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Abstract: Short wavelength infrared band (SWIR) as one of the "atmospheric windows", the detectors working
in this wavelength range can receive more radiation energy from the target and gain higher sensitivity. In addition,
SWIR detecting and imaging is based on the reflection imaging from the target similar to visible light,
consequently it is typical of the distinct details resolution ability that medium and long wavelength infrared
imaging lacks. With the wide application of SWIR detectors in military and civil area, higher requirements are put
forward on the both performance and cost of SWIR detectors. InGaAs detectors is one of best choice as SWIR
detectors since it has high sensitivity, high-speed response and low cost due to its quantum efficiency up to 70%-
90% and high mobility close to 8000 ¢cm?*/(V-s) at room temperature. However, in order to further expand the
wavelength, improve the imaging resolution, and reduce the cost, SWIR detectors based on new materials and
new mechnism such as type-II superlattices, colloidal quantum dots and Si-based materials have been developed.

This paper firstly summarized the advancement of InGaAs SWIR detectors from the main foreign and domestic
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research institutions including Sensors Unlimited Incorporation (SUI), FLIR, Teledyne Technologies, Teledyne

Princeton Instruments of the United States, Sofradir and New Imaging Technologies (NIT) of France,

Semiconductor Device (SCD) of Israel, Xenics of Belgium, etc. Then the new materials and new technology of

SWIR detectors were introduced. Finally, the further development trendency of SWIR detectors was proposed.
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Si-based SWIR

colloidal quantum dots;  type-II superlattices;
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Tab.1 Imaging characteristics and application fields of SWIR

Imaging characteristics Application fields

Based on room temperature target reflection imaging, clear details Night vision imaging application

Fingerprint characteristics for substance identification Spectral imaging

Eye safety laser 155X nm detection and positioning Optical fiber detection, satellite internet

Thermal radiation imaging of high temperature targets Missile plume detection
Strong ability to wear fog, haze, sand, smoke and glass Imaging detection under harsh conditions

Camouflage recognition, wig, fake beard recognition Anti-terrorism application

The water has strong absorption of short waves, and the water target has a large contrast

Operation at or near room temperature, small size, light weight, low energy consumption

Maritime border security, early warning

Apply to the cell-phone's imaging

AT T i 2 e Dk 2 AR I 25 1 b R 2
HgCdTe. InGaAs. PbS. PtSi %, B % InGaAs #1 Bk
KA R IR 2 AN IR A, AR T A A R, SR
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HOBLAT T . 2l 40 2R A, HIOTR R ik
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HEE R UL H AT S Ak, /MG ot FE A F)
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O HE 640512, 10 pm., 15 pm 0 1 280x1024 1E7E
RREEHEL o O 1 i — 2B/ METT OB, 35 7 HER
FEEG AR, S, RN £ A A S 52 ML I
FEWFFETDEE S pm DUF L B TR RS DL B R
¥ 15 (Colloidal Quantum Dot, CQD) %7 I £T 4N % I %
B R 1 305 R BEA 4 KT AR A (Si) AR A Ha
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M. 2R Pl SWIR 77 i o %A A EOR B 2y
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JEE W 7 3 KA AEFRUE R 0.9~1.7 pm, FF ) 0] W% 7 [#)
B E 0.5 pm, HA7E 0.95 pum &b 1 178k R ) ik
90%, &l 1 2y SUL ™ it & F 0% &, 3¢ FLIR A )
RIE T A6260 Z 51 S5 I 21 A PAZR ALY, L % 640%512
RS 1Y InGaAs #RI#, e KW N 180 Hz, & & 914
R o, AT 400 °C DL R IR E, & A TER
J b S T L R IR DU A 9 5 I 224 ) Tau SWIR
PARALU, i) A SCBUR AL B2 AR (CDS) A7 25 B AR
75, R, BT, Teledyne Princeton Instruments
8 W] [ NIRvana:LN AHHL, 4 [5] 2 AHHL 5 AR 1 i
HLLIE S, A 10 e /pixel/s @—190 °C, B3I} ji] i) 35—
AS/NEF, B TE AR SO M Y [A]A, NIRvana R 4136
AT LU T OGS0 AR IR . R T
% (1Y Bawendi 3255 2= 2, £F 2017 4FF| F§ NIRvana 640,
SEHLT U B /N B RS 2021 4, Jana Zaumseil
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Fig.1 Quantum efficiency of the SUI product
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Tab.2 The latest development of SWIR companies in the US

Corporate name Format Spectral range/um  Pitch/um Performance
The plane array frame frequency is 60 Hz
Quantum efficiency (QE) =65%
640%512 0.7-1.7 12.5 Pixel operability =99%
1280x1024 0.5-1.7 12.5 The detectivity in 60 Hz mode is 2.8x10" ¢cm-Hz"*- W™
ROIC noise is 25 ¢
Dynamic range is 1850:1
SUI Linear array (2 048%1) maximum frame frequency is 12 kHz
1024x1 0.8-1.7 25 QE>70%
2048x1 0.99-1.61 10 Pixel operability is 99%
Dynamic range (Low gain mode) >2 100:1
NIRvana HS:
QE>80% (1-1.6 um )
640x512 0.9-1.7 20 Frame frequency is 250 Hz
Dark current is 500 ¢ -pixel s @ —55 °C
ROIC noise<60 ¢
Teledyne Princeton Instruments -
08-1.7 Linear array QE>85%
1024x1 (')_2 2 25 ROIC noise is 400 e
: Minimum dark current is 5.7 ke -pixel s
QE>75% (1-1.6 pum)
1280x1024 0.4-1.7 12 Maxi RfOlC “t?‘se<45 100K
Princeton aximum frame frequency is z
Infrared Dynamic range =3 000:1
Technologies Linear arra : -
y ROIC noise<75 e
1024x1 0.4-1.7 12:5 Dynamic range>6000:1
0.9-17 QE>60%
640x512 0' 6-1.7 15 Maximum frame frequency is 180 Hz
o Pixel operability is 99.8%
FILR 1920%1080 0.9-1.7 10 ROIC noise<30 e (High gain mode)
o Frame frequency is 16 outputs=120 Hz
512x1 25 Frame frequency is 49 kHz
. ) . o
Teledyne Technologies 1024x1 0.95-1.7 125 QE (typical) is 66%

Dark current<5 pA
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1.2 %E

YA 21 AR DN 25 4 BR 40056 1) ) & 7T —Sofradir,
H 2006 4EFFLRHF 7T = i T A InGaAs #18H T 2007 4
H#EH CACTUS 320 InGaAs F551], 15 2 HLkE H 320%256,
BBl 30 pm, SRHATHLZS S5t FHBCR A% (CTIA)
S5t R Rk ROIC, Ph K 2K i ¥2 4% (Thermo Elec-
tric Cooler, TEC) #EATIRE R 1. T 2012 4F -4 4= 7=
CACTUS 640 4414, iz BHA 25 pm H0 B 640
512 InGaAs 4511, CACTUS 320 F1 CACTUS 640 £
%20 0.9~1.7 pm (R4 8 2 0T WG B 1% KA
R

i F CACTUS Z 5411459 5 2 i H, Sofradir 4k
579k 1 B A SRR, IF R AR JC UL BE 15 pm 1
640x512 InGaAs 4114, H-F 2013 4FICTFIARA: ™ SNAKE-
SW R FNUT = 5w oy ip BE A 35 0.9~1.7 pm % B, 51
FAE R 640x512, 4570 RSN 15 pm, S KWRR 300 Hz,
PN 70%, ROIC MEF 2 30 ¢, 7£ 0.2 V i JE T

5 FLIAE S 30 FA, [ 50 a] #AE1E S 99.9%, RALIERIA
Hsibhy 4%, fdiH] TEC #1174 %%. 2014 4E 10 A, Sofradir
OSEEE TGOt 0 EE 15 pm A 1024x1024 7] I G-
BT A0 NGP I #5007, me i % 4 4 0.35~2.5 pm,
FBL R HgCdTe, R TR HRIE G, B E T 30R
ik 98%, NGP Rl #5946 £ H T Sentinel-5 1F:55, 11X
F 2021 4EH5 3% MetOp-SG BEFES, HT A
X HIER R SZHAT I . Sofradir T 2017 4F 6 H

H A, Eﬁﬁk%—ﬂ 2048x2048, 15 um H1.0»
04 J U 2T AR AR 1Y, IR T ROR L RG]
G ) 60 M 75 TR A — 2D e RRAL, B MR T
KR

% E New Imaging Technologies (NIT) X} SWIR
RIEAT T R E T A F T, R A Bz /9 07 =X,
T Bh A B A 120 dB 1Y InGaAs 5 2%, 7 %
0.9~1.7 um % B, 3 3 & NIT SWIR = i i 3= Z 1 g
FaARI,

& 3 NIT SWIR 7= GHIH & 55
Tab.3 The development of NIT SWIR products

Product name Format Pitch/um Performance
Frame frequency is 200 Hz
WiDy SWIR 320 320%256 25 QE is 70%
Dynamic range is 120 dB
Frame frequency is 230 Hz
WiDy SenS 640 640%512 15 QE>70%
Maximum dynamic range is 120 dB
Frame frequency is 60 Hz
QE>85%
Maximum dynamic range is 61 dB
SenS 1280 1280x1024 10
Dark current is 50 ke -pixel s
ROIC noise<30 e
Frame frequency is 230 Hz
. QE is 90%
HiPe SenS 640 640x512 15
Dark current<1.5 ke -pixel s @20 °C
ROIC noise<30 e
Frame frequency is 60 kHz
LiSa SWIR 2048 2048x1 7.5 QE>85%

Minimum ROIC noise is 250 e

1.3 LKlEs)

LA 6,51 Semi Conductor Devices (SCD) /A ) & —
FRAL T [ 450 506 1 57 1 21 S 25 446 07 7 . SCD 6
40 ZAE I K RUVE =286, 4R T 2 S8 R il
1 T2 HR, WAHAME (Liquid Phase Epitaxy, LPE) Fll

ZrF W AMNE (Molecular Beam Epitaxy, MBE) i JIf A4
FOR, AU i BB HOR, AL T RS ler
Fo e Pl A i e AR R g AR P, AT g R g

InSb, MCT(Mercury Cadmium Telluride), InGaAs, T2SLs
SEMPRE BRI RS, ™ S s LA By . SCD 7
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SWIR 53 -t IS 11 H 9 1855, Cardinal /™ it & 571
Wi 4K 0.6~1.7 pm, InGaAs B i[5 S %ot
I 15 pm (640x512)  AZ7CHUCHE 10 pm (1280%1024) Fifh
FUAK, Wi ik 350 Hz(640x512 HiHE) F1 150 Hz (1280
1024), 5% JH = 15 W e 9 2 807 4k ROIC(FE T 0.18 pm
CMOS T 7)), # 4 & Cardinal £ 51 i g 1 L2022,

& 4 Cardinal Z7pYEEEER

Tab.4 The performance of Cardinal series

Product name Cardinal 640 Cardinal 1280
Format 640%512 1280%1024
Pitch/pum 15 10
QE >80% >80%
Dark current/density @280 K <15 nA/em’ <1 fA
Frame frequency/Hz 350 150
Pixel operability =99.5% >99.5%

1.4 tERIE

2000 4F Xenics 7E LB A7, J2 R SWIR T35
B4 42 . 122y FR)F InGaAs I 47 A 1 1 H XS-
1.7-640/XS-1.7-320 FRINLLAMAM S, Home L 3 B R 0.9~
1.7 pm, FRI 23450 N 640x512, 43560 K 20 pm/
30 um, A RE ITC>99%, WAk 20~90 Hz, 2013 4F Kk

W23 18] 5 & S Y Proda-V TL A i A 9 & H1 Xenics
75 ) $2 A Xlin-1.7-3000 %! InGaAs 17 47 3 %4 4 il
28l =AM B BA 1024 MEIGH) InGaAs T[S
PR, AR o0 0Bk 25 pm, S35 57 3 ] 0.9~1.7 pm,
A LUBR AR 9 A 2200 km, HU0 43 HEER R 100 m 3
BREREEAR B, T A5 56 T Bk AR AEY) S Ak
RIZEAAE B, LRl A Bl i E 24U B .

Xenics 2% 7l £ £ 64T SWIR £ R Q15 . 2016 4E
DRHE T — 250 @ b o R 0% L IS i
A KB A A SWIR 72 5, 1 A T i B A (1)
HE TN, IEOE BT . @k | T K&
e S AKG I T 377, 66 I 21 AN IR 22 B 5 17 AR 2 45
UF e . o, Bobeat 47 [ 145 R FIAHMLAT X B4 it
) P R LT AN . OGT TR LR . I AR sl pe i
RS A% AT SR Ee I R R L T R A
7 LR A ok i O 9 3 57 7 45 5 Manx R & 87 i 4
{5135 256 kHz, # i 42 BR AT fo] H Al SWIR £k 4945 K
IFIML. Xenics 23 FHEARIE 73T T2SLs AR REEDELT
4b (Extended SWIR) 7= fit, B3 HILAE Sy 32256, M i i
KR 1~2.35 um, 4T RS R 30 pum, WiSCN 344 Hz, 335
JUFEA 70 dB, B2 M A 150 ¢, ATEEME>99%. % 5
A Xenics #EH 1 InGaAs 5 £1AN= M B9 RES ™Y,

% 5 Xenics SWIR F=fh
Tab.5 Xenics SWIR products

Product name Format Spectral range/pm

Pitch/um

Performance

Bobcat-320-Gated 320%x256 0.9-1.7

Frame frequency is 400 Hz, QE is 80%
20 Dynamic range is 61 dB, ROIC noise is 60 e

Dark current is 190 ke -pixel 's'@200 mV, 288 K

Bobcat-640 640x512 0.5-1.7

Frame frequency is 100 Hz, QE is 80%
20 Dynamic range is 60 dB, ROIC noise is 120 ¢

Dark current<100 ke -pixel s @150 mV, 288 K

Xeva-320 320%x256 0.5-1.7

Frame frequency is 344 Hz, QE is 80%
30 Dynamic range is 70 dB, ROIC noise is 150 e

Dark current<10 ke -pixel '-s"'@223 K

Cheetah-640 640x512 0.5-1.7

Frame frequency is 1730 Hz, QE is 80%
20 Dynamic range is 60 dB, ROIC noise is 120 e

Dark current<100 ke -pixel s’ @150 mV, 288 K

Manx R 2048x1 0.9-1.7

Frame frequency is 256 kHz, QE is 80%
12.5 Dynamic range is 69 dB, ROIC noise is 350 ¢

Dark current<1.6 Me -pixel ''s'@100 mV, 293 K
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1.5 B ARO[ AR R Z A R IA R 5 pmy

R4t i) SWIR HRI 25 foff FH A ) 2 B 06 R 3%
% InGaAs Y6 HL W% & R Si 32 HY A i, W A] 2(a) BT
N, PRI AR R 3R 2 (8] Wb 5 RAIE — i Y T HE, Lk 40
FE 22 8] B 34 452 R %, 7 76 46 /B 3R TR) BB 1 i) 38 X
JE . HAREA AN AR SWIR H AR, InGaAs JZ Al Si
J2 3 1 4 -4 LR, A 2(b) B, X AR5 AL

InP layer

Absorted by the InP
layer on the surface
and not reaching °
the photoelectric
conversion part

InP layer

Bump connection
Si layer
(Readout circuit)

InGaAs layer

Pitch

(Photoelectric conversion part)

H i HE W8 B A 7= 5 S RUR RN 656x520,
1296x1032, F KI5 514 250 Hz F1 130 Hz, 7F 0.4~
1.7 um P BB T ROR>60%, W (H R THCERIET 99%,
WA 3 frs . RIBA T SWIR 72 5 2 3 | Wi )y
PR, AR R O R e R DR 3

(b)

InP layer

InGaAs layer
(Photoelectric conversion part)

InP layer
Cu-Cu connection

Si layer
(Readout circuit)

Pitch

2 FEGERARAE B BIREOR (2) 5HRIERHRIIRLKEA (b)
Fig.2 Traditional flip chip bonding technology via indium (a) and SONY's copper-copper connection technology (b)

1.0 [
= 08
b=
E < >~
>
% 0.6 | < -
;g High quantum efficiency achieved
3 041 from 0.4 pm to 1.7 pm wavelength
£
g 02}
=
o

0

400 600 800 1000 1200 1400 1600 1800
Wavelength/nm

13RI TR
Fig.3 Quantum efficiency of SONY products

H AR AR AP L 7E 2E 7= SWIR 7 i, AR
1024x1, 512x1 S5 FUA%, B 5% 0.95~1.7 pm P B, 15T
Hr0 B R 12.5 pum, WA AT 35 40 kHz. T BF ALAK R
640x512, 36 0.9~1.5 um P B, 4o 0K 20 pm,
WA Ay 7.2 f/s, 1 TR0 R 60%, —70 °C T g LI K
130 e -pixel s, 2 HI MR R 500 €,

2 R 25 K LD MR 25 B & R AR
TEFE P, 15 22 BT A Rl lb — B IR TR 41

SN ER S, IR RS TR B R R . H
R, FE N 640x512 HLHS InGaAs 8 I 21 SN %5 i it
FR O T B E , 0™ 0 R b 18 3 15 PR 8 e
I, [ IF 4 [ 77 AR Y 1280%1 024, 2560%2 048 FLkE
RN S5 A Bl S o DA R4 B F A 3
D5 BT A AR 2 1) S8 10k 21 A0 i A o) B A7 ] S K
IR TRE . BOOGBE NI , Tolk B TR, LYk
TET P RASE  4 S (500 B L DA AR 2 PR BB A U 1wl
SEEL T OMNERTT | LR B 2 R RS K I B 1 R R e
A a7 T DA R BRI B ) 1 AT DL B 0.5 pm,
K 2.5 pm 3 8, AR T B HE A 30 pum & JE F] 10 pm,
v 7 I FL U 7K A BRI R ARG, 800 285 1 BB 8 A A I 52
B TEE B L I BE InGaAs RN 28 )7 T, BT —
Tl 58 1% B Wi 2 19 InGaAs FEI 2%, 3@ 43 F 1 4 iean
Wt i, ST AT DLk B A e R v 1) 0%
KT BB UK 43 JE S 1Y InGaAs i H= 28U
B KT 20 128, 3 6 o H AT E WL ARIE 1 [
DU BHIF B . Al HEAT InGaAs B I 21 SMA I 2%
WA 7= G L
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Tab.6 The research and development of short wavelength infrared detectors in some domestic research institutes

Research unit Format Spectral range/um Performance
Blind pixel rate<1%
e L o
12801024 09-1.7 Response non-uniformity is 6.4%

Dark current density>5 nA/cm*@300 K
Peak detectivity>5x10"? cm-Hz">W™'@300 K

Shanghai Institute of
Technical Physics,

1024x32 0.9-2.2

Blind pixel rate is 0.44%,
Response non-uniformity is 5.7%, QE is 81.7% (1.6 um)
Peak detectivity is 2.5%10'2 cm-Hz"* W' @200 K

Chinese Academy of
Sciences

1024x512 0.95-2.5

Peak detectivity is 8x10" cm-Hz"* W' @200 K
Response non-uniformity is 6%
Frame frequency>250 Hz

2560%2048 0.9-1.7

Blind pixel rate is 0.26%
Response non-uniformity is 3.81%
Peak detectivity is 1.11x10" cm-Hz">- W™

640x512 0.9-1.7

Guohui Optoelectronics

Pixel pitch is 15 pm, QE=65%
Detectivity=5x10"cm-Hz"> W™
ROIC noise is 50 e (High gain mode)
Dynamic range is 120 dB (Logarithmic mode)
Response non-uniformity<3%

Pixel operability>99.5%

Minimum frame frequency is 340 Hz

1280x1024 0.9-1.7

Pixel pitch is 15 pm
Dark current density is 2.25 nA/cm*@25 °C
Detectivity is 1.1x10"cm-Hz">- W™
ROIC noise is 48 ¢
QE is 88%@1.55 um
Pixel operability>99%*"!

320x240 1.0-1.7

Peak detectivity is 6.7x10'? cm-Hz"*- W'
QE>65%

The 44 th Research Institute
of China Electronics

Technology Group 0.9-1.7

Peak detectivity is 1.2x10'> cm-Hz"*- W
Response non-uniformity is 3.87%

Corporation 256x1
0.9-2.4

Peak detectivity is 3.25x10'° cm-Hz"*- W™
Response non-uniformity is 11%

3 FAPELETALEE SWIR R 2%

InGaAs 45 % £1 Fh £ 1 T R & 09 J 2 1 A
FU, SR TR B 3% B F R, B 8] P A — 25 AR AL
A SR PERTEE R ME . B PEREIL R A HTATRLAS
W B, SR AR ST A 2 AR R, 3R THRIAE T 20, 0
R SWIR 44 & 4 Jre 1) S5k
3.1 CQD SWIR x| 25

BRI ¥ i (CQD) s —Fh F4EGK AR, 1 T
T BRI, FA 2RO TS AT LA o 45 1 P #ER
RIHTT; CQD SWIR M #5 A F7 2452 A AMEFR, i
TEHEURIE SR WO THA, %I N 7] 75 CMOS 4
Hi % ARG CQD, Az P AR T HA SWIR FRINE o

HHi7E SWIR B, FEIERH PbX (X=S, Se) CQD
HEFFERM , 2015 4F, RTI International (RTT)P 2 &)

&% T 3T PbS CQD (1) SWIR # #% , — 45 45 #4
4 FTR, %5 1F 0 R 0 02 1T PbS-C60 5 it 4, 4
A 2504 F AT o3 B R AR I DR i e g
K/NH 320x1, E-10mV i FE T, % i B HL 30 % )3
k1 6.8 nA/em’, 7 0.8 pm Ab i F30% 0k 23%, 2017 4

Encapsulant

Transparent electrode

Quantum dots tuned
to infrared wavelengths

Metal pixel electrodes

CMOS-based read-out
Integrated circuit
(ROIC)

4 RTI ZHEHIZ5H R

Fig.4 Structure of RTI diode
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L.Barrow %" F| ] PbS CQD #3451 K/ Ay 1280
960, {5 G H L HE A 1.5 um [ SWIR #E00 #%, 15 HL i
427 nA/em?, B2 HME RN 19 ¢, 7E 0.94 pm Ab (9 Fh i
FRK (External Quantum Efficiency, EQE) 4 31%.

2018 4, RTI i 57. SWIR Vision Systems 2\ ), #fE
T EAFE CQD SWIR 7 fh—Acuros CQD SWIR
FAHLE, (R ZE KA 6403512, 12801024, 19201080,
Wi 37 30 KA 0.4~1.7 um/0.35~2 pum, F2ICIHEE Hy 15 pm,
I RO TT 35 270 Hz, {8 2 T H#AETE N 99.5%, a2
JLFEI A 70 dB (0.4~1.7 pm), T FRCR<30% (0.9~1.7 um),
BAGRCR N 5 FR

Acuros CQD SWIR camera images

5 (a) ¥ R RETE USRS (b) Z9AR2E USRS () M XTERRIL; (d)
PRI
Fig.5 (a) Sea rainfall imaging; (b) Drug bottle label imaging; (c¢) Chip

alignment marking; (d) Semiconductor crack detection

Top contact

RO

Lo A s 3 A5 L (Interuniversity Microelec-
tronics Centre, IMEC), 2020 4E#EH T 1.82 um /M%ZJC
O B B T 20 SR SWIR #5125 B, IMEC 3 i %
CQD 56 HL 5 I %5 5 Si-CMOS 132 H HiL % L 7 48
B, 2R 130 nm CMOS $ A, B0 25 2% FH i 52,
i L IR PbS CQD MY R R/, W I K AT 3A 2 pm
LI E, 7EI&H SWIR i K AL, EQE 2 18%, Ff- Al #E—
75 50%.

2021 4F 3 J, &R 28 £ K% Edward H. Sargent
BN RTE T — AR Y A BUES 72 45 SWIR CQD, fifi
FH PbS f&F fib R}, i 2k B4k, R4S T RRE
JT i R, 7F 1.55 um AbfY EQE 5k 80%, M hif %h 1
AW FRINER Jg 8x 10" em-HZz"> W', HH{, PbS CQD
) EQE iz (= AT 35 80%, {H & 2 18 1Y i H 3t I v 5k
BB M, T A AN B e F U A [R] B 42 = EQE.
2021 4E 6 J, IMEC fY V. PejoviéZ B3 F] ] PbS CQD
5 CMOS ROIC 1k, IR 3 TR 2 32 h 25 f A%
InGaAs %M 255 A A0 CTIA 4544, A 6 s, it
H T BES KN R 768x512, 8 TTIRIEE R 5 um [ SWIR
BRI 2%, 76 1.45 um AL (1) EQE N 40%, I HL i % & N
3.3x10°° Alem?, B2 H Bk 25 € HgY (Y=S. Te. Se)
CQD # i T il 4L 4 (MWIR) I BX, F| Fl CQD fy 4%
e 96 BE AT, 8 U HgY CQD B RSF RV, o n]
SR SWIR JEBERI R o 2021 4F, Jb 5t B T K% 8%
SEPR TR 1y 5, S AR R SE
HgTe CQDs Y& HL ) &, P4 100 kHz ) 45 R 7E SWIR
(<2.5 pum) F1 MWIR (3~5 pm) 2 [&) B P e, IR IR
M ZE>10" cm-Hz"> W',

QDPD stack Contact pad
F

TE R ER WA ER Ta R ER R R ER ER ER ER WA

Unit pixel

(©)

[l 6 (a) CQD 45#9H9 TEM 1if%; (b) ROIC ISR
Fig.6 (a) TEM imaging of CQD structure; (b) ROIC integration
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3.2 T2SLs SWIR #£ill5&

H T InGaAs fi 46 5 50T 2 5 InP # TG RL, &
R 280 SWIR R 858 1E P K< <1.7 pm. A 428
oK 5 H AR Bk PR A0 R 2 2.5 pm Bk H
FIER A 2 —, FIH InAs/GaSb IT 2588 i k% (T2SLs)
Y B AT R R R, 38 A PR InAs AT GaSb JZ IR,
InAs/GaSb T2SLs A1 BHEAT IE & T i 0 YA 17 31 Fl
(3~30 um). H i, T2SLs SWIR #R I 5 75 b4 B} F1 2512
SERBETE . MORMIME AR B AR | AT T A 1 A
Hh E R TR R A5 D TS T A BB H i HE R, Bk
SRy — T T il MR BB LT A AR I 28 A I e A L

H 1977 4F Sai-halasz 55 U7 17 J¢ #2 1 o] L % A
InGaAs/GaAsSb i i g A 17 SWIR #R, 11 26
fm A% (T2SLs) ¥R 45 FF 4f T PR & J . 2013 4R 75k
Tl K% M.Razeghi 550 SR HI T 575 1Y PNP 4544,
% LT InAs/GaSb/AISbIT ZSH fkE Y 320%x256 SWIR/
MWIR AU BRI g% . 2015 4F, Pidb Tolk K2g P %
P2 F IR AMES ARAE GaSb (100) RS FA K T3
A J51 52 1Y) InAs/GaSb # fhi i SWIR #4 KL, 7E 300 K i
HEVE Ky 3.05 pm, 38 5 FHAR SRR AL A A 4l Ak
i, 75-0.5 VRN, BRI 3.14x 107 AJem?,
A EERE I R .

2017 4, i ER B SR BT T A8 )1 53 1A
A2 7 T T InAs/GaSb 320x256 T2SLs B Bt
BEIZS, #4R ) NPN 2544, DL GaSb MK, &1 7 K
SWIR I MWIR i B (1% 4 g 45 R me iz B2 . 77 K
R A A AR 4 2.9 pm R S.1 pm, 7 I
JE . YR FHEZ AT, 76 1.7 pm 2b (41§ f &1
BRN 37%; FE 130 mV fi T, 76 3.2 pm &b (4 06 i
TR N 28%, 7E 2.5 um., 3.2 pm b 1Y ER I #R 43
A 1.51x10"2% cm-Hz" W', 6.11x10" cm-HZz"» W™, %
T g BRI e gl e B ) MR P 4 280 2% (Noise Equivalent
Temperature Difference, NETD) “F-J{H 43514 107 mK .
487 mK, A5 HR BRI A (AR K 2% 1 Y. Uliel 41
38 T 5T InGaAs/ GaAsSb T2SLs ) SWIR #1lll #,
BRI KR 2.4 um, R H & 1A PIN O B 4% 4 4
4, 75 300 K I 230 K B N 1Y W A I 2 R 43 ) R
1.5 mA/cm® Fl 32 pA/em?, Sl BEFEHEY HLT 2, K5
T4 B A 2] 1.2 mA/em? Fl 12 pA/em®; £ 300 K iR
JET, 2.18 pm Kb Y £ F 2R AT 35 40%, 7E 2 pm 4b 1Y

7 78 77 KR, JEIE . I AR A A e o

Fig.7 Thermal imaging and responsivity of short and medium

wavelength at 77 K
M Z K 1.7x10" cm-Hz"> W',

2019 4F, ANH i 559 SR A MBE A KRR R
) PNP 2544 T2SLs #4 K, SR AL 5 Si0, & & 4lifk,
#1451 T 3T InAs/GaSb 320%x256 R {7, £ - i 45 )
o R D AR 0 R R N UE BE O 1.7~3 pm,
PR 3~5 pmeo WU B UG B PR I 22 5K B rh g =3.7%
10" cm-Hz"> W™, 3% 2.2x10" em-Hz"> W', i )i 3E
PSP h 9.9%, F R 9.7%. hiA BRIt
41 98.46%, K 98.06%.

2020 4, Stephenson %51 DL InP M #J IS, 33T T
3T InGaAs/GaAsSb T2SLs A4 4 J& 5 I Z1 AN E I 4%,
BRI KR 2.6~2.9 pm, 7E-1 VIRJE T, 76 295 K
235K I FE T 09 i % R 3 9 O 1.4 mA/em’,
13 pA/em’, {H /2 EQE AL, (N ILAA 43 5, 5 E i
— Atk

2021 4F, iR OR A i a0 S e = 1
T EET InP A946 i SWIR £ 4%, R 2 S 5 i 45
¥, L Ing 53Gag 47As/GaAs, sSby s T2SLs 1E S 42 Ht 4 il
FEM ), B 1~2.7 pm (9 R L0 MR B, 76 -0.8 V I
JE .2 pm A, R T B N EE Dy 86 A/W, 4R F K
6.59x10" cm-Hz">-W™', i HL L 28 R 4.57 AJem?,

3.3 Si & SWIR Rl 25

2016 4, Hv[E R B o AR Y B 5 T ] i
T 2T Si B GeSn PIN J& % 21 S5 M £5%, F H MBE
H4 51 b Y Geg oS os TR AE K AE n Y Si (100) % J5E
L R B Ry 2.3ume. AN 1V e, 2 R T e
N R 93 mA/W, BEHLTEA 171 pA.

2020 4, 3¢ [ Stratio /A &M & A T 4Bk K
T8 I H A 5E FHLAY BeyonSense SWIR AL, H:
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B H AR, AR A Ge M B 15 48 InGaAs,
R EREPESMNE Ge A K AR 5 @) Si 3 CMOS
T H R AR MRS A5 TR SR U B0 B 25 (%
AR 5 ROIC) #K, #H LT H Hi sl 5 5 4 i R
J7 % H A R B il & 2 7% P . BeyonSense Pre # 5
11x8 pixel, £ 7% 0.4~1.6 pm P B, F KW~ 20 Hzo

2021 4, 8 F A A 58 o0 Bl 5 S peion
T R R T AR R R AR T — O AUk B
GeSn/Ge/Si HEIMAF, T LA 1 24045 g ' EL R A 1 7 30
2140 (0.75~1.4 pm) AV LT AN (1.4~2.5 pm) PN BE
Z YIS W R, B K b 58 T AR A G T R
FE 1.1~1.55 pm I Bl P9 6 S0 —0.15 V i J, #8 I 2% 48
i 1x10" cm-Hz"> W', 78 1.2 um 2R M R 5 K,
2x10" em-Hz"> W' 7 1.6~2.25 um [ At f+0.25 v
i s, R # 55F 3x10° em-Hz"> W', 76 1.9 pm 2b 45
M2 K, h 4x10° em Hz > W' Ik, L GeSi 6+
AR Fy 80 19 G FE IO S Artilux) & A, 22T 12 in
Si ) CMOS T 2456 = 43 B GeSi R R Hil i H AR,
#EH T GeSi SWIR Wi 2 /= 4 AU (2 D/3 D) J& s
A, ARSI i b [ B LA AR R = A (R A
B IR AZ B9 Th g, SEEL T SWIR B B A 2 D %
FARE] 3D BUGHEARME REW . 746, 2B AR
55 Si CMOS # R 5E A1) GeSi BRI B F S %
HOR, e 7 H T SWIR BUBIR R RBELE 6 in LT &
[ 7= 2 il 3 19 1R A, B4 AF 12 in i [0 7= 2k R AT 2
(i A s R T O VN N o s A o [
SWIR H AR TEAL R HLGE . 2P AR T2 A0 . Tolk T it
B BOLTE RSN =R H

4 FRAMRNFHRREES

InGaAs #4575 £ H AL 5 P4 RE N SWIR £
o B, (HOR A I REC 2 R TR IR, R0t — 20
AN NUTHENE s o2 SN AN B P o b Kl
L, ELT s AT e BE RBUREAR, A v 5 S B
FHABTONE FH 32 PR A5 TR o R R S i 21 AR i F)
JERs 2B AE LU R LA J7 I : (1) R I SWIR 45
A5 o B R R A SE G, REAR A F AR 2 AR
KN FRAT G I ) S T 5, 6 W K T E 2 pm
DA BRI A SR 5 H AR ) o T 1 2 o {0 I
i B (5 R L B BOR R (2) o AR ZE A R ) 4

SWIR #RMll &% . e f & F £1 (CQD) K H 5 T ¥ il i
T il BOAAR  RUE AT i A 5, AT DA T
BOTIREE | B A PR | AR IR A SWIR R £,
T ERE T &40 T InGaAs SWIR 4RI 28, 154 F —
& SWIR #RIM 25 iy 4 ke 85 . iE— L IF s TR
FETEAR T AP i 12808 5 R ARG F 0 5 T R AT 28
(3) 5 Si 2 CMOS F AR A M GeX. SiX SWIR £ A,
W R — KRB IR T o A B ARG i A R Y
Si T.25, SC3 SWIR FRIU &%, &4 = 48 W B . SEa Ty fig
ZREAG AR O R BRI A B S AR, K TT R
SWIR # AR BTk A & I . (4) 5 Bh TR %
BAR AEHAR SEBAR AL AR SWIR FHML, PR R G B AR
ANTEE RIS R T2, B A - SG %, 1
SEA TG TR 2R 2T FE R, AT AR A 5 4y
PRI L AMIE

5 & g

SCHRIAAVER I T G S LA HR
H AR 45 [ /b = BEHLAL 1 InGaAs 45 I 21 FMEI 25 1) 5z
I R R [ A Y 5 BIUIR, a1 A ST 2141
SR A BB A4 RLRET T 280K, 481 T BB B 4L
SMFI a8 9 K ek H . RSN R g U ETERESS, 1
SeAr R, LA R | E LD, T RCR L
ey [ L LT AR % F L 1) SEORTET RS (71 TR
RKUL), EAMEITRAS (RITEE 10 pm LT % JE,
i FTERE A LA 2SI o S I £ A PRI 65 7 4 2
B AR AT ) e B0 I 55K, il B A 5 2 v
REUEZ . EEGOUHEE SR B4 s T E 430
S 1 O P DO 5 2 AR ARG AR L 8 CTRT ALY 7 o AR
TP 5 K, s s, fo Ak & 22, s
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