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FRFE B I 0 B FIR, BERE A8 SR ARt st SR A — 25 AR,
A MR RIETE R R M B L S, E P BRI T R BRI R
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Abstract

Abstract

InAs/GaSb type-II superlattice (T2SL) materials have been considered as a
superior candidate for the third generation of high-performance long wavelength
infrared (LWIR) focal plane arrays (FPAs) due to their unique band structure and natural
advantage in material growth. Especially in recent years, with the development of
epitaxy and fabrication technologies, many large-format and high-performance T2SL-
basgd FPAs have been demonstrated, which have aroused significant research interest.
However, there are still some drawbacks for T2SL photodetectors, such as the short
carrier lifetime and poor absorption coefﬁcient; which have been the main obstacles to
further improve the FPAs’ performance. To solve these probleniS, many new material
designs and device structures have emerged, opening a new era for T2SL
photodetectors. InAs/GaAsSb T2SL, which can theoretically improve the epitaxy
quality and also help to extend the cut-off wavelength, is such a novel material to make
T2SL LWIR detection more promising. So far, the research on InAs/GaAsSb T2SL is
still in infancy, thus there are little experimental evidences to prove its superiority. In
this work, the optical and electrical properties of InAs/GaAsSb T2SL have been
systematically studied by both experimental and theoretical means, which verifies the
feasibility of InAs/GaAsSb T2SL in LWIR detection. The details are as follows:

1. The influence of the doping type and thickness of the absorption region on the
optical response for InAs/GaAsSb T2SL LWIR photodetectors were investigated. The
optical performance of devices with P-doped absorbers show significant improvement
over devices with intrinsic N-type absorbers, and fhe quantum efficiency (QE)
increased from 25% to 40% due to the change of absorbers’ doping type.Besides, the
optical response of InAs/GaAsSb devices are always higher than these in GaSb-based
InAs/GaSb devices. For P-type InAs/GaAsSb T2SL photodetectors, the peak QE
increases with the absorber thicknesses, and reaches a maximum of 65% for sample-
800, and a long minority diffusion length (~7.28 pm) is inferred by further optical
response measurements at variable temperatures, which is really beneficial for
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Abstract

elevating the QEs.

2. The absorption coefficients of InAs/GaAsSb T2SL materials were calculated
from the transmission spectra. The transmission spectra of epitaxy and corresponding
substrate were measured by FTIR in two stéps, then an absorption coefficient about
1200 cm’' for InAs/GaAsSb T2SL (lower than that of GaSb-based material) was
obtained under consideration of interface reflection.

3. Based on the contradiction between the high response and low absorption
coefficient of the InAs/GaAsSb T2SL devices, the internal response mechanism was
further explored. The optical field of the device was simulated by FDTDs. By analyzing
the simulations and experimental results, multiple absorption and the multi-layer thin-
film interference due to the interface reflection contribute to a higher responsivity, when
there is a low-refractive-index InAs buffer layer in the device structure. That is,
although a low absorption coefficient was indicated in InAs-based materials, a high QE
can be still achieved through reasonable device structure design. In addition, it has been
confirmed by simulating the optical distribution in a back-side illumination
configuration for FPAs that the buffer layer with a lower refractive index helps boost
the total response, whether or not the InAs substrate is completely removed.

4. The effects of device structure and fabrication process on the dark current
properties of InAs/GaAsSb T2SL LWIR photodetectors were studied. It was found that
the barriers are useless in suppressing the dark current by comparing the IV
characteristics of devices with different device structures (PIN, PrN and PBnBN), and
the dark current in these detectors is always dominated by the surface leakage. Thus, a
shallow-etch-mesa device structure and dielectric passivation were tried separately to
solve the excess leakage, and significant improvements of dark current performances
were achieved in both above treatments.

5. The chlorine-based ICP etching technique for InAs/GaAsSb T2SL material was
investigated. Etching mechanism for In-rich material in chlorine-based ICP etching was

inferred by calculating the vapor pressures of the etching products, then proper etching
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parameters for InAs/GaAsSb T2SL were achieved under both direct contact and contact
with vacuum grease. A wider process window and superior surface topography can be
obtained by the etching technique using vacuum grease, and high-performance
InAs/GaAsSb T2SL LWIR photodetectofs were also achieved based on this technique.

6. InAs/GaAsSb T2SL LWIR FPA was fabricated and evaluated. The world’s first
InAs/GaAsSb T2SL LWIR FPA was achieved. The device has a format of 320x256
with pixel pitch of 30 pm. The cutoff wavelength for this detector is 8.1 pm at 80 K.
Under an aperture of F/2.0 and an integration time of 400 ps, the NETD and uniformity
are 20.7 mK and 4.6%, respectively. A high pixel operability of 99.23% is also achieved
in this FPA. Based on this FPA, clear LWIR imaging is also performed. Realization of
the high-performance FPA further confirms that the InAs/GaAsSb T2SL has great

potential in LWIR detection.

Key words: Type-II superlattice, long wavelength infrared, photodetectors,

InAs/GaAsSb, optical response, ICP etching, focal plane array
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B R B SRR, B TS M BE R LB R PR BE T InAs S AL GaSb ]
WHTR, HTEAMNRER ARG HTE R L EEBFE: B% InAs F GaSb
) JEL A B B3 /0N, LT RN T L8 [RIE 28 P BE R AR LR 1) T RS 3, 154
BT R A BB %S BRI A YRR L, T 2 [0 8 A
BRATSEH B E meV FIFEH, AN TAIELRE 3 pm £ 30 pm FHRMBEKD
.

FAVAVAVAN

InAs InAs InAs InAs

&l 1.5 InAs/GaSb 25 S & M BH AT REH 7 i EB0)
Fig. 1.5 Band diagram of InAs/GaSb type-II superlattice material

WIERMT I KBREMESERNRT SN, BT THETF2EMBIAR
BIRRIE S, (B HELIMFIEAR K & 5 18 DURE A A I o S B . 48
BT R HMRM AR E%*ﬁ*ﬁ*ﬁ-ﬂﬁﬁ%IE{MWfL)"Fﬂ/l\?‘i@[“]: 1
W RIETIE, ATESENRMEKEET: 2) MRS FEREEZR S
B, BRTRAZNER, BESHHE—SAR, FXMET HREE &S50
R4 IR R A RE T BY S AT e & P 2 BRI EE M, LBt — PR 8
RIEESEMERE: 3) BEMBEERRESEELROREER, R RERE. B
ASFHFELER, ANEERENETETIHE, RNLBEEHRNEE;
4) M TFHAESHE T O SEME, BEERNERBRTRE, HmRR



H7Y InAs/GaAsSb 11 JSiHf S i 4T AMER I 2R 0F A

HEVNBF BRI 5) ETRET RN UV KL SERERTAR L& TZ
58 LA ] 28 AR R KA B P T R 2 i B — T L8 5%

1.3.2 InAs/GaSb 11 8RS L SMRMBF A ST IR

R 1 @BEEEMIRHET 1977 %, EREE A EEEREME
fIRe s 46 B M RS 7, B2 1987 4F Smith F1 Mailhiot P24 A #2 H
T HRLF TN, BOEE IR . SRR A R BARIP BRI B TR, B ARk
ML FRARTE AL AMR I ATt 58 3k M o BE B AR KR AR LR B & TER# — P R,
R LL AR AR RS, 7 21 VIS E A SLE T M n s B E
RAETFHRMIE ER SR, RNEEXIFE T I BEERLIMRNI AR K
B &R, [EFR BB SRS LLAMRI L AR O NLAE EEE R
EHIX DL R LA 5%, ELHAS B DL S E AL KBS B ra R EPe, R &
HRAN ST R ZECT., £ BN K 3 FAF T E R A RPN E RFEH AP O RES: BEES
P BEAE AR AR A I, IR ARGE TRREBUNEEEN, & MEXRE
B SL06 = WAy I NXANMTF, Bl se E R 3 /) sk5e 2= B0, % E AT AL e
FW | EEEEM FTLIE . EE Fraunhofer [E 7S H-FHF T2, L% SCD

FIE, MR R SR A & i A5 T T BRI 28 0 3 — B SE T, (R —
AV 5L O ARG T AR 7T, B AR R BRI =L, £ EE
¥ A F]40) | £ [H Teledyne Imaging System*’). 35 [H ] QmagiQ A &4, ZE[H SK
Infrared 23 A1, Hi #L1) TRnova 2 &IPS H AR &k L0 SR B AR BRI 757 B
TEENERSW, GEFHAIEE.

InAs/GaSb 11 8 @& S — M= MERERI I 256x256 £ -1 AR 258 H IR AE
2005 &, H{EE R Fraunhofer [F S B FHF AL TR EDY, 2R MR LAY 5.2
pm, 80K TFMEEZENIRZE (Noise Equivalent Temperature Difference, NETD) £
11.1 mK. R HEMEREE — RIUE T 48 @AM EHE RIELLSMRI U R 44
th, BEEE T EEM B IMRINEE RS E R EEe . F—1 ikt
K B2 PR 28 h £ E P JL K 2T 2007 SR8, ZRMERMEA 320x256,
BT REIE 54%, 80K HE FHEULHK N 12 um , NETD 25 23 mKP2, X =
Ea, EEBRH LR ERA T InAs/GaSb T X EKE A 10pum KIEE A

]
EP

H
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15 22 10 R A £ S TR 28 B0 40 S R 5 B, 3 ELSEIR T 7E 4 3~ GaSb MR L
HISME &K DLR S 86 & T 20, FE, EEFELRFBRETET
3 BESTANEE Fr eI R R AR I Lok BB RMUR AP IIERI &8, PRI =
RN 18 pm, EIEEKY 11 pm, 80 K FE&TFRHERIA 78%, T NETD
V%5 23.6mK, FEAT#ATEMML/P G WE 1.6 Brabl. 2012 %, LLQWIP
FEK I QmagiQ 2 B TF 4R T X8 MM K B AR I 28 BB, JHHRE T Bub KA
9.5 um~ FULEES 18 um I Tkx1k MR EEFEE4, WEEE THRINGE
FRZF NETD 45179 50%H01 30 mKP®, AyscHilied ik £~ maR I 2 Ak ik
BEE T EA . R T RN E R, & KRR LS T — B KM
TERN UL R TR R RS BRAR R T A 0o BE LR 28R O B TO 3R LASE Il = 1 R
R A A T IR 2807), IR AR BIRIUA B B BRI 45 4 T 4R 2
K55, 20154, LAF SCD LI ZE R TH A F L H B “Pelican D-LW”
(58], SEHR T E KL 9.3 um BY 11 2588 548 XBp B 640x512 K- TR
28, ZIRIM g OB 15 um, 7E 80K FA MG LR Mt 99%, HE NETD
13 mK (20 1.7 Fras ).

B 1.6 EEFEIL KIS ok BRI TR 25 REP)
Fig. 1.6 Image taken with the 1kx1k LWIR FPAs based on type-II superlattice from Northwestern
University



H7H InAs/GaAsSb 11 Z55 G b& 16 ik 4T /MR BT 72

20 30
NETD (mK)

B 1.7 LAEBFIE SCD 336 = XBp B &A1& 640x512 IR TIIRIE: a) LM R
B, b) NETD %7 B 77 EG8
Fig. 1.7 The Pelican-D LW T2SL FPA based on XBp structure from SCD. a) IR Image, b) NETD
distribution at 77 K

RN, BT KEFME. AR SRR AL /MRS, RIEE =& T
T2 TR, FIRPHRME K Z QR0 R K E SRR HZ—. 2011
4, 2 EBUFELS S K RYGIEH T 4% SEILEET 1-V 7R 11 388 B A1 RN
T M i T VL P R S T LA B R R B X S TR &R Y “ VISTA” T H (the Vital
Infrared Sensor Technology Acceleration program) *%, ZIiH BER &K &,
Bl & ECASEBL AT B MCT B =itk g (R s L0 /MR P IR I 28 (Al 1.8
Fi7R ) 2017 4E, 25 [E fk #5256 28 (Hughes Research Laboratory ) fji& 7 5< T VISTA
0 H— RS A RR, EE R ANMKCET, MATSEI T 0EEsy 12
pm 9 1280x720 A B W BT ERME, ZBFMEHEENT 1.5 um, E
FEFKTF 76%, 80 K iE T, T B NETD MM E LR 27N 27.44
mK F1 99.40%, TIFEHEE TMUAHERT 27.62mK M 99.09%., & 1.9 AiZR
T 28 0 =8 AP0 B AR BT
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IQEIET
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& 1.8 VISTA T B 4 X8 S 4R 2% A SR B R B 21
Fig. 1.8 Horizontal integration model for SLS detectors of VISTA program

B 1.9 #F VISTA B B SEHLAY f K8 Sk £ T RN S0 SR )
Fig. 1.9 Image taken with a dual MW/LW FPA fabricated by VISTA

[ B F A8 5 4 4T M 010 38 2 BT Bk (O B DL KR S R S AR BT AL
R e T N AR SR 5 AR RO T R o B BT P R AL SR B e A it
REBEFE—BERFAIN, FlFREE e ARYEF . PRI
B BRI, BYEATS. KPRk LB ARYER AT 2012 4
#1227 EKNEA 128x128 7T InAs/GaSb 11 35H8 Sk AT HR I 8502, Fom Rk
WY 8 um, FEIERL EiZHUET 2013 XL T B PERE 320x256 HIEB AR
WAET AN, 80 KB FHMIEH 100%E 1E K2 10.5 pm, EEFENZE
%7 8 41x10° cmHz /W), [F4E, [ pE AR &A% 128x128 £ T IR #
PP S, Z B N K 5.4 um, B IJLEM NETD 7514
1.8%%1 33.4 mKI!; 2015 4E, PRIGERMIFTALEEIT 320x256 MK M
o 3p SO B T TR SR, FHRB B T BB M W LA AR, R £ 2
T 7 B A MR R K S S PRSI SEEL, 6T 2018 78 B brir T3R5



7 InAs/GaAsSb 11 J$4H A& K IR L SM R 8807 51

HESAIRIE T A E AN B TR AR KR AL SN TR 8% R SEHL . 1 A A
Be AL 5 SR S BT TE S PR RN E 5 B HR 2B R R RN E TR RS

TAEE R BIHT R O BT S [E A 4E T W ARAE T 2015 FFHRIE T 320x256 AR
SRR I B P T R U 48 A AR DS L RLRIS), B 2017 4 PHEERIE T 320x256
0 BB B T T AR U B8 A% rp Kl B B P T AR SR 25 104661, 4%, E AR T
B R AT AN B8 O RO AT B R AN E B R B RE I R K —BREEE, AT E
a7 2 [E P (078 S AR LD AMR I SV e s R B BURTAT, B AES

1.3.3 InAs/GaAsSb 11 iBERI& LI IMRMES

REEFETER 20 £8, InAs/GaSb 1T 25 SR CARE T HIANE
IR, MR KEAR U R H& T2 ER R g S B s, — 7,
B REE RE. BE. ANE—FRIISERE TEERPIMERE; (58

L LE RIS Fh & BER AL AL R LA T A A0S B, SEEMR R T KT
B P R AR T T SR SE B . (BREE TR B B A BT K T PR R, AR B
SRR AR R R A B, 3 BRI BUR R B T 7 f AR A IR R 2
FH, XPAE—EREE ERE T B4R B A A R, B SR 2R
IR A E MR L BB AR, R 52 B BR H 8 A SR 20 41 85T T R U0 25 1

—SIRTH R E R,

Hig FE, mTFESES BTSN, ReERmms HaAaA R E S
AR, R LA T A A I T [ P IR M e BB MCT 7)., AR 7E SEFR AT
SRR, AMUSE R EAEREBINEIER, RMASRTHaEERIT
{&F MCT (W 1.100. SEiZMARE, —7H, HT InAs/GaSb i daTEH
B EE B E AR TIRE (— A 10°~10"0cm™ 2 [8]) 8], fH18408L ERH
R E AR IgeR), B—J7 M, T REMEESNEERE P2 E KBIRRE
ARG, XM R KR(EHE BB Shockley-Read-Hall (SRH) F=4& & G142 LA
KA B 52, M HI Q28 AT 24K, 7 BIRPIF T F . SRH &

%%%HWWW&%%%@%EE@%,@%Mﬁ%ﬁﬂﬂﬁ%%%\%g%
FESRIE R E, ARG LAMRMIEE R R B K R R E R,

#
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1.10 80 K I8 T KB 3 S bt 55 4 5 W PR BV BT 7 58 LLBE ") ‘
Fig. 1.10 Comparison of carrier lifetime between LWIR MCT and SLs at 30 K
HE AR RS REN, s hEEEREYEES Ga XA
ESRIEEX, RTHBRME TR ZERBREABERE, AARET
InAs/InAsSb 8 S B, T Ga HIMEIEITH LT sE R MR T A FE, H1Y
BEI L FROBRRT AT, ERROE R T HW S H SEERTK
KA, MR AR /N e 2 B, 76— SRR B LIRS T2k R IR .
WA, BEEFEMERE KK B, MAs/GaSb BT InAs B 1E RS Erg N
(TFRFENRERSIUREE, HM has HAHFEENETETURRNE
HE AT GaSb X437V IOEM, WE 111 a)), MISE InAs M GaSb Z
T AR S R o R AERA SRR (—KWE, 8T hAs AH
5 /N AR B, TE AR R AR Rl o R L 9 R L 77, T GaSb B RBUAIEAERL T,
mE 1.12 FiR, 24 InAs EEERMET, #R A 3R 8 K Bk T
B N S — R A R AL B R, A B EEABUEM InSb RHER
375 (qE 1.11b)); B X T InSb 5 GaSb Z FFEBRKHTERME KA, F
B EFE GaSb W _ERIAMEIE REE T HER (~1 ML), BIX T BE s
BT =, & InSb AEMAREEN—EEENERENIEM AT —EHRE,
HEEER KT B ZAEEE.
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Fig. 1.11 a) The influence of thickness of InAs and GaSb on band gap of SLs, b) The InSb
thickness as a function of InAs at Aa/a=0
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:::::

[&1 1.12 InAs/GaSb 11 24568 & H4 L & 2R 18] 1 B2 28 43 A 02
Fig. 1.12 Map of the strain tensor in InAs/GaSb type-II superlattice
BEXE BRI, AREAET 2015 FEHIREE 7 RH MBE £KFRAE InAs

P EAMEAK InAs/GaAsS 1T 54 @& i80S, XM ERTRAFES
om: BRFRZ GG nAs B2 IRFELR /1RE, FHnTHERMAE
VAR AT SEYLE K C IR IR, BRR T B T SIS A L 5 NBRIE AT 68 FaT,
£ InSb F 2 J5 7l R AR B AR S T3R5 (InSb 414 IR BR #I7E 4 400°C,
F 44 InSb S H J5 InAs/GaAsSb 8 & £ IR E AT £ 480°C), BT FTBURERH,
B AR B T FEK GaSb MIARMESRREAEHE B H, &R TIMER GaSb B8
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HERBATEGT), BEENR, RAIE GaSb AHEINT 9%HT As 4
i B A AIUE, AT R i T R IE S EUOR R ERER AT
SRR ELZE 2011 4E4% 74 YE 3 T 2205 #9 Huang %5 ATEBF 7R AT MOCVD HAR Kl
SRAMEE, BTERTEREN InSh FHEAMESTIH B mAs # R L#iTd
R AR S E AR, WRMHEE R NEE T EMBRE, £ R
B FIRVET 7F InAs AR L AMER @RI . RE ML, KA MOCVD 4
TELE KR BB S5 G RRE R RL KA H — E R Z R, T HATRA
MBE £ AR T i 4% LAY InAs/GaAsSb B S HISME, W — B {RIE T i ek
AR SR R B, ,

2 FFiR, SRF MBE BARSMEA KK InAs/GaAsSb IT F5#8 itk A B AFE
InAs/GaSb 8 S #% B AR 5 10 ik R B LA R ARt R . RATREAR AT L E R
B2 MM T 3AE 73X A5, W 1.13 iR, RITEE AR nAs EREYE
BEIY) InAs/GaAsSb 8 RIS EIBHT T 4K, BEE InAs ZEERIEGM, FHEENT
R M 6 pm ERE 16 pm, {HiB SIS B RE R BB AR 4ERER—K
S8, sk g T HE—BIIE InAs/GaAsSb #B @I MR RS R ER AN E, &
= FRAT AR DA S AR L A 584 10 6 st R AT E I R A TR A KB, X
FtEANHANEEATIRLHN.
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Fig. 1.13 a) InAs thickness as a function of period thickness, lattice mismatch and FWHM, b) The
relative optical response of InAs/GaAsSb superlattice with different cut off wavelength



B InAs/GaAsSb 11 ZSH G I 41 AMEOI 28 75

1.4 AR B AERSH L HE

InAs/GaSb 11 2548 g+ KL T H 6T RIEFTA. AN E. BURMEREE
SHZFRALEBENETFHRERFAMEZXE, AR AANE =G
PERE AU £ P T I 28 10 3 BEAR MR 2 — . REEERAWHE S IERE A
FEAR AR A TR 23 0l S AR IR, (E HARSRAEFE — B 5 i) R 5 e ok,
BT A SR SRR AN SR T AR S . N TR TS, RREHRE
H T ET InAs #JEH InAs/GaAsSb #8 A& M EHIMES, 16 InAs # K _ES1EHE &g
MR LA T A AN R T 0 7R %1 A 0 SR T R S B AT SEILR 7 LA R ANETE
WY R RGNS, (15 G 4T H AT InAs/GaSb & fatt L, TIE R
M RE B IR IMEM R . 9 T I0F InAs/GaAsSh #8 S RHME R AT R T = P RE
&wﬁ%ﬁWQMWﬁﬁ,$i%mm@%§M@%%&ﬁﬁﬁ%%%ﬁﬁ\%
Hihl & TESRT T REMIRNIFFR, H5 InAs/GaSb K& REAT T XF L
ST, B B ) A B T A SR — 45 IE B B TE R IR AL A MR U B T A E
WRIE LR E N, AXMEEZaEREIT:

H—BEENE T LIMRMBAR UL SR8 1 — R A S, R4
& B HR SR A LT ST I 28 A B IR LA R AEAE IR, 51 A SO E WL
Xt B AT 5 H I ——InAs/GaAsSb 11 258 SR A& KB AL AR 25 -

HoBMNEBENR T AR RS LB — SRR TFER IR ITTE,
HAEES TRINEAE KB AR, BEMHE T ZURMEMSFRRIEF RS,
ZEFEHST mAs/GaAsSb 1T Z5H8 A& ADRE R HAH R 834 B 6 2 M IR
E%H%,ﬁﬁ%ﬁXﬁ“#?M%%%%EH&M%%WW%ﬁ,ﬁ%éﬁﬁ
IR Z A VEXT S BEATIERL, $B/R T InAs/GaAsSb #34FHIE 22 R,
35 InAs/GaSb ST T MR MIAT t . that, BT IR BN — B0 7
InAs/GaAsSb # 5% P RL R T4 T HR I SR 1 R RALH

U FE gl InAs/GaAsSb # anA%A I 28 LRI I B IR IEREAT T WIS AT,

BT L E S 5 M O RE 3 TV et RO ZSR MR EREEdRmOFEES,
BT VR S T 54 DA R 28 0Bk 7 SR TF T W AC, A SR SRR FR i IR AL
HMRIN S BLE T A



# T EH InAs/GaAsSb & AEL ICP TR T 2T T H A,
EE T E BT InAs/GaSb M AR IG5 &L BIH KM, EFE C/NfEN
InAs/GaAsSb A8 AT B BRI HEAT T S50, SEIRETEP T 7 HE
%S In MRS A&, FEXELRAIT T AR SHOTIE T RZIME R,
FTEAT InAs/GaAsSb 48K AT BB Sk 4 I il % T (IS FLI A K I8 e
FELLAMER I &5 o

HARENHEANBET —TF InAs/GaAsSb B & FHIRN B IS & TZ K
TR AVE, 3814 TRIEH K 8.1 um B InAs/GaAsSb #8 % 320x256 T H
S, #E— B T MR RIEER A E -

wx B ERE LR TENSENRE.
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B R R BRI BRI 9 RAESRES T

- BERRE K REREE, RIFSSRAZ

AR T IR S AR R AR A, LA R R R AT SR 2R
R BPURANEIN, 63| T &R0 S—F % InAs/GaAsSb I 25 fath
W ATAMEISE , A2 2 ) E B BIEXT InAs/GaAsSb 8 G A& A4 RLF0 254 BEAT B FL RS
AR R B SSIRR R 5, R E AR SEMEIE K RRIERAR . 5MHR
T2 R 45 T ik DA R B B M R RAE T B

2.1 MRERERERA
2.1.1 FFRIMNESAR

%%%Mﬂ&&ﬁﬁﬁﬁ%ﬁﬁﬂi%i&ﬁﬁgi@ﬁ—%%%&@ﬁ%
TEREHEHIEKRER, FERBEARY TRENESR, £ RKBEARINER
1 BT SVEAM B R B R — S AR AR . B AT A O SR A BB
R F B F A 4 FIRAME (Molecular Beam Epitaxy, MBE) HiA. HHl&EMAL
2y AR (Metal-organic Chemical Vapor Deposition, MOCVD) P&, Hr
MOCVD £ ARTE TI-V A& B4k 41 & 5 TR & B A LR V RS IE
HIRFREEMRHATINEEK, EEHRLAMESEEEBHNERLSWINELK
FE A EAR S, BT & 2 A3 % F bk B RAZ R AR BT S A R S ER
HFEABENAKBERS, REMEENRERADBMESER, BMENTEES
P R R, SRR ERRENESEMRREER R, EEK, FH
MOCVD 7E InAs #fJ&_bRH GaAs FLEENAMEFE A& KBS EAEEE 7
S R 8283, (BB B R0 Bl R R B S MBE BIARSMERM EHHE LR — &
¥E, JmEH—SREF.

MBE HARTEBEHETIHESR, HEMIFEMRARBE T ENTT
R F BN B HE LR R EH 52 RAEDEAZE RN, UK ERTER
FEE KA AR AN E R R, R TURRIRE M Alfred Y. Cho YLK J. R. Arthur
%+:ﬁ%ﬁ+$ﬁﬁ%mhNBE&%%~¢%W%%%E%&%%,ﬂui
B AT E A E R e AT . SERY A . REZEAKITNRE &, 498
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B InAs/GaAsSb (1 S H- AL SN A 0F 72

Z, BHRTHEEEMRERIR, KER. SaE. Ss ks, seselalE
TREREMGEETEER, BREAKREMAKT MOCVD 1K, 884 XilH &
THCEILBEE I R 0 S, — B LUK R & b R A AR A KR

AT RABHE R R A SN E AR, AR BUE S MBE BT R4
i, KHE MBE % & &4 E RIBER A& K Compact2l. HIEEEE EETHE
=, MARBHERZE=AMS, Rh#MES/IITEERELE, ATHRE
SNIE R A, ARAT IR TR AOSAE: TR = 2 A K ENE X
B, FEFTERARRIEU eGSR FKEWEEAN MBE RAMNZ
O, BB FER BN RM R EKERE, RERERNE 2.1 Fix,
EANBEEZEHEIMEZEOMEELES, F00REERINETRER, BE
2 (A B AR R P AR R SE L, W& ISR RIE T MBE RN R E TR

bl

RHEED L ki

EENC KA M AT T

RHEEDZE b
2.1 MBE &G E K BRERE
Fig. 2.1 Schematic diagram of a MBE growth chamber

HE 2.1 05, AKEERETEERS. FEMRHEIRS. RIEF. &S
MhiERGEZ N EE, HPETRGEHE TR, 8T8, REEE2 &
TR, BEAEE A BN B W EEIA 4 B LUK B 2% =R 0 1 4 P B o T IR
THER, #—PREMREBEIMEENES, —KIEHLT, MBE R&KEST
FERTAERRFE 10" torr, JYAMIERZEE IR RGO T 2. FEmZUHEBI RSN £

B TR SR = B 2 4ERE B DL RS S SNE N W R AVIR &, MRLRY SN E IR E
TR ERERENEESR L —, EAKEREY, WHEELI/MNUR TN ER
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How R I R RS R . RAESSE TR

B A S A4, FE TR 5 2R Bh B G o N P B TR R AR . SRIEP U
BB EINAEM RS, —#)& MBE R4S & £ N RIEN LI 2 R
e, ST AR B SO R A ST, SRR O e S VR B TR A
SFREETFHR, EP R KEMEETE I, As. Ga. Sb LAEATH 2K Si Al
Be %, In. Ga. Si Be Z M E#h & ESEMAIRME, T As A Sb RN
22 3 (i B 20 VR ST TV AR ST o 4% SR I PR R R DA AR UK
AN, AT SEERA R 2R AT 45 0 o SR W13 R S SRS AN AR KRR AT 12 4R
serf A, R MBE R4X 5T HbMERGRAMRBAOMTT . —Ff MBE
Sf B £ A LRI R &, FlinRH SRR TATS (Reflection High-energy
Electron Diffraction, RHEED) (), ZL4MaSTINE (X . DU L, o RHEED
& MBE R4+ RAE R BINEMBUR BIOEL RIS, BRI ET
HIATE EMR, T LA Rt ELARIE AT S I (Y SR L 4R 3 i 2% 1 P LAY
B ST AL A R, FIRE R AR R /N T SE IR B E A 8 R 7 SR S B TUAR
36, Rtk 4h, LI FELETRERBOGE TR BN BT EMES,
AE [ TRALHT O R S0 A T AR,

%7, MBE Z4ide¥ 8%, BRI MRS AINERARN LI A E
K, BT RMERAR, ETEHRERRK. @B
HE, BRBEZTEZATESE, TEARE: WRER. WHRMESRH A H
S, RRME. FRRERE. MEEERS . EKEEN%ER. DREK
SR ERBREUT 02, P FTE RBIAREARBHIEA nAs (1000
FHE, ZHENKE NE (~2x10"%cm®), PHEMITEEL 2x10° cm™,
2.1.2 MRIFRMERAR

ERFNEMELZ G, BRENM R R E . R A BT R,
LR AR S BASS MR DL R T — RO B A K . R EBENRIEFRARE: &AM
X 44 S AT4 (High Resolution X-ray Diffraction, HRXRD). JRT I EME
( Atomic force microscope, AFM)- 374 H1.F & % ( Scanning Electron Microscope
SEM) 1 X §F4£5 851547 (Energy-dispersive X-ray spectroscopys EDX). /Rl
KB IEEUE G (Photoluminescence, PL) 5.
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Hrt XRD FZ AT RIEM B MR AR B R E . 4 X JHEU—E A
BENSTFE RS & R SAATE (W 2.2 a) BiR), ATET&ME# 2 Bragg EHE,
3B IL 73 M SN B TS0 5 At JEC AT S e 14 £ (B BE HT LA i 1R V2 ) S AL, dt—
DHEWTHANE B R R MIE R TATH 28115 (Full width at half
maximum, FWHM) M AT LU R 4% 5 2 A0 4T 4R . B 2.2 b) N S 54f InAs/GaAsSb
SR XRD #h4R, BT 0 RIERT RIGSEEES, SN R
& BN 7738 58 £ IUAL , 88775 B (0 L AT 59 08 R Bt S B T R AT (1 4 2E S5 4%

FiE.

o) XHHRIR S
' Y .
HRAGREES! }—inAs-based SL
10" 4
ﬁ%& ;;10;1
2
‘@
--------- / 5 101
K& =
i N ]
% FWHM ' :
LE 10° 4
) 26 27 28 29 30 31 32 33 34 35

Omega {degree)

Bl 2.2 a) X B R AT R BRI, b) nAs/GaAsSb # S & F1 B X SR ATHHK
Fig. 2.2 a) Schematic diagram of XRD, b) XRD curve of a typical InAs/GaAsSb superlattices

material

AFM -~ MR R &7 BER AR B, B TRIESNEM R
REEHLERGWEEL . RRARETHER, MERIERSESEH
HRAMNMREZ i wE, W52 hBotka ERN SN, WK 2.3 a)fina. W
BOLRE S, RET X 1 5 XSt AT 15 #t {34, PSR T REL ML 2 Bk R A
KPR JE B RS IR R 4R T3 mapping. B 2.3 byl SEI6 A K &
MAEE AFM B, TTLUE MM REREIEE TE, HEIMEEN ZEREREM.
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B 2.3 a) AFM EHREE, b) InAs/GaAsSb i s s+ kKR T 51
Fig. 2.3 a) Schematic diagram of AFM, b) AFM topographic image of a typical InAs/GaAsSb
superlattices material
SEM ot —MENREHRNRMFR, HEERFMAETREEN
FER SRR T = kB F S S TR % . 8IS SEM, FTLUEEMAE RIS
EAERERS, B45& EDX feiE—5 b BhaR i B R 5 Lk [ aS
fEKEER, BInTEER. B G, ARTHERES, HFRBGEMHAE
KR — SR EIERE. WE 2.4 iR, a)RIMEREERE R — A2 Wk
&, @it EDX WEAEARKM, KIS EERBET Ga tRRERET
BERTEL

a)

30% Int

28% Sbil

] 2.4 2) SMERESAEPPEIRTEIEH SEM B, b)% R EDX HAR iR, Bk
RN Ga BEE
Fig. 2.4 a) SEM image for surface of epitaxy with a defect, b) Corresponding distribution of target
elements by EDX, there is a Ga-accumulation at the defect
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B TBRRE. Bl FERRULRREEREEE. —BBRT, ®RAE
BRI FREARR AT, M R LIRS K 3B 2 23,
() i 3 B X i 3 s ) R 2 PR RE AT SR AL ES B

PL V&2 — R BRI R T S5 BB T B WAL PL i ear LA
BEIMELHER . ROTRERARIE S ZFE R SRV BRIETBA BT IR
PETT SN R S AR AR L R

22 #BfElEIZ

ESEA TR BRISMNEEKTE, (UET 2.1.2 T HRIEF B Mk

BEAT R RIZIEANE B, (EE IS 7 20k Ho il 2 Bl 88 8 dt — B2 il Ao 72

SERRBUBT LS RE T, R SRR BT AR R YSIE AT SO RIS . IR, 7
REEENGERZE, BHTETERNSHE SN EhEThEENA
Bt Fh & L2, &P &RlE s ER0E 6.1 N ashi4

BT S RTEANMEOT S, SR P EES BRI — RV AR ER BER TS,
LT {5 MBI 2 IR I 2% 40 (1 e S A A MDY S 4, AT F0 A L) Tl
LZHE AT Boarin & EZERREHER. SmER. St ke/E
HARTUR SR, KAKTZRERME 2.5 Frix.

e % EEER KGR BEFRL % 4 AR IR
B 25 miuRtalg T ZRER

Fig. 2.5 Fabrication process for a single element device

ZE
%

BRI 2% G T S fH M L 2R BRI L —, BT E REH R i R
W 2% Z (R EHB ¥ o AT R SRR TR 2% & T 3 B VR R T A R 2 T 9 e
o FAPRIEIE I —BER A ZUR A Bl AL =R MR T R B TH
253 SR FH B4 T TR AT IR BR - B R - R UK IR & 7T, UK AR i 7 vh Y &Lk
A, BHREBEMARWEMY RN, MITERREEM TR EHNANDEREY
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B BRI RA K BRI A ST

Rt — SR M PRE, 2 A REme, EEE. B0 AE TR
R IR T A, TR R T SE It AR i T A 5
BRI . TR AR SR 54 RETI, TEHRFE
HR. |

SERRZIE, N7 B4 TRARLTSNETESR LR T,
AT 558 O 20 L 1, RO 4 R B0 52 2 0 B W 76 T
TN B B ST TSR, R E AT 11 258 S AR 58 2 T AL L
AR R IO, BB SRR L0 0 T8 4 B Sk 7 AP g
TR, BETET LI AE. ARSI (SiNx. SiO2 ALOs %),
EHEL (SU-S. BEETHS) . REREELSHAER. LERFL
(NaClO AbEE. BfbAbEe) B9, fEsemmsiib /g, A B FRERIH
TUPYA & BE /o it g, BV AT IR AR T 47 T — 25 st 5 07

2.3 LISMEMERIE AL RIEm RBN BVRIE X

TSR AMR I B % 2 5, BEXHR ISR AT IR A PPN o TR
TSR AR SUR AR, B 0B BRI EWEARR. EERME, T
RIS =, W RN 7S 4R 2 H E A MR AMZ LIRS H, TGRS SR
(noise equivalent power, NEP) M Z# & H M GEIF AR E RN TEIRZ —. NEP
TE S BRI 58 BT e A AR T B4 5 o R M 47 55 T SR 28 A 5 (R S F R B AT
xRN SHERR IR, RD:

p
NEP = o (2-1)

He P oABBINE, SHN 4 ERMENES SRS, —& NEP Eill/h, i
BRIRII S M TR B . B RANTH ST, Jones B UK NEP BIBIBORAE
BRI eFMee S, ENEE KK BABERME D (detectivity), Bfl:
D=1/ypp (2-2)
(BSEBRIEWA, TN H NEP X5 & kS EESHEBMX,
B A S NEP 1R 3 bh B0 R 5 B AN RHR I 28 2 M M g i 3R . A T TR — 1Y
FEMFRAE, TEHEMEMERM EF SN THENE DS (specific
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detectivity, D-star). D*ZfEHRIMEBERM T . BAERT, BRAERIIE
PREEREMRLL, R

D* = D(AAf)Y? = i’i“%gf (2-3)
Hrf A TR S HOCHEUTIR, Af RIIRE T . X TMERREM B A S KL
BT LA RN 28 L T B 5, D* RSB MR IF IR I &R BiA S % %
fobr. LS 35, HEBRFRZRA I (FlnRR RGBT RLT

%), DYEURRWT:

D= 20 R o R, (2-4)
HAn 58 HF0ETE (quantum efficiency, QE), q B FH, E&XF
REE, KA T 2 BIRBURZSHEMATRE. Fit, T 8T, i
A8 B 06 M B2 AN S FRL AR 1R B AT R B AY EAE BRI 25 o T T 18D [ 3 2 FH A0 £
RN, bR T S EMIEZE (Noise Equivalent Temperature Difference, NETD)
b, ELEREEEEMENIES S, BIoE. FEFMERER, MM
£ 6.2 /NTHE— B4l X BIRATI 3 Z A5 88 0 g4 o X D6 I SR B, 2 AR M Y
=MEREARFRIEFE, B IV IR, B . Seukm SiAE.

2.3.1 TV s

IV RS AL ) e S M SR I B AR SR A B, B340 TV 451 SR 25 0 1
AEREAEG, X ERBEFT S, Y B AR A4 2 2R IR B R M AN e s AL,
Rtk — R T, AT HABERERFEER SR TN, By
HEEERE T RERRBEES, BP0 R, B4
RS RE. REEREE X, BENKARRRE . A E R 5 AR T 284 7w =
AR LIRS 5, AT LAY B8 AR B A MR AR B AR o R4 SRS (AT LA EVE S st
lan & R e B R B BT I FEMBEEE R S SR TS S,
B R — B T AR RG], DLRER TR TRREEER, MEEH
MR S B R RE I OC R TR RIRE T RS RRE IR = S sy, AT R
BE— SR B FIWT S A e B F IR R R, S0 E H e @ TIERE . Bk 4,
SR A FRE TG, B IV Rt gt — 0 R B SR . AR

i

26



B AR K R O & RSB
B SIS g TV R B R YRR Keithley236 B 6430 T2

2.3.2 BRI RN

OT SR S2 R S R AIE T FOob B B RE 7, RO B RE BN H R
7 —o ST RREGM TS, AR RRAN RS, ERMEEIE
TR A R A TR S . ISR AR RS N R K, 5
EAHER KA, L EERABH IR, BRI D RINRRR R E
PRI . 7E SRR R AR R, B SR A BRI AR, PRI
SR AR T R B R R (R 1-D). BAXFRBUTHBN Ad LR
WIS, MEPEE AU L, HREEREINEN RE T RN

0 (Ty-T7) ApAg ’ 2-6
(pS - 2\/’2‘7“’2 ’ ( )

o g B BRE B (5.67x10712 Wem2K*), To Al T 78512 B AIERIIR AR
HIERERELFE, Ap 35 BRI B ST LR . BB NSRF = EBEES, &2
TR B B R E AR EANERES i %0 i/ it H AT ER K R
Ri% Ri. BAAWRANEARENE 2.6 FR, AT BRI RIS
2, TR CER B 4 B N BT SR IR AT G, B B BOR SR EUE S LA TE

RS RIS,

B 2.6 Sk B
Fig. 2.6 Schematic diagram of blackbody response test
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RIZRBERAT IR MBI R, MR EHAT e SR et ne ST R A 2
ERETRENNAE R, B SR SR I B T 18 2UER I A8 e R 1 . SeBe T —
FE S 43 e Y B ASGEEAT e RLUR, 6 sk 40 R A B eI i — B RS 700t
FMo o T4 6%, Hrh AR 8E A e e A B e e SO R B A i i
SEATH MG & & B BAT SR YRR 0 8, ZEEN R R, (EE
FE HIAEBE SO AR e Tu A BR , X T 58 e s R 28 U 75 B 2 MR R Bl
B, T8 — R E T R IB T ONME Bt G 5 0 RS
UL, [T SR e L4 (Fourier Transform Infrared Spectrometer,
FTIR) . ZAHEAASELE A 638 MR 251 5% F Nicolet 8700 BT, i R LA 2.7
@%ToE%q%%%ﬁ$%h%£¢ﬁ%ﬁﬁﬁﬁFﬂk RREFHA, H
A B R, WTRT T AR e, R ER MR
B A R S, BAARIERE S5 5 IR ICR Ml B R B 5 B 2R B
FA RS B BT TR I B A R 2 A, R BUE IR SO R S, 1B
Be B BIM BB ST . R RATHE . PLEZ(E R, #—SBEA R IR URE
BB E LA S i B B VR, T A R BRI B8 2 M R 3R A 11 T B

| HEHETFE {)\ b)
a
Beamspliter < Fix rnifror
N Iy
Moving miror oo
SRy
;:j .......... i
ﬁ'ﬁ}}-ﬂ ’ B Srag
Scannes !
i
Setingr

G AT

2.7 2) {EEMLISEEENRER b)E RSB THNRERE
Fig. 2.7 a) Schematic diagram of Fourier Transform Infrared Spectrometer, b) The principle of a

Michelson interferometer

2 {8 B S R S R 75 80 0 T 1R B TR R AR X W S 1, 225 R AR I A 7E
Z J5 AT LATS BRI A8 1 IR S T e BRI o RN 25 AU FEL IR R LR Rowp N 2R AR
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_ s RM$(Hda )
Ty eaa *%)

mtk, A EARRM B E TR

_ R;(AM)*hc }
N = e 29)

2.4 KEING

AT FENDT R LR PR A SR E . M =R . K
o AR AR K BB 4 A MBE HARSERR, BT HAKSEAERS, £
1B 4N 7 I B R TR T A, o T PR 8 L SR 3 0 358 T B
SEHOFERL, SRR IR SR T B TR . AT HNARTT AR, R
BEAR T SEIR AT 98 BB (R ATRE /75 IO 80 7T B84 ) 1 4% AR XY 5T Th T 75 BE o i 40
Hod, BREFFEAMEHER. BRI TENERFR, AL S TRl s
RAET EERRE, WA IR =B E T W LRI B8 0 BL Z2 A0 B 224 P
AN EFRIO R AR AL 71, 2 Wit A BT R AR AR & T2
SRR M E XA B, SRR R R — P A
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P8 InAs/GaAsSh 11 JEHE T 1 B A% 1 0 A A

S InAs/GaAsSb Il BRMACHIRMRALFFERR

IT SN B2 BN 5 B i R ET T B A B R BB R, [RITT HOL B A
TSR ES, % B CR UBH T 88 b et Ik, B STERT
B e 2 AR SHE R — P R B B A EEE Y. InAs/GaAsSb 1T 58 Ftg #44
B JLER B BERN—AFMEMER, BEAFEKRER. BELEELHER
AR, 2 KR AN TS A TR /1. BAEMEHER 5164
(11 2SS EAL, {8 InAs/GaAsSb #8 S A A F R B H RIE R A 5
35 As/GaSb #8 &% AR K — B . A 3 EE 5% InAs/GaAsSb Hft K
AT HME TS B BT, BAETTR T AR X R E KB RIKEXR
T B2 [ S 220 L BB, R ILZ SR BRI AR B MR, A T IR AL
%, WATHNEASAE (e St B, IRASET B T MR R R 5, FR4E
SRR — BB T InAs/GaAsSb KIS RIXEMMALE, RES
InAs/GaSb 28 fF BRI HEATXTEL, B8IE T InAs/GaAsSb 244 K &I 77

3.1 BERAEM RIS N R

AR 52 54 e 2 4 — AR i I B L S BT R SRR 7T, TATH R SRR
NF 57 52 ) 36 HF 3 BREL 38 S s 0y B2 0 R 2B Ak il R, BRI A SR TE 2.3
IR AE, XERAEER. B NRR AR AR, AT Bt
H QE M D*, XEIFMENBHERERENEESE . HHRNEETHRN
SHNE, AEMBHRIK RS, DTV EKEURBIRRREMSRIRES,
BT IR S S5 B B T 2R A 4, AT AFE BO A 1 — P B AR A
et

FRBIAMRI B X ERET PN &L, XT— M@ nip BALHMR
MBS, LT HME SN B RER R, PR ERR TRTERYT BUss 2H
SRR I EDY, BABANETHARIEHRR K ULER ERMT BKE
TGE N X AL E TTER, Bin =0, +npr + 1y FEH
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1 py. . lp aLpe~%n+sinh(dp/Lp) _ —ad,
M= (1-R) a?ln,?-1 { cosh(dn/Lp) alpe (3-1)
Mpr = (1= R) - {e"%n — e~ @(dntdr)} (3-2)

1oy, ®Le | _o(do+dpR) . _ aLee” %P sinh(dy/Le) ]
Mn=(1~R) pErpCra DR {aLe cos(dy/Le) (3-3)

Hp R 2BMHMRERHE, HBREMEITEERE: a9zt sl 8l s
#: L, (L) ALTFEIN (BT BT BKE: dy dppMd, 2 AR n X
HRX. pKWEE. @ ERKRN, AT LURIIRN 1 QE 5o LE T
0o MRHIRIS R B B H RS AL MR S RO R T, B ORI A L MR S
W%, FAEMERRFHMEE, Y B E MRS SR R BIR T
BE77, SMRMOY B BB, R X P 0078 38 Y IRl P4 O 2E 3 T RIS 4k
4=, [N A R e X R T SR UL K Je s E 5 . L, MREITRIL R
B FH B E RGN E FREEAR LEHEREEE X
of TR R R AR 2%, B X BB (~pm) BT KT PN 4R X (~nm),
KED S BIR T HEREY BEERX, BHKITAKEITNERE. RE
FHNHIERR:
Dq = pk,T (3-4)
HAFDMus MRBIRT Y M AREFTEER, g NET R, ko WBUREEF .

T RY WO AT AR IR 9
L:/#g (3-5)

Heor R TFH . HlERREY B E XBER TR SR 7122 R NE
LA . RE B AR R S BB IR, HEBUR TRt AR
Z IR . (BHENIG SRR, BRI B T ERRERR TILFS
A B TFEBE (~10*cm¥V) AR, ERRE T & A LS, 02 7KHE

BE (~102cm?V) MLz ikl Fih, UBFEND>TER p &
MRS X AR 28, Hk BRIz B T n BRI IX AR 22021 AL AT S AR AT RLE
RN n B, BBCA T REE SN S RRIR X AR ERT p M5k, BE
EERE MR, TUSX 35 20 IR P B R 0 2 i BRI 2% 106 Bke i, B R IRIE I &,
BINHIZ: R %, R FRAS SR T RIS, IS BIER 1 s M RE A IR ).
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3.2 FEISHAENE ERIRWIX T B0 R

H 133 /%, BENEKEETDTERSESEMENAERE, AEX
ME KRR THR, ATESEIAREA LR, AT RIEXMEN, BTk
17T —RFIBIR X B RR S R 8 g i A K, DRT 2 EHE R EDE R
IR .

B4, BATE InAs #E_LAMEAEK T — R 5 PIN B I InAs/GaAsSb
I 258 R AR, BRI T & 3.1 BoR. SIARA Pon N BUHSIL
), T HAE InAs FHEE_EAME 1.2 um /B N B E B InAs ZWE (0=1x10"¥/cm?),
BE SR IE R 50 AR N BUE S8 (n=1.5x10"/cm®) & AR AAER X
50 EHIR P BEE&EHE (n=5x10"/cm®), #RJELL 50 nm 1) P BUE S InAs #5245
W, Mo N K. IR A P X A8 S A HIAE 20 2B hAs F1 9 BB
GaAsSb (20ML InAs/9ML GaAsSb), WX 4 54L& 200, 300 400 /& HAHE
WA, N B P BB 45 B ARASER L.

p+ Cap layer (1x10'%/cm?)

_p-doped InAs/GaAsSb
(5x10"/cm?) -

i-Absorption layer

& 3.1 PIN B8 AR MR R S B
Fig. 3.1 Device structure diagram of a PIN superlattice photodetector

BEJS, SRH 2.2 /N BORRHE T 206K LR & T BT8R E ORI, I
BT 7 EAR M e s AR, B A RaE 3.2 B, HA X R EIER
A FTIR MR85, 80 K TIERET, XHt# R B ALK E LK (100%
EIEI K 12-14 pm). FESRA 500 K GZIRE T BRI E ST R B TKE
STAME B BORRE AT SR AR R 1SR T IR R R e A T R, R
R EHEL 2.3 M.
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Fig. 3.2 Optical response specta of a set of InAs/GaAsSb PIN LWIR photodetectors with different

absorption thicknesses at 80 K: a) Relative response, b) Optical responsivity, ¢) QE

FT P& 3.2 b)Y RT &0, H 0 28 Fr) e L i) 7 3. — FF 46 B 8 T i (X VB 2 4 o 388
MBI 1.1 AW FHE T 1.4 A/W, {8 248 A& & B0 — 2 18 K E 400 A HIR,
B ERRRIEEE 0.8 A/W. BEFRERNRUERITFRML, BEHETH
SIE 300 FEAEE MRS X I IA BIRGE (~25%). B 3.1 /N QE RyZRIE (A
&1, FFF 200 B EARIRICXEE (~1.6 um), ST =R #KE LB, 88
U S ARG X 72 A (AR B BRI EE RGN (~2.5 pm), BEZH
HRTHsE, WM SRRGMENIE R, EHEEEMNE 33 um i, B4
KT/ T B B, TE RIS IX 7= A ) — B0 40 R AR BRI TR R B E S (A FE 7
KEE AT, FASRARINESEM BT TR FAEE & 81 AR
R ERERF*E, TU—SBAMEND T BKEUAREREERELE, |
BT 400 AR AR ERMEILEK, SEHETHRED, AI0BE=
REREUE, A IREBR KA MIEE . (5 InAs/GaSb PIN BERN ZRH L, Z T InAs
FTEH InAs/GaAsSb M BT Bon i 7 BHEAC B ERE, BN EIRRIS
e h AT LURECHEI 2 R Y B BETE 1.6 pm A0 2.5 um 2 (8], TSLRTA SR
BB FEHEIT InAs/GaSb 11 5B A% PIN BIERIEE (100%B LK)y 9 um) A2
M X B R sk R, SUA TR I S B A 1.2 pmPY,

ST BT EIREE W, BATSCE IR AL T — AR X BRI 25

H%#%%WE#NK%TnwmmWMuhm%MH@FF‘#Eﬂﬁﬁ

T p Misde, BT RIKRBHBARENLSRUHCHTIT, FLELLGER
% — T%mme%%ﬁﬁzymwmﬁEHMﬁﬁﬁ%ﬁéﬁwﬁﬂmﬁﬁ,
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38 ) 320 9% B X S B R A AR B, IR HEB IR AW N K&
(13ML InAs/SML GaAsSb) #1 PBrBN 2#H464y, BT ENH 2B ANEETRT

WmE%, B TE 33 R, B EE N 300, 500, 600, 800 f& #IE & fE A

o SR EAKEEM 2.77 um B 7.28 pm 5.

_ p+ Cap layer (1x10'%/cm?)

doped InAs/GaAsSb:

(5%10%/cm®)
Electron barrier

n-Absorption layer

[£] 3.3 PBRBN 48 & R S 0K 4 2R 2 [

Fig. 3.3 Device structure diagram of a PBaBN superlattice photodetector
| % B TS ETE 80 K IR TERIMMRE RWE 3.4 Fim. NMERE
R AR 100% 8 b K (~12 pm), LR 24 B e i, W EHRNRY
EFT 10" emHZ2W BAE . FIRE 300 FEHARE S AR S E 3.2 PRI XOR B4R
HORESARLL, R TRKIRT, XEBEFET T HERNERENET
25, MEBEKIEBRURT BKE. R 3.4 MAALR, R[EAEEMR
BRI B T2k P8 3 TR A [X B B 38 B T 2 0, - 7E 800 & SR i B 5 2]
B, HF 89 um FHBFHREFIART 65%, #E 300 AHKF&INE
FRBABRIT T 40%. IR A M RO K FARBUBE AT - B A R X
JE [ InAs/GaSb 8244, iX {805 B InAs/GaAsSb 8 & BB % InAs/GaSb #h
RESHRKES. TE, EEEENE, T 7.28 um FRIRI X 24FEI L
Ri7E 80K IRE FHIFRAERHERNMER, MAMFATLLEY InAs/GaAsSb
SL () B T B B AT LA E] 7 pm 2 8, XA IRILTE B BT InAs/GaSb #B At

MESRTECRIERNRE. DR ERENEFEEL LR R,
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3.4 80 K FAEMR UL X R FE ) PBaBN B InAs/GaAsSh il d iR 23 DL FE N : a)
RN R, b) EFREE, o) HlFE
Fig. 3.4 Optical response specta of a set of InAs/GaAsSb PBaBN LWIR photodetectors with

different absorption thicknesses at 80 K: a) Optical responsivity, b) QE, c) detectivity

AT BAE FIRSERE, FATE ekt B A 70 AT 7 IR G R R,
ARG RATE 3.5 FiR. B ARNRE T8 TFRENZL, TATTUEER
H D FH B ERBGEE . HIEERT 80 K i, FARRNE TR
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Fig. 3.5 Optical response specta of a set of InAs-based PBiBN LWIR photodetectors with
different absorption thicknesses at different temperature: a) Optical responsivity, b) QE at 8.9 pm
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into a liquid-nitrogen-cooled Dewar in front-side illumination configuration with a ZnSe window

for optical response test
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Fig. 3.10 Schematic diagram of transmission spectrum test for LWIR material
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reflection and absorption for sample-600 with different refractive indices of buffer layer by FDTD
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Fig. 3.16 a) Transmission path of incident in a tri-layer structure, in actual situations, the light is in

normal incidence, b) The three main thin-film interferences in the device and their contributions to
the total optical absorption, ¢) The FDTD-simulated electric field distribution at the x-slice across
the device over a waveband from 3 to 15 um. Light source is positioned at x=280 pm. The light
travels along the negative x-direction. x=250, 251.2, 257.7 um are corresponding to the interfaces
of InAs buffer layer/substrate, InAs buffer layer/SLs, and SLs/vacuum. x>280 pm means the

region where reflected light from the device surface is.

B B3 2 R A, RATRIL, 6 b B3R RS2 45 14 Y A6
FETE ST RS R AEUE R, FF B4R M B A0 AT LAt — DIz N . N T
IAEZ = E AR I A, BATERLT 600 & HAFE & HZE S . WIS DL = 5t
i, 5 AT SRR EIE AT T X, SR 3.17 Fn. ATLUREL, =F
e ) SR RIS (B IR Ve A B S S L AR S A — Btk (B bl T RO
B MRR S RO T RS 2 G LB R U AFEESR, HbskieEMER
ERRGBEFEETERBREFEL. S24ME, MUK =EEE SR
BT R LB YIE, SR RIFMNERIIKER. FERNR, ZEWRTN
UESE T BATLLRTA97E 4, InAs/GaAsSb #F o Y 1 6 22 WA SR SE 5 45 14 JeR BT 23
EREMEBEMEE X, ERBHTEMWESBEEMTIRZ BRNFHTRESR,

48



W InAs/GaAsSb 11 Z5HE g 4% I 28 I 88 110 Dt S M o1

ST BHAREELSIURS, SEARECE TBERT: KK ZEETE
TR 6B R T £ EEET B, R TEAKMR#— SR m T RERK
THIMEMR . 248, FRSR RS FEARERT NG RO e R RO B Al LAY
WHLR Y, R InAs/GaAsSb #8 A% BA BRIKAIRI R, (EEE&BATEITHE
HrgEkg, ALETCATRIMXNEREG, S o] A B EoRk 2 SRR .

a) b) c)
054 ——aExpdata —Exp data
—— Simulatien ¢ 1—— Simulation (n,=2)

Sample-800

!

o
=
1

PV |
VYo ;\ /‘\
VNS

] V ~—Exp data
Sampie-600 —— Sirnulation
_% T

Reflection (a.u.)

o
[

Sampte-600
14

o
=3

Transmission (a.u.)
Quantum Efficiency
e

8 10 12 14

Wavelength (um)

4

8 8 10 12 6 § 10 12
Wavelength (um) Wavelength (um)

B 3.17 HEHLE0 600 FEHARE R HESTIE . BT AR, RERHIE 5 ERIRG R, K
b 37 S IO A S IR R GG R, T R T S il o IR K4 R
Fig. 3.17 Comparison of the peak positions between the experimental data and simulation results
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F &R RE B RS IR B I & i 3 P P 1) (R B BB AE — e R BE SR T 2 P 3R , (B
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MR it &80, TR EMBUE R . ERHRRI RS, ICP Ih% M RF
Ty RS2 N AR A R LR A T R A 248, FERERAZMME @RS
B AR i B4R

ICP ZUihict FE RIS 2 — AW &M BENE R, BNZMARE
WA, BT DR ARG R RS2 4, HEH RS HbrIEN
K&, PlinRRSAEMF SR, 2008 & IR R . RN ESER
BAREL, Har—cBE LRmRA Mg RPY. REFfCEs &
AL SR IR R R AN 2 UL R (RIRIBA B E BTN AR 24T
Mozl thet B, R & BT REN SR L S 2800 24 R KSR
T, LIBRIRLHENAFT RN LZSH. |

Z it FE— M AT ] B A T A ER RS . BT RS B RERN AT RN S
AR, WTFE 5.4 BUR. Hih RBAARNETFELE HE S ZI R 2 AR R
R B FAL SR N, % R ER P R I B = ) TR B B A —E R, &
ERZ R RE R I A R, BR0XT -V 1R SRR ICP 2 MR BIHT
ROEELRET R, RGNS E—RLEESE (Flin Clh. SiCls. BCls
) N, X FLRRERR MR (SR B R AP

7

_.—&
— Mo Gas Flow Region
i
€ Kadicals
/
4
g
Desorption of
i A Volatle
‘Pransport to Surface | [ . Prod ”
b lDesm’pnon Products
e Surfacc | .
Diffusion ’
Adsorption from Precursor Nucteation Step Growth
and Island
Crosvth

Bl 5.4 ICP ZI T AU FEA R BT FR
Fig. 5.4 Basic reaction processes in ICP etching

ICP Z1 b AR B2 )8 A TR 25 (0 1) &8 B B R SR PR AL R SE PR H Y, B
ERAMHRAREZIMER (BCl/Ar H&), BEIRISEREMER T Hih T
UEIERE T ECR ZIMEE R RIR S « KIG, & KB HEXTE AR EA
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B %Itk R AT T RGBT AN, DR BIE R T B R R RS
REE. BRTHESEEME ICP ZIiBAR ATEE M R B A EAHE s R AL
A4S, EAABANZ M ERZ AR F B8,

1) Clo/Ar 5t CL/Nx R, LSS NEERNSAER NV REEZIH
by HRE. BRASENZME R —, GHRARFZIMERR. SEHEXNER
TGS, 5ZMUEER BCh. SiCl RS . BEZIMEFEFrE4R
InCly IR W& T HAR =Y, BMEE Y2 M52 il iR
HRERE, STE InMH, FENKERSERN InCly XTI EHIU B BUR
i, #— SRR, EES SRR ATHBE T K BRER. EMER
FEEZMERE, AT RERFYH XN, 2ESRAERZMEEEX
FIPIEE SR o , (B RE R R 0 £ 38 00 S5 B8 7 (45 4 T L8 , kT 20 2810 i rE 22 P
EHHTZERSERHEN FREGE, EMTRERENME—EEMH.

2) BCL/Ar R RIS, 6 R Cly/Ar RELSEFEAL, EERFMA Cl B HER]
S48l B R AT R P AT A B Z0 ) B . REREZIMAR R, BCL LA
BRI EBRZ R E =4 1 — S, ST RERMET S, SUmadt
s RYMEEMERERE, 2SBREAFTEZHAFEERAERTEH, I
HERRTFHWEREZ RERETN, RAFEFTTREN S EBETNEINIER.
(B ] B 2 SR 2E A FE 2 ki 72 P R 2 TE MU BE VAR — Le )t B, 18 2 T R
518

3) CHW/Ha 219, WEESIERIS In (LAY B R AERIBI P AE K
KEHASERE (~60C, TET Cl), AMEERENSE FEHEAEIRE
MZIMER, thRBERMEERZMRTZZ —. R EESEEZ MR R
GRBREREY, —HHERAYIREMNERE SRS ZIMN & F TR, 7
B E R AW E 2 s th 2D, TR RS R PR R IR B 35 AT i B AL IR
H, BHREGX 2G5 5, R E A B T S .

DL b & Zl ik ROEB S —, ST B4 0 T 8 A AR Z i B AR
RIRIER . EETEILKEIE R 2 BIH BCL/Ar 21tk R EI& T B fe A& I HEN
22052, HBPE KEXTEL T CHo/Ho/Clas SiCla/Cla SiCly/Ars Ch/Ar 2 A%k
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R, BAKM Cl/Ar FISEHE & ST T MR M/ & T i 384, T AR
b Z ) 4 2R T B R B K R SR R R U132 TSR E B S HERE SR IR A N
— B2 S A A AR A S B B 2 Pk SR AN 5 B AR AR B, A TIE I ELBCA ]
Z TR R SR AR A I DA BRI 2R I 2 TR, SR T B A SR ZI IR R, AT
K F ) CHo/Ho/BCls/Clo/Ar FT 5 51 (14 25 4 2 T8] 05k e U P AL 22 EL Bl B8 — 220 Tk U
FgE SR/ 2.5 i, FFEETHZIMEAR, mIhH& T EERE R 1kx1k EFHE
WD, EEEZMERMAEERMEEN T EZNZIMTREE, SELT
ZHHREME 2%, AT SLI0 WA R m, AR IRt % R AL
IR FEEN RN SAEEGIEF EE. BT IREATE InAs/GaSb #EHHY
S ICP 2 CAM R TRAEZENARE, HAT B G P GEEZ X 210
B XI5Y, RARBEHEE T SEZ K RHEITRE.

EREZT AP, ATFAEERESRIIE=Y, XTHF 5 2R [ AR 5%
NI RAFHE /PE L, IR MRS B 2k (R B A R TR 5 . — AR
ZIHH SR SRR EREE, F2IMOHRRTOEKABEEREREE. It
Ab, BT ZITRIE AR — AR AT 0.1~10 Pa BUMREIRE T, HEREZIHA 1
TR ELEFE A HER S0, DB R Rz i T &S

R B ATHE, 5.3 NITRISEIREE RABIESE 71X =

5.2.2 i EAER B

B b NTET AN, SNz R E RS M 2R, TEENZIMSHEZ
IR EE AU R R R B3Rk, MR AR s B 4, Bl SRS 7
FERIUNE DA % 75 e g oy Ze 11200, S b ] TE 5.3 /N 9 20 e T 2 R R L SRR,
T8 SR LR AR B AT RZ R B 38 b AT B 28 (I 2 T i SR = A

HA U (Loading effect) AZZITh &% WA E —, HEERBEZ
PO FE R T R LA B TR TR R T S A 2R ok R PR AR B T AN 2 ST B R
B {2 G AR 1 SR R 2, AR A 5] JE BRI ] DA % 5 Rk — 2 40 43 S 75 T
HM SR ks, FHEAARRIE RN E 5.5 Bros. RN izt R 5
S RRE N, ERAAE T A RSB T2, T EARZ AN 2 thas SR
T, —HEHFEESEE. oM ESSONEETER, 507 E, WUERMS
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HTE InAs/GaAsSb 1T J& R K IR A 1 AR U Z IR R

N SR URBAS S E T BRI T ZRGERELUNRE R T
TR R . URERT 2R R TR EREES.
|

P h A

BRIk ot R R
(a) EMARBEL

(b) B S BB

1
3 / J

(o) SHIRFTLLH XM S B

B 5.5 ICP Z/dt A 1 Sy B Rz 11260
Fig. 5.5 Load effects in ICP etching

WIS (Trenching effect) RFRTEZI TR BRI IE M2 bR R KT
VRO R ZI IR R T S B E AR, WTE 5.6 affin. BN R ETERE
W T UL —E A S T B 2 R R, BB B SR AR HFE T ST I B S U TRV B RAD
TV R4k 45 2 st 177 S BB, 2 30RO 7= A 5 v R T RO\ A LA S A B g A 33
HXFR, FICMERIER SIS T A E B, [ 5.6 b)R RN
IS4 B AEIGE R, BEEZIRIRE RGN, LA AR RECR B E . T
K RF ThER GE7E — RERR R b 10 N SAL 7 F v B AT 8 7o 00 B ok 32 A PR (9
R ERRIEZ S, ZITRHERE i f AR RS — E AR L E U BEGE
FeAE,  BLRARRE DL JE T RO R AL .
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il InAs/GaAsSb T1 TG ZL SRR 25 0F 52

Dsémm PR A ) R RS LB b) LT B B JELERI241
Fig. 5.6 a) Trenching effect in ICP etching, b) Mechanism of trenching effect

FEEAS (Charging effect) /& H T ZIMHIEE AL FEH, H 5-1/DHA
ATEN, RS TR 2T IE BB F R SR TP ES, ERERER
EAT, MEBTFEAANFZIMERT, HATHRFRER. EER, LAE—
FERER &1 e 2, o AR S 1) B % B0k O ot R T 0903 40 PP IREE T S FL I B B 2
[, TERES TR — AN RURE R, X N SR T 07 2 A — i fI R,
g 5.7 a)ffiis. — 751, WIEHRNRNETSEZEINERTRERE, &
B phpyMiEE b, SECZIChE & A R RS, BB 5.7 bR 7
— 77T, 1%t o a8 I 2 WA EERE B NS A TN B VA A RO o 1 AR TR % 1k
EVHIE RO E I, BZITHE R, B REM S BN R . %
IR SR A 3 Y 2 o e PR ) Bt 220 et g 7 R

T Electrons | |
FOSIEIONS eI Eletrons o
e . - repelled =
. <L T fror small , tons deflected
AN S features /s tosidewalls

a. Electron charges build up a1 the mouths of features b. gither balancing currents flow or charges builds up more.

[ 5.7 Zldued R vk a) 78 A SONL E 7 AE JEAT DA B ) B Xof % ek 43 SR Ay g e (124)
Fig. 5.7 a) Mechanism of charging effect in ICP etching, b) Charging effect on etching results

5.2.3 FIRAMBARIIFNIEIR
THEZIHB AR UL & [ R 20 H0E 2 & 00 S BV T iR iR s 7
PoEmin LA G40 T E AL B BT 2V EBOR B SPA R £ B R IRE R
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HHIE InAs/GaAsSb I FH G ACBARMIS I HIEZI TZERER

SR ZIThiE R B S, RE TR &SRS BT IR S,
B LIS 2 7% B R AR il % F K .

MFFEZMTES, ARENKMZEERARERE, QFEZ R & UE
TR, ZIMEHNSMREES, o FiadEhi e RN SRR
FLAIRTE . ZIPUE RO T S R E B R A H T B8k (FEINovananoSEM
450) LR JEF 1884 (Bruker Multi-mode 8) FE/K. 7E & I B L0 SR 25 (11
& o, AR R B R TR A 9 AT B B NERAM I B R BRI, 4R T RZNA BB 1
[ B2 B MBRATT R IR A & ICP %7l InAs/GaAsSb A2 SR AT, BLIFAEZITH
Wiz, mEtESaE, RNtz —ER_REEMANESRKENFLZ—.
348 {1 20 e 0 B 5 RS T A4 9 90°, B SERRISL A RS OR T E A S EA
FIF B LALER, 7E -V AR ZI R, BEE Rt B8 & By
AHEY, FHMHAEEENMAES.

BT 2R AN, 2R R R — AR EER NSRS —BRELT, &
ERZ TR T AP BR, EX T8 S X FR A £ o i i A B R IR b A
TS, TEZRMEZ R — BN S 9B, xR R LA R
B —E BT, 24 InAs Al GaSb & H MIZI R EZ IR A, WES
EZI & M 2R SURIRGEM, TE 5.8 R, SRR R
Bea Bl N KB RGBSR, TS U R LR, BRIRGEMRIIEE
ARSI T S RER, S — S omB BRI, RN yERNE
T Ab TR R AL S BN T XS B — 5, R AR BRI R Rt
PR R RIAE, BRI BRI ZIIEE ., Fih, FE8HSeh - REUL o Al
HAARZIMSET InAs F1 GaSb AR ZIAET, HTHE R —FER -
FIZIRE O, FEX SRR ICP ZIMh T A . FETENAE, EHEHR
A T AR REA B2 BRI R R 2 B, FERAAUNME R/ NER,
DLE4 5.2.2 HEG RS ARSI . S B6 HR 2R T 2 (R TE FR B 21 T ] P9

ZIPHIREEHSE . ZITRIREER A Dektak &M G ER
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B InAs/GaAsSb I ZS#E SR I 4D SME T RS AT

B 5.8 B & BEM R0 i N B S B R R S 4

Fig. 5.8 Layered structure of sidewall due to inconsistent etching rate of each layer

A MR 17558 L BT A ) 2 ok 5% e« 4L ) 20 o T VD P BERBE (Y 21 TV S5 6 R % o
WREZEL, —RME, wEEky, BREBRBEEMEE. ICP 20 i
TFEHRZR. EBUANTIES, AP XZRIEFRNRERTESENSRE
B TR, MEBEAWRS MG, EESREENFE—EHE, &
TR ERIME BHIRA 7T, B BRIEA 2 R T RE <M & 7E &
BTV AR PRI TE o (R T A R AR AR 20k o AR A SR BURE A R FE R, 81120 SiNy.
Si0, %, MZEEML S RARESEZIM, TEMRARRE. E/EEES
MBS, SRR SINk ML LT T 1:10, FBRWELRFENR, FmiZE
PRIt EA IR 00 0 2 B4R AR

ETEERD, BETMENEFEHSE 2MmdBEPEFHEES T
JLEIJUH eV A%, CERFIAH NIV B EREER v E, 2P aTY
& T R A SR U EAE T R om B EVEE A, EKT MCT % 11-VI %A
B Gcpm B, — RS 7 2T, BARZHEEEEE T U —EMEAH 2
PRI S LA R T TR SR TR, T 108 0N S50 B8 I 2 0 A% 36 BRI 40 A B2
(261, 5 TR FE IR B KT AR — T U XRD RAEBLBM G S e B ik
(Laser Beam Induced Current, LBIC) Tl s BR3%), BXf TR %R E HIR
A B M R 2 SN R A PP U 2, X REE I % # A B Rk
RB—

Rk, EATHMZIMERE S, BEEZERA InAs EF GaSb Z %I THiE
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HH InAs/GaAsSb 11 25 SR BBEII AR 10 TR T Z 0

B LA R B 2 (R TR 550, 388 3oL 1 48 38 e B S M R AU T V0 20 P e SR
221 b BB 4

5.3 InAs/GaAsSb EBREMRIBIEEZIM T ZM K

SEZ ik R7E InAs/GaSh #B @IS RO Z i BB %, IeaT A REALE
#1% InAs/GaSb 48 5% AT T BRI 28 0t R B T b 0Pk R 2R, FFHUE T
SRR SRR ERE . (H 4R A% T 2414 InAs/GaAsSb K L1 FMF M 255,
MR AEIEE, ZIMERNNEEREIBEREN. RKIEAEEERER, FHH
T REROE I B T A B BRI 2 7 R FE A T InAs/GaAsSb i an
WA ICP ZIh T2 EEE, X InAs/GaAsSb #B SR AL AMEIZR K &K
REAFEREX. |

5.3.1 InAs/GaAsSb #B S g MR R REZI Th13E

HF AT InAs/GaSb 18R EZI th 1 5304 50 DA R FARALAL K A
RS, AEEKIFERES RS, FHEARTERN N &
Ar {ENHBIS AU EEE FRE TG RN RESE, HFERFRNZMmIZE
i b, FFRARRLESHNT mAs/GaSb # B ZIF I fsmg, LSRG ER Tz
BHERREZITR T Z.

fE ClyN EAR M S MEE FES, A8 TERETNRNMNEHE, K
N, N*and CI'E BT EES SHREMM ERRER T IEZ =476 B i
Lzt fE, T Cl M CL FABAENXES SMRKAERNER. B4
Z i A2 AT LA SRR R

+ N2+ Cl+

GaSh + Cl, (Cl) ——— GaCl; T +SbCl3 1 (5-1)
+,N2+,Cl+
InAs + Cl, (Cl) ———> AsCly T +InCly 1 (>-2)

5t F InAs/GaAsSb 8 @I BT S, KA R IIAMITER M InAs/GaSb 8 auis
MEETL R, BE—HXHNET mAs M GaSb FIH G LLBIRR, EZRTHIHA
R, B4 MBI FEBAEFBUER KT InAs/GaAsSb #8 f A KA
InAs AR BT KT InAs/GaSb AP B FILLEHIUS, RN, § 5.2.1 MR
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8 InAs/GaAsSh 11 S S ik 21 Sh BRI 2R T 97

&, & In HO A RHE SR Z R R & BB SRR InClx 74, TS5
ZITRRTH ARG, (KM€ A5 IR SR 20 h JC 2 7E 8L P (0 B s 300 i il 139-1490, i
KM SEM £ ME ZI 1k SR dh BV R T, 20 MR T80 = W R RE a0 L 5.9
iz, X5 T ZITRE )R 5e S HE R T BRI R R A 2, 1K 5 SCBRIRAE 1Y
RN AT & .

5.9 PIFhZIThA R A InAs/GaAsSb JWM Eﬁﬂmxm,%ﬂl
Fig. 5.9 Surface topography of two kinds of “black” etched InAs/GaAsSb superlattice by SEM

5T 2= R R, SR RIS IRSE (Boiling temperature ) S
&, InClx WhisIRE S HIRIREMRILN 300°C, @s T HEMmz =), A
RN RATERFAREANEEZLTET 300C"" . BERIZ it 72
FREASRE MU S Z MR EHEREME RIS BRERR, AT EENETE S
AR R 20 = P 4 R R SR Rk &, LURE S & i 2R E 24,
KRR AT 2 BRI U SRR U 2L, AR e 7S B - TE R R e 75 2

(Clausius-Clapeyron relation):

P = Py X exp ((—BHyqp/R) X (1/T = 1/T)) (5-3)
Hef (PLTD RZMM™WE—EIRE T (—BAEIR) CHPEMARE, Ay,
AT R PR AE A KA, T R NS R SR E AL, AT REPY = nRTE
e ZFRRBI AR AR S A RE DM (PLTY E, WaRE%=Y
R ERIRZ R IE R . InAs/GaAsSb #8 & 71 &2 211k R %R 75 %)
TR P-T RARWTE 5.10 fias, Ko REED WIS 535k
BTk B T 031440,
B 5.10 AIR, 7E-100-400°CIRETEE N, InClx FYIHIIEANEZR LY ET
KT HALF=¥; FEB7E ICP ZIth RS+ H A ESEEEA (1-10 mtorr),
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AsClx. GaClx UL SbClx =7 ZIRM AT EHER, EIKT InClx KIS FIF
EE (>250°C). XN HAREER S BHOEEZIR S, InClx AR HZ
Bk BRI R, ik &5 K H InClx P29 Z R UTARZE 2 h U B2
DL, B2 T R TR — Pt Mﬁhﬁz?%ﬂ#ﬁéﬂﬁ*ﬂ»ﬁaﬁﬂﬁw% i, %)
i AR S R B R A% 0 2 —, (B B T SE R R R R Z T LA LA BU5F
Yk 200°C UL B ZIMIEFE, DRI A Bh A B S Ny JEIF SE s A = YO RO
IR RE. — TS, RS R R BT T R AR R, HTER
BUEMEEEHES TEEREREROZM. TRERLH@EMET, HF
Tk i 2 o 3 28 25 R 4 U T B I ROK, 46T S50 B 5.8 FR (K I R ARG

. ] o
10* S PR
= e Al
S, .2 ey
a 10 e —
é x/‘/,v"'{" e » w2 AsCly
0 < s
9_) 10 ‘,' e e G Cly
35 B f/ . ~ =+ ShCly
é 107 i [OMION e G153, ]
P ¥
£ |\l /
a0 i fmion
-4f * § INorT
10 f‘i/ ////
L. ‘ .
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Temperature (°C)

] 5.10 #B4 %1174 (InCls, AsCls, GaCls, SbCls, SbCls) IS EMEIRZRIZLR R
Fig. 5.10 Vapor pressure values for partial volatile reacrion products as a function of temperature:
InCl; (dark line), AsCl; (red dashed line), GaCl; (magenta line), SbCls (blue dashed line), SbCls
(green line)

ETF UL LM, AL Ch/N2 A InAs/GaAsSb FIREZIMR RSAE, BZ
IR EFARZIM T EE A, MG ESE, EfAFRIRRR S BKIES
SR, Bl Cl/Ny SARELH] . ICP TR UK RF ThEEMZIheE RAER,
ETF@EZ M BRI EOER, TR T B, SRR R
B S BAMREAR BT 2, HE X PR =T R EZET T RGP,
H07E T2REAA RIGAMIBIRA InAs/GaAsSh & T, 4kt — SR 23418

M gs

22,
BEo

%
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532 BEEMTHESERMR

CHMALERIEY, E2MERES, Sk FRT A2 ERmE, BT
FERAEIRITE R, K2 R E S LEBE R R UAENTERBER, W&
P dh AR 2 PR I AR IR, FEARIR R0 GRET, #E S AN AR ELAR 2 18] 7
ZRESHREFNNRFESERENEE, U RERE. Y5 EZIhET,
XS RAE R IR A B R MIAE ST 1 8. (Rl iRt &0 M, BATE %
SREUT R dn S5 AR B A 7 X CRIBIR RN, UMEBIE TEEEE
A it B IR THE T SEIZI SR YI I I ), SRIEAT InAs/GaAsSb 8 &t F1 A%t
TAE,

Z R E e Xt InAs M GaSb MR ATAE S 4020 i, 556 R A SiNx(800nm)
TERZITARIE, 20Tk B S HUR AT Z11H InAs/GaSh # &g TR A S5 (&
iR DY 130°C, Clo/Na Ly 6:1, RF ZHEA 125W, ICP B Jy 350W, 4K
[ 589 4mtorr), FERLFER KL PR BB HEMRIREE . Cl/No SRS, RF 3
UK ICP Dy ESHAT 2k, ZIPhit (614 — 4 8min, TARZIhY &R HE
BT KW, IREHAT RO R LR R R RN e 5. FRSHEET
InAs A1 GaSb H EITE 45 5 LA B EAR R/ N AR, DUBE G £ 3k AN 3 /5 6225 B4R AR
0

BRI, SEIRKILEEL T 70-190°C G B P FANMRE TIE &,
BEZIERRSERSHENERNAR—E, B 511 ARERET InAs #86%
T RIS (GaSb %It REERE WA K, FikF EHE InAs MR
PO AR BRI . BEEZITHIRE 18K, InAs MR TR Rk BREE D
BB IR, B 5 ER A KT InAs MBI ZIMEEREME, SR E T &N,
PEMEA S R A MM EUR B5R (TR 512 FR). W, A8
MAEZIMRETZRHT, BT RTFRESERARES, MPRTIELS S
MURHRE T - 75 BT R R, AN S v 4 3 0 20 PR P A R AR L 40 B I AR
MAEZN T R L ) SEBRIEE . (HadEId X LB 5.14 A1 5.17 PR R Z1 0 414 T #9
Z s R AE, AT LUR B E AR T 70°CHIZIHGE R B4 E SRR BT 190°C
B A 2 P 2R A 2, 0 550 0 B e T R R TE PO AR b R R A TR A
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I InAs/GaAsSb 1T SR R I 4 0 85 09 T3 20 2R A

HEFERAZ 190CEEER, DEBE T AZIMYIIFEE LIEHE, %S
BT 2R S A

70°C 100°C 130°C

5.11 AR BRI FAEEIHT InAs MR R TTORT St
Fig. 5.11 Surface topography of InAs etched at different temperature by SEM

8512 BB InAs PR RTTRUBERE 5 7

Fig. 5.12 Non-uniformly distributed rough surface of InAs etched at high temperature

WRIE EEHsSERE R, BRITEEZMEBE N 70C, kMg THMSHNE
B, HFzd nAs REAEREAR BNGE N™E, FEFEELBRPE
HRIEZIME InAs BRI ER. B 513 MEARE Cl/Na . RF ThRUK
ICP ZIthIhER T InAs B . 3 Clo/Ny LLBUKET, B4k 22 S Bz G B G N
REEYEIN, BABEZMMNHEE, HASBERIEEEE MR, J1Ehn
RS AEFE] N, B, InClx HFRFREFNGBIELUER, Z10R &Rt &in
SEE. ICP Thexd BBsmahakiel, X4 ICP IR AR, SEFHREEEMN, 85
KRR FIREFE, WTFE—EESE. HRETHNEEERT, MEEmR
T I Z0 =4Sk A R BB T S B R B . (BT RF T, LT 5200
KRB, % RFNEEREN, BEERHTHEHEERERN, UTHE
BRF 2= PR s, B EREEIER, K%, SRERNNTRE D
RIBEBHRHRERE, FEZIWMRE &M, FEIRMERR RF R
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B InAs/GaAsSb 11 3G IS i 2T 2N SN S DF R

RN InAs R HTFE,

BT REES, TEZISEFZM TN hAs A GaSb ZIThi#E X S&H
BHOZIMTE SR E 2, BARERITE 5.4 FiR. [ 531N Fa,
TRE T 2k R & S E AR TS R, (K InAs 1 GaSb Ziik
AR BAR, 7 200~300 nm/min. HREEUILERERZHE T, InAs H
GaSb ZIiHH R ERIGHENAE GEREBSB/MIRMERY L EE &k
50%), 1R MeSK I FIAR o0 B0 AR AR N BE s LI 22 S 7E LR R A T B T R
JUFik iR s A Hof )i 46 fF, 140 Cl/Na EL. RF B 7 ICP ThE &k w4
£hr. WA 5.14, L CL/MNo WA =R, HTHERMNNSS, ZHMEEREREF
®, {HiHT InAs #1 GaSb Ff b &MWERLE G RENE, HMRILHE FAAIZ
MUERFER, LK RF RN, UFE—ERE LEBTRIA nAs A1 GaSb #
EE U, HE SERR R R R B — P R E E DA SRR F

150w

A Z] @M*FTH@J EI’] InAs 7r/f++ﬁﬁi‘<rﬂ11niuﬂ,%ﬁ= a) CL/N2 Et, b) RF T, )
ICP T
Fig. 5.13 Surface topography of InAs etched at different etching conditions: a) Cly/Naratio, b) RF

£ 5.3l

power, ¢) ICP power
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Fig. 5.14 Etching rates of InAs and GaSb at different etching conditions: a) temperature, b) Cl/N2
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Fig. 5.15 Surface topography of InAs/GaAsSb superlattice etched at 70°C, Clo/N; ratio of 1/9, RF
power of 100W and ICP power of 350W
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Fig. 5.18 Surface topography of InAs etched at different temperature by SEM
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Fig. 5.19 Surface topography of InAs etched at different Clo/N; ratio by SEM
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Fig. 5.20 a) Surface morphology of etched InAs/GaAsSb superlattice at 170 °C, Cl2/N2 1:7, RF
power 80 W and ICP power 400 W b) AFM picture of the etched surface, RMS~1.39nm
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wet etching ¢) Surface resistivity of devices
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Fig. 6.2 Images of FPA fabricated by wet etching: a) , b) SEM, c) the final hybrid-packaged FPA

photodetectors
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Fig. 6.8 Schematic diagram of test system for FPAs
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NETD = 20 (5-3)

Vs/Vn

H R Ty fIT, 43 B S B ¥ B AP BARIELEE, VRV A A AR ER S 5 8
JEMME R B . 4B EIRE X, NETD RE 7 HRUBAEIAMNKEMNEE, LK
R T B FRBERBE, REERGERERNRIERRZ —. FUEBLE
TR 88 BT B T M RS T 2 5 B R TT E . R S R ERARE
GRS, BT LR R AR RS R IRE S P ERNTE.
P EFENBIE G TR U LIRS S — e R E LA LU A B R & DUk
B 4% TR0 ST o T B84 (0P 24 i 7 S R RN 2 ) 5 A 5 O O R P LS B AR
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WIEE 6.8 FinMLsMRRS, BRATX 6.1 MTHHl&ER 320x256 It
InAs/GaAsSb KA F IR 38317 TR, A 1% e 19 BARIRE 205108 293
K #1308 K, J&I® F )y 2.0, BSH1EIK 400 ps. T EARMEEM, 80 K
BTSSR 4RIU R A EE R, K NETD /A RIVBOIRHERT B
534, FEZ 20.7 mK; BhAh, % B4H B TTE EIE 99.23%, FEHSIEL 4.6%,
SEHURLZE A 1.4x 108 V/W , I HRN 5 5P BRI ZE 5351 A 5.88x10' cmHz">/W
F11.49x100cmHz"/W . BT B %M, RAZEFEBERT TASBRER, W0
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Fig. 6.9 Distribution of noise, responsivity and NETD of InAs/GaAsSb SLs FPAs
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BEHLO T RE R M S, B 6.10 fix, BEBEAMS, SBEMEEH

HHLERR, WHRRIER (B 611 0). WAL EEFHRNENKHBAE T
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SRR TR E R 0 BB JG (B 6.12 a)), TTHXEE TN B 7o [F B R 50 e 7=
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(~13.7%) WISIRT-0a SN G Tt (AL FR/NF R Ef—2), THiXeeg ot
(5] B+ 2R B Eh 0 o 1 LS DA BB R e 75 g e, X o B A R A T o R E R
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DA b 3K i i L VA B A v I LU B T P R SRV T M P SRR B S R R
TZHRWIFE R —HILEER, B, BE#— SR EIZBENE T
R KU E BN InAs/GaAsSb KIF AT HEEN 8, HFERA1H— S RFH
BURER SO K G & TEHAEEE M. b, RERE LR 200 pm
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Fig. 6.10 Bad pixel distribution of an InAs/GaAsSb SLs FPA
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Fig. 6.11 Distribution of responsivity, bias and noise of InAs/GaAsSb SLs FPAs
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Fig. 6.12 Distribution of responsivity bad pixels and the distribution of their bias and noise of
InAs/GaAsSb SLs FPAs
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1. B AEEREEE. TEEEREX A InAs/GaAsSb BRI 2
F MR, A LR LR InAs/GaSb #84F RN R, 55 P BB R M SRR N2
BIEROLEEMEREE TIRKIRT, EAGHREREMRWIXAIRT, BTEMNM25%
RAZE 40%; HiBiSAR Bama R E e 755 P BB RS HFAEFRK
H>FHHOKE (~7.28 pm), XIEFEFI FHRALF MR, OKIRET,
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