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abstract

Abstract

Since the proposal in the 1990s, InAs/GaSb superlattices (SLs), with its flexible
energy band tenability, long Auger recombination lifetime and big optical response, has
shown its great potential in short-wavelength infrared (SWIR) detection, mid-
wavelength infrared (MWIR) detection, long-wavelength infrared (LWIR) detection
and very-long-wavelength infrared (VLWIR) detection. Especially the application in
long-wavelength band has made it been a superior candidate for the third generation of
high-performance LWIR focal plane arrays (FPAs). Noise equivalent temperature
difference (NETD) as a parameter to show the temperature sensitivity of InAs/GaSb
superlattice infrared detectors, has always been under great attention. It is defined as
the temperature difference between the target and the background required to
distinguish the target when the signal-to-noise ratio of the detector is 1, that is, the
minimum temperature difference that the detector can detect.

With the improvement of application standard, people's demand for the
temperature sensitivity of FPAs has reached mK-level. That is, the NETD of the
detector must below 10 mK or even below 1 mK. To realize a InAs/GaSb superlattice
IRFPA with ultra-low NETD, the following arrangements are made in this article:

1.According to the definition of NETD, we used MATLAB to calculate the
relationship between NETD and target temperature, pixel area, detector’s dark current
level, detector’s QE and the other related factors where the integrated time 1s limited
and unlimited. The simulation determined the limit conditions for the ultra-low NETD
and laid theoretical foundation for the subsequent research. Results shown that the
NETD of FPA would lower than 5 mK at 77 K when the target temperature was 300 K,
F# was 1.5, integrated time was 1200 ps, detector’s dark current was lower than 3 nA,
detector’s QE was higher than 30% and the FPA’s noise was only came from its shot

noise.
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Abstract

Z.We fabricated a detector array with a format of .256 X 8 and pixel area of 25%25
um? . In order to obtain the parameters used in the FPAs’ NETD fitting, a spectrum test,
a blackbody response test with liquid nitrogen temperature, and a dark current test with
varying temperature were carried out. The results shown that the total cut-off
wavelength of the device was 11.5 um, the average quantum efficiency was about 30%,
and the dark current was less than 3 nA at liquid nitrogen temperature. We
interconnected the device with a readout circuit which has a capacitor with large charge-
capacity through direct interconnéction process to form a FPA. The substrate of the FPA
was dée;ply thinned to improve the average quantum efficiency. The measured NETD
was about 13 mK. By changing the shape of the cold screen window, the uniformity of
FPA’s response was improved, and the NETD was reduced to 11 mK. By building a
test system with lower noise, the average NETD was only 7 mK finally, demonstrating
the excellent prospects of InAs/GaSb SLs LWIR FPA detectors.

3. In order to further lower the NETD by reducing the noise from the device itself,
we analyzed the low-frequency-noise of the device. The noise power spectrum test
results shown that at 80 K, the device noise mainly came from white noise when the
frequency was higher than 10* Hz and from 1/f noise when the frequency was lower
than 10* Hz. Using the Hooge model, the devices’ low-ffequency noise at each
temperature was fitted. The fitting results shown that for the bias voltage of -0.05 V, as
the temperature increases, the 1/f noise of device was always related to the noise from
generation-recombination current and the noise figure was 7x10°%; For the bias voltage
of -0.5 'V, the 1/fnoise of the device can be expressed as the sum of the noise related to
tunneling current and the noise related to generation-recombination current. The noise
coefficients are 3.4x10"* and 2x10°® respectively. The research on the low frequency
noise of the FPA will help us to effectively suppress the low frequency noise and lower

the NETD.

Key worlds: InAs/GaSb superlattices, long-wavelength infrared, detector, NETD
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Figure 1.1 Electromagnetic wavespectrum and infrared band
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Figure 1.2 Atmospheric absorption of sun light on sea surface
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Figure 1.3 SWIR camera images for human Arm and wrist

RAEAEZESAEDPeE: 1 um~3 pm BB, 3 um~5 pm JFEELAK 8 um~14
um B

1 um~3 pm P BEPHNERAIE DO, HiELRLN 80%EH . ZHEF 1
AT OA3RA RTHRN . P WA mEm, KRR KD &2
BWREVEY, RIEDEMNE. EER, BN EREEZMHE S, HA



F& 5E

FHRIPA M ME IS ST, i 13 Fiw, AEJN NIRSWIR THMEEHLmE
MAGFEBL, TTLERMERMEN G, AENATRANEEE, B
B s R A S I AL AN BB I SR . BRI 4, i T e AL AN TE I
BB PBCRNEREY, R A MR AR i B T LR IE B, MU R SHLER
PRI,

3 ume5 um BB R AN 1, HBI LYy 60%-~70%,t T A A%
BT, AN R RN BN, ERES, FERAERRRE T
BRSBTS R M L S B & S PR PR B B A R
N, RSO S BT B, 388 3 BAS S A i T SR A B 6 0 R A
BFU2L, gt Ab, R R AL AMNE RS S ILB IR RS B GBS, S G
b, S I R T A i 03190,

8 um~14 pm FERAR A KW AT O, Hgadit RN 0% A L. T
MNMEBE 300K Q7TC)MIZKM T, H & RGBT IEERTERBK ) 10 MKES,
Bt — ok B AR I VTSN BT L, B TR B % . ShAb, BT dhnt
FARE, K% BARBIEIE, L% M T KR SR SR 1 24

KAE O TR RSURE B BB, 5 NLIMUERH TR B —R
BRSO BTG E 2
1.1.3 LI9MRM S LI IMR RIS 53 2

T AN R B B IR T L, R, BRI LR (04 SMESHS S 2
WIS A, MERBCAGENEAR. 2003 4, BHRSETH, EEEELEROLT
IR, SeA IR T RIAERNESN, XEELIRMBEARTEES LK
R4 208 H . AUk, 21 B UK, t R P 2 KB & R H AR
BHR, AR TE R R sk i B /8 8] T o & o

FBLL AR B AR R 56K 2T SR S L T A 1 E 5 5 (B 243
B (AR, HADAMRI R LSRR AR OIS,

IR B AR, KL AMRIIER 4 A 3 B BT AR 2 A B B 4 4
HMNE . EER MR R EE A% AT, EEREBARRS ERNIINE
HEATERIN . BEEH LA EERIH B AR B RET I AT HN, Rk
B BT PR A



InAs/GaSb #8454 SMATISE NETD RIGHIE S s

HELA A R T 0 SRS D, R T AR B8 48 o AR 4T A
(thermal infrared detectors), J&TFHRMBLLHMRMEE (photon infrared detectors) 7],
SR AT SN RIS 3 T P AR 2T S ST RS, BB ATRHE BE AR LR
LT MBS, S THR AT SN 2 BRI PR A MBSO 6 B, BRI
W T BB R T AR SR RT, LR B T RS RART, AT,
SR o T B 1 B S BB T ) 2 AL« S TR R AT SR 3 X T L
Y5 S P SR AT SN B2 UL B IR B LT AR SR T 28 o B B AR B
T30 F A ) RO P S A LR R AL SN, B R A R RET T R
I 78 BB A AT AR R AR PN 45, 4 PN 45 A O F R, SR
PN L5 I R A e B T IR, TR RO HR, Bi i
S HE R I/ A R ST I AT AN BRI A SO 10 B R G IR T AR 8.

s
AR (3 { pii EE«?EQ
TR {
HRE

B 1.4 O/MRRRRSA

Figure 1.4 Classification of infrared detectores
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Figure 1.5 Response wavelength range of different kinds of materials
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Figure 1.6 Energy band structure of different types Superlattice
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Figure 1.7 Energy band structure of InAs/GaSbh superlattice
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M F B BB B P IEMEEE T ER R4 W 1.8 Frald, 5T Eb)+ s
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Figure 1.8 Schematic diagram of Auger recombination transitions in Hg:«CdxTe (a), (¢c)and

InAs/InyGa;Sb superlattices(b), (d)
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SR B R R AR A LR A, RGN InAs, InAsosSboo #14t, AATHIF
F 454 325 ns F1 250 ns, AR A T GaSb #ELH 100 ns, FAFARFIERS
GaSb MG X MM BHRFE 78 InAs/Gardn:Sb 8 B M B> FHERET
InAs/InAs1<Sbs**l. BRI FHRMEUAR T HRERR FHBRB UL BHEFH
S EHRR . BERTIX — 1, 2005 RGBT BURIR I IO R AL, B
HF IR T B L ZBA, KRR T S D FH8KENESR, RS T
P RPRI 220,

1.2.3 InAs/GaSb BRSO IMEFEHFRMFER A ER

1994 %57, Yang M.J. #1 Bennett BR ERIRE T HE— N EIER X LMK
InAs/GaSb B RELAMRMEE, HILEDNEZRKMAN. HBA FIFET. RESEH
FHFFEE T X InAs/GaSb H AR LLAMRIMEF WA FT, PG TEZHR. HihE
ERNEEEEILKSFE 2490 (Center for Quantum Devices, CQD)B®!,
LLEaFI G SCD A RPN EE MR8 J1SL46 = (Jet Propulsion Laboratory , JPL)H0-
410140 | S [ ) ¥ 72 SR 56 %= . QmagiQ (Quantum Imaging)/A 7] « & ##(Raython)A & ,
18 [E (] Fraunhofer 5 FF & {& 4 B 7T BT (Fréunhofer Institute for Applied Solid State
Physics, IAF)“2. Ei#if) IRnova A UL K HZAH JAXA (Japan Aerospace
Exploration Agency)“*44,

EEFE KSR T2 08 Razeghi. M % AT 2003 78 B R _EH IKIRE
T HFERIE A 256%256. 50%EUEHE KA 8 um £ InAs/GaSb BRI LLIMET T
B2 . ZRN SR BCL B TVEZIMER, HEUMELN Si0, S5 FR1EHR
4k, 25 ¥ 777 (Plasma Enhanced Chemical Vapor Deposition, PECVD)Ei{LEIAR . i
FiAR (backside thinning process). {51212 £ AR (flip-chip bonding technology).
RN 30x30 pm?, BICHAA 25%25 pm?, HfJRMHEE 10 um, WE(EBHINIR
N 2~3 AW, BFHELN 40%~50%, EEFRMFIEE] 2~3x10" cm HZ'H/W,
SRR ZER 0.1~0.3 KW RAEIRKEEMCR S ARG AEE, EEEh
T InAs/GaSb # A /METF RS BB ENENNE B, BR T HaEtk
MBEAMER T FAM AR, B 1.9 MREERE T ZRUSENREER.



InAs/GaSb #2 EhH& K I 4TSI EE NETD R ARHE 7S pwt 5t

(a) (b)

B 1.9 BOERBE TREAL RS 256x256 LM ERB LR
Figure 1.9 Imaging result of 256x256 infrared FPA at liquid nitrogen temperature in

Northwestern University

B 1.10 TSR BB I 320x256 LL5MRETE 81 K~185 K IR G R

Figure 1.10 Imaging result of 320x256 infrared FPA at 81K to 185 K in Northwestern

University

X2 5, Fidb K24 Pieree-Yves Delaunay %5 AT 2007 i T 2L
K% 12 um, T MR A 320x256 () InAs/GaSb 8 R AL AMEF IR, %R
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B 3

i3

WIERTE 81K & 185K IR JE FIIRESCOURCARM IR . WEARET, BTX
R 54%, BRBILER 96.8%, FHRFEEREZEN 340mK. B 1.10 581K
ZF 185 K iR N %A P I BRI 2% 2 r s Bk L N I 0 A5 45 S 140).

2010 4, Paritosh Manurkar %5 A3R3E T 0K IKx1K HIH B ER
GaSb 2 InAs/GaSb # BA&LLAMETF BRI . L 50%BIEH KN 11 um, 81 K
168 K MBIRET, EASEIRaEA 5 3.3x10 Alem? LK 5.1x10° Alem?.
F#hy 4, BRI 0.13 ms IR T, BRAEERURZE 518 23.6 mK (@-25
mV ffi/E)EL K 22.5 mK (@-9 mV ). B 1.11(a), (b)7r %19 81K K 68 K iR E

B 1.11 FAbAERER 1K1K L/MEFIE 81 KMl 68 K FIREE T RRBER)

Figure 1.11 Imaging of 1Kx1K infrared FPA at 81 K and 68 K in Northwestern University

2012 4F, FHILKSHIRIE T T MBE MAHE KA RAE KR GaSb 2 640x512
InAs/GaSb #8 R WALIMETFHHRME . LA EEKS 08 9.5 pm (FEE
E)LLK 13 um (A AEE), FHMREREERNSEEDNEET 79 um LK
5.05x10" cm Hz"/W L1 10.2 pm 4bHT 1.02x10" cm Hz"?/Wo ZIRIZER T
M B 2 254, 7T KR E T, IR R IR E 2 AE A 4.710°A/em*(@-50mV)
1 6.5x10*A/cm? (@150mV). 7E F#A 4, FUMRIAA 0.51 ms (¥ a38E)H 0.2
ms(ZLEIBE) IR K T, B/NREAESERIRZES A8 15mK & 20mK. & 1.12
N 77 KR T %A VRN FHEE AR R R

11



InAS/GaSb 32 EH KWL AMRIIZE NETD KRGS BF

B 112 FEIERE 640x512 MEBLSMAFE 77K BE T ARRERER

Figure 1.12 Imaging result of 640x512 dual-band infrared FPA at 77K in Northwestern

University

BT FALR R RIS, oA LRI AN IR A AH R TR . LS
i) SCD A AT 2015 FizH XBp £ T HEHR A 640x512 # InAs/GaSb
8 KR A /MR RIS 2P AR TR 5 15 pm, BRIEBAC Y 9.5 pm,
BRAGETCE KT 99%, NETD 1K E 13 mK, FEREREE TLU T 32 RFEN 8
fa91

ZEH QmagiQ AF] T 2012 FHRIE T HFEMARY 1024x1024 ] InAs/GaSb
K AME TR . SAETEGTR TN 18 pm, 50% BILEKA
9.5 um, WEREEMRFZHT, HEFHEESIL 50%, GRBITTEAN 95%. F4N
4 Bf NETD A 30 mKP%,

2K Fraunhofer MIAFTS AIM AFF 2005 EFLFERFH] T AN
256x256 ] InAs/GaSb #8 fi A%k £LHMET I ER IS « IR 2200 B2 B A 3~5 pme
MRIEE A 77K PR T , T RIEF] 10" cm HZ2"YW, BT 8EEB T 30%.
B PN 2. BUAYETAN 5 ms B, BRASERURZES 11.1 mKPY.

7E Vista T H K23 R, 2 E BRI 71 5258 = (Hughes Research Laboratories,
HRL) 9 H. Sharifi % AT 2017 %% T HEEMA N 2Kx2K ) InAs/GaSb
RPN E, HEOTEBUN 10x10 ypm?. 7E 150 K MEE T
BHILWAKA 511 pm, B HEREEICA 3x10° A/em?, BAUEBE KA 4.6 pm BT,
HEE RS EEEME 2.2¢x10° Alem?. ETFHETFHRKT 60%, 1E FEH 3.9

12
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g 3

EIMNR AT, B A0R 2451 22 mK (@120 K)F 30 mK (@150 K)P2., |
1.13 RHELE 120K & 150 K FHIRELE R

B 1.13 10 pm FOFE 2Kx<2K LAMEFEFE 120 K & 150 K BEF THRAS)

Figurel.13 Imaging results of 2Kx2K/10 pm infrared FPA at 120 K and 150 K

BT R A PHRNES RS, EE P 57 FH /R T A 7 (Rockwell
Scientific Company, RSC) & T 451l 4 5 v HAWA T-4GR F F1 i1 H FB B s
F > ZRFIE BN 4AKX4K EEFE KR, vk RMAT /58 InAs/GaSb #
FEALHMETF T4 B3 RHEF B, SRR InAs/GaSb #8 ditk i iE FELLAMAT
MgEE L REEERAIER.

K, ERXT As/GaSb BB LAMRMEB A BIRE TIELEAN
HEE. WHITsN BN S R ERERE R E AR Y 7 FT(Shanghai Institute of
Technical Physics, SITP LA N E#REEAFT). RHWEHR TN, HEREERE A
W 0 B (Institute of Semiconductors)®. FRIX FE 4L 4N Guide Infrared)?*-*S17E P )
MFFT. K¥. dlE%E,

BT 2009 EFF 45 MZE InAs/GaSb 8 A& L AMRIERHIF 5T 2012 F1E
B RIRIE T KN 128x128 HIp 4L AMETFIHERIES, 77K BE T, H 50%
BB 5 um, NETD K33 mKB7, 2014 4, BYFTRB T KL AMEFHE
B HISTRBRA, FEREEARET BN 320x256 HIKPEF mFEN
28, HAEIEHKR 105 um, MAESIER 6.2%0%. 2020 £, FHYIHT ARE
THRE N 640x512 MKIFLLAME P ERNES . 2B IKAN 14 um, AR

13



InAs/GaSb 2 S ASK I T SR SE NETD RAGSIE 5 HmT 50

BT, BEETEREEE 134107 Alem®. JIRIESEN 60K, Fih 2, HMETH 0.25
ms B[, BRAZMR 2R 17.2 mKP), 2018 £, HYIFTEERS FRIMES N L
Wi TERNE—REITHER IKXIK fEH B RH InAs/GaSb # EEKIKRL I
BPTIRTIE, 2 PRANE AR 10 um. ZEHEERE, HWF LS
TSI A A R 14X 10° Alom?. 75 82 K 1 70 K MR, Fi
2, FAAEFE]Y 0.12 ms RIPIRZ&IN T, I8 NETD 43529 37.4 mK A1 31.9 mK.
L 14@AEISEA, (b E PR AR (R 45 .

A il
e
e
.
A
il
£

L
&

19.27 mm
30.0 mm

B 1.14 ERERDEBRRT 1K1K LHMEFEBFZ RN R R

Figure 1.14 Device and imaging result of 1K x1K infrared FPA in SITP
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g“l %g &r: §§ 8 Eg

§ s f  fEEr PR Err it

£ . o 88 S 9 gighi Sbtggigge 8%

E PR x5 5 B 95 85§ §aEirii. gEilfrcl o

. 32 @ 2% 32 ¢y € 3gEbaes PHSEEESE ie

| | ) O A O AR A A A
1 540 ' 1 9’:‘:0 * 1 9160 * 1 9170 . 1 9‘80 : 19.90 * 20‘00 ! 2011 0 . 20'20

Detector roadmap

A 1.15 AMRFRFARRHRRHECY

Figure 1.15 Roadmap of infrared FPA detector

13.1 SMETERNEN LB

BT EEMEET 1917 Fi e, o xR REZE, BEH
LA AT R AMRU AR B N ER . N ESH, & — P2 LN AR,
4T MR B AR B S © R BT 10 95 B 48 1) 32 1 e AR S an 4 1R ROV A AR (Night
Vision, NV). #FA 4347 SR K FREE . RIBLIBUR R GRS L,
KB 2R LU LLAMRI R R G AU, 0B 1.15 s

F—RAIMRIBR IR FEZ LR IG, &IIRE, BTERTERD, T
KA RNSNER, AR BUE (Scanning Imaging) AT FRAR T 3, B4
W [ RIR B R R . X — RIS R GRS T R, IR, A
BRI A, RERBERS— RIS, BEFRE T LRGSR, X
TREIHMBB RGN KEREFEER .

MR TERTLE, BoRBBRER UK BNEE . HETHERN AL
BREMANT L —RREREHEBRREENRSMEGE, EEEARHL 80
R B F/NIIAR AL A PRI S, AR R R AE 1S £5~F T B B8 07 N5 B
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InAs/GaSb #2 &8 K I AT SMRTISE NETD RGBT

?3%&1%@5?’3%*%&1%(Staﬂng Imaging). ?f@fﬁ%iﬁﬁi@%%%ﬁﬁﬂ‘]ﬂﬁﬁ%
IR ENRER 7 BAAMRIES R SRR s T EE, R T BEIEE X
ERILLSMETP RN EE . X — SO R E T HBR R AR TR, AN, AT
RRALRA T FTRE, AR SAAME PN R R BE T 4K .

H 21 28 PR, AT R A ZERBRE R, R i T Ll SWaP’(size, weight,
price, performance and power)y 3 2 P 25 158 =AM P IR DU 2514 RETR AR,
BV KRR, ERIEE, BEMANHE, EmRRMERUDRERKIIFE. H
qjﬂiﬁéﬁﬁﬁﬁEﬁﬂﬁﬁﬁiﬁ‘“iﬁﬁ%ﬁiﬁ%Hﬁﬂ%ﬂ%ﬁf%?%ﬁoEﬁﬁ%ﬁ?ﬁ%H@Eﬂﬁ%ﬁ?i&%gﬂﬂﬁ%ﬂﬁﬁﬁ
BRI AR AL B B R OBUREE, BRSBTS R 2 .
S 30018 2 I A B AR AR A B8 1 1015 1 LY (Sinal -Noise-Ratio, SNR ), ‘BERIEMIE H#x
BENZHMIEREAS, HUREESHNEEG R, EENZmRE —E i
X

W& & P& BARKAWIHD, Wi e E L AMRNE 0T L,
REZREBAS I RIR. HAEE, ERTEESLHBEBNNARSE—
METCHIE HAE S AR T B A BN IR LAME P EHRMEB KR T4 .

132 BRERBEKCHIIMETHRNSE

RERBUEEAKBAIIMEFESGWEEEGT R — B UREZRE, R
TR A& NETD HISEIRZ 70 AR . B A EZA KBEHEERKAE, BHEUE
ERRET A M) TEENBER & T2 E RS EA RIRMRE BREE .. LR E
MEFRERES, Munth, CEESRIIEERSEFE, F#REEMEERAN
JEMARE . B =R R AT REIE K ASFE MR BT EL BRI, BEEE
ARV FBBRRE SN EBFIRENES, ARFSMEAES R RGEEES.

PEBEE R A RN, AT AL AME RN FEE R QE N FE R L
B mK %, BINETD %% 10mK AT, EZER ImK L. K7 nAs/GaSb
AL AME I 2SR NETD FISEHLE R EEE X

1.4 AL XHRARRHE
ASCE S BEA KRS B AR B, FI&E8 T B4 IRE REEK
KR AMEFTH 2 TEFRHS (8] 52 BR CA K AR SZ2 BRI R, 4047 7 NETD 5

16
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F—= 7

R EE R BEEEZ ANXR. TEAREES N T IS

B, 3 E. AEELENB T OIMRIERNERUESH. LRAETT
SN R — SR A NS, 5 InAS/GaSb HEM LI T JEEE A R A g 2
% BIENAT BT ELARNIEEE RN R R SHR, I BILE] T ASCH
i H B —— ] % B AR A NETD B0 40 PSR .

B MRVE K. B & KRR . AT E e TR
KA FHRANERA AT T HAKA G, FRAR R T BT T M2,
EBOFEHHPE XHEATH O BT HRMGE, BT EMASS. KRR
FTHRTRA U R ETHRENNE TS, FREFN—EXRTS, ImaH
BAk TR A (IR TS, T A P T B A RS O AT T R DA
B R XA RIS O AR DU R SR G AT T BB, 5% T R 5
PEAEREIOMIREE B, NG S0 A P I L AR A AT 0T T 2R

= TR NETD RSB . A EY RN BT EFHOEELT
Ve B BRSO R, IR T ERENBUETLR. BRI, B s,
PIRRIEZE . VEAIRES . HARETENNRRL. Wk £S5 ML,
B, BIi. NETD ST 7 RS8N H. RS HERS mAEmAR—E L
BBV AR ZRERIER T, BT 54 EE TRAE SR 0P,
Jo GRS 4 AT AR (L T R K IR |

FIE: R R BT PHE RS SR AEEESUNBT R
Fi (4 T3 T DA RCR P B B O T 2046 O P T AR S5 AR S et
R R AT, BAE T 2808 NETD MIIREIE % . B ausn B E OR, 3%
B A BE MR R AL T B, B3 NETD KEIEE KT Bk b, 4
I T BAFNTRIRIERE, oS S R AR I T

R AT TEERE A . AT Aol B S AR 5 R P TR 58
15 NETD, 32758 HE R RS RS, A2 nt S 0RO RS AT T 0. Bk
BRI BB R IR, IR T M X 18 SRS R
KEEBS IS B P BEIR B AL  . F0R, B A, BET &
AMELE T SR PERE PR 0 BB SY , BORRE Y AR IRL IS PR S B R P AR
{17 PHB AL . BRI Hooge A8, ot B84k MR DL & /MRE T /%4700
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InAs/GaSb 2SS K I AT SRS NETD RIGHINGE 7 B 5

PR T, T B A SR TR B PRI 0 BRI B8
AR
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BoE BPREK. BAIE R

BoR MREK. SEREREMERE

WS BERRE R BB S, BERANETEMNR, FHESHZ
TR, HbasSRoe, 2, VRSSE. K mReT I &R
T HOGI AMRR AT R BOLIERERAE, B /A T BRI 1 b
BT, BB S T AR TR A SR R, T — ST E R
PV REAHT R LIERY.

2.1 BARME K BN RESRAE
2.1.1 REFIRI

AR BT, — R B T o R R R 5, M
TAELR M KA. T RFME, IR, i hAs, ISh,
SR A — T, AR TR T NAR . DRSS
MEAT N MBS 3 LA 2 B T B A ATA, —RRE—
BB BSOS, S A B, (R Rk, R B,
EAREE R S BUR T RGO, B— KRR 5T, SR s AT
T 5 5 R 4 RS G AT BT, L o ) S T B SR 2
ST, BRI AR T R R, R T RERCE, R
BT P A0y R,

KA RIET kP L4 BTN 88 (L4 T, B R ARE
BRI 1 Bk PR B L R, TR K=0 4h M0 AR B RARE I 7
1, BAABIBIR A s,

2.1.2 MBE £ HKEAR

B AR AN E R B — M B TR R AT PR B R AR A B A K AR 2
(¥, @R mIR R A KR SRR TR A TR, B R AR A R &
SRR B B R B8 71 SO B B R 7400 - BT R RN ARTFREER
DT HRAMER A (molecular beam epitaxy, MBE) A K& 4 /& B ML #UTF (Metal
organic Chemical Vapor Deposition, MOCVD)$H; AR [B2841,

BB o7, FFE R ainds /e FHBRARIR, e THE BERXTHRE

19°



InAs/GaSb 12 S#& KU L AN SE NETD R AKHIE 7= (B 5L

YR 2 190 25 B SRR, BN ROUE TP M SRRV B I s R b R 2 2
FEAEF o BRI R BE B IR UEAE A I _E VTR AMEM R e 8 LU R 7 BB R
HATAEK, AMERR AR ER. — 8L R T K58 B BT RRN

1

L= Toend? 2.1
P
n= EB_T (22)

Hin REESTFIRE, d IOTER, KgABREEFEH, T AREEE, P
NEEER . |

MBE ZZAH—HRE TEESFE. B TR, RERENNSIMATR
W&, XL H SR A FE MBE R4t A 4Rk W ETE, — B9 10 torr 4.
Ak, AT SR EM R GRERE TEREAK, MBE W&TECH T
515 BE FE A (Reflection High energy Electron Diffraction, RHEED). 4L
AMESTIR A, DU RGN SR %, H RHEED & EE. BH RAIELREN
1502%, BTN ST T IR BR A OURT AR R SRR 454, B REARIEAT |
BHIESR A BB AEKESR, LN RBRTIRIE KNS, K&, 27
HAMERA T B AR IEAT IS — IR, MY FHRGEsI LIS IRIE
FEERBEYR. REMSEME, HREEKREEARMER, BXMNEE
O —fER IR %, Rk MBE R4 — OB S0 & 2L ANE SHE B CLDGE
SER RS AT T AR, AT ERIE 5 B B VB AT R B

75256 BT A i MBE 4% =2 B E A 5] RIBER #J Compact2] B &, H
SR EEME 2.1 fizn. % MBE RAGEHNE, MRS, AKE=1E
4y, ZHFZ AEEITREZAERE, DUt KIEERIEAE K ER BN TR T
o, ELhRREDRES, EE LB REFEFEEREN, KAEE ST
I, AT EEI S STAEEZ BRI, KM% TR %= IR 50
HERE % ST IR 2 W], 2B xR DR e T SN BUL B, B 4T
FEKESTABEZ MR, B RENEKEIITHEAERK. EKEH—
R C & 2 POt R R IRVR LASEIL 2 JoA R A, AR ST v 32 B398 K SR et
% In. As . Ga. Sb AR TB4M Si flBe %, HH In. Ga. Si. Be RHE
Bl m i E SEmMAEA, T As A Sb RN AR R EREEN. &
A I AR IR B R I R TR AT IR B R/, AT A st A AR s R B8,
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B PRVEK. BESE RN EE

RHEEDHIF4E

WES I

:h_’r%éﬂu’x i d

B 2.1 MBE £ KB £ EHREREEP

Figure2.1 Schematic of MBE system

2.1.3 B ¥R X SHEITHMIR

1895 4F, HEERI X HLLUS, EERZFG HE G RE, RSHiim
WA TT LR MER X BTERMATS el FrBfT iR — R8T, HARK
H S SR R FARE AR, RABUN, & MESHEEETY, PETERL
Mt A2 . FIRRTE T RAAT S, W AR 70 R OO 454 « 25— TR R T P AR 4T
i TR S S O ) D R 22 M NS R e K R R U I, SO 2 (AU A BN, 18 B AT 5
BRI ONME, BIATSTEME, XBLREE & KA hitk g il

2dsing = ni 2.3)

Hrp d REAMTHSEERE, 0 & Bragg AEEEN M, L RAMBERRKK
X WEHB KA 1.548), n RATHRE, BT, HRXRD BIEMAE.
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InAs/GaSb B S& I 4T 4MAIISE NETD RARSLE 5 B 5%

M BBE

& 2.2 W4 R X SN TERES R EE) " U EEWEG)

Figure 2.2 Schematic diagram(left) and object picture(right) of XRD

A% SCH B XRD 45 S¥ 2 5 I 2 24 Philips Pert MRD 1% -F% X 4
HATHE B, MBI, ACHHTE XRD MRS RS RET Gash #
RE60(0,0,4) 7 FIBBIN . ZERTRIAR, X STREMBEEAD, HBiEd s
BEF DR X SHEHRINSSAESIN X STE S B st . WA IR — IR it
B —FRRER DR o 53, FIERE, N o SR, o S
RFE R TAT TR T 0 SRR . 55— SRR DU o 5530, 470
52 D) B — {5 0 £ B B KR T BN /20 AR, /20 FIRMEREE IR
T BT R E S AR . BT XRD WAL B AT, LA
B R KRR, BEMEEASE, MBNAREARRS. B
T DS BIAME [ 5 4R 2 1 I SR TR AL/ LA B A b b FE A ¢ %,

2 = —cotByyy - A6 2.4)
A
~ 2AwcosB 2.5)

H 0 gy AT R AIATRLAR A AOISNERT BT AT TR MR 5 4 JIRATIH 12 [R]
#ZE, Ao %Vﬁ’l\*ﬁ’v‘\ﬁﬁfﬁiﬂﬁﬂézrﬂj MR ZEE, O SN EM B R RIER AL E P,
2.1.4 EFHEHFA

HET SR T2 EBRIER, FEFS5EFZEE5 I F TR EEE
B, EZAER Jo5t B F 2 18] 0 B B AR Ak + 43 BUEk, 5 1 77 B3 8 (Atomic Force
Microscope; AFM)IERFIf TIXFYEIL R . HR FHRE SR SRR R T K
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B PRVEK. BRE R RE

AAEARFIN, BEREAR AT, P, RER BTN, Wb
S O, SEERET R, BORBE, IR B A L AT HE T R
B R BE, ST th B T HRET S5 A ok T B B O (L B S R4 PE e e
KIS RE, SUERE, RAEaMREmRSIEA.

RIS FEH, ATLUEAAEMER, EEC BN (Contact mode). JEHE
fih A,(Non-contact mode) LK% \(Tap mode). =FMMERBHMY, BRI |
F B R AR B T 5 R B R T B T RO EE R 77, B8 FHE 0 T B B A (AR S
U, BEULAEESEENBERENER, ERMREREREAD, FitbaRs
SR EN; AR AR R T2 RS T, ML TEmR, S
PR LA HT R M, EFRERD, R R TRR BRI S aeiatm gk
BT B AR, R TR AR (02, |

Detector and
Feedback

Fiectronics

Photodiode
Laser

IS Cantilieve
Sample Surface Y. & Tip

B 2.3 AFM RE-REC

Figure 2.3 Schematic diagram of AFM system

2.1.5 3 FEMBTMIN

ANFHBFREFE DR T REMBLMAST=EZ =Y, WK 2.4 Fﬁﬂ—?, it
BrliX s = R S IR R TSR WS, AR SER. AMETFE
851X (Scanning Electron Microcopy, SEM)F|H HIIE 2 H H ) KB+, @it
SEM R AT A B R R SRE 2, Btk SEM B3 T2, IR, 517
HETZHEES, ATHEEETIO%,
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InAs/GaSb S K I L AMATIEE NETD BAE SIS Hw ot

ASBET

REKHBT

BEHET

B 2.4 ABFHRTFREHRZRANATERRY

Figure 2.4 Interactions between incident electron beam and material with their products

2.2 BHHRIE T ZHHR
2.2.1 BT EHEIHIE

) ik | wor L KEER
[ ﬁﬁi& j::{MQMMMﬁFZﬁ[fﬁ?*ﬁﬁ) | a@EE

l

BFRER [ ( ww b EUERAE
{%mﬁg%ﬁ}t:?t%QWﬂ k:: wg | RRERSE

l

Xt

-

J::i[ BEMNR ]

A 2.5 SBonafHn & mER

Figure 2.5 Fabrication processes of unit device

MEAE KRS, — R ERITBER MY REE ARG R B ns
HEMETZWE 2.5 PR XM ERANARERITHALZ, BRZIHED.
BAR ISR, ATEE M S E, HhH H A A R PR I8 e A
BEo ASZIGH, FETRIRE A IR BRI ER- X EUK I IR — E LR & IR &
W, B 2.6 AERTHAFRIEYE.
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s R, BN R

Bl 2.6 Bua iR

Figure 2.6 Unit device of InAs/GaSb SLs infrared detector

222 ELHE SR HHHIE

[ mmex }Zi{muMMMﬁ: | xmramn = newn |

|

ICPCVDEE w: [ R \: thPAE ﬂ: [ XAER
[ ﬂ k= JTUPREAR T L ame
~ - N s s 4 HEEEa h

(ﬁﬁﬂﬁﬂ i¢o%wﬁn1==$£%§§§%:=={ﬂﬁagﬁ%,
(%%, Zm ) [ *&, | (mEdEm, e )

[ mmex = TR PR e | AR

AWEE ) { L -
A e B e I fjé
[(pvmwn j—{ w8 = @5 j—{ wmy |

B 2.7 AP IR ERESRE

Figure 2.7 Fabrication processes of focal plane array

EVHEFERR&EMESR, WE 2.7 i, BT BTE0H&PEER
AL BRAEKS, BENHBET—RIITZHE, GFEML. f0R. RE
W B BRSPS, BAT AR RN DA TR T IS4
AICRTR A 6 %) 7 20 ICP 2, X A% i 7 20 B A 20 ot 2 BB <54 ),
BT OV 5 S0 E I R ERBOE R, BT 2R 8 R & T
fiEE, REGEESHOERRERR, BRETEMLE . EHEXERMRBE
HEABREORESEE, BRNGREBE, 8KRBRRPT, FEthXiE T
ZU%t & EREAT SR 5T T BER A E R & E R EE MR - H LKt

B E LB A B BB, BT SiO2, SisNss AlOs, TiOz, ZnS Sal98-1021,
25°



InAs/GaSb #2 S K WA AMANEE NETD RACHIERS B 5t

A, Bl HBALARL S ICPCVD YEUR A 300 nm [0 SisNs B, #
PEYTRLE % 2959 10 nm/minl20,

PR

EEEEHIIE= -

2 H LB A

A 2.8 HREKSHENTREALERYE

Figure 2.8 Effect of Indium column uniformity on flip-chip welding

s L8020 Hv D der ese | WD mac [ ———— 40 um ——
2 11:44:15AM  15.00kv [ ETD  SE 59 mm | 3500 x Mova NanoSEM 450

B 2.9 43R SEM B&

Figure 2.9 SEM image of Indium column

MRS, FIFETHRZK (Electron beam evaporation)sefili&/B K Ti
(5004)/Pt(5004)/Au(3000A 4K, Z/EFHEEREBR EAKIBCKS MR, B
ETHITEENEELE. BEEKMESHOIN TE TN EEEEREE,
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B MEVEK. BERIE R R

M KRB SR, S0 2.8 BT, BURIE KM R R T T
%, (BB KB S A A T I IR A . & 2.9 £FIf SEM
S ESOERR EME, RRRRAE KIS 5.

KRR, BRI S B A R T R R, M
T SE AU (A PR . 3 T A — PRS0, REBRE S5t 5 e
4 BRI . BRI St /M, BRI SR 5 s i SRR B R
T4y, 182 IE (AR A A L LB G , SE 5 R R MR LG MR it
KB, AP T A PR O SOH B T BRI ) ARG, (6B 2 R
KRk, B, B SRR SRR B REE), MTHSEPHEEXE
=,

(a) (b) ..

101 {—pixet 1# -
—pixel 2 # [o]
. 10 pixel3# 5 101
< q0? —pixel4# 2 s-
T 104 pixel 5 # 8 1% —pixet1#
@ 1= pixel 6 # % —pixel 2#
5 105{——pixel 7# @ 10°{ ——pixel 3#
S qos{——pixel8# o —pixel 4#
l‘i 107 e pixel 9 # g 1041 — pixel 5#
Q 1 ] e pixel 6 #
1044 2 ] ——npixel 7#
10° O 10 pixels#
] — pixel 8 #
10° T Y . 107 . r x
0.2 0.1 0.0 0.1 0.2 02 0.1 0.0 0.1 0.2
(c) Bias (V) (d) Bias (V)
108
10"] —pixel 1 # —_
q02] ——pixel 2# g o
- — pixel 3 # ]
<L 10%| —pixel 4% 2 406
€ 10¢4] —pixel5# 3 1—pixel 1#
@ ] . 2 - pixel 2 #
[ 5 — pixel 6 # ] p
5 1071 — pixel7# 3 105 —pixet 3#
< 10%] —pixel8# o —pixel 4 #
& qg7] ——pixelo# £ 10t —pixel5#
[« 1 s «~—— pixel 6 #
10 > 3] ——pixel 7#
109 O 10 pixel8#
] —— pixel 9 #
1010 . Y " 10 : . .
02 0.1 0.0 0.1 0.2 0.2 0.1 0.0 0.1 0.2
Bias (V) Bias (V)

A 2.10 77 K BT ARBEE £ 82840 Hiee, @), b)2RRBRESN 2Ke
B A R R BT B (o), (A RIRBIRESN 3K BRI s B35 B
Figure 2.10 Dark current(a) and dynamic resistance(b) at 77 K of devices with welding
pressure of 2 Kg; Dark current(c) and dynamic resistance(d) at 77 K of devices with welding

pressure of 3 Kg
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Figure 2.12 Schematic diagram of (a)blackbody response test and (b) chopper
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Figure 2.13 Schematic diagram of Fourier Transform Infrared Spectrometer
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Figure 3.1 Schematic of infrared optical system
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0 1K R B IRATA S K S8 . Hik, K4, WRNRNER
FEYERI(AT = T, — To) T LARRRIE E SRR Z NN EE. EFERNE, HER
FEOFH R, NETD fIREEIFER &M, REEFRRKEETER R, 3F
BHEEAGI—EEZE, BEAS 1 KHRE3 pn~11.5 um JOEEHEIFEK
An, Bk NETD FEAE.

3.3.2 FSEEF NETD HIS/00

RoBAERBEHTEEHRAFLAETH NETD MBERHWEERER, WAR L

K, AR B 20 R X A TR A3 B T A R4 o B B R ER AR A
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LU R Kt R AR, KU, (S NETD. AR 36,
311, 3,15 WAL, TR DA BRI AR, AT M
R AT R

J[Idark‘l'lopt(To)] Xq
[Iopt(Tl)_Iopt(To)]'\/ Tint

LA AN, AP T R 75 T R VE T 28 M A & ORI IR R B, 7S il
FEE LR TR 1/2 WOPBHTEAR, W 3.5 B, 1E5 RSB RRRS
5 2E 2 AR, R B AL At By B R A 2 (S A TR 1 EE e B2
B0

(3.16)
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Figure 3.5 Calculated NETD with different integration time

3.3.3 FAF BT EFK NI T NETD 9

BILE R T NETD S EZRIRT P75 HE, —J5 1, BAKITRUZFER
MRRERAIGER, EHMZG—ERBLT, PERCRRHEA, 4N
FEAEBIRA NETD. 53—, TEA% MG Ex T4 i s R a
W, AR, #RERREHBRA, KB RAEMIE SHES RS
BEE, EWRERKIGES.

W 3.6()F BEELHR, LEFEFE—EN, JETERH 30x30 pm’
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B= fETHEBE NETD PWSEAT

WEZE 5x5 um?Rf, NETD JUEARMEZ KA. KRB TRMETEK, Y
T2 Lo 51 (YRR /MBS P RIS FLIR 5 3R BSR40 1A o T NETD BEAR 43 (313 K T vk
AN, ZHEVEFMEIN, 48 NETD 45, 2RI 2 KA R T g B
BORIGEFS 5 AR 0L T, SEORMELAR , NETD — AR B8 70 I AR HOU B BT K -

0P 3.6(b)FR, MR ZIRG], B BN, NETD ffT
TR AT . AR 3.16 A1, 2452PERS B an B 4% /N, NETD 5
B TERA TR . :

B RN, ERNETIRRERE BRI =M P, B
S 4 R 5 2 1A 43 W SR R AT SR B B o — AN 45 B

(a) 10.0 (b)

9.5 — Da Ik curreLt(L=25f is 10 nA 32 Dark curreLt(L=25) is 10 nA
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Figure 3.6 Calculated NETD with different side length when (a) the integrated time is

limited (b) and the integrated time is 1200 ps

3.3.4 EFHES NETD 500

WK 3.7 FRALEHR, AR BEENEE RN, EETAEH20%
REZE 100%, FREIH 1761 ps FBKE 428 ps, NETD Z#f K, R FIKAI
MREE AR, XM 5.758 mK B%ﬁ-;@ 4.622mK, FHEIBENN 19.73%. XFH
RIEREEBIREH 0.1nA BT EHE, NETD B 4.384 mK % 4347mK, THIE
FEAUA 0.84%. SR, WEFLAASLERHR, LU BERHEAN 10 nA B, NETD
¥ H 9.06 mK FTFEE 529 mK, FEIEE 58 41.61%.

RMBRM B —FHERARN, BEETFRERNRERS, JNRHZHTIE A, 1§
K Seua R R 4R T B ET ), Z3F I REER, A AE T RN T RK
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NETD H/ERI AT ABI 8 B—, BARRRIRE, 5 mig 5aEk
MRS HIZERA 2 K, T ELIE AR SRR OB (R, I ORI 75 U BORIA T S i
W WA, HIRE TR T HEE NETD B s.

9- —— Dark current is 10 nA
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Figure 3.7 Calculated NETD with different quantum efficiencies when the integrated

capacity is limited

B B B A B T TR AR, R A LA & F R MR &
M. E 3.8 PRASLLHUR, BEETFIER 20%REE 100%, JtHERA
Wik, HAESENBRFAT GO ESREIER, #18 NETD H 6.98 mK T
BEZE 276 mK, TFMEIEEN 60.46%. fHBETHEEGAE—ENMN 19.73%, &
Yoz, GHMNEBK, WE 3.9 hEOSELHTR, AT U RN
BRI 5 23R T e F, A SRR ESEFREL MR AT LUERA

— _ YM(To)Xq
NETD = (T; — To) [M(T1)=M(To)1TineXQE (3.17)

He MTRERIEEN T I SARIREEE. dik, 262 % AR, NETD
RN 2 R MR L K/ E, NETD B FRAE AR, FRouotm SRR,
BT A9 NETD 58 73R 0T IR AUt
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Figure 3.8 Calculated NETD with different quantum efficiencies when the integrated time is

1200 ps

FR M, HEGRBERTE, EESTRBERMA/NE, 77 DO HA A Ek
s 75 3SR TS BRI, MR, @E%%iﬁﬁ%'—?%?iﬁ%iﬁlm%%ﬂuﬁﬂ?ﬁ
NETD = (Ty — Tp) X —Lderk*4/Tint (3.18)

[M(T1)-M(Tp)]-QE
MEBTFWEH 20%E5 2 100%, BEHIRN 0.01 nA K, NETD %M 7.6mK TB&
% 435mK, BEHEFN 10nA B, NETD ¥H 9.06 mK FEZE 5.29 mK.

3.3.5 BEE R K /3T NETD RiIs2Ha

K39 BRTHHEAEREK, HAOEEN 1200 ps i, FAHHRE R R
F NETD Mg, @R 308 K ERBHE TS 293 K HRIEE TGHER
HIZE(E R/ o 240G BYRIE i/ D T YR, BIRE BUA 0.01nA EF+=E 1nA Y,
NETD J1F R BERE By A3 K A4k, T3 EZ BB F AR MHZ, HR/N
N 486 mK EAZE 5.06 mK. MEERSEHETEIEZZ AT RN,
NETD 635 8 iR g K A 88 BT R ER, AIFETRIEZE] 100 nA B,
NETD &i& 14.83 mK.
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Figure 3.9 Calculated NETD with different dark currents when the integrated time is 1200

us
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Figure 3.10 Schematic of (a)DI (b)CTIA readout circuit

TEARL R AT BB — AR ESH, BRSNS R REAZ]
R BANEE S . A BRI HAR, S4RNTERSAR, =B
EAMEHESFEEKRIER . RRER P, FrRA S iy AR
J¥ K %% (Capacitor Trans-Impedance Amplifier, CTIA)FUEL H HL#K, HIE AL a0 &
3.10 ®)FIR . HH Ci HEF L, BAEE Mea AFUETHILHE, REE M
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B=% ETEEE NETD BWESYA

A B R4 B T R R BEAT L. A T 3.10 (a) TR ELEEVE (Direct
Injection, DI ELEE, CTIA B B VA RS, B SR
I, BB R RS R IE, T LB AR B IR e A OV
5T L) g2y

(1+A)R
HincTiA = T aRy A)ZD (3.19)
GmR
HinDl = Tyamer (3.20)

Hrf A IRZEHZ, Ro AEMIZMIZIAIS,Gm 2 DI L d B vE N
HIBS S . SRR It PRV N R R AR 1, (B
CEHRIE, 5t S OV E AR AR SR O B I U 0 L A A A
— IR, O 25 SR B AR 2 M REE AT 1, Ei CTIA
R B T AR A AR T 1. RV DI BRt e, BTEENERS
H7EE, BN TSI NCE, BRI RIS R a5 m, BRI
RO N =P NLE T |

3.3.7 HRiMlEE TAER AT NETD HIFZ00

FNETHERE - ERRNSBN—NEESH. B, KRHNIERERWR
BURBGRE FB, BUNRIRE A BT R F H A R AR, AR, A
AR, AR AT R IR 2 MRS I PR A SR A RICKL IR 75, 1R s 2 PF (S MR B LUK,
BEERE MK, BANHENSBERA, MRRREGT, HiRSEWEEA
MEMIRR, SWER, WERsRE; B2, BENITERESTREKHT
BKE, AT ARSENETIE; &5, #FTERENFEETRIKS
REMRAAGRESE, WTREFFIERE.

SRR A0 TAEIR B 3 R ks AP [ R & KT R K B, Kt e®
AN ARSI GE K, X BRAR R B BR ) 7 41 457 I B/ BUAL DA R AT AE
TN EIER DA PR RIZBL, fhah, KIZKHIA RS — BN &
B, XNTHFRRFLIMEFEHBANRANL. FERILEFERITRRT,
RSB TERERL/IEFHEENRR FL 1212,
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34 KEGE | |

AEYHNBTEPENTERE. MRARKULERESHER, FELS
WA EE R . MRS R BRUEICE. A SR ZE NETD %% . IR FHER
BENE K, 142 T #mAE4 NETD M EEZHER, ASDEKIGEE.
BB TR LLAMRIN S AR B IR . 5T EE B AT N KR DL R ) B R Y FRL e
ArERSESE BT N A MATLAB 4B 6%t T NETD HUSmIf0 T M3 052
HENFEEE TS BEERTERZRALZRFAMEL. HHERER, A0
EP?‘L“U%%#H@%%‘T%%‘EH&W%;’%#T, FETFHBFEEEETREN mK KK
NETD.
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FNE BEERYELATERGHESMR S

~ﬁ%ﬁﬁﬁ—%ﬁﬁ%%%$#Aj%#Bﬁﬁ@ﬁﬁﬁ,ﬁ%wﬁoﬁﬁ
A RHANBEEENEETR, &4 B RHEZRLENEETR. AEEEEL
SHFAAFERMRG R, WERARTLZ, KHREZNEIZURKR T BE
A RN TP EERLE . BN E T B R R, RIS
FlEIRER S REEN T NETD KRN, ARSI i 2P s 2K 102 P 1 A&
el & T2 REEEHENAFXM, HRTZE, [ EE TR,

41 A |
{5 145 % 0 M2546 ROSME P& BERIVEES A A LRIV B, A

RIS R, ROER& AP AME F LR AR, Sl T2

R 2.7 R

@ ()

& 4.1 R @ESAATE, 0)ERHEDEN4EIANATEZY

Figure 4.1 FPA detector used (a) indirect-interconnection and (b) direct-interconnection

R & SERUS, SHERESS A A R0 H e R T B A (BRI 2k
TEE, HEENZS R Sk misrERgEeEERa R L SAFESRFZAE
B TERAFNBNEBERITESE, EPEBESYME 41@Fm. Wi
BEEFR, TZHBEMEH, ERTEHEESr B —ENEE, FbEREE
BREt, MESWIFEBSHEN, FBEFH A FEIMEGHEERZ-LZ
BB, FREESRSE, WETE A #TEE. £ PEUR, &OO8RAE, P
2, BUFHZN 16 pF, BUM I 900 s, 1800 s, ARG 100 YL
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STA AR S R R A |

ISR B ATt R B RN T L, BRI
P i R S B ERAE— i, C BT TR, TIE R
Ve B AR b, ORI & R R S BT, B AESR E
LAY WA SRS, AT T T A b, A
A PRI TN R ST AR, DR P R R A R
PR B HBLAE A4 A 120 m, FEHEIEE 100 I FIREEAORDC K ER, HAM
40 B E T B A AR S SN BERRRBES T . 46450 5 L R 5
BT A S RO i, B TR TN, RN R, SRR
B — 5 b IR B BIR AR . BRSSO AR B TR B, =525,
R, TS o R 4 TR

HEGHERNAETE B #TE%E, ETHEMK. TR 5RA FL 2 i
FE O PN 1.5 MFTRE T, BBy 16 pF, B4 S F1% 1600
us, 800 ps, 400 ps, 200 ps, 100 ps.

42 EETEE TR BEES T
4.2.1 |[B)EE £ T 25 {4 R 0w Szl
F4.1 JEEERENRER

Table 4.1 Test results of devices with indirect interconnection

FRAYETIE] (us) | WERIFRIE (V) a7 EEE (mV) NETD (mK)
900 0.108 0.432 62

1800 0.228 0.501 35

N 4.1 fizs, SHEFE A BTS00 a5 7328 900 ps, 1800-us HIEEFH
AR, HIARIEESFH 0.108V, 0228V, FeZATH L0 S HE FEFS B (8] 2R 1
K HEass . SR, MR H 0432 mV K Z 0.501 mV, FFEA FEAR 0 () A
12 e, XA TENFEGES RIBEFIERET &AL, MRSZM
FHEBS S, MRARESE. REAFHKIABEN NETD 474 62 mK, 35
mK, X THREmS, EEERFTRER . WSS A R REN T
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IS FHRA R ST EE & S WA

SIS R, (AR S AN, E‘%‘%ﬁ‘ﬁﬂ@ﬁﬁd\; i, B ERIER
N, BIARS BRI A BN, MRS RE BRI, HRS BARREER

PR, i ATRIRE R, AR AR, (R R SRR B T
R |

St AT TH A BEATRE WA SR, AR BT E 2309 100 ps. 1600 pss 6000 us,
TSRS BN B A R4 B 0.46 Vs 0.70 Vo 136 V, LHIFRAE [ 5WHE
REEWME 42 fi, MEBZIREN 01546, REFEAKX

N Liari/Cint X Tine + Vbias = Vresponse (4.1)
T EARE T HE 2 1E A SERRRE IR L 2020 247 nA, SHIBEHEEA—B Hb
Tint AR ), Viias ATRT B AL, Cin AT B KR/, Viesponse T
T W 7 B o 43 ERL S (1 v v T T DA ey R R B 34931, 7T Ll R TG A
HEERE

1.6
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y=0.1546x +0.4158
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Figure 4.2 Dark current results of devices with indirect interconnection
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4.2.2 (B AR I 2R 1 SN L 53 4

Response voltage (V)
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Figure 4.3 Response voltage histogram of devices with indirect interconnection
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Figure 4.4 Optical response voltage histogram of devices with indirect interconnection
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el 6 R R U TS B S AT

K ERF EIO S LR, e o 7 Fh R 8 G T R B B S O OERI R,
5 B B ARE AW S TG MRS S ER, BARREN 203K I, AN
BEFESAT 118 V~1.65V, HEERE K 308 K B, £V AN EEE
BT 1.30V~1.94 V. REEFEPHAH S 532 MEoHiREdE (B 4.3 il
[ B AR IE AR LT AF RO, U3 e, R AT
JEA 04275V, HIEEEIEN 1.51V(1.94 504275 2 #)E+H, HEEIETFE
WA RN 150 Me, SEFRRENERSH—H.

WA 4.4, X 293K, 308K HIRRAMISIHZEN, BIRRIE AL TR LR [
o, RABBINEEMNEEFEESAMAT 0.15 V~0.29 V, BRGNS/
MR H E AR 2. R, [EWE O HE R T 28 5 £ T T i B35 50 ks
T EREW, 582 4.3 FRKE A X — i T E— B 047

B4k, B 3.1-3.6, HHEBBBEFHEFIEIN 18%. XE5EMEH
J&E T 243K 30%~40%AH % B iz

423 o3 B 3T SR 0 M BE RS
B INSEAREE K 8 um BIVERE A, TR IS s BRI RS, iRGE
BN T RR |
22 4.2 0% 8 pm WK FEHBEEEEANRSER

Table 4.2 Test results of devices with indirect interconnection and 8 pm filter

RS A (ps) MR (V) MafE B R (mV) NETD (mK)
100 0.00435 0.376 1341
200 0.00975 0.388 600
400 0.02025 0.376 287
800 0.04155 0.399 148
1200 0.06285 0.41 101
1600 0.07935 0.423 82
it A A RS AT, WUEBHMTER: iHTRART

HIREBRIE, RELEREYRT NERTRERRE T8RS iR
IR T Z 4 S HSA TR 7w R 09), Foms i -5 H il

PSS
BERAA—H,

EEBTRE T S ENRE; i RERZELE ﬁ)ﬂﬁﬁ%ﬁ%uﬁ%ﬁﬁ%ﬁ“%ﬁ
BHRH, ERTRELEHTENRIE, SALETHERHRRENE 50%, X
TE PR AR R 75 25 30 IR 22 O S I AR p RN BR B 10 di. 74 B B TR X T3R8 0
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InAs/GaSb 4Bk KL AL SMRIIEE NETD R IR 75 (B 50

SR 51 e L K OB Z—E%FE‘%T%I*ZHT A BEE O IR S a1
AR (o 36F B2 2% R L B FE HER

43 EEEE%$E%&K§&?&%$&
43.1 SBEEMEEREMMNRER
R 43 HEEEERANRER

Table 4.3 Test results of devices with indirect interconnection

PR FRATEIE | TR ERE WRAE | MRAEHE NETD
ikl (us) ) ¥t (mV) (mK)
1 2000 0.45120 14.53% 0.427 14.24
2 2000 0.45045 14.42% 0.415 13.84
3 2000 0.45045 14.41% - 0.406 13.49
4 2000 0.45015 14.49% 0.406 13.59
5 2000 0.45000 14.51% 0.409 13.69
6 2000 0.45225 14.50% .0.448 14.92
7 2000 0.45105 14.55% 0.381 12.72

I Exp result

®
o
—

D
o

The number of pixels
N b
o ' o

0
2 4 6 81012141618202224
NETD (mK)

B 4.5 R ERE O N ERTERF NETD 5108

Figure 4.5 NETD histogram of devices with circular cold screen window

ST E ST 2R B, TR, MR RBORE . TS R
% 43 fiR. NETD BLIREE B4 12.72mK, REM T RSEEENEF S
e, CHEBRKSE, EERNSSETANEE, RINERHZ NETD 8 KT W
EHUEENERIR, WE 45 iR
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BIE SRR A TEEAE ST

SRR E R AR LB LR R FRE O .o TR AR 514
I, ERE D MERR XA WS A E AR OR R, B ERM T
BP0 £ B4R ST T2 B BB E AR R T4 1 b 0T B 2 ok B R AR R R
I NETD Bk 77 L st 2 L™ & 2 IL S

4.3.2 BORRIT I 5 RIS

AR SAA B HIRAFLAITR, o 2 RS SO 0 R R, 284 P 2 8
NT LS, BRTASEREE, SRR EHEEH 1600 ps BFEZE 1200 ps.
(F: FHERA¥RFHHTRAENURREN—NSE, B2 RERH®F)E
BE S EA D Z MM, HERMEANEETFHOCEEMA ). ik L,
B PR S ER R RITER, BMERARARSEA . A T2
mi S AR SR KB R %, M 14.48% %K 2 7.64%, 4B RMHMT —&
BEKTR. BERE0OE, & MEUESER NETD ¥WEIWSEi4 4, 1200 ps
FRAMETA) R, MEA{N 0.385 mV, NETD{U A 11.86 mK. B 4.6, 4.7 5HlAE
S TH e 75 43 4 B & NETD 4345 B, NETD 8 A7 H B R B2 H B .

H Exp result
—— Gauss fitting
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Figure 4.6 Noise histogram of devices with rectangule cold screen window

59°



InAs/GaSb i8St 4T 4RSS NETD RARSE 75 KO 5%

%-: 80 . B Exp result
X i — Gauss fitting
S !

S 60}

@

£ 40}

g |

=

c 20}

()

L

-

0
2 4 6 81012141618202224
NETD(mK )

B 4.7 ERERE ONEZETERY NETD 575 B

Figure 4.7 NETD histogram of devices with rectangule cold screen window

433 TS E A AN RERBE

T HE— MR, XTIRIEHAT T 2R, BRI hEAs K, )
REEFNF 4.4 B i L — 2407 &0, 250 HOm S B 5 R IR R P 1,
X 5L I BB Y2 RTINS TR MRS, S B8P MR 75 5 BSRIR T 2214
B, SRk R BRI NEG 12 VORI, XSS R R R

R 44 HEEELEBADRER

Table 4.4 Test results of devices with indirect interconnection

FRAY BT 18] (us) MR (V) I L (mV) NETD (mK)
200 0.08430 0.354 61.91
400 0.16440 0.363 32.44
600 0.24570 0.368 22.14
800 0.32805 0.370 16.58
1000 0.40380 0.376 13.81
1200 0.48045 0.385 11.86

WA 4.8 KR E, SR RRNREGERT TNE, RERFSHE
RSN FRE S R — B R S TR A 2. ERER, MRRGERE R
15 0.35 mV. EITRMAR R GRS, FUaH 5 KREY &8, Wi 4.9
BR.
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Figure 4.8 Method of system noise testing
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Figure 4.9 Theoretical calculation (bule line) and experimental results (black line) of (a)
response (b) noise and (¢c) NETD values under different integration time.
B EARMARTET 4, N T B 2EH NETD BEE mK 2, BAKRSBEEE
B, BKHRSE LA D, AEAREEE IR ASLEEEREEN
M. BRLBLFERINRESL, BRT REEF, £ RIER 300K, H#HTE
BENWABRE, FN 1.5, 40 1200 ps B H T, NETD S 4&MNHA
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Figure 4.10 Histogram of NETD with the low noise test system
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4, REZEFNRBEN NETD 4415, FHREERRZDON 7mK.

5. 0fas B EHT T PR, SR ER, 1100 Krad(s)#ERAEH4T, WA
%y 500X 1000 um? HIZHFEIE MR E (LA T 0.032 Alem?, #RBL T &1 B 47
IR R B . SRR IR R, B ZRERR)E, AN B RS R — B ]
JE RN R 2 2R BT

6. XA FH 2 BET T AR B R B IRINR, WAL R EIR: 7E-50mV LT,
LR ERT 60 K I, BERERFERSAFEREEHR. SREXETR,
PRI BN R, &K, ZBE&T 40K B, ¥Rl S EFE
Fl; 76-0.5 VARE R, SEE/NT 60 K, BEEGERILTEANE, BFHBEHRE
EESHEE, LEEAT 120K 5, B4EIEEER 1073 meV, HRT BB
o EHIS EFAY W NEE TR RN R T TA. AR E
A, ERERET, YmEKT 03VE, WHEFHERSEES: SWEAT
03 VI, PEEABREEES. 5RERERNNALREABRIFH—2t,
N JE SR T (ISR 75 7 17 208 7 AR

7. SHEEF IS HRSIES, RHR 1, BT TPt R. B
Hooge RN £ T 28 4F 60 1/f B AT TR IRME S LE, BN T AR TIR& A

B R SRR R BRR. HEERER: W TREN-005V
KIS, BEB IR T T 5, BN 1/f W R A 5= B & B IRHC R A A .
Hus ZH0N 73108, T TImEN-0.5V BB OL, a0 1/ W MR AT A)
B A B R A SR A5 5P AR A B R IRR B 2 A0, NS R

3.4x1014, 2x107%,
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Figure 6.1 Schematic diagram of the pixel-level ADC structure in ROIC of IRFPA
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Bt 3%

Bk 1. BF MATLAB MBI & Q530 F #OHEEF

D x=1.90; YFETLH DK R, BhrEkK
D y=0.42; YT B OB, BRALEK
D _z=1.30; YT E IRE, BALEX

Precision =0.005; %SEINRESH, WG, A K
N_x=D_x/ Precision /2; '
N_y=D_y/ Precision /2;
Total number=N_x*N_y %/ 2 EIHA 4
z=D_z,
sum_Solid_angle=0;
Yorh A2 PR F B4 A
for i=1:N_x-1
forj=1:N_y
x=1* Precision;
y=i* Precision;
Solid_angle _ij= Precision "2/((x- Precision /2)"2+(y- Precision /2)"2+z"2);
sum_ Solid_angle =sum_ Solid_angle + Solid_angle ij;
end
end
r=(z"2*sum_ Solid_angle *4/pi)"0.5;
Fnumber=z/2/r
%% N F Bt H 4R
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BiF 2. £F MATLAB RIMR iR S HhiERE

clear

ce

[phnsl filepath1]=uigetfile("*.*"),

%k AR 293 K B R T A5 2 A0 %R SOR B e B 42
Data_293K=xIsread(phnsl);
[phns2,ﬁlepath2]=uigetﬁle('*.*');

YR 308 K IR RE T IG5 B 1 H4% SCRS T2 1 i 42
Data 308K=xlsread(phns2);

Data=Data 308K-Data 293K;

[row_max, col _max]=size(Data); % FE S HATH, FIE
Frame=1000; Yl &R SKPRU R E B
row=row_max/Frame; % SEPR AR 173
col=col_max-2; % Sk R T F1 3K
G=Frame/100; Yo N 7 AN

data_separate=zeros(row,col,Frame);

Yok IR A M 7] A 2R 40 K, T 4% FR T3 Frame #3038 7 25
V_SUM=zeros(row,col,G); Y% AArE, FT R R E
Response=zeros(row,col,G); % N6, 2 WA S BRI E
Response_badpixelNum=zeros(G,1); %M 5 7o M4
Response_Final=zeros(row,col,G); %o b & 70 J5 W) S 50 HE
Response_Final Value=zeros(G,1); %X KilE, BIKIRE 2] R{E
response=0; YoBx 2% MR B 35 {E

data 293K _separate=zeros(row,col,Frame);

Yo FLIARHAR AR [F] i 46 B, F T 12 R WU Frame K404 70 &
V_293K_SUM=zeros(row,col,G);

Y% R &, FIT 293K KR HE

V_293K=zeros(row,col,G);

%G, ZWHRASE 293K IR E
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Noise=zeros(row,col,G); ~ % (8] 25 Tk e A 351E

Noise_badpixelNum=zeros(G,1); %ME = E oM
Noise_Final=zeros(row,col,G); %7 KR E J6 5 S R

Noise Final Value=zeros(G,1); | %ZRME, FRMAGBI RS E
noise=0; Yol 221 P 354E

for frame=1:Frame
Yok MRS HE #2 B TS 53 B Frame 4041
for if 1:row
for j=1:col
data_293K_separate(i,j,frame)=data_293K_separate(i,j,frame)+Data_293K(i+(frame-
1)*row,j+2);
end
end
end
for frame=1:Frame
for i=1:row
for j=1:col
data_separate(i,j,frame)=data_separate(i,) ,frame)+Data(i+(frame- 1)*row,j+2),
end
end
end
for g=1:G
for frame=1+(g-1)*100:g*100
V_293K_SUMC(.,;,g)=V_293K_SUM(,:,g)+data_293K_separate(:,:,frame);
V_SUM(,:,g)=V_SUM(.,;,g)+data_separate(:,:,frame);
end
end
for g&=1.G
V_293K(,:,g)=V_293K_SUMC(,:,g)/100;
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B %

G WA, TO B F i EHIE
Response(;,;,g)=V_SUM(;,:,g)/100;
%o 2 WA A S (.
Response_mean(g,1)=mean(mean(Response(:,:,8)));
% A 18 TT A ST g {E
Response Final(:,:,g)=Response(:,:,g);
e lA AR, FITHERIARIE G
end
for g=v1‘:G
for frame=1+(g-1)*100:g*100
Noise(:,:,g)=Noise(:,,g)H(data 293K _separate(:,;,frame)-V_293K(.,:,g))."2;
end
Noise(:,:,g)=(Noise(,:,£)/100).70.5;
%Z WK N, T0 R M S
Noise Final(:,:,g)=Noise(:,:,g);
Y% (A&, HTHRREE T
Noise_mean(g,1)=mean(mean(Noise(:,:,g)));
Yol B Y- ¥ {H
end
%3 FIME S B T
for g=1:G
for 1=1:row
for j=1:col
if Noise(i,j,g)>2*Noise_mean(g,1) || Noise(1,j,)<0.5*Noise_mean(g,1);
Noise Final(i,j,g)=0;
Response_Final(i,j,g)=0;
Noise badpixelNum(g,1)=Noise_badpixelNum(g,1)+1;
end
end

end
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%

end
YoFH T3 ZIma N 5 Jo 4
for g=1:G
for i=1:row
for j=1:col
if Response(i,j,g)>2*Response_mean(g,1) ||
Response(i,j,g)<0.5*Response_mean(g,1);
Noise_Final(i,},g)=0;
Response_Final(i,j ,g)=0;
Response_badpixelNum(g,1)=Response_badpixelNum(g,1)+1;
end
end
end
end
for g&=1:G
Noise Final Value(g,1) =sum(sum(Noise_Final(:,:,g)))/(row*col-
Noise_badpixelNum(g,1)-Response_badpixelNum(g,1));
Response_Final_Value(g,1)=sum(sum(Response_Final(:;:, 2)))/(row*col-
Noise_badpixelNum(g,1)-Response_badpixelNum(g,1));
end
for g=1:G
noise=noise+Noise_Final Value(g,1)(2);
response=response+Response_Final Value(g,1);
Yol N 9 % (X I B AH Z AN
end
noise=noise’\(0.5), %R EW L XN EERF AN, AT
noise=vpa(noise,5) % B FLAL A BB F
NETD=15*noise/response*1000 %Mt B E40EE1TH, B mK
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BiF 3. £F MATLAB B NETD 725

syms lanmuda ;

h=6.626*10~(-34); k=1.3806*10(-23); c=3*10"(8);q=1.6*10"(-19);
%% %% % %% %% % %%%% %% BHIX Y%%%% % %% %% %% %% % Y% % %% %%

lanmudal=3; YRR R BLE K
Janmuda2=11.5; %R 58U ERK
Ad=25*25*107(-12); % B CHE R

T1=293;

T2=308; %EAERE, B K
F=2; % HHFLIEE

QE=0.3; ' %ETUER
Idark=3*10"(-9); YREEI AN, B A
Tint=1200%* 10°(-6); %FR B TE], HAL: s
Cint=16*10"(-12); %A, B F

%%%%%% %% %% %% %% %% T ERIRITFE %%%%%%%%%%%%%%%%% %%
M1=2*pi*c./lanmuda.*4 /(exp(c*h./(lanmuda. *k*T1))-1) ; %F BA 57 B B KK T3
Fi=int(M1,lanmudal* 10(-6),lanmuda2* 10°(-6)) ;

%IB I X VA S E DL FIBEE B R BT EE RN LRt TREE
B, HL1% ph/(m?2 *s) '

Fil=double(Fil); %ls R iE IR B B AR
Iph1=1/(4*F*F)*Fil1*Ad*QE*q; %G AN, BAL: A

M2=2*pi*¢./lanmuda.”4./(exp(c*h./(lanmuda. *k*T2))-1);
Fi2=int(M,lanmudal*10~(-6),lanmuda2* 10"(-6));

Fi2=double(Fi2);

Iph2=1/(4*F*F)*Fi2* Ad*QE*q;

%% %% %% %%%%%%% %% %% FEMARITTE  %%%%%%%%%%%%%%%% %%
Ns=Iph.*tint./Cint;

%% %% %% %%%%% %% %% %% M THE %%%%%%%%%%% %% %% %%% %%
noise=((Idark+I 293K _100.*QE).*tint./q)."0.5./Cint.*q;

Nsys=0*107(-3);

Nnoise=(noise.”2+Nsys."2)."0.5;

%%%%%% %% %% % %% %% % NETD T+H  %%%%%%%%%%%%%%%%%
NEDT=(T2-T1).*Nnoise./Ns
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