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Abstract: In order to improve the performance, output and material quality of the large area array type-II su-
perlattice infrared detector, the optimal molecular beam epitaxy (MBE) growth condition of the long-wave 1-
nAs/GaSb type-1I superlattice on 3-in GaSb substrate was studied. Combined with reflection high-energy elec-
tron diffraction (RHEED) fringes, the effects of different deoxidation temperature and growth temperature on
the quality of 3-in epitaxial wafers were studied. The surface morphology, uniformity and lattice quality of the

wafers were characterized by optical microscopy, atomic force microscopy (AFM), wafer defect inspection
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system, white light diffractometry, high-resolution X-ray diffractometer (HRXRD), and X-ray diffraction

simulations. After optimization, the density of defects above 1 um of the epitaxial wafer is 316 cm *, the
roughness is 0. 37 nm, the total thickness variation (TTV) is 19. 6 um, and the cut-off wavelength at 77 K is

9.98 um. Based on the molecular beam epitaxial growth process of 2-in long-wave type-II superlattice, the

changes in the growth conditions after increasing the size of the GaSb substrate were studied. This is of refer-

ence significance for the adjustment of the conditions of III-V molecular beam epitaxy process after the size is

increased. It also lays the foundation for the scale, quality and productivity improvement of the antimony-based

type-1I superlattice infrared detector array.

Key words: molecular beam epitaxy; type-1I superlattice; 3-in GaSb substrate

0 5=

120 fH20 A K. 2T A1 R 27 [ B A
FLFH 450 5 4 S S B R L T T
WL/ 2o, 85 Rl ARG B A 1 o 37— 1R 20
RIS A0 % 7 60 L 5 o SR 4 R £ U
S H . TnAs/GaSh TT 2 8 B4 21 SM - T
TS A A0 TR, /82 7 4
B AL AR 4. AT
ERORE LRI . A S AR 52 A I T
Hg/Cd 21435 AL 045 BRI 45 7 AT, InAs/
GaSh 1K S b B LA TT 26 BB 10
B, BT R TE InAs B, 25 70
SCABTE GaSh 25 CH B . A 40 B ] 9 54
Y A A T RO T3 ot WS ) L il
TS SO B R R O IR T
T Bl 54— 2 50 HH [ A 2% ok
LI A T K A A 2 AR
FE LT DA AR AT A O T PR G T
FEM K

R K LT MR B K 6. Hg, Cd.Te
Cdl 944334 0. 01, 1k B K 7T A48 1~2 ym
St FEHK WL PEB . Cd 4150w Ak B
KR A, T InAs/GaSh 11 8 54 1 1
13 1 O 3o 4004 A 2 1
RV R P T E 5 TR 4 ol g
43 T AROMESE AR 72 AN FIEE K U 21 81
BB LR R S K, BE SRk,
M. TnAs/GaSh T1 S 5d B [ IR 123000 £
AL A DA Al 2T S B Y 3 AR b
0,

INFRARED (MONTHLY)/VOL.42, No.11, Nov 2021

£ Sb JLLL AP G- PRI &5 9 BIF A2 1056 v
s b — MM 2 in K/ GaSb )i, BE&
PR 15 T P A% K i i $ T 6 SRR 4 i
R WE A . 76 2 in fl R E HAEA T 1
AMEZITIANE Ry 18 um (1 1k X 1k (51, TIAE 3 in
FHE M ATA T 44> 1k Tk BESIS ., A &R
R gS . IR T OB B gy T R A
TEP A TAERFE] . 72 R RSE GaSb 4 IS #9 1il
W, 20 fag 90 AR E A il ] Czochralski
HHEAE K 3 in GaSb W IR M HE™ . 2010 4
BiJ5, [E Water Technology 23 &) #l12E [E Gal-
axy Compound Semiconductors 2> G418 T 3 in
il 4 in GaSb A9 Tl A AE7=1),

H AT HE A6 G H SR 5T B F 4 10 6 A P 21
SN A% AT 2> 5 RAME 2 in GaSb # g,
HMIEA K AR R T AT, A% o i L o
PERE R AFD . T T 3 in b 2 in Ao Y TR
Wm—fEZ, M ELARE R, 2 A A
ANy BEEIEEE . FTLASR T ORAME 3 in T1 2S5 5
& R 2 TR i 37 7 A 7 A ) ) ) M IR A
AR A R 1k AT EATE [ I B LR A
T FURH 00 2 b i 2 5 A0 E bl 1 L 22
ANe ACHESE T 3 in Kk 112588 Ak 731 R Ak
TER B AR KA, TE6 18 19 AR KT B2 Y BBl
B PR AR X ) PEFD S A B i R 47, (S BIDGA
WAL AFM, R PO WAL, BHO6 T
. HRXRD. X 54 fi7 55 35 A0 L KO Bk
Yt (Photoluminescence, PL) Y634 %T #4 Kl i 47
T RAE

http: //journal.sitp.ac.cn/hw



Haz . 11

. Ab 3

1 =5

ARSI R 4 in FHRIMERS, K
AL T LK Al, Ga, In VR, Si. Be
BRI VO B R IR, K As, AT Sy
EIRZRR R As, F1Sh, . L P BRI B T
AL R W, IR 3 in Te 4% GaSb
(100>, H B i #1455 BandiT R S83F17 5
A I 5 A TS 2 AR FH K v v CRRLBR 20O Y
BHFC L, AR R IR A SEREE (BRK S FIZE
EERREBRYD . MGG AERKE, fEid i
Sh H R (2 1X10° Torr) BRI T IF 4R &5 i (4
575 °C) £ AL JZ b #. A Ikt FE o, fl
RHEED {{ WA 55 2580, W] LA 21 WA 55307 Wi i)
SRR Er, BRI E B L bR, (R R R ST
JAFYFH . IERPRR R & 520 'C A4, &
K GaSb ZZh 2. 458 Won, RHEED A7 b i i
Mk, ULBH R E 34T Frank-Van der Merwe
(FMZZEAK, KRR FHRFEE ., 78 GasSb
FHRM R A, TR LmEs, H
RHEED 2520 2X5 #5748 Fy 1 X3, BAR i f2 (1)
M X (R AT VE A Al A K X 2%,

B J5 76 T 0 22 o 2 E AR A K SMIL/
SML. p Al# 7% InAs/GaSb H i 4544 (fE
ese s )2) . 13ML/8ML InAs/GaSbh £ I
)2 . 16 ML/4ML InAs/AlSh # & 2 L )&

(@)

http: //journal.sitp.ac.cn/hw

nZe InAs %2, A K o B 6
V/TIT 537 L AR 0 e R U EE 42 41 6 28 Y
KRR B B Rm., L, InAs
MK R HITE 0.75 A/s, GaSbh A %
M 1.5 A/s. AISb AR R 1 A/s,
TEHE M 058 LT - 45 & 3 T AT B 2R 98
PR K W, B A K InSh 38 B ok T
fif InAs 7F GaSb #f i§ I 4 K B 72 4= 19 5K W
A5l TEN As, 48 F ARS8 BE5E A R I
1648 B A K InSb il GaSh B A f As P84}
5240, wE As 414N OTR ALY,

AR 2 G P 2 T TR 6 2 A R B
SR =2 SCH 1 UEAE 2 in SR R
AR EEMARKREE, Hh L8402 REN
575 °Co A KR IE H 405 °C . U H A A= Kk
RGBSR 2l AR R B 22 AL 2 IR
JE (575 °C). EEEARFHRERS RS, &
i RHEED {3 B4 i 4 HLIC AT 5 4 8o 2
X5 B 13 FE T M A AL I 1R
IH TR 7 AR BE X ) SR 405 ~410 °C, fEBER
SRR R A KR R 10 C A4, SR
2H 3 [A) IR T R AL R R R A KR
X SZEG 2 1 2 T AF 45 R R AT SE A ik
R, AT HE 2 ML 2 IR B AN A KR B, 15
) 52 8 41 34 AL S 0 A K A AL R R

(b)
Kl 1 (a) RHEED 7 & TH# A8 iR E BT ) 2 X5 RT5T440; (b) RHEED 74K T 5448 15 15 L B )
1 X3 ATt k8

INFRARED (MONTHLY)/VOL.42, No.11, Nov 2021



4 ¢ A

2021 4F 11 H

JER 585 °C, KRR 415 'C, NSLK A
I, 2, 3k — R4 HEA
BRI R £1. #2. #3, SR XHH
TR M.
2 MERAES 3T
2.1 #RERERIER

UG 1 R R A E S ot s B R
fiE o YRR ECH 200 f5E . W7 TAA 3. 62
X10 % em’, B R #1 WRMB AR Z. H
MGG oL, RETHT 2 n w1k
JE AR S B 3 in WHE B SE PRI SN S 2
in B T X0, k80 22 rp BURLIR Bk B
R (T T R NP E I WY () A s Uk Sk
#H, WTREFCH KA ENIREANE &, Al)E
Kusee kb, R #3 TS T EA L
JEUR B A A R Y e B AR, T T
M. e BMERAS RRY, XTI T RAME

R4, W EAAZE 585 CHIE MK E A
KIRJE 415 °C, AR mERE . E 2
i, B S A B IS A A, KA
K5 um, BRI 3 um,

JH 2 T UKL B2 AU S0 i #3 AT R AR (L
Kl 2, A5G EAKT 3 um il 1 um A9 55086
ARG FEE, MBBIR T 3 um BB % N 44
em Y, RF 1 pm WELEEE N 316 cm *, %
S5 L 2 LA FE 7 TR B (9 1 AR 2R
TR A AR A S8 T, FEAMIE i S
A HE IR T E R ER S LR Y T T 9
2. wmE 3 R IEL IR,

AT W AT Bl 7 47 TTV
W, BT EHFEHERY . AP R h 2% 25 52 e B R
FE2 . MIHBRX —52m, B0 AR LR 70
mm, iR E/R, TTV A 19.6 ym (WLE 1),
VRE R RCAE . R TS B B M

B2 U3 in A SR BRI . (03B #1 (RAEAR)Z O 575°C, AR R E N 405°C .
BRIEEZ) s (ks A #2 GREA KRS . S . RGO 5 (OBl A =3 (A}

P 2 A Z I AR . R, Bt

INFRARED (MONTHLY)/VOL.42, No.11, Nov 2021

77

http: //journal.sitp.ac.cn/hw



BA2 %, 911

. A

3 3 in KB AR RS R TR AESE R (GEiT KT 3 pum Y BRFE)D

E 4 EFEHETF R 3 in K SEE TTV

R I — 2 K I GAOUL R T ) S R, fi
AFM FEWAE /1 (Peak Force) # 3X, F X i i A
34T I TR R . HiE R 2
um X 2 pm) . PUAbJE ZME 2 e i RELRS B 35 7

http: //journal.sitp.ac.cn/hw

#8 (Root Mean Square, RMS){H & 3. 77 A, h %
HUBEHE RMS {24 3. 70 A, B0 — 72 bt
P, RWIHME PEEA 5T 90 1B R 4 Y
B5rE, 5 Fianch ARM SR IS .

INFRARED (MONTHLY)/VOL.42, No.11, Nov 2021



hp 2021 4F 11 H

400.0 nm

Height Sensor
(a) i

1.1 nm

400.0 nm
(b) W%

Height Sensor

K5 LEAZIAEED 585 °C | A KR 415 CHIAME /) AFM R A (2 pm X2 pm)

2.2 X GtE&ATaiE R PL &

A 1Y) XSRS i A AR R BT
A 2H R AR S B AR AR R R A% 1 i 2T
B, i/ HRXRD 43 5 X5 55 - 23 # 5 i
DAL 1/2 AR AN AL AT X TR @20 F
A K XS4l Cu iy Ka £
(P A 1. 54056 ym) . 7E GaSh(004) B T )
SREIE A 6 LR, T A S R e A
S AN, BT 3AE NP E
U, Horh 0 g0 R o RS 06 F T 3 Y AR IR
8ML/8ML InAs/GaSb A% 45 #5 . 13ML/SML
InAs/GaSbh K 3% W W )2 A1 16ML/4ML InAs/
AlISb #8222, b — 1 901 R I 1 o 6 5
(Full Width at Half Maximum, FWHM) KX A
31 arcsec., 17 arcsec Fl 20 arcsec, HExZn] Il —4
RTVREWE, KU T REMMEEE. PO,
1/2 BTN G AL R A5 R BoR, %
DR R FEATS, FWHM —2, &I
& J2 ) J5E B R s o i LA R AP 5 M.
T O GAEN A FAA 2], sk TR
RS B2 7 1M R 5l . iR S Ab 5 b 2 AR
W, a7 s

FH Bruker RADS 3y 25 452 48) 51 1 %) it 45 #4
AT X BFERAT O RE IS BN . BRIy & 4 B A
A S S AT ) DRGNS TS, K 6T
TN . B R BoR, hESE #1238

INFRARED (MONTHLY)/VOL.42, No.11, Nov 2021

A/24.5 A InAs/GaSb . HF InAs/GaSh
M GaSb/InAs Bifh Z R BB AT 1.0 A
InSb; K ¥ WU )2 4 38.4 A /24.2 A InAs/
GaSb, A3 REH0 1.2 A InSh; #4420
n BB 2N 48.6 A/12.0 A InAs/AlSb, ¥
ANZE RS 0.8 A InSb, Kk W i J2 Fidh £
J2 IV 78 i R 18 i PR 28 T ALY InSh A
ToiE -7 InAs 1 GaSb, InAs #1 AlSb JZ2& &
TR AR o 3P 1 A5 Bl 25 R i i ] 00 1) 36 4 T
PR, B 20 AR it B 5| S T 22 3R T i B T
L.

FH L R 25 48 B A0 FE RN 4 1 A Lk D
BRI R e . T AME R B AR T E —
FE A PL G A & iR 5 7 198 6 &
e, A4S A R A 21 Z PRI B 1) AR
Wk . AAREIR IS WA PL g, 3R EGIE M
fEMa e, M55 5 23 MR AE K A3
AR T 13ML/SML InAs/GaSh Kk ik 2 .
FE 77 KRR AR PL A5 5. il 8 B
Ns AR 77T KR PEECH 1002 em ', AHEL IS
F79.98 um, Bl S5 I E T 85~110 K i [l N 1Y
AFVR PL OGRS, BFHE 5 CIlE—k. B
6100 um A 47, G5B, KK =3 BT
SEA RN A S T AR £ 4 £ ST T 25 19
BUEP A ATIN 10 yum £ 47

http: //journal.sitp.ac.cn/hw



Haz . 11 . A 7

E 6 iR A £3 ik i HRXRD 1%L K X G148 g sh 25 p 0l 45

B 7 356 A #3 A CED L 1/2 2R84 (PO A 8R4 CFH A HRXRD 3%

3 H4
AW T 2% KM E fF RHEED 77 it
OB AR S, AL T#E 3 in GaSb # K _F A4
K InAs/GaSb 11 2888 fdg A K & AF . 2T
FAMIE A S e 48 B E AR RIIR R, 3 in
GaSb ¥} IK5 2 in 4f JIE 1Y 55 b i B2 AR 356 r
225, PR U0 A 3 A0 B 1 Sk PR IE SR
B J2 ELA ARG A Bk R 5 R R R G T A A T
‘ - XA S 2 5 KA B R 5 A AT T
500 1000 Wﬁﬁwwmm 2500 MFEAE. A 1 um DL E B %l 316
em™?, RMS 7 — A2/ %, TTV J 19.6
um, KU S5 025 A% R 5T A, &

Single Channel

K8 K P me i)z iy A2 i PL 3%

http: //journal.sitp.ac.cn/hw INFRARED (MONTHLY)/VOL.42, NO.11, Nov 2021



. A

2021 4F 11 H

A KRR E . 77 K F i PL A i #1k
PR 9.98 um, AR RK. LHALFER 3
in R 1T 250 b A A R by TR0 e 11 1 o A
JiER A REAR TH B E TR . BEE 4 in KER
T GaSb o JiE 9 R ML AL . PRIESD SE A7
RAF A B S R o P ST B . AR AR X R
SR 112 AR BRI 20 T SRAME T2 A4
LHTRHRAEMHBEASEE L.

[1]

[2]

(3]

[4]

(5]

[6]

[7]

2% Lk

Rogalski A. New Material Systems for Third Gen-
eration Infrared Photodetectors [ J]. Opto—Elec-
tronics Review, 2008, 16(4) . 458—482.

HiEtr, KA +SHEBREWE (M. I
g AR EOR I AL, 1995,

Ting D Z-Y, Soibel A, Hoglund L, et al. Type-II
Superlattice Infrared Detectors [ M ]//Gunapala S
D. Advances in Infrared Photodetectors. Amster-
dam: Elesvier, 2011.

Razeghi M. Overview of Antimonide Based III-V
Semiconductor Epitaxial Layers and Their Appli-
cations at the Center for Quantum Devices [ ] ].
European Physica Journal-Applied Physics,
2003, 23(3): 149-205.

Manurkar P, Ramezani-Darvish S, Nguyen B-M,
et al. High Performance L.ong Wavelength Infra-
red Mega-pixel Focal Plane Array Based on Type-
11 Superlattices [ J]. Applied Physics Letter,
2010, 97, 193505.

Dutta P S, Bhat H L., Kumar V. The Physics and
Technology of Gallium Antimonide; An Emerging
Optoelectronic material [ J]. Jouwrnal of Applied
Physics, 1997, 81(9) . 5821-5870.

Furlong M J, Martinez R, Amirhaghi S, et al.
Based Infrared Materials:

Antimonide Develop

ments in InSb and GaSb Substrate Technologies

INFRARED (MONTHLY)/VOL.42, No.11, Nov 2021

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[C]. Takamatsu: 22nd International Conference
on Indium Phosphide and Related Materials
(IPRMD) . 2010.

Furlong M J, Martinez R, Amirhaghi S, et al.
Epitaxy Ready 4" GaSb Substrates: Requirements
for MBE Grown Type-1I Superlattice Infrared De-
tectors [ C]. SPIE, 2010, 7660 76601K.
Furlong M J, Martinez R, Amirhaghi S, et al.
Multiwafer Production of Epitaxy Ready 4" GaSb
Substrates: Requirements for Epitaxially Growth
Infrared Detectors [ C]. SPIE, 2012, 8268:
826818.

Allen L P, Flint J] P, Meschew G, et al. 100 mm
Diameter GaSb Substrates with Extended IR
Wavelength for Advanced Space Based Applica-
tions [ C]. SPIE, 2011, 8012 801215.

A XIS, AR, 55 2 T HRAME InAs/
GaSb 11 A% I BREA BT [J]. B S 405,
2016, 46(9): 1106-1109.

TR T, XE, . 5. T RAME InAs/
GaSb I1 28 & i A4 kL [J]. 41 5h, 2017, 38
(12). 19-22.

AR X8, I, 4. InAs/GaSb 11 38 i
M EPEREMESY [J]. B E a5, 2019, 49
(6): 725-727.

Jackson E M, Boishin E I, Aifer E H, et al. Ar-
senic Cross-contamination in GaSb/InAs Superlat-
tices [J]. Journal of Crystal Growth, 2004,
270. 301-308.

Hu Y N, Tam M C, Wasilewski Z R. Uninten-
tional As Incorporation into AISb and Interfacial
Layers within InAs/ AlSb Superlattices [ J]. Jour-
nal of Vacuum Science & Technology B, 2019,
37(3): 032902.

TR, X464, W, 5. 1128 s Kk 204t
PRI E AT [J]. 45h. 2021, 42(3): 1-5.

http: //journal.sitp.ac.cn/hw



