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Abstract: In this study, the research progress of long-wave infrared detectors based on InAs/GaSb type-II
superlattices (T2SLs) is systematically reported. The advantages and disadvantages of various device
structures based on GaSb and InAs substrates are compared and analyzed from the perspective of substrate,
material growth, and device performance. The results show that the structure of the device with InAs as the
substrate, InAs/InAs;..Sby as the absorber material, and PBIBoN type is a relatively optimized design.
Combining the multilayer structure design of ZnS and Ge, a heavy doping buffer layer, and the inductively
coupled plasma (ICP) dry etching process, the 50% cutoff wavelength of the device can achieve 12 pm, the
quantum efficiency (QE) can be increased to more than 65%, and the dark current density can be reduced to 1
X 107 A/cm?. Finally, the future development trend of InAs/GaSb T2SLs long-wave infrared detectors is
summarized.
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(a) Schematic diagram of the PB1IB2N structure GaSb-based device (b) The energy band structure alignment of the PB1IB2N detector
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Fig.2 Schematic diagram of the PB1IB2N structure GaSb-based device and its energy band structure alignment
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Fig.3 Schematic diagram of the NBN structure GaSb-based device
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Schematic diagram of working principle for the NBN
detector; (b) The band alignment and the creation of an

effective band-gap for the NBN detector
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(a) Schematic diagram of the PIN structure InAs-based device
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Fig.5 Schematic diagram of the PIN structure InAs-based device
and its energy band structure alignment
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Fig.6 Schematic diagram of an N-on-P polar structure InAs-
based device
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InAs contact
P-doped 22ML InAs/SML GaAsSb SLs

Electron barrier layer

Slight P-doped 22ML InAs/9ML
GaAsSb SLs absorption layer

Hole barrier layer
N-doped 13ML InAs/5ML GaAsSb SLs

N+-doped InAs buffr layer

N-InAs substrate

Bl 7 B ag =0 PBIBN 4544 23 Fm & &
Fig.7 Schematic diagram of a the PBIBN structure device with a

highly doped buffer layer

Periodic boundary condition
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Fig.8 The multilayer coatings structure of the device model: (a) 3D

structure diagram; (b) Back incident center cross-section(*?!
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MZEEZE. KRR, 5%F % Z# T FPA AH
bb, 2 )2 WA Fome LA BN 8.7 um A1 10.3 pm
P IEF 9.8 um A 11.7 um, 50%M R PR 11.6
um #BNE] 12.3 pm, FHAEREAKA 12 pm b1 0E 558
FERINT 69%P2 . ml L, AL 2 2 A ] LA
75 FPA MmN, IB AT DL SR 5, X Fiass
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RSP 7T 6

InAs/GaSb T2SLs AR\ A2 55 =X s 1 fg
LWIR #8928 FPA [ d (£ IE A K333, {H FPA (&
T 284 235 H) S 45 R 4 2 T FRLAN TT 228, %R T R
Je I YL 1) EE L A 4y o T FRLIALOR TR
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iR RN ZE, FEBER T ) Re S, fd
13 2 B AR R B 3 3R A A B3, IR 2 kR
TEZI AT T InAs/GaSb #8 54 FPA K& TH K
B, TV B BETH 957 25 Sb A GaSb AR AL %Il T 25 () 5%
PO, BN, fEIREZ R, VR Sb & 1E
RIMER, MITFER = A st i B &
LB TR ACP) TEZ b T & 1m) F vk, 7EZ it
TR BE 22 BT 5 (1 Sb Al GaSb, M/ s T, H.
FEm ICP MR E A Bh T ZI v E] 7= R A, b7 1IR3 2 Sb
F1 GaSb 7EMIEER ML K. 4, 7E 170°CHI ICP %
AN AT DA 25 1 AL 2% B P 1) 1< 107 ° Adem, 1
HiL 15 20400 1 B MU BE, X0 T BA /MR
T) 2 PR KSR 41 FPA A2 AR5 06 T ()81,

i bATiR, 2T GaSb 5% T InAs 17 InAs/GaSb
T2SLs KILLLAMRMIZS, BHHikEA AL E S Fhg sl
A BN AR N RS H . AN [H] IR RIS [R] 45 1)
SR, N MNT AR SRR FE T DL S RS A SR
SER B AR SR, B RE S HOT LR 1 TR
FrhATA MERES BN RAE 75~80 K R E Bl A4S
FEAEN VL, InAs-substrate [ PBiIBoN 4541
PR 25 5 s % B A T AR R8I A 0 T st
ALFAT ICP ZI T2 2 5 A3 1.

MEHAT LR, X3 GaSb RN,
PBIIBoN Z5F #3441 21205 st PIN S5 M 21 1 —
, (HEI L E A I K 1 NBN Z5F4R
ML ERE TR R 2 & T AT o B4k, InAs/GaSb T
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PR _EA K T2SLs AR, AN 75 BLZ0 5 1 A etk
P 2 2 (RN AR, X AR AR K s T R AR X T
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X fAi B

£ 1 ANELEHIE GaSb/InAs BRI 21 fe S 500t He

Table 1 Comparison of detector performance parameters of different structures

GaSb-substrate

InAs-substrate

Structure PIN PBiIB2N
Absorption layer material InAs/GaSb InAs/GaSb
Absorption layer parameter  13/7, 2.5 um 15/7,2.5 pm
Ad/pm 8 12.5
Jo/(Alem?) 43X107 1.1X1073
RoA/Qcm? - 14.5
QE <15% 30%
D*/(cm-Hz"2- W) 14X 10"

NBN PIN PBIIB:N
InAs/InAsSb InAs/InAsSb InAs/InAsSb
28/7, 4 um 20/9, 2.5 pm 22/9,3.55 um

10 10 12.0
4.4X10* 4.01X107 1.7X10°
119 36.9 1.5X10°

54% 45% >60%

2.8X 10" 7.4X10'°

4 KEHE

InAs/GaSb T2SLs K 1 AMAM 38 76 46 46 1 JL4E
WS T PR, B BT A S5 M asr . Ak
ARKFEARBIRACTI 6 & T 2056, InAs/GaSb
T2SLs ZLAMRMZRIEERESE - Ml TAE. 2 R

LT NGARR P R & -
DAKMEFRZE , MBE K H AL . InAs/GaSb
T2SLs K i 2L /MR 2% 14 8 = 252 1) A4 kbR & i e
RIS TR . T4 AlSb. GaSb. InSb % Sb LW S
AR RBPY, FRE Sb ) MBE A KA CLBCN
PE AV AR AR AR R I e s[RI R Bk
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