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ABSTRACT

ABSTRACT

Because the short wavelength InGaAs detectors could get high performances
under near-room temperature, they have wide applications in the space remote
sensing area. This dissertation focused on the urgent demand of next generation short
wavelength infrared (SWIR) used for remote sensing application, devices physics
and several key fabrication technologies for planar type InGaAs FPAs detectors
have been developed and improved. The process of rapid thermal annealing process
(RTP) on p-n junction depth variation was investigated. The front-illuminated planar
- type InGaAs sub-pixels infrared detector was fabricated, and the holes diffusion
length and photoresponse uniformity of the detector related to temperature have been
also investigated. The front- illuminated 256x1 linear InGaAs detectors with 1.7 pm
and 2.57 um cut-off wavelength were fabricated. Based on the improvements of
several key fabrication technologies for back-illuminated detectors, the
back-illuminated 32x32 FPAs detector and the back-illuminated double-band 800x2
FPAs detector with high-performance and none bad pixels were fabricated
successfully.

The effects of RTP on p-n junction depth variation and the mechanism of Zn
diffusing to lattice-matched and lattice-mismatched hetero structure materials were
studied using: SCM and SIMS technology. It was indicated that the rate of Zn
diffusing to lattice-mismatched materials was bigger than it in lattice-matched
materials. Due to the doped Zn in the hetero structure materials is not completely
activated, the diffusion depth is deeper than the p-n junction depth in evidence. The
diffusion coefficients of Zn into InggiAlg19As, InAsysPg4 and InP under 530°C are
figured out, which is 1.327x10™"* cm®/s, 1.341x107"% cm®/s, 1.067x10™ cm?/s
respectively. Moreover, RTP has almost no effect on junction depth variation which
implies that the p-n junction depth after the diffusion process could be considered to
the ultimate p-n junction depth of the detector.

The front-illuminated planar type InGaAs sub-pixels infrared detectors were
designed and fabricated based on the lateral collection effect of photogenerated
carriers. The detectors with lateral collection width of 15 pm, 20 um and 25 pm were
fabricated and the photoresponse uniformity was carried out with LBIC technique at
room temperature. The results indicate that the photoresponse of the detector with
lateral collection width of 15 pm is quite uniform and the electron/hole pairs
generated in the regions are all collected by the adjacent sub-elements. The
photoresponse uniformity of the detector with lateral collection width of 15 um was
carried out at different temperatures between 88 K and 296 K, and the holes
diffusion length L, related to temperature was calculated. The result shows the
acoustic phonon scattering is the chief scattering mechanism, and the photoresponse
of the detector with lateral collection width of 15 um is uniform between 296 K and
253 K. Many kinds of detectors with lateral collection width of 15 pm were
fabricated, and the density of dark current at -100 mV, RyA and the peak detectivity
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ABSTRACT

are 3.94 nA/em?, 8.4x10° Q-em’® and 2.89x10' emHz"?/W respectively at room
temperature. The dark current density of InGaAs detectors at -100 mV with
sub-pixels structure is around 70% less than the normal structure detectors without
sacrificing the peak detectivity.

The front-illuminated P/A test structure detectors and 256x1linear InGaAs
detectors with 1.7 pm and 2.57 um cut-off wavelength were fabricated. The reverse
current is mainly the edge leakage current and branch current for the detector with
the InGaAs (n25.0><1016 cm™) layer, and the dark current is mainly from the inside
and the surface of the detector with the InGaAs (n=5.0x10" cm’™) layer related with
diffusion region. The dark current density of the detector with the InGaAs absorption
(sz.OXlO16 cm™) layer at -100 mV is 7.84 nA/cm® which is less than the detector
with the InGaAs absorption (n=5 0x10" cm™) layer. The detector with SiNj
antireflection layer has better performance compared to the detector with Si0O,
antireflection layer. At room temperature, the cut-off wavelength, the peak
detectivity, the peak responsivity and the quantum efficiency are 2.57 pm, 7.25x10®
emHz"2/W, 0.95 A/W and 56.9% respectively for the wavelength extended 256x1
linear InGaAs detectors. Furthermore, the peak detectivity and the non-uniformity of
the FPAs detector are 1.11X 10" cmHz"/W and 5.28% at 153K respectively. The
hetero-structure material quality and the device fabrication technique need to be
further improved for the overall performance.

The fabrication technology of back-illuminated planar InGaAs detector with
high density was investigated, including the improvement of passivation film and the
process of grooving the diffusion masking layer and the N type electrode layer.
Based on the achievement the back-illuminated 32x32 FPAs detector was fabricated
and the structure of the back-illuminated planar detector was also optimized. At
integrated time 3ms, the average peak responsivity, the average peak détectivity and
the non-uniformity of the signal are 1.04 A/W, 1.36x10" cmHz"/W and 3.35%
respectively. The back-illuminated dual-band 800x2 FPAs detector with
high-performance and none bad pixels was fabricated successtully, whose diffusion
area of 18x18 pm’ and pixel pitch of 25 pm. The non-uniformity of the signal of the
dual band are 2.48% and 2.61%, and the average peak detectivity are 2.47x10"
emHZz/W and 2.37x10'? cmHz"*/W respectively. Besides, the Modulation Transfer
Function (MTF) of FPA detector assembly is about 0.51 in system application.

Key Words: InGaAs, shortwave infrared detector, planar type, sub-pixels, FPA
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Fig. 1.4.1 The image capture on a dark (moonless night) using the VIS-NIR InGaAs FPAs at
distances of approximately 450m
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Fig. 1.4.2 Image of the Orion Nebula taken by (a) 1024x1024 InGaAs camera and (b)
2148x1472 CCD camera
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Fig.1.4.3 Satellitic images of Japan seaboard before and after earthquake (left: 2010-9-5, right:
2011-3-12)
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Adaptive Networked Tactical Imaging System )7 % 81 T, 2009 5, 3% [# Raytheon
AT HIF T mhATEE R 1280 X 1024 MU H) 2 H B, JF5 Boeing Spectrolab
AR B Y InGaAs A 7T 584 T 1 , BFEI H B3 45 T B MR 75 1 PR
WL g RGP,

A Hamamatsu 27 E77H InGaAs HRUASHM M M RINRE, €
155 B B R P AT A1 prien USRI T RV 4 B 0 58
A, HEATE RO K p-i-n IS 4LLE. S REFNRS A%, P,
2003 F 9 ARE R RS HE A B SMARTI A 2% &7 SIRGSSMART-1 Infrared
Spectrometer) E R T B /A B 477 1 256 X 256 TH] B ST A £ T 28 44191,

ELFI B XenlCs A R]ZEFHEY InGaAs £ RN U575 T B A 1R 5 it
KF. BE, ZAFM 128 T, 256 JLHN 512 TRk HIAET . 320 X256 TG+ 640
X 512 JUEESF IR D4R ik 1% A FIHE 2010 SEARIE T 3072 UK 471 InGaAs
ESPTHREEPY, S 7E Proba-V /D BEMZ A L, & 144 Fizs, 3
$E7E 72 MEH Kovar e, FEFISHKEE 68 mm, =/ 1024 L7545
ATAEPBHE T A, BHEERE AP XA Y 5 [ AR 2 <25um, Z J5 AR Z<100
pm, EFEHIIFE<O00mW. WML K 1610nm, FWHM % 80nm. 1H75H
T 100%. ETEELA 70%, HMLFTE Nyquist SFLE MTF B 55%. & F
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YEBEETI Y InGaAs M LLSHRMAR DT 5T

S BRGSO BE Y 12.5um SRR EATT, SRAIXUA Y ROIC 1 PDA, #1ZK]
e g s S 1.4.5,

B 1.4.4 Xenics AR 9 3072 &I FIAN (TR
Fig. 1.4.4 The complete populated package without lid

Bl 1.4.5 THFERICERE

Fig. 1.4.5 Uncorrected image of the “Lena” test target

K 1.4.6 Xenics A Lynx-GigE/CL £LAMAML CRFH 2048 7T InGaAs 251 £&F 1D
Fig.1.4.6 Lynx-GigE/CL line-scan camera of Xenics (by 1024 pixels InGaAs Linear Array)

2012 £F 10 FiZ AT A T 537" #h Lynx-GigE/CL ZLAMHENL, KM 2048
T A 5] InGaAs £ T I HUZRRY, B4R BAR B 0.9~1.7um, BITR
st 12.5%12.5um?, InGaAs FEFIKEE 25.6mm, BHIGE/NT 2%, FH#EERK
10kHz, £ Hart 5t B s K=, 0K 1.4.6 Pir.
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1 5]

1.4.2 BT RIVIR

W InGaAs I FHR AP H PR LB ARWIEF ST PR
EBHMASGSEBEARBIGUT. TRBEKECER SRS DB R, R
el PARBIITAT. FE TR EEEE S 13 BT, EROLHETEARPIRATS ., KL
AL ARSI DB T 0.9~1.7um A FRET 3K 320256 FUELH] InGaAs [HIFFHER
WS, JeBoTHOEE 30um, KA Zn ¥ HUNE T2, 5 Si & CMOS i il
AIREEE, iR T, BTG ERNE 6x10%emHZ">/W; R B EHHER
ZPTAAH MBE J5i\ft InGaAs AMEREVERMMN LR#IT T XREWS, BF
0.9~1.7um FI NIN ZURT8L R JE G745 201K PIN ZURTRL, KSR 2 2.0um & 2.4um
FIRFRL, JEEIE T BRI RHBECHLN SR ULELRY InGaAs 21 /MG 25 44
BT TEWRABIF, B0 F MOCVD A4 K& In 445 InGaAs #1EHMAL;
R 13 FTATR RS AT ST ST 8 InGaAs TR 38 = Z N H T 064 8E W,
T[] 2 R v A A B P R

I EARYEGIF RN R T S ML InGaAs L7 & F RN
BB 7E & TH LW SV 34 0.9~1.7um $34F 5 T8, BFHI T 256x1 IE MR & InGaAs
B ERIIES, SIS EIN R 1.09 A/W, FEIEEFENZE Y. 1.20x10"
emHZ"*/W, WRNIEX SN 3.87%; 256x1 JLEIRETLE S InGaAs {%M?ﬁﬁiﬁwr
Fi, BRI A AR A S 2 0 0.95 A/W, IR (E IR K 4.5~6><10i“ cmHz"™/W,
Wi S AEIEI ST 3.5%~5.0%; 512x1 JUH RRAT InGaAs BRINIES, “FHIMEEHRIE Y
6.13x10" emHz"/W, WIRCAIAINEN 3.71%7; {8 & R FE i K A3 5 T
BT 640x1. 516x284 InGaAs £E-FHRNES, KD HEME 2.4um
2.6pm. 7EFIIZINE N A 0.9~1.7um S5 T, FIhBFHI T 10x1 J6. 24x1 7T
FRE AT InGaAs T HHERMIAS; 256x1. 800x1 Jo1F B InGaAs £ F IR 28,
RN BT ST B RN R 3x10%emHZ /WL B LI 20 nA/em®. BT
T 95%, Lk AE BB B R etk PR,

1.5InGaAs £ ER NS5 7772 1 ) BBURI )k R g 5

PIAMRZ HLH EEBHEE T IhREZ FEN InGaAs BRI M I 45 % 4T,
SRR A R AN E T HERGEHE nGaAs BARNAW R RS . Hil
InGaAs 28 H1% A LA B -
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RSP InGaAs 3 4T SRR 5L

MEPE AR EoRE, F P F1 GaAs 4R HAMEAKE In 457 InGaAs
MM ARIEENME 1. 7um S TCELH InGaAs AR EER . & In A5 BRI AR
HEsE, WRERETETE (SCIAMACHY) LIS In 414 InGaAs £ H#
MELEHERAE 50 Moo kP, wE 1.5.1 firsy SCIAMACHY B In
44y InGaAs FRIFRG TG KA BEE B A FIE AL . BEIBEXS T In 40 InGaAs
RN 28 f0 R o BB R SRR M T - P I AT 244K, & In 0 1 InGaAs
28 51 B () & SRR ME R AR =, IR R AR T A AT e = In A APRHRGAEd
et e s ] el A A B 5 R HO R B

Date
1=Jan-2003 =Jain=2004 1-Fan-2005
FE- T s I M T ¥ T ¥ T H T T LA R L R T T T T T T
é 2 Oh 8
E § o Ch, fiv e o
40 {0 oh 7 LU A
E | xons R S
5 g0 5 =T ER 3
% = a [PV B TP A 1
& - . Pl 4
2 E o, g S E
2 30 ooty & waed ’ A
2 Fee 3
nE E
10E E
;th; D Himm o S5 Ten i f
0 1 1 o 1 PR S TR DUV U N S E
4 8 8 14 12 14 18

Ot Munber1000
K 1.5.1 SCIAMACHY ¥ In 404 InGaAs TR A1 R BUHAL
Fig. 1.5.1 Evolution of the number of dead pixels for the InGaAs FPA’s of SCIAMACHY’s
channels 6~8 (extended-wavelength InGaAs detectors)

WA L2k, BB S MM R Z kG RILE, Liek
H A G R AP [ InGaAs BRINAS, B 3l H R AT 8U%4EE T2, 1
PHLB™E, MEUTZAFERRI RS, FENTESTER W1
GEE, hTEORE, ANERSE—ERETE T, a0
BINARAP TR 25 M TR B A 4 # >%0), S BER SR AR R I BT ELRRE TR, pn
SR FBRMEERABTEAN LN, SERMAEBEITEY B, #
MY S, HREES TSGR, ISt R EE R
R, BRICEFECREENBE S IR po 4, KRR
RECHMPRLR, BT AR E B, BOEBERER: X6 A S,
BB SR AE BRI RO RIBERE/N, R R E ., SO,
i/ RERZIES 02 MR AR, BA B BRI, BHEX &
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1 5]

it

T 0 T AT 7 25 Ak

MEMIHRGECEHNBE KRB, BERFEH: KIAERET] /b
BT, ZEBRTAE. WIS 55 B T SR (RS R S
W5 E S InGaAs TRIUES R RIRFI N HF K, RBE—BB A InGaAs
IR ALAMET IR A R B S FEEPAEUT LA 1H:

(1) /PIBOT. RIBEFEFIEFHIB A InGaAs ZLAMSEIRM 24 7 B K
T B FH EAS R B KA 21 7 1) R e LA R RS R A M PR |

(2) MG EHR. R AEEE . “B0. R RN ZBHARRREK D
SRELR, T RAGIA SRR IR, I LSRN FE. RERER
AT ER, M P M PR E rE AR 75, B2 TR AR M B R A SRt %

(3) BT S BRI B 5 SRk InGaAs £5- T [

(4) ZWBETIE. RBMEEE. B TSN ERER. MEMBIE

UL R B R IR BE D, ZDAN BRI SR i S 2 DGR Bk ke, T
InGaAs £FHIKE, EOEELEENERET Mz,

M InGaAs ISR IR BT R IR RE, 5EIMYBARKFARLL,
5| P S BRI 28 AE B B AR, ThRe AR, ARSI RE S &5 07 I R AF7E 1R
KEGZERE .

1.6 ZWRICHIBIR B M EENE

A ZEL IR SCER R A () 38 B InGaAs 523 £0 /MG RS I sk, AT A6l 20 2 A
PR InGaAs FHIKLLAMRIEE 4 B 1, X InP £t InGaAs 53 L5285 1F
YIEAN B T 28N T RIS o 28— B2 (Bl T 20 ZMG 25 1 S A0 R R I 7,
AN AA T LLAMARI B BT SERRR 1, BER T InGaAs 52 20 SN B8 (K 281 45
1, X InGaAs £ VHEBIE NN BIVR. 70 R BRR REHBIT T 42
B SBoFESHAEYT RGBT E, MR T SEREHE K S FENT

EEYRINRENA, X221 SIH M8 1F T B0 T RUR ST T A AR 47, T T2
ﬁ%VﬁTam% DT B R PSS SR T2, B8
R T —MEFTFHROER AT HEE InGaAs FI 2544, w384 21T T
AT, FFXT SR AR VG W R 3 S PEREAT T A5, 28 DY 350 1E JR 41T T Y
InGaAs 3T TS, XL TRIEB 29K E R 5.0X10'%em™ & 5.0X
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SE RSP IR InGaAs ML AME AR BT SE

10" em™ PiAFZERY InGaAs BHFIG 1V R, ORI T IE MR Pl 20 5 B iy
256X 1 4% InGaAs FMZSFIE EHACIEM B 2.57um KT R 2561 2651
InGaAs B85, MAIEHT THMZS KO RERE: B RFRAMALK T E7E
B U T RS TR A S TR B, LS 32X 32 THI MR AT IR 2R A
B EE SRR 800X 2 B IR SS, WU IFo0#T T HOGFIERE: SBATERELEE
M HEEE
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2 SEE A InGaAs #5588 L 2R AR5

2 THEE InGaAs BRMF BT ZHARMR

2158

HHI, BT InGaAs TR EA R &R EENE, BRI HIRAKT,
BT A 1H B 25 0 B B B8R T . PN AY InGaAs BREERA N 24 H0E
ESMEME, H pn ERAEFHEALZHEY I ZHEMK. ¥FEHILZEX 0N
FEYT BONAEY §L B B ERA O8RS, —HWERSSEY BUED
# ZnO SFWAY B, EEBATRIE KA, EnEEEE. mEy 8%
KA ER T ZnsP, B ZnsAsy YEAY BUR, X007 00 52 206 58 R~F RBR 6,
ABERHT A ER A R 8, (HR N B Bk, T HUESA . XIMEHRGE D,
EEHATRIEII. pn S THEILLT, p-n &R VR 2 m R A RERI5C
BEER, M pn &S LT ZENRE InGaAs BRI BFHIRE T Z.

FEMEETRANTE: ESEAET BUNGERETZ, AT s R
1B KESIITEX pn SRR, N2 a0 B (08 ot AT T 3 51 F
AHT. FERBET M PERRE R T s, ST HEERIT L. 0% P #
WIRE) T2 S ST ; 5 R =% AR R L 28T TS

2.2 PREFIE KRR R

2.2.1 5£5%

Hil&FHE 2 InGaAs PIN TR H KA Zn ¥ T 2HERWE TR P B
&, BRRER pn SRS REEREXRBNBM NS, HkyHTE
AR P R XRER., EF ML 2 5%ERE LR REHT T, BT R
RAFH PR AR KOS A T B AT PR AR AL, B R I HGB KIRE ST pn
VRN RMEE A RIE . AR AEY HUT, LT Zn TR S REL KL
A UG AC A A AR R B8 20, R B E BHEAR(SCM) A ZIRE TR
W (SIMS)XT Zn ZE IR REF BT RVLEIHEAT T HER, FE5 mil P Hul JOT 72
(RTP)XT p-n 45 S5 R BIREHEAT T HFA

M-V iEE 4 AME T, VBTGRP As S8 SRR MM RZRTE S
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Bk AT TY InGaAs B AL SR AT

fRiE R, FICh T RE Y BB S PR R B VIR TR AT RN e, HORAANA
I S . ASEIAT =14 InGaAs HMASAMEFEL, XTIEZ 2 InP 8%
RFRANEA R ZnsPo VA HOE, X 1BE R Ings1Alo19As A InAscPos B
K& EE AN EAA S ZnsAsy VE 04 BB . 5250 b (8 I 0 M SR BE AR 20 F IR
HNE (MBE) £ 5 TngsiAlo.1sAs/Ing g1Gag 1A/ Ing 1Alg 10As buf./InP, 18RI
W2 B A B0 1um, 2.5pm; SR ANALE DRI (MOCVD) 4K
(] TnAso 6Po4/Ing §Gag 2As/InAsP buf./InP, 1EZEMRWEIEE 258 Thm, 3pm;
SIS ICEUREN A MOCVD 25K K InP/Ing 5:Gag 47As/InP, 1 2 FIIRZ 5 AL 505l
2y lpm, 2.5pum. ZFRPEHEN NIN BIEEH . 25 ANsin it i REER R
RS, AN 45em”, EEEMT 3x107Pa, FECRAXGRXYHL

B S AT BURIREE F TR #, ARJEEHT S30°CHUENRY #R. ¥ wi5Eha i
B R TR IR AT A K — B AL AR R, REURE S, BEIEEE S
VIRTGENER . REEHEMBMERT, — ) SIMS A SCM AT I3,
5y — BT B HGR K AR ER, IFAEIE KEHHT SCM MIBIAES RTP X p-n &
VR BEIAI RS o SE36 AR GRS  AH RS B PR #al K R IR 2.2.1 B

% 220 BRIGET, bHO IR K A
Tab 2.2.1 Material number, conditions of diffusion and RTP

) Wafer with Wafer with InAsg ¢Po4 Wafer with InP
Material
1 Ing s1Alg19AS cap layer cap layer cap layer
style
Y 1 2 34 T s 64
Diftusion
. 530 530 530 530 530 530
temperature/ 'C
Diffusion time/min 7 8 6 8 8 9
RTP temperature/ 'C 400 350 400 350 480 480
RTP Time/s 60 45 60 45 15 15

2.2.2 Z4JRY B SIMS Fi SCM R1E

W 2.2.1 K =FRE R i SIMS JTE Y Zn WREETEIRE T7 [0 B — 450 A it
%%, HZZITEMKES W, RIS HEER SRS m, i
TREABIRTERREEERA TR, BERIEME 14, 26, 34, W5
ZLIREESLIIS ML T B, 0 A ULEC Y SHFD e EHE R AL HIL T Zn R
%, [k Zn 70 InP P {03 BOEE ELAE InGaAs W ROY HOREE &, P AAEFHE
AR A P EEA2Y, N R E Zo TR BN, A KRR
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2 SEHEA InGaAs Rl 25 98 L ZHAW R

RAE R Z MBI, (518 Zn TURAEM B SLFUE BT BoR B ZEAR KR, 5t
T E i BRI A B8, MBE LK 1R 248 55 10 Zn IR BEAE SR B
TR RIS, T MOCVD A1 3#F0 4#FE fh ¥ Zn IR FE7E S I AL AR [
HTERRARJE 10 0.5pm K4 P R4 6x10"em™, A7 bS] . ZEWE B 530°CH
By 8min FUSAF T, 2#. AHFD SERE L I R 205 1,305, 1.941, 1.195um,
P4 RIS I TR TE M R IO b 9 HOE B R T 7 A UL IE L
TREE

TELY e
"""""""""" . 1es
— R e B —v— 1#(7min) 3 o
<?E E19Lgy O —o— 2#{(8min) @
8 > Ky, Ga {187 g
§ - ; 2
£ 5 31000000,
8 S
c | ] =
§ 1E17L 3100000 &
N ; @,
] <
""" 410000
[ [ S S
0.0 0.5 1.0 1.5 2.0
Depth (um)
(a) Ingg1Alo10AsHEERT
(a) Wafer with Ingg1Alg 10As cap layer
1E20 T T T A T
! oo 11E8 !
—— 3#(6min) ] o
5 1E19 —o— 4#(8min) @
E ey R, T Ga 3 Q
< ] S
S ' jier B
B 1E18L 2
é L S ] ;
5| g
o 1E17} 5 1000000 2.
N Fl 3 <
1E16 PRSP N SR TS RV SR T R S ST T
0.0 05 1.0 15 20 25

Depth (pmy)
(b) InAscPo 4B ET AL
(b) Wafer with InAsg¢Po4 cap layer
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EERE I InGaAs 58 3 40 AMR I ES T X

] S Y B To'o o o s A,
B0 e L &
1 I i Q
S 1E19, j —o—6#(9m|n% §
£ A L P oo <
:_c"i 1 gLy T As g
€ 1E18+ ] =
.9 E 3
g -
;\‘I,' ‘~'.>.:-.‘ i ‘5\
2 1E17 L {10 =
o 1. g ] %
(= v f -
N 1y 8 ] @
0.0 0.5 1.5 2.0

Depgh?um)
(¢) InPIEZATEL
(¢) Wafer with InP cap
B 2.2.1 SIMS Y Zn WREEAEERETT 7] L1053 A H 22
Fig. 2.2.1 Profile of Zn concentration versus diffusion depth measured by SIMS

SCM {1 —F0 i B M BLRAE 7 s, RS B8 SPM(scanning
probe microscopy)ff—Fi E B AR, BT LURARRE MG R B — 4k
EEEANE, BRCE Z M TSR R R 5, SCM 23RS
p-n 45 E8 240 A0 B EOILERAE T B0 F i G R AR R R T
R R, FEAMEM R IR T LERIE T RSB RILR, 725K
[ 8 P A, KA A T 1 24 1 ek T USRS BOT R/ R AR RO T R SE
BrlEBE. ASSEI AR BRI, BlEE AV E, W& AC/ AV RIERF
RS S

AC = gy [1=aN"? egy I Tpy +aN )N/ Ty = \Je5q/ 20V, -V,,) (22.1)

HH, eoy~ e ARMEULE RAERBIN LR Ve AR

& 2.2.2 JJURIAR RIS EAR RS HUS IR SCM 3 B & A LA InP 1§
JE AR R R B 2 A R, 18 2.2.3 S InP W82 AN R} AT BT A
SSEM) B E . WHFEHE S, BATTT USRS EEE, B
F Xt SCM Al SEM R Fr, SCM 4 B iieAG st 58 i i, 1 HLadk /] LA
PAFBIICRAESMEM BT B ATIERL, KRG pn ST HRE. PR EME
M5 InP A1EEJE JEBEEL S B8 1um AT 1.14pm.SCM ISR 45 SR 2R, 558 2.2.1
T BT, H~6#55 R4 512 1.15um. 1.25um. 1.43um. 1.6pm. 1.07um.
1.2um. IR, X InGaAs B ST B2 5x10 em™ FIAMEREHEEAT T8
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2 FH M InGaAs RSB T ERAWT

SIS IHWAR T p-n 5450, HAE 530°CH #1 8min Al 9min JF LD B4 1.175um
N 2.4um, 5 6#MEM B EL(InGaAs JE Si BAIRE AN 5%10'%em™, 7E 530°CH”
1 8min F1 9min MG HI8 1.07um FI 1.19um), ¥ HEREFH BA K, Si B
FIRE MBI A SRS A O RS, XFERS AR Zn TUER A S E
EWBZ. SCM BETEHIEEREES SIMS BHMiEZEERYE .

Depth of p—n Depth of p—n
; v

Buf. InGads InAlAs InCahs P AP

(2) Ing 1ALy 10As & EATHL (b)InAs Po 4 I8 EAF KL
(ayWafer with Ing g1Alg19As cap layer (b)Wafer with InAsg¢Po 4 cap layer

“Buf. : InGaks ' ycmx i ey
()P 1B (d) InP WE EFHEHEARETS 44 40 A
(c) Wafer with InP cap layer (d) Dopant profile of Wafer with InP cap layer

2.2.2 SCM MIAFHMEE Y p-n 451K :
Fig. 2.2.2 Junction depth of epitaxial layer by SCM

a e

DATE: 03107/ o 1opm

Bl 2.2.3 InP f 2P RHE BT R B G A

Fig. 2.2.3 SEM micrographs of the cross-section of epitaxial material with InP cap layer

223 SRR EER R RHE
SCMIR BN, SEHAF FAE3FIAR MIRTP &AL p-nkk & ¥ T B A5k,
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E PRSI RY InGaAs FI LLAMRII AT 7T

WE2.2.4%F2220 7. RIPETJG, pn&h&im i EAME, £ FHAInGaAsHM
B E gl T AF, HARTPHRE MR VE RN B E AP K T300CHE
TR, T AW R N TR A TR ZR400°C L UL L, PrUAFEAR ST
FHIE T E InGaAsHM AR (PR E T 279, 7 #ise A Mip-ngE 85 vT LLE G

PR R A HIp-ngh 45K .

2.5

- g Diffusion depth
L Junction depth before RTP

o o B Junction depth after RTP
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() 2#(8) 38G6) 4@ 5B 640
Sample number (diffusion time/min)
, B 2.2.4 YEUREE (SIMS) FOBKHTIS HIS5R (SCMD
Fig.2.2.4 Diffusion depth (SIMS) and junction depth(SCM) before and after RTP
F 222 EURE. RTPRIESERTL
Tab. 2.2.2 Diffusion depth and p-n junction depth before and after RTP
Difference of

Diffusion  Diffusion  Junction depth  Junction depth

Sample ) junction depth
Time Depth before RTP after RTP
number . before and after RTP
/min /um /um /um
/um
1# 7 1.207 1.15 1.15 0
24 8 1.305 1.25 1.24 -0.01
3# 6 1.624 1.43 1.44 0.01
4t 8 1.941 1.6 1.62 0.02
S# 8 1.195 1.07 1.07 0
6# 9 1.281 1.2 1.19 -0.01
Znf)y HOS R AT SR Y -
4. C(x,t
x* = 4D[erfc ’(—(C—-))]Zz (2.2.2)
— E"
D=Dge "’ (2.2.3)

AP x WER: CARFRIRERE: Ckx, AT AUNIE t B4 x 4
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2 FEA InGaAs N E5 B T EZH A3

FIZRRIREE . DAY EURE: Do AT 8L E, 054 BT 28 < BT a1,
ks & Boltzman % T AHEH. hARQ23)HERE, 530°CH, Zn 7 InP
YRR S D=1.067 X 10 %em®/s, 522% CHk[67)FIIERT 535°CF D=1.97
X10Pem®s FAZEAR K. 530°CF, Zn 7 Inggs1Alg10As F1 InAsePos T HIY BLE
#0535k 1327 % 10 2ems 1 1.341 X 10 em?/s.

A/PTIHIE SCM 1 SIMS AHEE A, BSL T Zn 16 & #% R AN GRS DT B AT Al
T HAT N . TTRGRKY], RTP N pn SR E: B Zn GEIHFAR
REME BT, 74, BT RFUTRMAMEBN, BiEN Zn TR (ZF) ik
R 2 TR 2 B SEAMER R R BRI T, T A SR TR P 1
ERIERER, SCM WM pn SRS B ITRY BUREE, BRAITTERAERE
SeFRAT R O B B K T 2 S U B T O SO, BTt B S
TEM— DY 5358, BT InGaAs # 5 3R 42 R T8 i 242 5 4438 T WRL e
R ERBR, B RS, XMEEE E S A E Okt L s R
FIH SCM & EHIN InGaAs MRIEAT RAE LW AE,  H AT B2 R LT
AR EMER], TERXNABI LM 510 BRI KRS i pn G545

BERIEE, EE RS RE BT WAL
2.3 B FE R InGaAs IR BLEME TR SR T2t

2.3.1 Eusthr

B MASFR “BoE” RIEHETH T ILRUETT S BGTE 4 e,
“EIUT B BT M CalEVRIL” AT RIERERINGE S A0S £F
FEESRE, FERETRESLS APHESHEE, BRAEYRT 10 17
B, FEaRhdh dM b, “ETE” NyRRA:

d+h
N, = m x100% (2.3.1)
HANK BG .

BT T2 MERESS T RE, Z0AMEF N2 A A8 S
FEEEIL, BWTERERENISIREMMEE, BEEFMFIHERNT X
LLR G TT R g/, PRI T 2Rtk 83, & 7oL L K IE S
w0, BEE T ERNERAERS, WS &SRR KR4
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B PERET 2 InGaAs $EIRELAMERER T T

RUdRAS BRI, BT 2SR 2 Ry i, ik, Z00hs, FEaE
BT A In FEAZAR . R BESHSIAE T BEOEEHE InGaAs
PRI AR TR — N EE R ARTENS, W E R RIS R = A
TEAREFREA, WRRE T2 b s SR, B e o i s
Kk D EILHE, RSB AZE. Bk, BT E T A R A X
ELAMESTH R A BT AR A AR B L
w.23LMTTT%#IZ*TﬁmFﬁﬁﬂﬁiﬁﬁmgﬁ%wﬁﬂﬂ
MRS IR RO b, AT USRS R I K, (EE AN,
HILETT: () CHIETERE, i IR EL % 0 5 R 32 R R 5 3R I (75 o3

()
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Fig. 2.3.1 Picture of bad pixels formed in chip fabrication process: (a) material defect (b)
photolithography distortion (c) extended electrode detachment (d) indium residual
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Fig.2.3.5 The cross-section schematic of the detector
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Fig. 2.3.11 (a)The peak responsivity and (b) the peak detectivity
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TR 25%500pm?, PR BE 62 43 5000 15um 20pm. 25um, FLif 14
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3 BT F G FEZY InGaAs FRIIRWHE S HERE 0T

PPN TR HAE TR P Bk, REEdS4BES T AN
NICHEARAHIES S o 2680 3#354F P AR R AT B 5 AR, T FBocHt
RIS, =P8R IEAST S WA N B, NBfil 2aRmRKRs
FHENGERTIH.

(a) 15pm (b) 20pum (¢) 25um
& 3.2.3 =M KER EER RN InGaAs TRIGHENE: ()1#:; (b)2#; (c)3#
Fig. 3.2.3 The InGaAs sub-pixels detector with the lateral collection region width of three
different specifications: (a) 1#; (b) 2#; (c¢) 3#

(a) 15pum (b) 20pm (c) 25um
B 3.2.4 296K F=FPER4F 1 LBIC JEMIM 488 (a)1#; (b)2#: (c)3#
Fig. 3.2.4 Photoresponse uniformity maps by LBIC at 296K (a)1#, (b)2#, (c)3#

LBIC WA ZWQI6K) TRAT, RAE/DHHEHELEHE lum, BOLRE 3%.
Al LY InP 1B EANUL 980nm HIEOEERST, B S 7T LA InGaAs T}
WOE TR, 28441 LBIC JERa NS MM E WA 3.2.4 Fis.
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MRS T R InGaAs S 4T SMFMI S 5T

MAAEE L, W, o8 15um [ WA S 2 5], SRT AT DUR B 2 3
JATAIEE 5 20pum-. 25um ) 2#R1 3485 4F LBIC HHE o3 5 5555 1M i
X, SFER AN (S S S EE B 3.2.5 Frors, Ha— AN e X R
{ES W & 3.2.6 FioR, 1SR EIEEAOCBOTH Tiee BIEE] TIEAE
10235nA, 2#F0 3#EEM BT 5 S A BIMAME, (2R KEXKES
B/ MESBIURF 8675nA A 7970nA, ELL X A MDA SR T RA T E%
FHEBIRIE N pn S 4 X =G5, B—HOEIEEXIHEE G L ER.

(a) 15um (b) 20pm (c) 25um
B 3.2.5296K T s fFH LBIC 5 521 (a)l#: (b)2#; (c)3#
Fig. 3.2.5 LBIC signals contour distribution at 296K: (a)1#, (b)2#, (c)3#
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Bl 3.2.6 296K T = A el 0 B X RO (8] 5 i 2 A 2%
Fig. 3.2.6 LBIC signals line-scan profiles of the lateral collection region detector at 296K

Bl 3.2.7 iRk THESPE 1-V B gh 2 A s il e plema by i 2k, o w40,
EET, 224 HMEEF ReA>3x10°Q-cm?, -100 mV [z MR T FI8E R
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3 BT TN A InGaAs SIS H B4R

¥4 13.4 nAlem?, IE(EPK 1.49 um. G FT4 80. X281 BARE S L 7s

PHEREHEATINS, AR SSBEEE 17.2cm. WA FIERE 296K, ik
HETFLE Smm. 75 80Hz, RS 10 BAABMZ A 4.3x10" emHZ"2/W .

WEAERRIZR Ny 3.4x10" ecmHZ/W. BT RCRUT 100%., Fik, M F e X 55
A 15um ) THESHEERE R AT, ST K A DT EC 1 A1 SE Rl G - 15 ook =
InGaAs FMUEER UL, 2 TAERE N ZIRET, M AEE X 58 5 mT LBl A% 15um.

1E‘3 T T T T T T T T T T T T
1E-41 ] MO e “/\ ]
] ey
1E-54 1 © 08 W 1
2 1E—6é 18 1
£ 1E7 ] 306 1
3 B8] 4=
3 1E8; 204] |
8 1E9 TN
k| i @©
1E-10 g 0.2 :
1E-11 1< '
3 i 00
1E-12 LI B B B Bt A0 U A L L B S B 1 N ! X i . 1 L 1 N ! N
05 04 -03 02 -01 00 01 02 03 04 05 08 1.0 1.2 1.4 16 18 20
Bias voltage (V) Wavelength (um)
(a) (b)

& 3.2.7296K T IR 0(a) 1-V SFPE MR FI(b) i v i<k
Fig. 3.2.7 (a) The I-V characteristics and (b) response spectrum of 1# detector at 296K

3.3 THUTEECFIESL InGaAs $R0UA% 60 RIS 5 AR AR HE BT 51

3.3.1 EiFEA

BRI 28 DU /8 BASTE B DG P AE BT 7O, FERR X NEE & pn &5
— AN EKENERET- 2T RS I, RSB RRE, A
T RAKMHT, B FRX MR N,

oo = o T Jan (3.3.1)

g HHERR AR E MR T IR R s s i, J . WEERIK LA
H 2 AR AR A P AR O BR T3 BB 45 KT Ui A R -

x> W,(FEREREN, E2AMENEDEERFEIOWRE i — 43

RO Rk

o’ -
p Zh P Pw Gy =0 (3.3.2)

2
7 ox T,
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BRSSPI A InGaAs S ZLAME IR 7T

o, D, WA AR, © WTREAT A, p, O TEEE UK.

Wx=oolf, p=p, Kx=W,k, p=0RKA5R%HF BEYERAEEZRN:

anODJ
exp(—aW,)+ 7 ! (3.3.3)

14 r

FIERTRET, % p, O BR—IENGZ, W

7 o osz
ayr =4 “M1+al

Jag =4Pg 1 ———exp(—aW,) (3.3.4)
+a
P
Hrp,
L,=\D,rz, (3.3.5)

@, Sk AL AR NS TR R, PRI /D 25 iy SZURLBEAR (b ) S M E T 9 3
DT KRR, DT EMRAERNRETHENEES Y —, Fu

WE R TR, EHOLMRRIS LR, BATHERELTHE. W
RO THKRE RIS RE A%, DANEATNREEAER.

1 1 1
- (3.3.6)

Tmeas T/Jll/k Tc/{[/' + T.s'u/_'/' H

d 2
Fup =5 (3.3.7)

P

d

Tsu;f = _2—‘—5,_ (3 3 8)

Rl HEE AT, 7, WETT I P R E A, <.,
R G, WAT R SRR R, d WFRER, S hREH
AL

ST A AR BT RN B B TR A

& MRBARTRLERE, o, b, 7, 0% RABHRIEL A
Hitk, BOREL A MEN, ¢ AA% AL B dk i 2 0 RT Al
%»ma%%%%w&&%m&%m%%ﬁmﬁwo

D, BT ALV B R 22 PR B SRR, T e IR T BT
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3 ST F RO EE InGaAs SALEHHEL a7

LRI T Esh M S R E, P e Bk Rl 2 MU 2 e o6
RUAAB R,

DpzﬂfT (3.3.9)

s K 9 Boltzman #%1(1.38066x107°1/K), e T 4. X FRR LM
S, EBRSE R AN

P, B 2 ST I i o N7V (3.3.10)

B SR AU p, o T ‘ (3.3.11)
oo h

Fe LA %mww%%%DV- (3.3.12)

RT3 = RO LR R A7, %0 T 2 s L, 80
SEA [ TS BRSO LSRR, B R IR I LR, A L
2 T SR 0 S L

TR TS B ST LR 5 R BB P M B — A BB,
bR AT T 5L (296K) I O 1 15 25 R 5 1 5 (5 T 7 )
YE, BT OGIENE A 0.9~1.68um [T 45 InGaAs 3RS —MRAEEIR T L/E, K
B, BRI SR 15um IR, T A R AT
FEAS ARSI, SR AL, nGads FIZHIIEm )
M SRR TH BUCES U2, 6T InGaAs ISR T bk
2, BB, T B R R A A I RS B R b T
SRR, AN T ST R T YRI5 40 W R 1 b B L
HE— ST T BB TR AIbE, JEAT T RN, HF
B B A

3.3.2 KSR RiTig

—RAIBHLT, A AD GRS BT KM EERRAE: ()XZEE
AP LIS T ZREFERNT BE DR K QF #EE 7 AL Ef
BRITERMBRAY HG (G)p-n G50 4 X ANE G4 Fm T M diege e UM, %
FE B HTPIAN BZ T8 T I S M 1] e R X o o K A2, S SCM
RET HRARREI UNERFTBEN, WRERmE 331 fix, T
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B BE T 2 InGaAs ST A MR AT 5T

19 70 X ol A 1) g B IX 3k 40 B A 27.539um 1 12.422pm (F 3 BT 58
AR 25um A 15pm) , Bk, BT RTFAN R ERE B TGO KB
1.28um, 124 L. BRARME AT, SCM HiA ] LUK 24 fis 2 X b AT M i 240K
JUE HIERAE

L Sub-element width

PN-Junction
depth

(2)

t  Lateral collection region width

Sub-elentent
1-InGads

(b)
K 33.1 BRI SCM FHfIE: () FAZITXIEFI(b) M m X

Fig. 3.3.1 The dopant maps of (a) sub-element and (b) lateral collection region of cross-sectional

scanning by SCM.

FIh Ly JUFANZE B AR, B LA SO Bony KBER B AL E 2R 5
EAEESEU, BIRIE T A EIR T RO A R AF HT BRI . LBIC UK
JeCHUEL InP B JEH InGaAs WORUZ IR, AR H) LBIC S B34 S P34
& 5oR T InGaAs ZHOGHN YA M, BERET InGaAs B0 T4 BUKE R
JE 0 o b —/NTR A T SEMILAB 2 A 1) Micro LBIC R T AR
HL(296 K) NG p = AN 1#%%#:‘%%?7Kﬁiﬁ%ﬁ§?ﬁ@?ﬂﬂﬁ RRY
JBEF 273 K. 253 K. 223K, 193K, 173K. 123K 188 K. i 3.3.2 fim

(a) 273K
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3E TGO TR E InGaAs HU 280 65 P e 47

L100E4
10000
9000

(b) 223K

(c) 88K
Kl 3.3.2 I#88M AL LBIC StmI N H# B X E S EE: (a) 273K; (b) 223K; (c) 88K
Fig. 3.3.2 LBIC photoresponse uniformity maps and contour distribution at different temperature
of 1#: (a) 273K, (b) 223K, (¢)88K

4 273K 223K 88K [ LBIC YA B34 57 45 15 B A N (915 B2 I, ik
TR B S SRR AT B 45t |
MRS R Bw, JEAE>223K B, LBIC KR SR F g R —5, i s
HCRoT NS, FERIT M R X BE 5 5 TRt BUT X MI1{E 5 FEEA
B . 7E 296K~253K (R EEVEFE P, 7oAl m WO EE IX 72 42 K B 40 e AR 3R T
e Y BB BT p-n G54 AEE S, BIES R TVEFE 296K~253K 13 5 76 [
W, DTV BEKERRERREASSBOBUC NS E ., SR EH—
B IARREI<223K, 7PoAELEN R X P65 5 F BT AR, 2435 E KR 88K B
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B RS B InGaAs B LA I 5T

R ZE | 2 AR T R IR, S0 33.1(0)FTR. DI
%60 LBIC 25 BB BB EERA D, 2 W OF I B IGR TS
ARSI . AN, BB RN TRITH pn S— Y HUKEE P AR
SR T RN pn SMFIE, BT ETEOORIE, LY IEILE R
R R R, RIS Y TR A SRR B2 T Y 2 SRR A
=5

108[][] - T T T T T T T
9600 fﬁ%‘?%"j
2400 gljii?
o+ 7200 a8 § 2RRE
g T
g 6000 |
o 4800
= 3600
A
2400
1200
0 1 t 1 t
0 100 200 300 400 500
Positionf )
(a)
11000 T T T
10500 |
R -{ SRR o o AL %
10000 | N Yy
Y - g?/ £
o 9800} % oo ; ] \
= % J —— 186K f
g 9000 | ; 4 et ITIK
3 H .
o ; ; 3K
2 8500 | | / 253K
O go00 % £ —— 223K
o ] Y 7 193K |
~ 7500} 5, ;173K
7000 | Fet” 123K
i BB K
B500
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Positiongarm)y
(b)

Bl 3.33 HRIMESAE 296K ~88IK T E M [m 5 5 R IV [HT 45
Fig. 3.3.3 Line-scan profiles of the detector (a) and the lateral collection regions (b) at
296K~88K

3.3.3 A SRR R FIELRE T MR ) E SR gk, RS RN T
LBIC £ B R SR ERXR . @ T A N ECBUT A B 3R T R sk
SAMUK TR, B B MU BT A TR o5 5 BRI _EFERT B il 2
(E5— MR X O ST ILE - BRI AT 485um LT R IUTE 88K &
FH LBIC BE[FE S MRN FIL A0, K455 R LA AN T B g 8ett 2 40

e
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3 EFFGouE 02 InGaAs TR ER 6] 5 880 b7

B RE S, AR RIS LRIFNYIS, W0 334 FTR, W9 T
WA B H LBIC 155 f AR AR A P> & oS R i e B 7 A=

10500 | | {
n ;6
10000 | \\“ = Experimentvalue v {j}
9500 F % Fitting result /
o Ly /
& ooon | ', /
5, K
% 8500 N
5 ES\" lj
2 5000 | . ./
% y;
= 7500 AN e
‘- .
7000 e WMo
6500 L i L . )
480 482 484 426 488 490 492
Position{pm) -

Bl 3.3.4 T=88K Nl WrHE X AW S A= 5 (A M P& 45 21
Fig. 3.3.4 Photoesponse signal profile of the lateral collection region at 88K and the fitting
result

1§ LBIC Yemi A5 5 T2 f KB /e I8 B S8 FEFIBR 6 BE B0t 22 2 X
AT TR, 18R W,e SERIER D FH HACE T UIRRR:

L :M—q v (3.3.13)

P 2
Horp, WINES BB 52 Ly F L, 53750 2 385 um AT 1.28 pmo . 296K~88K
AFNERE N, #0 L, 51T 3.3.1 #.

& 3.3.1 296K~88K T W, FIL, MISCI0{H
Tab. 3.3.1 The experimental value of W, and L, at 296K~88K

T(K) 296 273 253 223 193 173 123 88
JT (K“Z) 1720 1652 1591 1493 13.89 13.15 11.09 9.38
Wp (nm) 426.83 424.62 42174 417.04 411.19 4083 399.55 393.97
L, (pm) 19.64 1853 17.09 1474 11.82 1037 6.00 3.21

SEEIRE RS, L, 5, W335 P, WAL S5V B FkA:
L, «~T (3.3.14)

X InGaAs BERAGBOCHA AR T-70E, B pn 45X KTF—
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A B InGaAs 5238 4 AMRNIAR T

N FY R E IR E R T MBS XSRS I E S EEBWHE KR,
WA ES AR EEER, B4, AMRREX TR EHEmER L
RES E AT N H . she o

7, AT (3.3.15)

=l 3.3.5. 13.3.9. 3 3.3.14. 3 3.3.15 775,

,Ltoc——l— (3.3.16)

Ir*

B P BHUR  E VLS T R IR R R Bitk, S TRHAB
FRUR LA 5%10"%em ) InGaAs K 9 InP/InGaAs/InP AP E A1 kL] i PIN. 45
MRS, LEWRJE 296K~88K JEFE P, 5 23 WU 2 F BRI ES pL .

.............
20 F
! l\'\'
N = L
- \R b
ok B Fitting resulf
.
13 \':\_,
<2 X
w13 5,
RS
R
Kt
af R
e
18 16 14 12 10 5

VR
K3.3.5 L, Bl RIS SR
Fig 3.3.5 Temperature dependence of L, and the fitting result

3.4 R AR & o B

3.4.1 I B H&

FRAE R 4T, 6 R A SRS ITER K N-i-NT2 InP/Ing 53Gag 47As/InP 1 RH(R
R BIIRE S 5510 em )6l (1 F R T0BI0 1 InGaAs BRMUES, Mg X
WAL 15um, FHAEIREEE 296K~253K M EBUCIEAMN A . AR /NTT3R
T MOCVD 4EKEATE InP G BATIR AR A EE AR, BHE T 74t
R0 InGaAs BTN H LS I InGaAs TRIMNEE, FHEXT 2T T IR 4047
DR LE PR S5 M Btk e I 22 5 o BT 2 IR BRI B8 3954 15um,
RHNEIREAT R, PSR A I 35 AW S BOT RN EATE X N ALy
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3 IEF FRITBEA P AT InGaAs SRHHEIS Hh L7

5, BEmE 3.42 Fios. WE 3.4.1 Fia, 83 7 A4-TH#ER
GBI T4 200 X 200um”, oA AR HE A WAE, B~FHATRTT
BB, FHRITANEAR: GEATHRITEMIBAT, JSBIXTER N 450 X
1000pum®, [F] 58 =B 24 X 1 L F A3 ] o 8 A 250 T ARAR A o

G# f
B 3.4.0 IR EIEHIAHI T RIS (BA-GHInGaAs HRIU AR
Fig. 3.4.1 Front-illuminated planar type InGaAs normal structure detector (A#) and sub-pixels
structure (B#~G#) detectors
R 342 BEEH

Tab. 3.4.2 Designed detector structure

g 2 ﬁ‘tﬁ@liﬁ;ﬁ il @i AR X A THTEE
(um®) 5L/ (Lm) (um)
LSRRl A# 200x200
B# 200200 15 2 92.5
C# 200200 15 3 56.67
LR B D# 200%200 15 4 38.75
E# 200%200 15 5 28
F# 200200 15 6 20.83
Gi# 460X 1000 15 5 78
3.4.2 LW EE R RITR

Bl &R aaRANSET Y, BEFEKESR, L£FIETEH
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it AE T InGaAs FE AL AR AR 5T

Keithley6430 ] 4mF2 FE - R M SGNATL -V hgk. B 3.4.2(a) A de
AH#~E#F] 1-V i 2k, B 3420 Aaft Pl 24 X 1 &A1 Rl #s 5
EE—Tu -V f5tE ik, RERM, FRT, FRIOSHBIESFHRELS
AL, 75-100 mV S e BT BABCAIES R E E. 7E-100 mV KAk
T, WG BE ARE TR ILEEF BH#~FARIR B 4 HI0h 12.7 nA/em”,
3.94 nA/em™, RoA 281 5.3x10° Q-em?®s 8.4x10° Q-em?; 24X 1 €574 1hj 4%
5T BInEE IS E GHIOE B2 B0 22 nA/em®, 4.85 nAlem®, RoA
351 4.2x10°Qrem®. 1.05%107 Qrem®s FIR T, TG BF S % 45 1) 52
PEARLE, £E-100 mV [ [ I T 0 A2 B BRI T 40 70%.

“:-"’)E""I""I""l""l"''I""I""I""l""l""E
1E-4 | 7
; ey
1EoF A
1E6 | fﬂ 1
= : S E
3 1E9 7 .
O E s —c— A# E
E Normal strucure o E
—;‘% 1E-10 rﬁﬂ e B 1
o e P —o G ]
S g, —+—D# 3
1E-13k Sub-pixels strucure ¥ —<—F# §
’]E_14:||..l..nxlx...lu.x-l..||I|nx|l--.-l..»-l...-l..l;:
-05 04 03 02 -01 O 01 02 03 04 05
Bias voltage (V) f
(a) A#~F#
1E-3 prrrrr ;
1E4 |
1E-5 r
_1Esf
< E 3
= 1E7E 4
5 E
& 1E8F b
3 ¢ Normal strucure
x> 1E-9 3 .
O 1E10E .
3 . o Gl E
1E-12 1 Sub-pixels strucure . 24x 1 linear detector
=i Tc J MU SN SN S P I N IR SIS P
05 -04 03 02 -01 00 01 02 03 04 05

Bias valtage (V)
b) G#,24 X1 linear detector
Bl 3.4.2 AL InGaAs F1FHY 1-V R 2k
Fig. 3.4.2 The I-V characteristics of InGaAs detector with different structure

— R, p-n GBI IE 10 PR I R R AT RCRIRRIE - B A R
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3ET FHIUEK A F LY InGaAs FI RIS AT

HERAESIEANE, Hd “ARE B BN SR -V SRR A DRIR
jlg[IlO]_

1= ]{exp(%)—l} (3.4.1)
n

K 1) HRAMFIER, K N Boltzman B¥(1.38066x1021/K), T K
PRREE, n HIERET, HARIEIRE, 2o B3E 1IN, SRR IE R R %
B R M n Bk 2 b, EERTEEEME-EEHRR: MEn AT 1 H
2 2 (AL W35 B 2 IR B LR O S RIS M A o i A (B4 DTS B, 755

ln1:1n10+( El )V (3.4.2)
nKT

WLUEH, Inf 5 VFELERR, WOIRHCH ¢/nKT, TS Inl-V il £k
eI AT R A 15 B AR F o

T A#~GH I 24 X1 &H PRI IE R In(D) -V # ki (3.4.2)
HATHIE, EFTRNERREFESAR: 099, 0.98, 0.99. 1.00, 0.98. 0.99.
1.04. 1.08, PAFHESMIARAF RO ARD T ARIE R BT 1, VL& FhAS 4 IE [ B A
SEF AT HARR, BT A S AR .

T T T T T T T T T T T T H

203K

Normalized response (a.u.)
o o
N S
T T
1 1

1 L 1 N 1 1 I L ] " 1 !
08 1.0 12 14 16 1.8 20
Wavelength (um)

B 3.4.3 293K T BH#ERAFRIYGIE 0 R 2%
Fig. 3.4.3 The response spectrum of B# detector at 293K

SFYEEOR A BT WA NG RE I, G0 3.4.3 SHEF B#E 293K EE R IH—
AR5 BRAR Y i B Bl 2, M RGBS T 0.9~1.68 wm 7 BV, IG4E K A,=1.55
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PSSP T ZY InGaAs K5 i ZL AN AR 5T

nm. #4F G T i BUF A st i

G4 d A
( 17)(!@( ) G!(j,p)()-]—yB4 ~
875 27he? T= 27he? oA
OJ'GM) PP di OJ‘G(/D 25 (" ) da

X GORBEBACER IR SARXME . G(Ap) R W (H 6 B ({5 5 1AH
SHE . ¢ . Stefan # ¥ 0=5.673x10" W/(ecm™K*Y) Ts WEREE. Toh
W, LBAREE 900K I, 1518 g B4 80, AFISSMAIFHN
MY g AR EL

KA Te=900K BARER IR, XA SMHAT TES BRI, E20
WA SR 800 Hz BAASLAE d=8 mm. G L3285 5

L=19cm. HERRE T7=293K. REH 5 Af =80Hz. WE{EHRMZE D), LA T A4

g i,
. 242 g’V \JAf
D, =gD,, = R— (3.4.4)
' VnGg(TB _72) )d\/AD

U Dy, W BRI, VoS RIE, VR, 242 B HE T,
e HBARLLRAE, 4, D EIB T, ;

MRS R AR 3.4.3 izs . 1B IS RN (CH~FH#) 19 T 2 W (L BRI 2% (2%
Pk DA LT IUNT ) 5 M 98 (PRI 3 3 55 2.89 X 10 2emHZ /W
2.88X10'2 cmHz'"/W, Wi 45 B8 M BRI A A — B 834 GRIGIE MR %
1 322X107 emHz"/W, HBF] 24X 1 &FIEFE SRR 3.0x10" em-Hz /W —
5,

R 343 SRFIIRAET B MG
Tab. 3.4.3 Black-body signal and noise characteristics of the tested detectors

A C# D# E# F# G#
fB55(A) 4.50E-9 | 4.55E-9 | 4.55E-9 @ 4.55E-9 = 4.55E-9  43E-8
I FE (A) 9.8E-14 | 9.8E-14 | 9.8E-14 ' 1.00E-13 | 1.00E-13 | 2.50E-13
LS B
11 %:/;Ji 2.88E12 | 291E12 = 291El2 | 2.86E12 | 2.86EI2 = 3.22E12
(emHz /W)
F T, @i p-n SR EGR R A, MEEBEXEREA 15um

RIEAT T BOCE IS, SSRGS, mTEd T audit, &
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3 BT TFE UL InGaAs TR AU S PEGE 0T

-100mV i N BIRE LA B RAR T4 70%. i F R IcE N L5 £ 7
wlEs £, TR R R E U,

3.5 RFNG

RELENET —MET FHRIUE P InGaAs BRI B 5 4, W
B FEICEN InGaAs B3FHI T /ERTE . LBIC HoRM TAERBEHAT T faj B K
H, BRI TR EE R TEE B0 15um. 20pum. 25um KI=F-F A InGaAs
A, JFEEA A LBIC HARX = M3 7E R 1otmi R 3 5 AT R AL,
g fea e EE O T SO BRI B AL A B S H0R 15ume [RIBSAUA LBIC $OARBIET
SR FIRE T o6 R34 1, S RFHB 4IRS 5710 %cm™ InGaAs T
WR BT BT g, S AR B 15um I, 234 AT 7E 296K~253K HiR
FEVE B W OGEUTE RN A o 3T TR F BT InGaAs FRIMARTTHE T
296K~88K ¥ [l P /DT RIS HUIC B, 70 BT JUVELFE V6 1 P 75 25 U 2 R B HE
SHLE. BEE TR BRI S 15um ME M THRITS MBI, SH MR
PEAAEL, ZEZIR-100 mV RFEME T, WEBREEBRIK T4 70%.
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PP TIE InGaAs FEB A SIS 5%

._IHF

ERBESEME InGaAs IRNEFTH S4HEgESHT

4155

L1 AME ST I FE DI BRI 35 MG PE UG A RIE LB I o AcaE 3 — A
MR RGN BEEAMRIEIR IR RE, HETsMENS Da ke
B THE=AC BROHMRMZE & LU TR S KR, MUt 23
BE TR SRS St e s (IR A SR A RIS A A g s 2, Bl 2
A3 B AT 2 TR W LR B 0 U 40 4 InGaAs K&k 51 KK ME AP
MRS FoRckaay), Fit, SE/NEBUT. mEE. & E SRR &
KT B A ST T DU R o 25k s R B8 1 B P A A e 75 2 R 0 R
InGaAs B3 2R R 7 1) o

IERSATFT Y InGaAs AR T 2MAEFEATE: (DY EHBAERK: @)FF
PHEUE D, GMEYH: @p BREK; O)MEB/AIEAK,; (6)miE g
PAR G (DHARALIFSL: @)MEmRA: O)FEE: (10)BE N BRAE K.
IE FRSH B840 B - i B B A B 4.1.1 P

SiN, /S0,
SN,
N-InP

1-InGaAs
N-InP
N-InP sub.
An

A 4.1 EASFEInGaAsH TIN5
Fig. 4.1.1 The backside-illuminated planar type InGaAs detector

RIHAM TAE EAHHITH T 2 M5 RIA RS, (HEZRM S A 4k,
AREFEX IE RGPS InGaAs SHFHEAT THASE, X H T TSR B 200K 5
5.0X10%cm™ 5 5.0X 10 cm” PIFHZER! InGaAs 2811 1-V R, 1 T IE RS
ST A H R A 256x1 2641 InGaAs BRMEE AR MR 2.57um K
PR 256x1 2831 InGaAs BRI, WAFEAHT TSN A6 A RE
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4 [EHRATT I ZY InGaAs PR 65 M A8 4

P& FEL AL Bl 2 L PR B

S HR S R 2 B WA AL PR, ST B bR A 4 R
BAEEERIM. S S H ORI IE AR R 1), 5 TS PIN 29
InGaAs M ESHIRE AR, FLI E R Joseph Boisvert 25 A\ M 4 S 1 B4R
TR R EERET: EHESELENREL. WRERE. BAE 5
B, BERT SRR TR ERE, KPR b TS
SRR SRR N ATEW, WE 42.1 Fix.

Dielectric Passivation

: N Iae Substrafa k

Kl 4.2.1 SR %ﬁﬁ*ﬁim}%ﬁT @[” 1. “)}Ul&): %%ﬁﬁlﬂ)ﬂﬁ?ﬁi 2B 3EE
HWHJR A 48RS EER W, 5 A0 ERE.
Fig. 4.2.1 Schemes of dark current sources in planar detector: 1.absorber and buffer interface;
2.absorption layer; 3.cap and absorber layer interface; 4.cap and passivation interface; 5.surface

of passivation layer.

— A A InGaAs PIN #RI 28 0SB IR cB 4 BB IR . Fo4E 84S FB./)ILEZ{% F,
WA ¥ HUBTCRIE TR X B GO = E D BER T MR R E Y &
B/ TIREARYSERK, B E R ERM

n 1/2 A V

Ti =47 dmm%p—u (4.2.1)

Loy =qn, ( )”2( )[ Xp( ) 1] (4.2.2)
L INT 3/4 E

=2 ) expl= ) 42.3)

Hort, I 15 4B 0 K p KRR BRY BT, n AR T
VRIE, Dy Do 4B n K 28 R BORHOR p K P TFHRS: 72 7, 50

n
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R T & InGaAs 403 AL AMEIARTT 51

o RERFEGF p XEFHMw, N,« N, 2500 n KA p KPBRKE, N,
N TRBIRIREE, ARGER, vV RSN, ERmER V EEE,
St PR MM InGaAs BIARAZFR L (p'n) &fF, PREEBZANIEE,
5 InGaAs WSUEAALE, HRRESE, AR TFRE n B, Prela LLZ P
X MR E TP HURI, R InGaAs = [[FERZ B2 7 BRI 1, -

A A R U T AR R B A B T AE AR TR T [ B 22 il
B, PR A RIRERRRX L, HR T LR AT,

_ AW o Ay (4.2.4)

£ 1, 2KT

1

Hrfr, 7, RANBRT A, W=2e0,+V)/qN,|"” HFERE L,

V,=(kT'/ @)In(N, N,/ n}) PR HEE.
B ZF FR IR T T ISR RN, TR 28 0 A = R R R, — A B
TR RS, BEEE EL A AT RIBE 2 R A A A D R 2 R, AT RL Ay

SIESnS T

®n71/2E3/2
17 = y Aexp(- ———5— 425
- =yAdexp( L ) | (4.2.5)
@ I/2E3/2
I' =CE,V exp(—— 1y (4.2.6)
thm

b, E, REEM R E,=20,+V)/W R B

O=am? Im)? . CHEFHH. E NRIEE.

RIS ST TR, 7R E— e R, He i R TR LT 4 A P
o BRI, BN S L RS R AT LI SRR A,
R, AT LR 2,

J, = %qn,-So (5.3.7)

He, Sy ARmMEEEE.

- A

TEAN R SEIELRE « M fm E 4640 SR RSN R, SRR OIE FE IR 52
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4IRS InGaAs HMIZEHTEI Lt 6407

— P EE R R LI R .
4.3 (KR EB IR ER) InGaAs 3405

4.3.1 TIMEFE Al &

AT HHRARB 2R E T InGaAs TUE R 3R I, LR 1T 2844
TER MR E IS BRI ARSY, R InessGagurAs TR 4K B 5K 5.0
X 10%em™ 1 5.0 X 10 %cm™ B AMEM BRI T P/A ELR R B S50 28 1F,
HPIER B MOCVD SRS ILECAT L, RS540 5k F21 1 F27,
SR 43.1 Pion. RAGAER AEY B ZHHE IR 4 Mos s 5 i B
4.3.1 Frzs, PARATDRMTTRI B8R AL IEESR ] PECVD BORTERRRY SIN,
af B1~B7 BOGHUCR M IE BG4, K0 5H14 50um. 60pm. 80um.
100pm. 120pm. 150pm. 200pm, P/A ELAKVKRR/S, P AR BISIH, A4 N
PR SR A T TR IE T IR T 5 .

F 431 SERRIE R B

Tab. 4.3.1 The structure and parameters epitaxial materials

F21 F27
Thickness | Concentration | Thickness | Concentration
InP ] 5.0%x10% 1 5.0%10'°
Ing 53Gag 47As 2.5 5.0x10" 2.5 5.0%x10'
InP 0.5 >2.0%x 10" 0.5 >2.0x10'®
InP sub. 350 >3.0X 10" 350 >3.0x10"

A 4.3.1 P/A PSR JER0
Fig. 4.3.1 The P/A test structure of InGaAs detector chip

4.3.2 BRI G R A iTie
BOEUE AR L, AR TR AZE 5 28I 5 VR [F] ) P Fh 28 F 70 =508
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Horh F21 MRS R B1 ORI F27 ORI 28 4 BT 3 HEELE, ARERIFIrH . i
AT 4N, BEEY MIX AR08 K, S84 R I IR B ALK,

1E'5: LI Nt A LIS BN R BRI SLAL LN B BRI N
1E8L 296K F21
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Fig. 4.3.2 The I-V characteristics at 296K

Diffusion area increase

5T R AMIMR R pn 595200/, i pn SRS RIERX,
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THABRE . EHERPEMEAOERT, pn SEEBIER V) = V-IRs (Rs
AT R AR L T AT

g(V—IR;)

[=le ™ 43.1)
1V PR A R 2 BT IR AN, ZEAR IR IR T A B R 2R B
S PEL_E FOFE I AV = V2V, = IRS, BIULFIFE AV 5 1 B9, T LIS E] It b
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4 IEHRETFI Y InGaAs TR FRH 15 14 e 47

F21 A1 F27 PIFRDEMITEI R 280 B F 24 s B B AR, 47000 1.33x10°Q,
5.04x10°Q, #SMFHIRKE AL L 2R EH — S5,

001
1E3}
164}
1E5
1E6}
157}
1E8;
1E9f

1E10] _

: | . :
1E11f 1
.

L[ =X ) MR TS SRR PR RTSEY DR [ IPITETE IEPE ENE I
-05 04 03 -02 01 00 O 02 03 O 0.5

Bias voltage (V)
B 4.3.3 296K #4FHY 1-V Rt fhgk
Fig 4.3.3 The I-V characteristics at 296K

Jd(A/en)

SRR L F21 0 F27 PRS0 BT RoA 405120 2.07%10°Q el
3.33x10°Q-em’s SRA A 3.4.1 XA HIE 15 FBIR In(J) — V7 P #h 2R 3E AT 145,
B4 FHRH PRI EAE T n 420% 0,99, 0.98, I [ LA £ 3 B .
PTG RS AR A BE PR B 2k 0 & 4.3.3 BoR, 7E-100mV I AR T, 284
F21 i F27 WIS 34I0E R B4 3k 15.73nA/em’ 7.84nA/em’, B 5 E
TR PE Sy 5.0x10"em” B AR LE, TIBUZ B 28T 5.0x10%em”™ (8845 B
SRR R A L, PRI PRSI T 3R 4.3.2 .

R4 3.2 BEF2UMEF27HI I PERE
Tab 4.3.2 The mean characteristics of detector F21 and F27

n Rs(Q) RoA (Qrem?) Ja(nA/em’@-0.1V)
F21 0.99 1.33x10° 2.07x10° 15.73
F27 0.98 5.04x10° 3.33x10° 7.84

RIS IR B SRET DL B e B DS T AR IF LR AR AR 4y, LR
R HIE FERT AR S BT L B AR R R (B A P PR R R T IR
fE# EERMTEIRAER, X8, 2R mmaTLlE A1,

I=J,A+J P (4.3.2)

Hep, A4 Aty fIXEAR, P OB BRI, Jp ARHRERE, Js il
TR IR B R, A AR RO RS B AT R4
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Fig. 4.3.4 The curve of P/A vs dark current density
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4 TEMRHF A InGaAs HEM AR5 1 Be 20 #7

BB 40, ST R B ZRIRE G 5.0<10em™ MIgs 4 F21, RERE T IS
MERES PAEIFRAEENBER, BAREERE TS5 SR mRE KM
Btk (BIBRED: TRBZ B E N 5.0x10%cm™ F334 F27, HEH
RE LR PIA ERREEEIC R, T EL BB X400 28 6 e 0 6 s 1o 4 1
L 5 P/A BORL R BB i R RO KT K. B TR Wi ok, 588
B R e B S EZE R, TR AT LA, 1B 2RIk BT R A
BEEA I AT SR EE, RIN ARG L, MEBRIRERKNLE
fF F21 PRI R .

4.4 FIPK 256 X 1 £8F1 InGaAs TR 2S0FH]

4.4.1 TR %

LR 256x1 £ 5 HRPIFH 1% P H B N-InP/n-Ing 53Gag 47As/N"-InP 4 E
AR R MOCVD A KHEATE N™-InP F B JE LKA, T X AR
PALBEABTALRIOR, RAGHER A EY BLZH& T AL s, 291
K T AR IR BORVERR Y Si0, # R PECVD AR TEAR G SiN, 78 AR 4E Ay B4k,
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(b) SiN, Fi{LIE

&l 4.4.1 256x1 fil#& L EHE
Fig. 4.4.1 The fabrication process of 256x1 detector array

B3 1.5um FK . M L 20 BITEEEIE R se Ee Je 4T P HARIE K, #RFHY
&R E 4.4.1 Pros,

BRI B ] 4.4.2 FI7R, S0E9 B AR 25X 500um?. AL
SOum. P BRI E] . 36 N A HER A P S MR S 5 R T
FESE S, SRR IR SR BT AT 5 SRR B, (R4 ER 5% Sum. (R
WS X WEHEBEA 10pm, RN B 13.55X2.70mm?,

B 4.42 IR 256x1 PIDEBOS
Fig. 4.4.2 The front-illuminated InGaAs detectors

4.4.2 PEREANK G R Rtie

KA LBIC BRI T a8 AF e S35, Al 4.4.3 Frus PR s 44
BARARI =0 =R F(I6K) TR &l . AUy ATt . RS Rk
7] LBIC M FLRAE 5 24T T 0 — b At B a8l 4.4.4 P
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4 TF JEET 2 InGaAs R BRWF 4615 1 BE 47
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R ( ) INx 5 JH%
Kl 4.4.3 296K " asfFRY LBIC Jeua N0 18
Fig 4.4.3 Photoresponse uniformity maps of by LBIC at 296K
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Fig 4.4.4 Line-scan profiles of the detector at 296K
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FPERE T &Y InGaAs 553 41 ANER I 28 1T 57,

Rtk o il 4.4.5 From 3l B4 AR 70 = HR(296K) T 1 1-V Frvh sk, hEar4n,
SIN, AL G TR AR T SI0, BEALIEARHE, 7E-100mV % [ RIE
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Fig 4.4.5 The I-V characteristics at 296K
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Fig 4.4.6 The response spectrum of detectors at 296K
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K5 RS 3pm AEMEAB 2 IR B 3.0x10  em™ FIMRMZ FIE & 24 1um
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&l 4.5.1 InAsq sPo 4 18 B AN ERT 1 (a) 2 T ) fht 4 HE (b )RR TR 41 FRL B FR A
Fig. 4.5.1 (a) The polarized micrograph and (b)SEM micrographs of the epitaxial material with

InAsg¢Pg4InP layer
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Bl AFEN MR AR A I PE RS @ R RS 5, 44D
%@ﬁZ@%Aﬁ%%%m,%ﬁ%ﬁﬁﬁm,%ﬁﬂm%#ﬂgmﬂm,%
BOS Fr BT 13.55%2. 7mm’,

B 4.52 IEREHCBY R 256%1 2641 InGaAs JEBUL A
Fig. 4.5.2 The front-illuminated wavelength-extended 256x1InGaAs linear detector

4.5.2 PERBIIASS R Kot i

Rt B A A B, K Keithley6430 R 4 FE B Jt—H R 0
WAGIHAR 1-V R pE bk . JEH0I0 24 70, S84 = 206K MRE T 1-V 45k
L&l 4.5.3 from. BRATAER], prallas a2l T pn 81061, &
ST, KB, BRI ERE TR BR LR T RA 245 0.07 Qom?.

72



4 TEFSFEA InGaAs BRIMZWHE] S5 1 RE 5

4.5.4 Pros hgsth B2 B4R 1-V Refhdh 2k, S54RI rR R a5 R AF I IR
RN, EESEETRE 193K USZAABUWE, i, & HERZ R
R RAR K

O
E 3
0.01

1E3 L wﬁwﬂ

3 o~
1E4 7

1E5
1E6
167 |

Dark current (A)

1E8 |
1E9 |

1E-10 |

I W NI I I PN S TS W

B L

1
05 04 -03 -02 -01 00 01 02 03
Bias voltage (V)

&l 4.5.3 296K IR FEHFI IV Bt gk
Fig. 4.5.3 The I-V characteristics at 296K
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Fig. 4.5.4 Temperature dependent I-V characteristics of detector B2
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Fig. 4.5.5 Temperature dependent reverses I-V characteristics of detector B2
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Fig. 4.5.6 Temperature dependent forward I-V characteristics and the fitting result of detector B2
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Fig. 4.5.8 Temperature dependent response spectrum of detector B2
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B2 MR N TE ) MR 4.5.8 BN, TE 300K, WE{E M TE T
MR B AN G BB B 500 2.57um AT 1.58pum. % F IngGaixAs =

TR, 0 58 R BEIR R R 44y AR AL T BRI,
E,(nT) = B, (0)=a"T* /(T + ") +[ £,5 (0) -
BEY= B (O0)+a™ T2 /(T + ™) |x ~0.475x(1 - x)

. EM™(0)=035V ,
™" =51x10"ev/ K, B =

X InAs Py PUTCIRZR, 7EIR AL 300K K 94y

83 K , ﬂGaAs

a% T (T +

ES% =1.43¢V

=190K ,

2
E,(x,y)=1.35+0.668x—1.068y +0.078

e

(4.5.2)

a™ =27x10"ev/ K ,

LA 2,
(4.5.3)

B Bl 543, T=300K. x=0.8, y=0.6 I, IngsGagrAs F InAsgePos [
RN Eg 3 0.48eV. 0.74eV, XTRFIELIERK 4 514 2.58um.

1.68um, [FISEEG &5 F b

ETTHISE G T 2ITR 451 .

o AR BEE AN Z, AR e

R 451 BN FRRE NAIGE MBI KA,
Tab. 4.5.1 The G factor and cutoff-wavelength 1. of detector B2 at different temperature
Temperature (K) ; 300 273 | 253 213 193 173 153 113
G 9.0 9.4 9.8 10.3 10.7 11.0 11.5 12.2
Az (um) 2.57 + 255 2.53 249 | 246 | 244 | 242 | 239

76



4 TEJRSFHA InGaAs FII SEHEIS HE 8545 47

K BBARAE S YU, 0Tl BF A AT T 55 e A ML, M 45424 Te=900
K. T5=300K. Af=80Hz. f#IHi*K 800 Hz. BAFLE d=8mm. BiAERHFLS
TRMFFIEES L=25cm. FHIINR S5 Rt L3470 =30 300K B (11T B W E Ml
7.25x10% cmHz"*/W, FHIEE TN 0.95A/W, B THE 56.9%. BT RN
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Fig. 4.5.9 Temperature dependent signal and nise of FPAs detector
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W T SiNy Fl Si0, IR EE Ak 5 1) IE FRS 256x1 4651 InGaAs #-MZs, 0
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R SING VR B0 R AT LAAE 21 LB R AF P RE

% MOCVD EAR A K ) InAso 6Po.4/Ing sGap2As/InAsP buf /InP 4M T K,
WHE T KR R 256%1 2671 InGai As FEMEE, TRRIF04T TR Z5 4 % E
FARE TR bERe. SWET, AR NTEE A 1.58um~2.57um, IE{E
TN 7.25%10% emHZ"2/W, IEEIINZEN 0.95A/W, B TFHE 56.9%.
250K~300K Yu[E Py, IF Al HLGR LA A 25 IR £ 193K~250K VB N, 1E1H
HLIR B P2 AR B A A BB AL R R 133K~193K Ju [, IF BRI &
B AT W . FEER BRI, AR RN ES RO MR A e, Ty
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5 HFHEEFEmE InGaAs ETHEIRNEFHH SHEESHT

5155

Hil AR RSP 0 2 S5 M2 AP R IE NS, I8 R PR TS 351 BT
Flo RNEHLENA TEFHEFIHENFR RS, R0 E NH TR E
iz b, RASZHZNARK L ZLMMSEE RO T 15 RSP 2 AP R
Mgs, AFE 32x32 MMEAETFHARMES, 0 30um. ¥ HIXHE 20X 20pum’
23 X23pm’; XU EREE AR 800x2 A THRINEGE, A0 HE 25um. ¥ HIX AR
18x18um’ JEBICKH —FEHF, SeBOE 51 H B In BRI 5 B
PR, JHHUE0HT T P RS 6 R IEERE.

5.2 FRFHHEN S EEZRNERESH

LA IR S 8 4 2B i LA B RS o 32 HE A8 sl
Y. HI/EMEREBE S WM LRI E TROR . BN, A, oyt
5k, EES KL REA Ok, IR AR RAr il B, &M,
FENBCR, finth B R B R R AR AT AL IR AR DS o JIRALAMET TS
MEZEMRSHORBESHE. BAERL. BEERNER, mMEASSE, B
MR EE . HILE. BESYINE, BEEREE. Wipmglt,

PSP H5 5 FL 3R O,

V.=1.T 4,/C

int™ int int

(5.2.1)
B, LA ER, T, B0 RE, 4, AR, C, IR B,
T LA S AR BRI, A IR G 5 s OB E S0

L5 1A M 7 S 4 2L e, FL I B R P T (B T i 1 R34 R i 22 B4 v (B
PRUEARZE . AR T I 75 e s e 51,

v, = J—};i(mo—ﬁ)z (522)
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]n

Hodr, V() K8 i METTIR R LR, 7, T T I A R R
£ T 006 (R e oy 1),

.. gVAr i,
sz =gD,, = " " (5.2.3)
Vo ~1))d" 4,

R R B AN SN RE SR, ALAMEF A 3G T N R T IR 5
MR A, TP IG5 R AT LSRR A

1
Uy === 5.2.4
& VJNI = (524

Heb, V) h&8EiMeohfE S, VoG TE S RE

FE, Y7 MR B 28 ] AR 7 A4 0%,

R=cLlogLln (5.2.5)
P T AP

Hep, GAHBBET, IX%ER, PRBHIE.

g LRTR, PR ESHIM, AT AN (S Bk Vs fkg S
LIS 7 BB, BRI S BT iR ST A3 3 o B i iA] L MR S A g 3
WRFELORZE . MM WA, MAERETIR ., SRS SR SO RS
(2R, BB R S A S 5, X AR AT —— B,
AT 22 T IR 2 RSO D WS A, ST BT, & RE ik e
R MRZ

InGaAs - HERMZFNRRGEWE 521 Frox, TE B BREHNE. R
s Bl RS EDBORES. A/D REAR, HIERFEHRITENL Labviews.0
e, HonaiESe R 5.2.2 Biox.
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5.2.1 InGaAs £ F I HM MK R4
Fig. 5.2.1 InGaAs FPA measurement system
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Fig. 5.2.2 The schematic of InGaAs FPA measurement system

5.3 T HRST 32 X 32 THIFE InGaAs £ F U 255

5.3.1 TRWIF Al

/N1 F MOCVD Fit MBE W4 AR 42 ) N-InP/n-Ing 53Gag 47As/N"-InP
HNEFERERRL, WEE T RS T AL A 32X 32 TR M AP A2, AT T
BB HCE SR BRI In ABEEIER . SNEME LM RS H R
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m kRSP InGaAs S LM 28 THAT

5.3.1 Fior, JGROE R MES RO E 5.3.1 B, SRAEABMEA S
FERPRIAIE % T PIR AR BB 0F, B ELX AR S 514 20 X 20pm” F1 23 X 23pm?,
AL BEIS R 30pm, TEIREEE DI T RTINS, ORI ENE I Mok E T # X
BB 10um, FEETREM f 5 N AR, SRS A MR 1.675X1.775 mm?,
P RS S AR R — e ZU AR A TR, X T X RS 20 X 20pm”
H1 23X 23um?, KA MOCVD FMEM Kl 4 K212 8 F20. F23, K MBE
AN LI £ B AR A0 M20 M23,
F 531 SR RS H

Tab. 5.3.1 The structure and parameters epitaxial materials

material by MOCVD Material by MBE
Thickness | Concentration | Thickness | Concentration
InP 1 5.00E+16 1 3.00E+16
Ing 53Gag 47As 2.5 5.00E+16 1.5 3.00E+16
InP 0.5 >2.00E+18 0.5 2.00E+18
InP sub. 350 >3.00E+18 350

Bl 5.3.1 RS 32x32 [H]FE InGaAs YRGS T
Fig. 5.3.1 The back-illuminated 32%32 InGaAs detectors array

5.3.2 FEFIBRIERLZ RN 5 1y

FESCHUG 5 HARR In AR HIES, X H AR 20 Jo5 ] kT
FEME, B 5 A4, T E SR L T T R A 5.3.2 . SR LBIC
BORE T F20 M F23 PUApAE 2510 0 B o R — JuRIAR SR LG AE 296K A
123K &R T DGR A5 5, LA e G BUT I SE I RN IR TR, FERTF
T 20 e R 85 R B AR 5 (R0 e S AT 0T
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Fig. 5.3.2 Testing module of the back-illuminated 32x32 InGaAs detector array
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Fig. 5.3.3 (a) Photoresponse uniformity maps by LBIC and (b) 3D signals contour distribution
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B e IR T O T R AR U R AR IR T P AR AE A X
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BT . N 3.3.2 FEITE T nGaAs W2 D TH B E IR E RN, 7
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RIZRFRY SR = R ER T, A Rl BB T T st - R S, T
FHAR POAS 8T X 8k 7= AR p3m 7 Bl B 5 g e, BEY fud e R B
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K 5.3.4 2y LBIC f5 Sl th 4, ELRIES TREREHEAER Ve T
TEREFFHIRM R R 2, vHE S F23 2348 7E 296K M1 123K T HISL bRt X i 2y
H29.5X29.5um?, 26.5X26.5um’, F20 28155 F23 BR{H7E 296K "I I SE R YAl
X AR EEAAA R, BUTEFT ETEE T 98%.
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Fig. 5.3.4 Line-scan profiles of the detector at 296K
MRAE BT T IR R E A E, oot rl Bl A=3 (1) mkE+ Iy
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WREER 2pWx4% IO FIOE R R AN 5.3.5 B o AR 4 B o i B 5 56
55, AR EDHBRIEH plp2, HEF x1. x2 T HARBOCAS TR TR
Wi R A7 5 R 2R N 5.3.6 P
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Fig. 5.3.5 Photoresponse uniformity maps of five adjacent pixels in array
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Fig. 5.3.6 Response signal curve along x1 and x2
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EERE T 2Y InGaAs 55 9% 41 SMRIES T 5T

SEHOTS AR AIICROT IR R 5 A B R o 7 S £ TR 84T 12 5 st
SRFR R T SCARIUIT AR A B AN TAEE T W 0B 25 R B R, FELR B8 1
RTINS 5 5K, FE T B 2810 th R D A T30 B B 8

R 532 WA E A FLE R (s 5

Tab. 5.3.2 The response signal around the tested pixels at different position

Laser power 1% 3% 4%
Temperature (K) 296 123 296 123 296 123
S1(nA) 137.9 493 1978.9 884.0 3003.1 1371.0
S2 (nA) 69.6 22.1 1062.3 458.4 1611.6 689.6

AY

5.3.3 LG R Kt

R PR RS A AR S T Bl P AT T O R R . 18 5.3.7 4
ST il S LRI T SR T-V R LR, FEROSEOE B D 4 T,
SERETCII 20 JORFEME. MRS R EoR, ool avE B, hEm 4,
FHIX 20um® B8 BH AR AOES BRI, SR MOCVD AR ER )4 % g 5 4
RoA>1x10° Q-cm®, 7E-100mV i[5 F HIME BB BF 14<25 nA/em?, EoPE LT
ToRH MBE SMERPEL I B8 F . JURh B8 0 IE 17 AR O B AR D8 F n 459850 1,
LA RO 2 . SR ZR-100m VY PR TR B BE A RyA 71 T 3%
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Fig. .3.7 The I-V characteristics of 32x32 InGaAs detector at 295K
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£ 5.3.3 SREE-100m VIR BT PR B 7 58 2 IR G A

Tab.5.3.3 The density of dark current at 100mV and RoA of detector

F20 F23 M20 M23
RoA (Q-cm?) 1.87%10° 1.31x10° 2.74%10" 2.50 X 10*
J4(nA/em*@-0.1V) 16.66 23.04 1573 1716
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B 5.3.8296K T a1
Fig. 5.3.8 The response spectrum of detector at 296K
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Fig. 5.3.9 (a) Photographs of the ROIC and (b) the InGaAs FPA with ROIC and detector chip
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Fig. 5.3.10 FPA signals and noise under 3ms integrated time
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Fig. 5.3.11 Integrated time dependent noise and signal for the F23 FPA
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Fig. 5.4.1 The back~1llummated double-band 800x2 InGaAs (a) detector array chip and (b) FPA
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