55 XX #55 XX 1 85 2 K E R Vol. XX, No. XX
XXXX 4F XX J. Infrared Millim. Waves XX, XXXX

XEHS:1001-9014(XXXX)XX-0001-14 DOI:10. 11972/j. issn. 1001-9014. XXXX. XX. 001

InAs/GalnSb 1<K 21 5 8 RIS 7 B IMNE £ KR

F R OERHC, RER', {ER, TEE', ZRE', #EH, FEN7
(1. ERRERE 2 AR 5T I e F AR S 39250 %, b5 100083 ;
2. FEBLEBE R, LA 101408)

E:InAs/GalnSh T X M BAAAM B EK K EH KB HNBFAEAL L ERS . BIth o FRALEEKS
BAn R 4R BA L 7 GaSh M 5 % 8 E T & 30 # & T 50 & 2 #9 10MLInAs/7MLGa, ,In, ,,Sb 48 8 148 5 # 4t 4}
) B8 4 HE X AT 44T 4T (HRXRD) R AE , 43 3% 48 & % 89 & % B0 6. 108 A, B 1 B # 53.53 A, 5 # k% it
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The Epitaxial Growth of InAs/GalnSb Long Wavelength 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-wavelength
(LWIR) and very long-wavelength infrared (VLWIR) detectors. By optimizing molecular beam epitaxy (MBE)
growth parameters and interface control techniques, a 50-period short-period superlattice (SL) structure composed of
10-monolayer (ML) InAs/7ML Ga, ,,In, ,;Sb was successfully grown at the GaSb reconstruction transition temperature.

High-resolution X-ray diffraction (HRXRD) characterization revealed a lattice constant of 6. 108 A and a period thick-
ness of 53. 53 A for the superlattice, 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 12ML InAs/5ML Al (In, ,Sb superlattice barrier material was epitaxially grown, exhibiting a lat-
tice mismatch of 0.067% with the GaSb substrate. Experimental results confirm that both the 10ML InAs/7ML
Ga, ,,In, ,;Sb and 12ML InAs/SML Al (In ,Sb superlattices exhibit excellent lattice compatibility with the GaSb sub-
strate. The presence of multiple satellite diffraction peaks and superior interface quality further validate the structural in-
tegrity of the materials. These findings provide a critical material foundation for the development of high-performance
infrared detectors.
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Fig 1 RHEED diffraction image: (a) x3 image; (b) x5 image
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2 ARPEATHE R 10MLInAs/7MLGa, ,.In, ,.Sb Il 45 4 :(a) HRXRD PR 45 5 ; (b) AFM il it 45
Fig2 Result of 1I0MLInAs/7MLGa,,In,,,Sb superlattice without IF control:(a)HRXRD; (b)AFM
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Fig4 Epitaxial structure of 10MLInAs/7MLGa, ,;In, ,;Sb superlattice
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Table 1 RMS and States of epitaxial wafer with dif-
ferent V/III ratios
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1 6 4 1.78 IEH
2 5 4 1.71 R
3 6 3 3.65 EH
4 5 3 1.67 1EH
5 4 3 A H KR
6 3 3 A IR

£2 A[FE VAL RMS LK FWHM
Table 2 RMS and FWHM of epitaxial wafer with dif-
ferent V/III ratios
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1194 11§54 (A) (arcsec) (%)
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5 FHiEEE 10MLInAs/7MLGa, . In, ,.SbiIAZE 2R (a) HRXRD PR45 4 ; (b) AFM A4,
Fig 5 Result of 10MLInAs/7MLGa, ,In, ,,Sb superlattice with IF control: (a) HRXRD; (b)AFM
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Fig6 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;(c) number 3 ;(d) number 4
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Fig 8 PL result of I0MLInAs/7MLGa, ,,In, ,,Sb superlattice
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Table 3 Calculation parameters of kp method
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. InAsV/ AllnShV/ RMS  FWHM(arc-  KEE
11 He 1184 (A) sec) (%)
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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