As/In=6

1.65nm

> -1.00

K6  Ala% 5 HISNE 59 AFM IS (a) G5 15 (b) %5 25 (o) %5 35 (d) % 4

Fig. 6 AFM test images of epitaxial wafers with different numbers: (a) number 1; (b) number 2; (c) number 3; (d) number 4
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Fig. 7 HRXRD test images of epitaxial wafers with different numbers: (a) number 1; (b) number 2; (¢) number 3; (d) number 4
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Table 3 Calculation parameters of 8—band kp method

S8 InAs GalnSh
FuE R RL(A) 6.058 4 6.1914
HL A BT (m, /) 0.023 0.031 025
Fa B AR (eV) -5.08 -7.376 8
M AL (eV) -1.00 -0. 69
Yl JE A (eV) bw=-1.8; bb=-2.0 bw=-2.0; bb=—4.7
Sk B H L (GPa) C,=833; C =453 C,=834; C,,=395
B (eV) 0.41 0.579
Luttinger 241 ¥,=19. 67;7,=8. 37;7,=9. 29 y,=18.75;7,=7. 4;7,=8. 625
SEEH S (eV) 22.04 25.205
AR A/ 24hE(eV) 0.38 0. 7477
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Fig. 9 Shutter sequence of 12 ML InAs/5 ML Al (In,,Sb su-

perlattice

GaShEE | e
0.2 MLAIAs 508
InAs/AlygIng,Sh BRI&E 12 ML InAs
5 ML AlyIng,Sb -
0.2 ML AIAs 58
GaSb BufferZ 12 ML InAs
5 ML Al gIng,Sh
Gasb¥E | e

10 12 ML InAs/5 ML Al, ,In, ,Sb EASMELE
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HRXRD result of 12 ML InAs/5 ML Al In, ,Sb su-
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Fig. 12 AFM test images of epitaxial wafers with different V/III ratios
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Fig. 13 HRXRD test images of epitaxial wafers with different V/III ratios
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Table 4 RMS and FWHM of epitaxial wafers with
different V/III ratios

-~ InAs V/ AllnSh V/ mtas FWHM PR
1104 J11R:4 (A) (arcsec)
1 4 4 2.72 62.9 -0.256
2 4 5 2.0 63.7 0. 067
3 5 3 3.06 269 -0.287
4 5 4 1. 69 47.7 -0. 106
5 5 5 2.15 57.3 -0.111
6 6 4 2. 44 75.7 -0.379
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