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Abstract: Infrared detection technology plays a key role in many important fields, such as satellite reconnaiss-
ance, military guidance, astronomical observation, medical detection, and modern communications. Type-II
superlattices, as a new generation of infrared detection materials after HgCdTe detectors, have unique advantages
in terms of stability, manufacturability, and cost. The barrier-type InAs/InAsSb type-II superlattice infrared
detectors are one of the most promising type-II superlattice infrared detectors. Their key performance has been

steadily improved in recent years but is still constrained by factors such as low absorption coefficient, difficult
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heteroepitaxial growth, and large dark current. Herein, this article reviews the development history of III-V

type-1II superlattices, analyzes the different barrier structures, key properties and development trends of barrier-

type InAs/InAsSb type-II superlattice infrared detectors, and points out the potential key problems and future

development directions of barrier type InAs/InAsSb type-1I superlattice infrared detectors.
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p AUFN n RYOZ ISR 5320 4 Y9 CBIRD W] LUK FH# &
(5 T, /b p RS R 5 1 R TR

2021 4F, JPL {ifi Ji] CBIRD %5 ¥4 il 45 # £ Al 41
AR R, S5 F S BT Ak K 10.0~15.3 pm
(4 33 55 0 Fl, H b gt AT 28 n A InAs/InAsSb T2SLs
Wi 2 A p %) InAs/InAsSb T2SLs Wit /2 40 4 1 . #b
P AR LT HMRI ZE 254 (pn-CBIRD)™, HAEA 254 [ 4
K7 PR o TR AR, SR A 25 X9 HIOK B BT Ae i
(1 J2 2 AR 8 n RUIR U, SR 5 A &N p AW I
2, ST RS R ROR . TE 60K, 50% BRI
13.3 um fY pn-CBIRD InAs/InAsSb T2SLs (] 85 B i N

B Unipolar

electron barrier

P O = P

no—B N

Top L l@) -
contact  p-type absorber n-type absorber

Unipolar  Bottom
hole barrier contact

¥ 7 pn-CBIRD REHF 454 5]

Fig.7 Energy band structure diagram of pn-CBIRD

JZBY p UM IUZ 1) = Fh BANA 22 2T AMR I B 45, B
A p FUA n BYL A W IUZ ) pn-CBIRD 544 7] LLSE 3
T/ 2R BE, SEBLE /NG HE RO, = b ERb R Ap A
447 5 1Y) 1 T 4 &) 8 s . HiH n-CBIRD, 7E 77 K,
0.15 V i, # 1k K 10.0 um 19 QE K~25%. i
p-CBIRD Al pn-CBIRD ] QE “h~35%, i1 T-fdi i p &I
W2 i 2, p-CBIRD #1 pn-CBIRD #J QE k. n-CBIRD %
2 10%.

[ 8 JPL CBIRD FPA J{f£" ™"

Fig.8 Image taken with the CBIRD FPA of JPL 7"

CBIRD %5 14 1] LA 250 fife ke 2 i T L 37 1) AL, )
T, 3o 8 R A 22 Kb B S 148 A O3 A, BT LA — 2D R
IR 25 FEL A o R R 1Y 23 O IR B A A A
Wk 2B, BRI T 48 4F QR itk — 4T, KA
p AU REAE 1 I/ 74 HOK B, (HJ2 H ATHGE (Y
PRI GBI AN 08 BRAR, 76 (i 458 1w I g F 9 2V |
Tt Bk, CBIRD 4544 i A AR R AT 58 K Je =3 (]
24 =MBL2EMFLITLE

nBn 2544 5% 48 p-n 454 Lb, 2 (8] HL A X B BH 4
HL T B B B 22 2 AN, p B AR B n R M 2
X, A % 2> 5 SRH o0 47 ¢ ) G-R HL 3T -
nBn 454 1 # &2 J2 A B 0 DR )2, BLEE
B AE W X BRI, 22 B 1Y B AR R X
P2 R EYS, TR B B0 0T LUK X [ F b 2 2 2%
P, BRIE T Y T RCR, M T pn 4, 454 InAs/
InAsSb T2SLs K /> T F a2 3, nBn InAs/InAsSb
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T2SLs $R &5 (4 B Fi A5 21 1 R I B A, (R 75 22—
JE (1 0 B LR EA T TAE

pBn 45145 nBn Z5H A [R] Z AL 7E T, nBn £544
W) n B fl 2 A8 Ry p VR 2, p AL i J2 R n AR
PR T N, R S TR, A
B, p 242 fil J22 0] DL T A B0 T 28 X A AL
2, T ARAR B A fE R RS (B2 p B2 [ e
ISR SRH &4 FLUL, 39K T #5414 g L

Z PR T3 28 X 8K B, InAs/InAsSb T2SLs
TER 2T AN B L% ] nBn F1 pBn #1%5#4) . CBIRD
SEFa A p RUOOZ, E K B (D) PR
JEFT A R S A i AR . R n BUHL T3
A AT A4 ) 2 16 Mk 7 5 LA, {2 InAs/InAsSb T2SLs
FM R n BT IE, BRI L EAT p B985, A ]k e
SR p-n'4E FHN G-R B IR i . H b
ol /> 33 ol B FEL YR A9 9 2 [T B SR Y p 7 5 IR i
J2, A n AU YR R AT R 25 X () B9
B, BT, R R A R T =S A]

3 LA InAs/InAsSb T2SLs 2T 4M 5 il 2§
KEMERTRIHERE

H i, InAs/InAsSb T2SLs 7£ H1 i 1 /MG 7 TH A
BT RFNRR, & TAERE T WEFEES MCT
PRIER AR o AR KU, 5 50 AR InAs/GaSb
T2SLs # ., InAs/InAsSb T2SLs HA B 5y A K B K
) /0 B F 75 o S 4, 15 InAs/InAsSb T2SLs 7
K RS 3 Ol S B AH ] A A B KT TR
It 7E K% BE, InAs/InAsSb T2SLs 7E/E K 7 1) |23
7T R AL T InAs/GaSb T2SLs, #— LK T 20 F
8K B . M InAs/InAsSb T2SLs 1 HL T %01 i
T2 7 GEB R, K, S T3 TR0, KW
5% H p % InAs/InAsSb T2SLs 1 Jg W i 2, A
REFE R TR W . SRR, H AT InAs/InAsSb
T2SLs 7E i i TAFE sp J 40 AMR I % A 38 e, Rtk
— 45 Th #4227 InAs/InAsSb T2SLs £1 A1 45 I 2% 14
A, BT N B3 X LI H 3 AR 2R 4 S v e S 0k

T T TEAIAESE .
3.1 HZ27% InAs/InAsSb T2SLs £T SMR 88 < g 14 Ak
ST

3.1 HEWR
I FEL O FE TR DA S INOG R B, RIS M

FE B 7= A (A R o I FEL IR — B PR R 1
A2 TR B i B DL R 2 RS . XF T T2SLs
ZTAHMAEIN 28 L A S DU FPAILA : B BRI L -
AL R SR . 2 AT P

PECR S DB T E VM . VB Ly
b/ DF T SERTTD (LT o InAs/InAsSb T2SLs
{77 % i b InAs/GaSb T2SLs Y FE K T %117, 3
W E 9 B W [ InAs/GaSb T2SLs /gL 17, {H 52
55 LI A EIUERA

RPN S AV Z R A 44 T . 7
A T AR, 33X S0 B B 2% BT 23 il AR o i as ot
T8R4, 7 GREAKHEN . G-RE AR EZE
KHEAEFERZ, S pn A T2SLs 2T AMEIN 25 1Y 32 2
H RS o R I 22 A ZEHE InAs/InAsSb T2SLs #R3
A RN H G-R 2 A WL, BEALER I G-R 2 A1
LI

Wk 25 Hi G A 4 7 [ % 2 FL U R 7 ROkl B 6% 2 Pl
T WRZEHLIE S5A UL 22Uk B XM % 1)
FOG o A 00 R ) TA Fi R AR, T 2 fL IR 45
K. FRRILER InAs/InAsSb T2SLs 14 &5 1 R A% 2%
P TA R F R R AT R 2 F I A R A

2 T R 2 F T Tl 220 o R v ) B T g
F18) SR TS 7 A T I PR DAL, 9 2 TR 5 K T % A A0 b AT o)
5 T IS G L 9

VT AE Sk, H il InAs/InAsSb T2SLs £ M I #5 Y
5 RO AR AL B S A 5] 9 BT, E 150~160 K 11 2% 7
T, #OE 00 I HL R L 2258 Rule 07, X EA W

T=150K

Dark current/A-cm™
=
A

1077 L L L L
44 4.6 4.8 5.0 5.2 5.4 5.6

Wavelength/um

&9 H InAs/InAsSb T2SLs I HL i AE fhfa gh6s 7273 8288

Fig.9 Dark current change trend of MWIR InAs/InAsSb T2SLs!®% 77382581
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I IG5 FL 37 255 I (0 #4022 Y InAs/InAsSb T2SLs ¥ 75 &5
TAEM LT AN 28 D7 A L Se i 4o
3.1.2 4R E

S L PRI 25 14 I 7 A AL T 3R (NEP), S 80U 25 1
AAEJE M, Fgs PRI A, MG 56, R T hEilkx
P

B/
5

D' =Dx(A,-Af)*[cm-Hz"*/W] (1)

AP DRI A H I 7R SR ) A A B RG AR R
T AR Af RS DAY 2 o JLRE B e I, 0 — AR RN fE
SEARME S BRG], S I — LRI A DRy

()

s g i E CHIEK; i TR0 h o
SH LG ¢ Rt RoA R A 22 FLBE 5 2 4 TH AR 1Y
Tt k RBIR 2GS HHG TR

VT AF SR, 238 (9 % InAs/InAsSb T2SLs £ %
WE 10 fros . B4& F, 31 InAs/InAsSb T2SLs #-
RAE 10"~10" cm-Hz"Y/W, A1 19 32 THHL ) A 5 1k —

12

. _ g
D'==
2hc

RoA

T 2

M, 1953 4F Jones™ i X T H— L% D,

10 13
T=150 K
=
o 1012 b
£ L 2 2
2 A ©
=)
L
z
z &
g 1011 L
5 4 CQD,WuD
(@] A Kunming institute of physics, Gongrong Deng
® Northwest university, Lifang She
* ANR, Arounassalame V
® JPL,D. Ting
1 0 10 L L 1 1 L L
44 4.6 4.8 5.0 52 5.4
Wavelength/um

10 i InAs/InAsSb T2SLs HRIFRAS {3408 72- 73, 82-80]

Fig.10 Detectivity change trend of MWIR InAs/InAsSb T2SLs!®% 773 82-5¢]

3.2 2% InAs/InAsSb T2SLs £L SMR 28 55 8 14 B
R
VT AFE Sk, #0227 InAs/InAsSb T2SLs 1Y X 4 1 fig
PEFREIIIRE . Shr LA, FR 2108 7T 76 8 9083
ICECT AR R #4427 InAs/InAsSb T2SLs 2T SME I 2§
B EEMERE . 2016~2018 4, JPL 7 H % InAs/InAsSb

& 2 B27%) InAs/InAsSb T2SLs LI 5MRT R KL B ERERT LR
Tab.2 Key performance comparison chart of barrier-type InAs/InAsSb T2SLs infrared detectors

Wavelength/ Detection rate/

Working Dark current/ Research

Time Structure pum cm- Hz"> W™ QE temperature/K A-cm? institutions Reference
2018 nBn 5.4 2.53x10" 49.1% 150 ~3x107° JPL [68]
2018 nBn 5.37 4.6x10" 52% 150 4.5%10°° JPL [82]
2019 12.5 62 2.6x10°° JPL [91]
2019 nBn 4.6 1.4x10" 150 1.6x107* CQD [83]
Air Force
2019 nBn 55 56% 160 3.4x107* Research Lab [90]
2019 nBn 4.8 50% 150 5x10° JPL [88]
2020 pBn 44 7.1x10" 39% 150 1.16x10°° CQD [84]
Kunming
2020 nBn 5 1.82x10" 37.5% 150 1.55x107™ Institute of [85]
Physics
Kunming
2020 pBn 4.8 4.43x10" 57.6% 5.39x107° Institute of [72]
Physics
2020 double barrier 45 6.9x10" 45% 150 1.21x10°° CcQD [86]
2020 nBn 3.35 9.12x10" 23.5% 77 1.23x10°° CQD [92]
2021 XBn 5 50% 150 4.5x10°° ANR [87]
2021 pn-CBIRD 103 1.3x10" 77 5.4x10° JPL [75]
2021 nBn 3 50% 80 2x10°  Korea i3 system [93]
2022 pn-CBIRD 13.3 53% 60 6.6x10°° JPL [76]
Northwestern
2022 pBn 5.0 1.2x10" 29% 150 1.2x107 University of [73]
China
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T2SLs SCHEPERE 1 UEAT T R EAF Y, it ph 2] T 20F% AR . 2020 4F, CQD AR S T ARG T
IR T A 2 B AN LU, 42 5 QE, B3 VI 2 M REL nBn %Y T2SLs I 2140 AL AR 00 252, H: e #R30 22 ]
SR . 2021~2022 4F, % A1 BAEE s (9 L ah L, BF ik 9.12x10" em-Hz"/W
78 7 K. K% InAs/InAsSb T2SLs, 3T pn-CBIRD HoAth = AT 5 HUAL G i ] i3system, 125 [ [ K 0F
P HEF T K I K InAs/InAsSb T2SLs, & i H I 5728 (ANR) 3] #42 # InAs/InAsSb T2SLs JEIF T #f
FL IR PR A7 PR T 3R T U FEL VL, 5 S AR AT g 2R T 58, #HUS T A AR PERE . 2021 4F, #[E i3system
TAE, 3 ok 20 R A S IR AR B 45 T InAs/InAsSb

2 P JE R 2 i 7 s F Pl CQD |y Razeghi Kl T2SLs nBn & H i 21 A0 58 00 25 %), w5 L i 1k 5] 2x
BA 2017 4R 18 T % 22 %! InAs/InAsSb T2SLs f 7E £ 107 Alem?,
R FRRH . FEFET M S5 R 10 X /271 5 il & 3US IO T I AR 34 2R InAs/GaSb T2SLs
PRI =, Bt 1 I g i s 28 T D00 A [ 3 4 ) 016 L AR ZLANGEI g5 0 S MR RE . 2016 4F, S5 CQD #iT
D25 i H AT 328 RSOM 7 g 474 38 % FR P 1> T2SLs W nBn %! InAs/GaSb T2SLs £I #MA I % i 4 I 5 fig 8 1k
WS AR PR S R A2 2 ) A 3 2 JR 2 B, DUAT 45 ) 1.12x10" em-Hz"*/W H F 1% 3 7] DL AR F] 9.5x
T AT A3 3k U746 Ffe it fin 7 s i Fl s R 52 2 b Ak 3 7 107 Alem?,

% 3 $#27 InAs/GaSb T2SLs I SMRMIEE K MERERTEE R
Tab.3 Key performance comparison chart of barrier-type InAs/GaSb T2SLs infrared detectors

Time Structure Wavelength/ Detecti?/l;l ratﬁ/ QE Working Dark curgant/ .Re.sea?ch Reference
pm cm-Hz'*-W temperature/K A-cm institutions
2008 nBn 4.8 2.8x10" 23% 250 3.1x10° University of New Mexico  [95]
2012p-CBIRD  11.5 1.1x10" 21% 80 JPL [96]
2012 pBiBn  4.2/8.7 8.9x10'%/7.9x10" 38%/23.5% 77 1.6x107/1.42x107° University of New Mexico [97]
2014 pMp 4.9 1.2x10" 67% 150 1.2x107° Northwestern University [100]
2015 nBn 2.7 2.5%10" 77 2.5x107° Kunming Institute of Physics ~ [99]
2017 pBn 5 50% 80 2x107° University of New Mexico  [102]
2017 pBp  2.3/2.9/4.4 1x10"/6.3x10"/2x10" 20%/22%/34% 150 5.5%107%/1.8x107%/8.7x107° CQD [101]
2018 pBn 4.5 50% 80 4.7x10°° The Ohio State University ~ [103]
2019 pBn 6.4 7.6x10" 77 2.9x10° Si‘::ﬁfi‘i;g‘?;’fﬁgog (78]
2020 nBn 56 25%10" 77 1.44x10° Si‘::ﬁfi‘i;g‘gjﬁ:gog [98]
2021 nBn 53 2.6x10" 77 3.5%x107 Korean Academy of Sciences [104]
2022 nBn 104/12.2 1.7%10'/1.5%10'° 0x10°4/2x10°2 University of Science and [105]

Technology of China

XFEE R 2, 3 3 I 3 ATES B 3, InAs/GaSb TR . TPL H5c ) 1) 3 22 T 2T AP R % (nBn Al XBn)
T2SLs 7E#% _LAF InAs/InAsSb T2SLs, {H7E IR H1 fii FH#E InAs i€ A2 K A InAs/GaSb U2, o 7F
Ui 77 T, InAs/InAsSb T2SLs 18 45 T A Ga JiL 74 K GaSb #JJ)lK I AE K 11 S48 PR LY InAsSb 7 42, #b i
(R, e T AR T W5 HL KT InAs/GaSb T2SLs. K920 3.2 um Al 4 pm. 35X S0 45 0 88 b 5 T
4 InAs/InAsSb T2SLs A SME R E L EFE InSb Eif] MWIR #R #5% TAF i B2 T i, (H AT Eg)itfliﬁl

BAKkERSH Wi B I R 78 5 A (3~5.5 um) MWIR K S A% i 7

M, T2 T/ERE LRI E
4.1 2% InAs/InAsSb T2SLs LI 5MNE L EF R H R A #y, 7525 [E NASA SmallSat {5, 2 A TR

SEE TSR A (JPL) H 20 42 90 AR CLAM R AR #5715 6 i 2 SR AR (8 T JPL 1Y

L) Sk — BRI IT & TI-V LT AN G0 28 ) T3 75 #227 T2SLs FPA,
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2018 4F, JPL #f¢i T —Fp 2T BIRD [yl MWIR
FPA, 7£ 150 K T AR B T #k kK R 5.4 pm, E it
TZI T2, #4857 640x512, {4 IC[allE 24 um () FPA,
£ 80~150 K A 35 Bl P, FPA SEBL T 18.5 mK AV
M 7 25 0 2% (NETD) 1 99.7% B A 3 gt . 3T
InAs/InAsSb T2SLs A BIRD FPA k55 81 il i I A A |
i ERE . EA A PR FPA $R AL T 58 i v 1 iR
VYIE S

2019 4F, JPL #i2 i T H A % fIK 15 3 19 InAs/
InAsSb H1ilz FPA, 7F 100 K 19 TAEE T, {2 iE
19 um F1024x1024 FPAs SZBI T HAME2E 131070 AJem?
IR RS B UL, 35% 1Y QE, A RIS TR ik 99.7%,
i NASA S K 25 BUZ R 43 3O 35 A5 3 B R
S

2021 4F, JPL ¥ InAs/InAsSb T2SLs fY I K # &
P I B, SR CBIRD 2544, S2B T 13.3 um [ #%
1B . #4509 30 um 1R I [A] B Y 320x256 FPA, 1
60 K T-fE i B, 300 K 75 5% i B2 Al F/4 4040 F, 2
T 28 mK ) NEDT, A 214 7t % 35 98.9%, X Ky
InAs/InAsSb T2SLs 7£ K i £ ZM 40 19 1 A T RE 17 58
MBI % .

2021 4, i [H i3system il 5 TR ICHEEE A 15 pm
) 640x512 InAs/InAsSb FPA. 7£ 150 K i,
NETD {EX F 15 mK, A BU5 53R ik 99.5%°, S T
AMETR AR 7 AR IIAE (SWaP) 1Y & i T AE 19 v
FPA.

20204F, R A MR AR T — M A
AlGaAsSb VUL A 4 #4221 MWIR InAs/InAsSb T2SLs.
b AT SR B 5 R 25 48, 7€ nBn #5 F  AE K InAs/
InAsSb T2SLs W 2 Z B, FilJe A4 T il 4% DL L 1Y
Algg3Gag 17AsSb VU T & 4 AF i F# 2™, 6%
() nBn #3445 49 T L8 2% /ME JT [H BE FPA H ol
T ER B ) e U TR AE, B WA B A T L T
InAs/InAsSb T2SLs il 45 7 15 um [A]#E 640x512 f4 pBn
% MWIR FPAU?, 7] 7 185 K IR N TAE, #8404
R AF IC AT 3K 99.6%, 78 77 K Fl 120 K i} NETD 43 4
J915.1 mK F127.8 mK, 4T+ 2] 150 K F1 185 K
fit, FPA ) NETD {H L F+ % 39.5 mK il 84.9 mK, L
24050 4.43%x10" F1 1.33x10'" Jones,,

2022 4F, W [ 25 25 S B 5T e A ] A 1O 45

£ 7 0 BE 30 pm Y 320%256 InAs/InAsSb — 2 8 &
K v /v it XU £ 7 T R B o A A v I 0 R
M58 F] 7.2x10" em-Hz /W, H I8 06 {1 28 0 %%y
6.7x10"" em-Hz"*/W, % "1 I A SR ICHE N 99.51%,
B 99.13%, FRAF 1 i BT it i) MU RICR , S8 3 b Aot
k73U 8

SR E, B AN R Z 815 InAs/InAsSb T2SLs
AT, e DL 5 ] s M i 52 35 %8 (JPL) A3 [ 7Y
e K 2E B TR L (CQD) IR ML A E . 7R P,
EL I ge or . B R 2 B AR 5 T R o ] 2
25 T Y e 45 % InAs/InAsSb T2SLs JTJi& 1 48 2 0F
5, (HVERETR AR 5 MR R AT A B R 2505
4.2 227 InAs/InAsSb T2SLs £I SMR N EE F7E (D) 7R

RERFARE

£ 7 InAs/InAsSb T2SLs 2L AME I &3 BE A
il B PO, PR TR AR TARIRBE . H AT, i A
InAs/InAsSb FPA (1) T /E L € 48 i InSb &I #%
AR, A KMl b 1 i FL A R R i R oK
InAs/InAsSb T2SLs 1) # & 1% fig AT LA # B MCT 400
i, (B R B SC IR il o PR Be #4274 InAs/InAsSb
T2SLs ZLAMEN# 24 LT TS ) 8K &% J' 5 [l

(1) #£2%1 InAs/InAsSb T2SLs ZLAME I #53 K 78
5 0 AN, 32 BT Ay W s R R S A 1 2 )
BOK B, U AR 4738 1 #4228 InAs/InAsSb T2SLs 1.4k
PRI 28 FEAIRAL T v it 5k BE, A JPL 3 H 1 BB R 4
B I . LK i #0228 InAs/InAsSb T2SLs 2T #4511
% (0B PERES S InAs/GaSb T2SLs £1 AN 254
—EMZERE . AT R R R, DR
K J2 InAs/InAsSb T2SLs FIF i Ifi () 55 Kk AR & % ' 5
0y T g — 25 2 T InAs/InAsSb A9 I I R AL,
AT DA Y b 3G 0 Sb 25 438 9 o7 SR 0 RE R, St B
W R BT o (B Sb 21 Zthat Sk R A% 1 iy
K Sb AT ]85, InAs/InAsSb & — Fift i 25 -1 48 &
¥, AGANVE ST InAs Fl InAsSb 2 AYJE B & Sb #4051k
B3 RETa TP S R 0 iy o I i 2 3 NI
Sb 41 5345 by 18 B Sb A AT, W] 3 4o 45 1) 0 SE A= < i
1) T2 SHNTTRREE | TUBGHE R A V/I 3 ok
FETF V IEICR B RGT R AL #5R Sb oT R I ARCEA
SR J2 H AT I 9 P Pk R

5 It [ B, InAs/InAsSb £ #& F. InAs/GaSb T2SLs

20220667-11



ISk A2

% 12 47

www.irla.cn % 51 %

BABHEK A>T Far, Al T InAs/InAsSb 7£ 4k
FEAE KT ) bR ZS GRS AR AN, NIRRT
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W2, 15 DR WS DX R B R B T i T RO A K
fEpEU%, {H T InAs/InAsSb (192 [ J2 /i I n B, 25
I pnt&E & AT I, 454 p BRI n A
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W Py B HAC P B, TR n BUMRUS R . #
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