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ABSTRACT

ABSTRACT

With the advantages of high operation temperature, high detectivity, good
stability and radiation resistance characteristics, the short wavelength InGaAs
detectors of III-V family have wide application foreground in the space remote
sensing area. Based on the development tendency and the instancy demand of our
country for InGaAs detectors used in the space remote sensing area, the dark current
as the key parameter of detector was investigated and the current components of mesa
InGaAs detector were analyzed in this paper. The damage mechanism of ICP etching
for mesa was investigated and feasible etching technics with low damage was
researched. The linear FPA of interlaced parity files 1024x1 and single file 800x1
were fabricated based on the breakthrough of the key technics for the fabrication of
high density linear InGaAs detector array.

The main components of dark current were calculated using the different
temperature and bias voltage characteristics of each current components of mesa
InGaAs detector. And the main sources of the excess current in mesa InGaAs detector
was found out by inverting from the current-voltage characteristics. For the InGaAs
detectors with InP cap layer fabricated by general mesa technics and process, the dark
current mainly consistes of shunt current and surface recombination current, which
come from the interface of absorbing layer and the side surface of the mesa. While for
the ones with InAlAs cap layer, the shunt current resulted from leakage is restrained
effectively. The new test structure of mesa InGaAs detectors was designed and
fabricated. The current density of side surface and the diffusion length of minority
carrier were calculated through analyzing the relationship between the currents of
mesa InGaAs detectors with different sizes of photosensitive area. The current density
of side surface is about 8.86x10°A/cm®, and the minority diffusion length is about
5.6um. When the diffusion coefficient of hole is 7.5cm?/s, the minority lifetime in the
side surface is about 41.8ns.

The dark current could be decreased effectively by the restraining and removing
of damages in the forming of mesa. The method of heat treatment was used to release
the stress caused by etching, and eliminate accumulated charge in the etch surface. In
addition, the method of sulfur treatment after oxidation layer removing at room
temperature was used to eliminate the broken bonds in the etch surface. The process
with passivating after the thermal annealing was employed to avoid the degradation of
passivation film when the electrode was annealing, and to improve the yield of
detector preparation. But this kind of method is not available for the extended
wavelength mesa detectors for the high dislocation density.

The ICP etching technology was further optimized for low damage etching
parameters of the forming of InGaAs mesa. The main damage mechanism of InGaAs
etching with Cly/N; mixture was investigated using Raman spectroscopy and X-ray
diffraction (XRD) technology. The results indicated that lattice defects are the main
damages. The surface damage of different treatment process was characterised by the
method of microwave photoconductivity decay measurement. The results indicated
that the surface defects and broken bonds of etching damage are decreased to a certain
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ABSTRACT

extent by wet etching and surface sulfur treatment, but deep defects still cannot be
avoided. The method of orthogonal experimental design was used to study the etching
technology of Cl,/CH,/H; mixture for InGaAs material, and the results indicated that
in the condition of 60°C, ICP power to 600W, RF power to 45W and 2mT chamber
pressure, smooth surface and less damage caused by ion bombardment could be
obtained. This technology had been used to fabricate devices already.

The fabrication technology of long linear detecot arrays with high density, small
pixel and the method of restraining cross talk were investigated. The precise mesa
definition of 2 micrometer spacing and the duty ratio which is better than 90% were
achieved through the improvement of lithography technological parameter and the
combination of RIE-ICP methods. The influence of crosstalk between neighbouring
pixels and along the vertical direction was investigated through the tiny dots test
system. Using this system, the cross talk of conserved absorber in the vertical
direction was investigated. The results indicated that the electronic cross talk caused
by lateral diffusion is the main source for the crosstalk. It's experimental base for
restraining the cross talk through new mesa detector structure. Back illuminated
interlaced parity files 1024x1 linear InGaAs detector arrays with 15pumx15um pixel
and back illuminated high density single file 800x1 Jong linear InGaAs detector
arrays with 25umx23um pixel size and 2pm spacing, whose duty ratio better than
90%, were developed. The detector array was bonded to readout circuit indirectly. The
response nonuniformity and average detectivity of the FPA reach to 4.3% and
6.4x10" cmHz'*/W respectively. In addition, the modulation transfer function of the
FPA with infrared lens was measured to 0.4 by the system of collimator tube, and the
MTF of detector array was estimated to 0.5.

InGaAs detector could be affected by strong sunlight direct irradiation in space
application. The mechanism of the sunlight direct irradiation on InGaAs detector
performance was investigated. When the sunlight irradiated directly on the detector,
the real time signal decreased with irradiation time and the dark current of the detector
increaseed temporarily. The spectral response characteristic of detector was nearly not
. affected.

Keywords: shortwave infrared, InGaAs, dark current, ICP etching, long linear FPA,
sunlight irradiation
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/i/\ N EX. InGaAs (300 K) IDEAL LI4TT OF PHOTOVOLTAIC DETECTORS
= P i L 300 K (HALF SPACE]
5 Ge 1 > Q 77 K
& Ay % SN IAS AT K nas (196 K) IDEAL LIMIT OF
N 130010 / “ L RN Sewrm—— PHOTOCONDUCTIVE DETECTORS
I 1 A < L N
1om 1 . b S 300 K (HALF SPACE}
e N\ AAAEC Nl / /] ]
e V7 P InSb 77 Ky~ [~~~ 7 ===d7 ] o ol i i spledly il
a L HyCdTe (77 K HgCdTe (77 K 'SiGa (4.2 K)
- PbS — N P
17 pos (77 K) — =3 I
{300 K) / " ] N HgCdTe (77 K)
AWV R /_/ )
,é/ GeAu (77 Q__________,_-————: <~ GOLAY CELL TR
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10° |18 < | ] ]
(196 ¥ A ~
THERMOGOUPLE, THERMOPILE (30K
. bSe {77 K PYROELEGTRIC DETECTORIGKI; o o o oty
Posegooky/ | N | ZPBSef7KL | NOYRORLECTRCDETECTORGNOK] | |~ |
o | [ [ | N 1 ] THERMISTOR - BOROMETER (300 K;
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1.4.2 Z R LA 28 B R Mg 1
Figl.4.2Detectivity characteristics for detectors of various materials

HgCdTe. InSb 1 InAs & K BE & B IR &, (BHESBIE BRI S — BREH
B ERENEA A AR ERINE. MTNASS SH8EE - MHENR A,
MR FARE —ENEERER, BN TENRFRLPOE RN, Ux—®
LR G R, FIanEsis. JRE0. MTRMMFEGERM, R gk
REMIRESE, EARERSERNHITEZEIZH,

53X sk Rl & ORI B AELL, 5 InP SR ICECAMEA K InGaAs 1%}
HEHEORNBETRERER. REER, EREEBRARRET, InGaAs &
MEELL HeCdTe FMESA B atEsE™). FEEMR, InGaAs WM ERT
5, EAH RS, ORI R GRS RS, AT EERRN L.
BRI AP R GRS T HAFRRKIFES S, ERRERIEZ R ZKE.
1.4.1 InGaAs HEMR%

ZAEWR NIV BRE TR BEFENESEMRM, LKEES
FBR. REFNFERBAYEMR S InGaAs LEWT H InAs 5 GaAs LUME(T
FeLLE R, i 1.4.3 FIR, ﬁ%%%éﬁﬁiﬁ In A ERMIELUAEME, M GaAs
ffy 5.6533 A 25403 InAs 9 6.0583 A, ZEH 5 ETE InAs(0.35eV) 5 GaAs(1.43eV)
ZAmAR Ak, BRIEEAKAE 3.5um F1 0.87um 2 [AIAR4L, RFMNER T 1~3um FIRS
BO, EHEERIIHRNENEEME .
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Fig1.4.3The relationship between the Jattice constant and the Jong wavelength cutoff of 111-V
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F 141 B HT InP. IngssGagarAs H1 IniGaxAs 1E 300 K FFAIMEL S
Ings3Gaga7As 5 InP M EMEAR T4 MLA, FHATUE P HE LA KESRERN
SMIE 2, #)% H A BEAR LB 2844 - 380 In1GaxAs P In BB &, AIETS Ini«GaAs
(AR I i BR 16K T T R85, LA — s E M A R RO, 5 InP iRl e 4 %
ILED InGaAs HRMBAEZRET T, My REKMN InGaAs FFEABRHIA
B THRAT LIRS BT AR, Aoh, BRI EEAR, SFESHIME.
WABSME . BBV WILESRER. 2 FRAERAZE), TLEKE
B R E1 InGaAs JMEM K .

% 141 InP. IngssGagssAs F InyGasAs 7E 300 K B HIAT RIS 41
Tablel.4.1Basic parameters of InP, Ing 53Gag 47As and In;.,Ga,As at 300K

?ﬁ InP 11’]0.53630_47AS II’]].XGHXAS
ERAREE - (AR A=y PAE=2n
SREHRA) | 5.8687 5.8687 6.0583-0.405x

B RE (V) 1.344 0.75 0.324+0.7x+0.4x>
RAIN B 12.5 13.9 15.1-2.87x+0.67x"
E AR H 9.61 11.6 12.3-1.4x
FAEHRFRE (em™) | 1.3x10" | 6.1x10"
BFTRBECEmVs') | <5400 <]2000 40-80.7x+49.2x’x10°
2 RGERB R (em?VsT) <200 <300
HHSHAZE (em™ | 57x107 | 2.1x10"7 | 2.5x10"[0.023+0.037x+0.003x°]>"
BENESERE (em™ | 1.1x10° | 7.7x10" 2.5x10"°[0.41+0.1x]*"
R 1978 R & (my) 0.08 0.04] 0.02340.037x+0.003x>
B A R E (ny) 0.089 0.052 0.026+0.056x
B 7B RURE (my) 0.6 0.45 0.41+0.1x




B E R K] InGaAs BT HIRM A A

1.4.2 InGaAs FRRUBBF AR
@ ERAT R

" InP #%L5 InGaAs A LM EIZE & S IUE, 76 InP AR LEKHRERS
shIER, T HEKEEIEA 1. 7um, BT LB S50 A@ s AR, £t
BN ERMESN T, InP HE InGaAs LAMRM B Z A AH HEE TR K
BE, HAANARH, hRTEERBERLMESIRME, CHmPERE, SR
WL B TR KF

GaAs HJEL, InP #WEFH, HEEEFEHEET P K, MASHIERX
F 53%HT, 7F InP #1JE LARXMEAE K InGaAs, Fith, BREFH GaAs #EHI InGaAs
THMEMBRRE -ANBEMFAPY. ATIK GaAs 1K LK InGaAs (FHA 5
ERBRIRENEERBREZ MR, FIwRR AL,

Joachim John ZAPIEAE GaAs HK LK In EB7E 75~80%Z [AIH]
InGaAs [ 256 76+ 512 TCERFIAN 320x256 HIEFHILLIMEMES, HIE K
1.7~2.5um. B FHRIMEHARTE 3 FTH GaAs(100)H iR LA InggGagaAs:
T IR 6% R R EITAIE R, JrE GaAs HIR EAKIEBEH InAlAs &
W2, BAK InGaAs 19 p-n BN AT HIEFOREEM, ETEERK—
EEBZH ' E, BAEK TIW/Au BiF, BEELHEES CMOS & H BEEE
., EERRHENERT, IngsGaAs/GaAs £ FHE K HEME RN 5x10"
cmHz"?W7,

B InGaAs T H ZIEEE H BB InGaAs IRIMBERE—#, AER
ZARBTIRREMNE . B InGaAs EFEMRT T FEZEREE M BRSO
R TCEE T ZBIR 4, #1555 CCD MU ML BRI ATRY . FRIMEES]
P51 BRI T B A, INHIERIEEE, WS, BB InGaAs (EEER
HIREAS KKK . N8 A InGaAs £ PSR A IE R BT 454, HIRME A AL
MFT D6 IR AL AP ER

Abhay M. Joshi 2 APIR I+ 3FH14% H 256 JCHI 512 ToREE: InGaAs B8 7 404h
HIMIEF], 4E InGaAs Y BRIRM 2R 53 FEE 2 CMOS 12 LB L RIS e RE
W, THRMELIMER 1-3um. EZET, ABTHEEA 40x40um’®
80x80um> if, RoA 257 40 Q.cm> M 45 Q.om®. B. F. Levine!™# Alexandre
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Pauchard¥43 BI#R3E T Y6 BT B2 J9 20um B9 Si % InGaAs p-i-n $RIIZE. B. F.
Levine & 284, 7E-10VRE T, BEHBFIKE 180 pA, 3 dB % 20 GHz;
Alexandre Pauchard il & 284, 7E-4V RIET, FEERIKE 38pA, 3dB WK
T 11GHz.
@ mINEKY B

G ZLEMAS, FEHREMIBFHBLFKRT 1.7um, ELInRIR = oK
AHEE 1.9pum MIRNE, “LIDARRZPHFEM 2.05pm HUEP, KT
InGaAs FRIUER FOBRMIB BIEMH, FEEAK In BT, MTTFEE InP 4K &%
AILER . HAMEH InGaAs ESH R EEA LR, SEAIRAE <=4 5 a A
5, Moo ERBEREN. N7 EREUBRIGEE AL RN, AT
REMF AR,

" INASg6Pg.a 1M
N: InGag.g>As0.25 ~3um
"t InAsg.ePo.e ~3HM
; INASo.5Pos ~1um
: InAso.aPos ~1pm
:: InAsg.3Po7 ~1um

: InASy2Poa ~1pm
:InAsg Pgo~1pm

/Nafa=0.33%

loorh ctonl

*1inP

144 2.6 pm InGaAs MEEHREHR
Figl.4.4 Schemes of configuration for 2.6um InGaAs material

1.4.4 FroR s 24 D PSR ZAE R TR R M —Fp 5 vE, E4TRS InGaAs
BRRXZAEKERES Ipm EREETEREN . EENSEEREHEAMRE
HERMAR, EZPEULERKOEBANEREESTS InGaAs BHMIX HikET
B RSB B, XA ER M E TENE, WHEREZARTHNRFRSH
3R, T BRIK A 2 X BBPGZ E - AV M EFEE InAsP.InAlAs 1 InGaAs.
I S E M EHARNE InP #E_EAK THAS B2 82%K InGaAs B
B, XEH SR RK AT 1.70m B9 SMETFERME . G. H. Olsen ZP7HR

TEFMERIET 70%HIEH B K In,Ga),As(0.53<x<0.8) p-i-n M, FE=IR
T, BB 1.8um B ERE T RoA T 2000 Q-cm?, #EEKH 2.1pm



B R K InGaAs HEF TR AH 7T

BB T 900 Q-om?, ALK 2.6pm BIBSEEET 15 Q-em®s

R ERMNEATR, AMIFE InGaAs HM BN BT HRLINEBRE, ™
HRATAZE RS B E S AN R R AR . 5 VR R R InP 1R R ECE R E
B, HEKERII R AT AR MR . BT B InGaAs ML EEHINE 1.4.5
o, B3| A—% InGaAs B InGaAsP ZItHEEHZ RISMERR T, BRALER
P R BB R R A InP. 35 Indigo /A AIHI T. R. Hoelter ZEPMHR1E T —
PRI EE ZE 350 nm B InGaAs HUAS, BS4FMm R R W7 AEEIAE K
i

-] 7 F O EDEO LW OEGE

Tn annps aud wicking ¢poxy To bumps and wicking epoxy

P cap JoP cap

1-InGads absorpuion tegien
InGaks absorphion region

Oploniized InP contact layer

InGads esch-stop inver ¢ (ptonuzed JoP contact layer

R A

B 1.4.5 R TT FLEHE InGaAs FEHRERE
Figl.4.5 Schemes of extended short-wavelength InGaAs detectors

Relative Response vs Wavelength
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Figl.4.6Response spectrum of extended short-wavelength InGaAs detector

@ APD RS |

W% B BN AR ML BN, FARETEHNLBEANARE, L
S FHRMBBCE AR F R T — MRS, T B e FRNER Y. BUR
ML R SCRI LA B — ¥ R o o A BT R R A VB ER R, H
IR InGaAs/InP APD 2% 7451128, Ping Yuan % A GBIT KA InGaAsP 1E /9
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i}

ZMHE, FAMATEEENBREE, H&H T 32x32 70 1.55pm BEENXTE
I InGaAs APD, 7E 273K, 2V IRE T FHRMAEBIE T 30%, REHER
EEREE 20KHZP,
@ ETFHEMEE

2T InGaAs MR G RESRRRFLEE RIS A, TE T A InGaAs
B2 RO K SR TR 3o 2t (7], B B/ B RRNERNE T HE,
FrULEAIERR S| THIAAE M B, BRATHANHAS. InGaAs BT RN =
E B8 InGaAs/InP. InGaAs/InAlAs. InGaAs/InAs UL InGaAs/GaAs ZE1k &,
Cellek % AR B MBE #7K 4 K £ InGaAs/InP BT B #HA% tH T 640x512 7t
EPEBRIES, 7E 80K, KRR 1V BIFKMHT, B EMNEXET 028A/W, HilLF
EET 2.5%10%mHz""W"; HLim SAYSEE P K nAs {ENET HH
InGaAs #EHE & HAGIEMIZE, 7 120K WEHTETHERXRT 35%, BEF
MEEEBNT 2.8x10" emHz P W, 157128 BA BR AIRS B
1. 5 InGaAs £ FHHEME K RIVR

Mt 80 ERFABEANBERART TIENERERA InGaAs BRI 281
W7, BRtERE LR C AR TSEA R ESEFERFRNE, HEREARs, o)
BEEE RS . ETEERNER S ATRMAL T & TR SN M E T .
] BRI B AR T 0.9~1.7um ZER 3] 0.9~2.5um F 0.4~1.7um %5, (FEBRH N
ATEEBERANYT B, BT InGaAs LHMETFHEFNHARSRE, &
ZHI&E BHCEWEEFTRANRIITRS. BEABRBETEZHANEME
InGaAs RMEEHITH T TAE, (BARMNIFTFHIRRNSE T ENH T @m, &
BHARRERMNHRMEE. T InGaAs £ FEHEMEHHT, BEN
FEREPROCBBE AR AN LB ARIEBHR A
1.5.1 BAARREIR
@ &FETFEHEME K RIVK

PWBLIETFEREL A, — AR, HIN%7 & FmE T
RERGITEE: A— T HERSETEMERE, B/AEE RSN R E .
T TR E K BT, T 2 5 55 0 R R R SR
BREATHEFEMESHESBEEN SN, B KEFIETENRAREEERE
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B B K &Y InGaAs E ¥ TR SR A 7T

Mo

bt AR, BE THOMSON 2 & HHH T 3000 7T InGaAs R 4L
SN ETE, AR T E (SPOT4, SPOTS)HI&E 7 ##A 414t R 45 (HRG)
FIRE AN (Vegetation) T2 iZ£: 54 F I ERINES TAEBKA 1.55~1.70um, EiR
TAE, B 104 300 7T InGaAs /NEFIBHET A, FENATLE. HEEEK
BB, ZHENEHEEMELR: RoUEBEA 30pmx30pm, HMEHR KN
6x10" emHz W, I J90.3mV, SN T 10%, FHIBTHRERN6S%,
RSN TIR A 10w, AT HEIRINES M3 STEE T 4000,

1997 %1 2003 FEENEF RS HEIR L E IRS-1C F IRC-P6 _E AWIFS AHHLAVE
AT ANEBIE S RIS T 2100 750 6000 ToHEHESCHLAUK L F £ 4, BRNES
G TERA Bumx13um, MFHHA, TETHOER 26um, HBAER HEE]
T 1200, HEFEARBGME 1.51 Bir.

151 AWIFS ALY S AR
Figl.5.11maging of short wavelength channel in AWIFS camera

J& EPITAXX AR ESE T 8 4 KL EF MR, hAIF R 71
MY B & TR R 25umx500um, #F0BEA 25um (9 512 Jo 8 F 23T
FOBHESLIG 1024 JT&RFIEFE ), mpEKEEEHE 1.7um. 2.2um LUK
2.6um, HBHREHRAKTESHA 6pA@300K,-10mV). 500pA(@300K,-10mV)
LLK 20nA(@300K,-10mV), 2001 4E ESA #— LI H T E ENVISAT LKA 0%
FIHE BRI G B (SCIAMA CH Y)Y, 04 i3E 43 5 SR F T 1% 2 R AT 9 22
B 1024 TE 11-V 7% InGaAs GG ILECHIGA% KR InGaAs ZeF8sfF, HITR
st 25umx500pm, 2844 B TAEFE 200K A1 150K, -2mV fwE T, BRI
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20~100fA, PLIEET RoA 4 2.5~12.5%10° Q-cm’e X /& fhi& K EC InGaAs FRM 2R

HERELEEREMMA. 201143 8 11 BEAR 9.0 ZRBERER, K
FRAAARMET Spot-5 TE. ENVISAT PEUEEENLPE TerraSAR-X
R A (L 152 BoR), HEENTAIRA. RERRIRLIE, BRER,
HhFEREIR ST K, Elzliﬁjt@/—%zif%yT 4 K.

152 MEMEHABRETZEEAX (£ 2010-9-5: A: 2011-3-12)
Figl.5.2 Satellitic images of Japan seaboard before and after earthquake (left: 2010-9-5, right:
2011-3-12)

Sensors Unlimited A & $RiE T EAF AT 7 1024 TTIRE 47 -F IR 25
49, InGaAs 6B R E SEEE CMOS R, WE 153 . HMZHE
SETEFR Y 20um=250pm, B IcH G EEA 25um, MREATEEDY 1.1pm ~2.2um,
FEFEERSHENT Ims &M TRARBIEEE, WA EHEER] T 52402+
6203 e/DN, 7E 1.5um ~2.2um WK JEE N FHETFHERN 70%.

[ Amglifier $
WREF :

1 1.53 Sensors Unlimited A & 1024 &5 & FHEBGE R THEM
Fig1.5.3 Pixel configuration of 1024 linear FPA of Sensors Unlimited corporation

L FIBS XenlCs A B E A E T EFM B A7 7 HHIE TERER. #Z
INF) I T A b B0 1 7ums 2.2pm A1 2.5um B9 128 JT. 256 JTAl 512
TAFVETE, £XETFHFHRMNES LR T 7.5x10 emHz"? W', 5x10"
cmHz' AW 1 8x10' emHz'?W', I 88, XenlCs A &AM T H&H&#H ™ i Xlin-1.7-
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BEEER KLY InGaAs £ VIR I 7T

1024 B B AT 5] InGaAs - FHFM Y, 340 0.9~1.7um, Yt
JTTHOGEE 12.5um, X2 B ATFTRE R S8t T 0 BE &R/ InGaAs FT

H 7 Hamamatsu 2 TP FIER AR T . A EBHIA 2R CMOS 32 5 B8 58
SHE—#, BTN KREA 0.9um~1.7um B 0.9um~2.6pm, £&F 1R 0 28 A0 AR
B 128 76256 74512 760 1024 70, BT K /N9 50pum*500pum L 25pm*500um;,
A B M 7 9% B 9 0.9pum~1.7um, JE8IT K/ 450um=1000pum # 16x1 Jo KT
BB 8. ZAFREHEE THRBIFREA 0.9um~1.7um, JEBITKIA 50x50um
9256 TCRUE T I AIREOIT KN R 25pum>x25um #1512 Je4k 51 g A= P 12

2012 4 ESA # %41 Proba-V P E## SPOT RFIPY, Hepims s k4R
II-V & InGaAs BRlIZS, ABEERS &, WH S FE 26um FOERE
Fle—r2 8 25um LB, AR 2SRRI ERKCEH— PR, FEYUEE S
CCD #AF 3 CMOS 3, HHE e 300 TR & F) 1024 7T,
@ PR T I HRW 28 K IR

M 90 FEARE A H 4], Sensors Unlimited A &) C 42 A 4k R T 1) H
128x128. 320x240. 640x512. 1024x1024. 1280x10243 iR AT EFHIRMEE. H
A, %A B AT AR v R 1 8 A0 1) S0 T 1) B 1 128x 128 7T 320%2407T
640x512 70 A11280x1024 T H PE & F H 7™ 5 . 20054F, 1% 8 # & HIME S
1280%1024711024x1024H9°F H B InGaAsFE I £ 4MET IO R 280, iy R K
0.9~1.7um, JGEITHOEE20pm, HF11024x1024 8 F1H 2545 B0 E H FROA NS
1.5x107Q-cm*(@265K) F18x10°Q-cm*(@280K) . T H, FE#iFHIDARPA(Defense
Advanced Projects Agency), NASA, the US ARMY, Air Force Research Labs%— %
FIBF AT RIRI R B, HARBERE T ERM S OB R T HRAMESED), 1]
SR I3 T K4 FE~T M InGaAsHIE iy EHl& 7 8 BB 4T T 1280x1024 1 FE 51
P E 2R, W R 0.9~1. Tum, JEBITTH L EEE B9 15um, FF BilidInGaAs
MR R B3t T 2B A4k, HIMERES IR EE <InA/em’(@10°C), WE(EIRN
#1.5x10" emHZ*W(@295°C), EFRHETFEEIT100%, M HEFEEHHESE
BHIRE M REUE.

B T IREAE IR A, EAREETFE RS /ANEML . RIS
IR —EEE RS, 19944, FRRIPRA T M128x128 042 F L SMEHLIE
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1 5]

B93.5kg, HERE S93pixels/gs 20044, %A E 1S . HuangfRIEHI320x256 TLEET
T 75 A B ik AT AR AL, Sen G BE2Sum, MEMLEE /N T 708, EHRE
1000pixels/g, ThEE/ANT1.3W; TIE T 20084, %A A H AL SMRHLAT A 1Y
InGaAstE T }9640x5127C, BT LE25um, MAHLEE/NT100g, LRE
3000pixels/g, ThFE/NT2.5W; iE#, GoodrichE A £ 5 DARPA MISI(Micro-Sensors
for Imaging)it®IP7, RIBZiTRIZA B A IMENL B InGaAsEE F H R M EE Hix
£]10000pixels/gfI GRS, HHIE0RTE F0.4~1.7Tum, BETETE E R AR B 544 T 3T
100mEE B M EHAT IR, B RAREBIEN T AA BB E T 20 T{F4
ANEE, TR E1280% 10240 M InGaAs R R E B <10g, ThFE<0.5W, EIEA
HrEtiE, REEERER, UATZIRIPREHNSEESWIREIERS.

[FRT S DARPA [ PCAR(Photon Counting Array)itXIf)%Bh, 3£ [E Boeing
Spectrolab 2 BIEITAL (A4 S IE G A RBRF SR II & T BB TR . KA
E SR B I 1280x1024 TTHI InGaAs £ T 2844 5Y, BT KN A 15pumx15pm,
B R BT InAlem’(@280K): T BEZRAMFT, 1.55um WE(EMEN R EH
1.08A/W .7E DARPA’s MANTIS(Multispectral Adaptive Networked Tactical Imaging
System) T RIZE B 2009 4, % H Raytheon A F#1% T BEI &R 1280x1024
IR H B EE, 375 Boeing Spectrolab /A B KBS FEIR A InGaAs £&-FH A1
HiE, HHEEBSERERENERERIME RS,

15 £ F TS Byt 77 T EUS #E B AR Aerius Photonics A8, %A A #
(] InGaAs £ TR I 28 = 2 0 A F RO AR F Z s et R u AL b
BT ERMMALRBEACASF f0RE s iR, MBS EEEDPE InGaAs IE
5 InP HIBEREFERRERME L, MTZORANFZEDET BURE TR
LA AL . B MRS MBI IR T, RS B ETE 20°C B RIBS IR
FE M 18nA/em? (@-0.1V) FRE 8.4nAlem’ (@-0.1V), TG MRIERAFLE Rxy a4
TERIET H0F B s BRIt 1T T 4k, W ERERTE 7°C B RORS s AL E
FEEE<InAlem’ (@-0.1V). fEILEAREZ b, MBATSIHHHIH 1024x1024 JTTAIF
% InGaAs £ TR M 2319, 246 8T L EE A 18um, BT AT 356F,
WIS Teledyne Scientific 24 5] AL H L HAWALL-IRG B3E, FAE
KIXHG FEET RIFHAE. B 1.5.4 FI/R A Z InGaAs 12 Si CCD ABHL
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B K InGaAs L TIR S 7T

(21481472 RELZNIHE P R = B UG RIS LU (InGaAs AHPLATH FIFR 7
A 20s), mEE SN, A InGaAs MHLATERE E £ I RAEE B

15.4 7)1024x1024 InGaAsHENLN IS P EEE Z MR E, 77) 2148x1472 CCDHLAUE B
Figl.5.4 left) Image of the Orion Nebula taken by 1024x1024 InGaAs camera, right) Image of the
Orion Nebula taken by 2148%1472 CCD camera

FEEE, % T U 1280x 1024 TG A F 1 B InGaAsEE P A5, 21FEEHR
FEELETC(@280K)A /N F InAlem’. B R, %A A EMAMRI1E 4 A %4096x4096
S InGaAsEE T T 384 OB B 17161,

EEFERNEKY RBAE, FIR XenlCs 2 7 LL K& 3EE Judson 2 R #REX

SR KR, XenlCs HBIT —FheffhEk mp EEMFE, BN
InGaAsP ZItfA I E RIS RS, BA HCBEZRA G FEE LR 1P,
TS B 2255 2 BB M 125um B E Sum, 78 InGaAs £5F1H 234F R K1
REEY BE 0.4~1.7nm, FHEI% T 320 x 256 METFEEF, F[BoTH L
B 20pm, FERFTEEERN,

2008 4, PEIREOCIZEE Judson AT CLAEMANOEFEM. HEITH
3 {0 T[] K 3R 7 [ FE {6 4 320%256 TC InGaAs & TR B HI & HA. HAET, %
OB B TFFHATE] 1280x1024 HUEEIE M InGaAs TR, BTN
20pum»x20pm, 7E 1.35~1.6pm % BB E TR TE 80%~85%2 A, AR T 99.8%.
4G T R InGaAs £ T 2% R W KB R BOR S %, MR BN
0.4~1.7um, -65°C~40°C JREETEEM, BIFTE 0.5~1.6pum W SIBEL P3RBT 3R
B 40%. [543 77 1A ZE A InGaAs £ T T RIMA R BER 1.4~2.6um, 5 InAsP
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113
i

e ERIRE, B4IEEETRERT 80%, HT InAsP EMERE D
R, H&IAZE-65°C B, WM IEERAE N 1.5~2.5um, KIFLEMRI4FFA T HERHR
FL 74 38
1.5.2 HABFRA

FERMMATIETFHREMNETE, DERAYERATNE—EHNHR, &
ThEf T B 256x 1 IEFRST InGaAs A& F AR 2885 Fr U (E 0 B 25 % 1.09
AW, ZI8 TR LKA 1.7 um, THEETEMER 1.20x10"7 emHz? W,
MR AR SIME N 3.87%: SR 256x1 JLE R LT InGaAs EFEAFMAE, &
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Fig].5.5Images of buildings from 3000m away under the visibility of 500m
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2 6T A InGaAs R PR E T L
2.15|%

ERSH InGaAs HIEE HH & AR TFRAMEEE, FTEELRN
BT T R4 B o ST B R B8 R K ARy B N A TR R 77 v E SO
6, T 4 T R 50 5 ) 2 S FR v B 2 R i ) ok o W <X i vk B OB . AT
5 BT R pn SREREES, W T RERE MR SHAER, A
T M 22 BT LAGA B L S SR KT, (BRXF FEBEE —SHEE, §HTZ
S A TRERERE, BTHATREBE XN ABTETERE, B
22 9 /N 3 X FSE R IR G ) e BT 2 [ B . & AR S 8T
SRR LR, AR AR BT 2 A B ], XX B ARG E R R E
W, HiSELEUTE B I RS, I B pn ST E
BEHEASNEN, XSNAHLSAEASIREEBREA TR,

W& SLI8 % [ Joseph Boisvert 2 A\ CUST T PIN 2 InGaAs #RIU 2% % BRI
TR, WE 2.1.1 FiR, AT T BRI 238 s iR £ BRI T T X &
W EMESHESERRTL. RWERE. RZSEZENFEL. BER
542 RE AU RN ERE, XEFEBREEZITKESBRENR T

S o

Dielectric Passivation

N inP Cap Layer

P BErL3yE

N” InP Substrate !

B 2.1.1 FRAFENEREFFEREED LRKESEMERE: 2REE: 3.8E
SREBRRE, 45t ESBERE: SHLERME.
Fig2.1.1Schemes 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.
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e \ 1O & ) P ST 5 InGaAs IRIUEEREAT TRERIR A4, XFTiEFE—
NS, IR RTE— MR E X 8 BB — B BRI AR IRE Y. Vishnu
Gopal £ N3 HgCdTe BRMZREE AR AT T 404, WM ZRTE I MRIE TS
B EERY S ESHERAR, BEERRETH -V MR-V & LIt HE
B FHEe. BRREFMRTHES, ZHENRAR, FRTEBRESZINE
fih 2 22 FOR2mE o STIR I 2R S BRI BUR 7, E N — Rt RN RR T R T,
tinm RS AP R REGERE R EERT BN AR A ERARIITIRT,
MAZERERSEENXR, TERDFHEGHNERXEIRTH 0. X7 7EX
FREDMRMEER, BRABHRBERKR, SRS RBEBNE, RRFMH
ANRAL, BT ULANTE F T IR B BOR RIER RS «

AERHT —MEESEEE InGaAs RMBIBEBETA N HE, BEUHET
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IS B X BEXNAREMRNE EEFENEEBRMHR, B3 THRTEX
BT RNBEERSAKERLMXR, FHEBR T SEMRE R BREEM
SFHAn.

2. 2 BEHARR

BAENRERREREF, HRTFREIEZZEGCHEY 8. E6bikkEFd
2, WM T TR, EEBmUABEERR. B2, FRAENEEHTHH.
HARAEE . A AR B AR R M BRT HHE, BTl LR R R R,
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ICAR 23 FH AT 4047 6
2.2.1 YEUER

CTPERES T, REFHAEMESRMAE DAL, LT . HETE
FENBR IR AR T i P A AR RN T, AT R TFIREN AR LR,
H T IR E B 0 77 AR R A 7 7 8 X AR T (M 5E M F s i S
%%%ﬁ#iﬁﬁoﬁﬁEEL%&¢ﬁEﬁ¢,ﬂﬁﬁﬁi%%?éﬂﬁ#%
FFERRXE, BERX BHETF, SPTFEBIEXNA U, WNIERTT
. WFEIRERRLE(pn), EBEXFFENYT BAERTUZRAT, 8
BRX Y EERR G TS,

2
0

Jaie = 32 [2exp (E)lexp (15) — 1 (22.1)

b Dp AT T HARY, AT NFEG, KERATRERRAN

=2 (“K” ) (memyp )3 *exp (—-Z—K—T) (2.2.2)

ESYl TF%&%M'—?%E%DVM)E%B%%%, A LLRIR A

Een)-a] a2

4q(memh)2(2n) 3

222 FESABR

XBRHFEEES SRR, BHEFETRRRMEFEESER. Zpn 4
- FHFERSH, AR PIETFHERTFHFERESEEERME. = pn
SEIMRER, XFEA-E SR RSN FERITE, MEARNER TS
WP TR BFER X th AR TR R R T A F B TR ER, RE s
FLEER BT By BTEHRAK ro 5SETURRAL 1 485, A FEEN
TEARTURR N

—n?
U = MNenp—ni) (2.2.4)

n+p+2n;

T EER T - A FT B B R R AT LR

_ qniWrN¢ gV _ . qniw qVv _
Jor =73 [exp (ZKOT) 1] T [exp (2K0T> 1} (2.2.5)
FXhy N, BRAWEESDOEE, « ETFERATES, BRXKKE
W= [RomsNaNe y ) R B 42 Vg = ST (In ™

g NaNp n? )
BT, EFEETF5EREEFERALRAAEEL, JHZBULE/‘J%Z RFHEmERTH
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SIZY InGaAs BRI 2SS BT AL

GBS N ERNESWE, B RNEUERTFHE

Toir = o exp (o) (2.2.6)
HUEBEFEFEE SRR SFERKNARE T ERiaURERER, X
SRR T A RBRTFES, BEAMEERTIRE X, BN T IE

FEHBRATESER, XEBGTEESBRSREEIREERICKR. W, #7~
EEEHERSRE. BEKNRRNURRN:

- ZQ( ) (memp)*/* gs NA,:NDD (KOT)ZEXp (_F) /( Vo — [exp (2}( 'r) _ 1] (2.2.5)

Teff

23 REREEHEN

REARAE . BEERTEAEEFO, FPERRTFERELABREAESR

8, KRN ESHRHRZAREEABR. AALWEEIRERTHERS
e, 5RmERFERTPIMNER K.

SEAEAETREEREERERX pn GREL, ZFREWALTFHERRE
FEFEHRTHRESATMEA T OREMEE, S/4MntRELX. FEHE ST
BAIUEER AEAIFETFEHEIR T AP, LN S WEEZEERS A AL,
RIEE 4 BRI E A LA AR 5 B (A B2 A6 THLRR 2B B I 7R T A AR B T
], MLBTURTRA:

Jin = qS AP (2.2.0)
BAEXRS EEEFLEE . UEREAFOMNTIEIRE AR, W LLRR:

§ = opVrli (2.2.7)

K o, AE7URHRER, E6PORRTNNRIBLEE T OEFREERR
R, 0B BTSN R REE R AR SR F RIS EEE vy 1 BLRIR S
vp = /3K, T/m" (2.2.8)
AREAIEFERFETFEERBTREME. SEREIEFIEIERERN, 5K
b, (AEERIE S PO EF BT TR AN RE RS 2o X,
T AE T # 39 F vk FE AT LR Pl
AP, = n, exp (K ) (2.2.9)

FrLl, FImES B E R LSRR
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i
Jin = oV Nien; €xp (;0";) =

2400 (22 mem) 37 (KT ex (i) e (- 525) (2:2.10)

224 REREHR

PRS2 2R T4 £ B R T SR B LA RIS BT I R & P, PRAERTIE B 8
V. MRBIPRSRWEERN, XSUTREE ST ENE BRI
Bt LLECE IO AR, BRREMERTRRS, ZFRESRRXENTm
KA LA, REE B URR AT

Js = iqniSo (2.2.11)

SRFBWR T, BT RERTERROEM, RETELTRRRETH.
B, A LUBR R AT RS Ia R B a2 b O B, FaREH Lo ST
MR B LK NRASEN. Bt ERAMRTE S BIREER RN

E
Js « exp (— ﬁi—T-) (2.2.12)

MAMAKR, SHEDEABRASRENTFREBRELEXZNT, UK
5RE. REMRRFUERRA:

Js o /abs(V) exp (— Z%T) (2.2.13)
2.2.5 4rEEETR

AERERSRIEZEEEMEERN, R 78 BRERNEZRR
ATV FE: pn GUGHRTME: BEHT pn SAESRERFT
BrolE, PRYNZES. & T UL S AR BT R RO 2R B 43 IR AR B R LR

Vishnu Gopal 2 ATSHR M T — R B T B AR A48 B 51 RS HI 2 it EBFH, AT
WA B —Fh RIS AES:, B MEMEE R REIR, HEayais & En)
gz, AR S A B ATTEBFERE, M T UEER— 15
B4R, RS MRS FEMSETENE S RRMAR, W

THIRERFR:
KoT
Rg =1 (2.2.14)

RHAp g R ZMEERNE S BER, H&r08:
Ig = qnisig (2.2.15)
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n NAMEBGRTIRE, A2 ZBEEASENESBRTmERmMORER, ERR
S WS F

Ag = 2nrd (2.2.16)
ERA, r AE RSB ERRBHE), d AUENKE, ST FEANR
WERS, dSETRINEEE. S AHZNELEEGEER, HallRXA.

S — lcponNt(p+n)

E+~E; U
2n;{cosh{==i—y, )+ cosh{=5—y
! KoT © KoT ~©

ERZAEENEEHOES, N BTSSR SOSER, p. n 481H%
A THE, oy o0 BN FHE T HHEIILE, %:mjilgﬁ@uw
FHE R 2.«

B, S A T 05 B i T S R sE FFTE 8 & 2 AN, %
BHEBRSEENER, TERNn SRENEA.

I, = R— x VT3/2exp (— —) (2.2.18)

sh

226 BHFHR

ER AR BRT, BFBRE—FE LSRR . BERHEIRER
AR, BFEBREEZERMILG, BFEHEBEE (band to band tunnelling) F1 B4 B
HBOBE % (trap assisted tunneling)HLHl. 7 [ 5% 28 248 D B F M pn &£ —18 1)
B FRA—LNST, Up'n BARTLEAG, =70 EBEEF LEAURER
A,

2mp 2 E . E E
Tp = exp {—Eg = qﬁ‘;j; [(1 + g) (5 ~ arcsin /ﬁ> — E—g]} (2.2.19)

AP ENENRGEERE, m AZRNERRE. Bk, HEBFERTURTA:

Tt = s 2ot [ Ty 2 dE (2.2.20)
F, Epax = Er+qV, V RAMNMRE, P AZIEEMTT. ARA=ZAFE2IE
AR, 2RI RR 7 X ISR AR A B ARk, FRIRIREF = /ZqND (Vpi = V), 77 lE]

B&ZF sy AT LA G T A R,

T = L 2 exp (—%) (2.221)
AT A B 57 45 0 2 BB T pi 22— O M X 57 B s B 5
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B, BNERARTIERX B HATMEA, RERIH A LHE
. MR T B SIS E . MU SREERERR, £ 4%
HF R BAU T AR ES,

Jeat = QWN Wy Ny (2.2.22)
R WARRXEE, WyNyRREOBFEE, HRRAN:

Wy Ny = S exp [— T S —E‘ﬁ] (2223)
Forh M 2 S Il 24 LR RETT, B R R BB 5 SRR Kb
Jeat = "—Z%Elj—r;ﬁﬁexp [— -S——Z-J—%_%(}%ﬂ] (2.2.24)

2.3 BTHE InGaAs FRWARRE BF AT

SR InGaAs HRMEIORE R, —REBEQREY BB, FERS B
ATRETESBN. BRFEEAURREASEE. W 231 Fim, XEEH>
HERRAMAE, thinil, REE 4 B EERET S8 6 mAREmMANRE,
e A BT EERRE T RIKE MR K, WM ERET amIRELU
RiEEEREENREL, BT EREERETREZENRIXFRGVZFE
7R I F ERE TR R AR K MO I X 4. FI X e B i % B A E R0
B OIESSE, A THE A FERAS NS EURETINE, AR LR
TR, ML G ERRN SRS B KM EERIE, AR TET
TH PEAICRE RSB B AR T

S|N passivatioin

—+-Pepletion region

[0 |F~JR TPV I (1 0 2

PR

1 AT AR B ORI RE R LIBERE: 2. 8 HMRE: 3182 SRR S E:
4TREBEFER X SRR

Fig2.3.1. Schemes of dark current sources in mesa PIN detectors: 1.cap layer surface; 2.lateral

2.

L

surface of mesa; 3.cap layer and absorber interface; 4.depletion region in absorber; 5.absorption

layer.
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Tab2.3.1The structure and parameters epitaxial materials
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SRIELEH) | cap layer absorber buffer layer cap layer absorber buffer layer
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Fig2.3.2The general fabrication process of mesa InGaAs detector
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T ARETE &M R, InP M8 R KA R BTH] & 09 & Th 2 B0 28 B B, B InAlAs
VB R AR 6 S R SR OB R R T — M BR LU L. 5P BRI SRR HEB
T B A H ) InP IEEME, ERIEZEHN InAlAs 18RRI aHE
SR, B ERRAEREL, W T A IR RS R RIS T IR R N AR
BBERKERN, OREREBRNERI>LHRE.
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Fig2.3.3The typical I-V curves of two kinds mesa InGaAs detectors and planar detector at 295K
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Fig2.3.4The typical I-V curves of mesa detector with InP cap layer at different temperatures
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3.5The typical 1-V curves of mesa detector with InAlAs cap layer at different temperatures
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Fig2.3.6The theoretic values of band-to-band and trap-assistant tunnelling current at 300K
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Fig2.3.7The relationship between zero bias current of mesa detector with InP cap layer and
temperature
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SIELETERIBUES NGEME R EMB N S2EL, XMINRIRITILE M.
Fi S 1E LB SR UM GEL K E BiE SIS TIRSNEFE SRR 5.
Fit, SLAMRYEIESL, St 8 ik IR 7 AT LS BIH R T RS B 30
BeRER. BRI EENMEARE ZNATYRERT. 2 T4 MIESTE
LR g 10,

£ 431 SEMBEH RS

Tab4.3.1The structure and parameters epitaxial materials

SMER SEHER | EE/um | BEYR | BRRE/em®

InP P* 0.6 Be 2x10"
Ing 53Gag 47As n 2.0 Si 7x10%¢
InP buffer N 1.5 Si 2x10"

Raman 6% H7 L3 AT A InGaAs SMERE PIN £ 2 8540%06L, MR 45
SHME 4.3.1 Fim. ATHR ICP 2 InGaAs B I IBNLE], KRR
ERE AR EREN P 182 . ERFEEMEERA HCI/HPO, W
HCI SRR E 5 LR 37%00 5 ER, HyPO, SR A IR RFRE 70 HOY 85%H0H5%
B, WAL 123, £ 25CHEBSAT, BHMEERLZ 0.85um/min.
RAEEFAMNEERE, FHREERSRT, KREHT Raman HIEMR. Wz
R B RERREAT 1ICP Zlth, Zth 4 E 9 Clo/Ny SRR E 7 249 10scem A 60scem,
ICP ThEJEMIIERS 350W, MmMEINRFEHIIES 120W, ZIThES fEE KRy
4mTorr, WEH 150°C, ZIVhEtE | 288, InGaAs RIKE RO ZITEEE 0.5um,
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B K T InGaAs £ T IR ISR 5T

HF&EERN Ipm. ZIMFERG, BIRET Raman J& izt .
ICP ZI0al /5 5 InGaAs [E R M Raman Yk inf 4.3.1 s, ATLLE H ICP

ZIPh BTG Raman J&i 7% HIBLHTHO Raman W, A9 191em™ 214 em’!
1239 cm™, ST T InGaAs (L EWIHIEE S FIRANERX, ZIMUE InGaAs ZRMA
N TFARZHE R B A AR 0K e ik, U BA IR T IR BT R SR ARIE UL

FIE LAY, BB AR A 2k R BLAE PR PR BE . %045 R Raman 115 51
18, FBEMTFAImE AN SERG RSB, ICP Zliid AR k. &
FHEd, SRETFHBA. BRBKERE, UARILFRIONR, XEHE
BT SR A TERE . AT S8 Raman BLSTIESRE IS0, T B4 &4 5 i X,

12000

4
10000 45

8000 -
—&— before ICP etch!
6000 4 —A— after ICP etch |

3
4000 ~

2000

Raman intensity/a.u.

0

T T T T
100 200 300 ] 400 500
Raman shift/em”

4.3.1 ICP It A0 /5 Raman Jt 3
Fig4.3.1The Raman spectrum before and after ICP etch

432 X SHEMHa

T HIAFICPZIM T SR M2k, FERZMPMSRETHER TR
HREHTSRNSERY, BEREETOBL. BRAERRES, XS
LT 43T 20 i T S F T AR AR AR L . B BEX S AT R A R RAL A E
MEA X vk, B B PO R A AR R M T LA A L X R
% BN A AT B R 2 MM ERIE Tk, ERIRBINER AN &
B OREE. fraTgEEARE. NE. mBULEERHNESEL. EXH
45 XU ST BT o 06 LR S 1 B 5 A BT S B 2 I O ZE SR SE SN IE R AR
ﬁﬁ&%%m%Mﬁ%i%ﬁFm%%ﬁﬁ Ak, LAFEELE T SMNEE A
EETANATETIE, A BE R AMNE R E . £ a0 PG AT b, S LR R Bragg
VR [ B A BE(FWHM) 83 B E ASME B SR e B i — A e R ™.

5256 F 1 InGaA s #HS Raman 6 i 5056 o B TR RHAE IR, SR a4 1 18 TR Y
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4 FF CL/CHy/H, S5 ICP 2 R R

HCUHPOIB TG mh = AMEA R InPIEZ, Wik T3 EHTXRDINE, RE
HATICPZI i, Z0ith 25484 S5 Raman ) 1E 3206 —#F, ZIrh 5 /% 5 B IR TXRDIM & .

4000 4 InGaAs
3000 ~ InGaAs -, Nj i - InP
: 3500 R
2500 i o
it 4 InP 3000 4 i
i ]
k4 2000 0 2500 ' :
2 g I
c A c ;
3 180 before ICP etching 2 2000 ~ :
° © a0 ; after ICP etching
1000 4 R i
[ .I
: | 1000 o i
500 h i j
i 500 4 : '
»‘" Vi \
o T T T T T 0 v s r .
3175 31.80 3185 31.90 31.95 32.00 32,05 31.70 3175 31.80 3185 31.90 31.95
o
Omega/(") Omegal(®)

[l 4.3.2 ICP ZIthHi J& XRD 4k
Fig4.3.2The XRD curves before and after ICP etch
% 4.3.1 ICP iR A5 XRD #hsk FWHM FERI AL,
Fig4.3.1The diffraction peak and FWHM before and after ICP etch

anGaAs WlnGaAs anP \)‘]lnP
ZI o Ay 31.882 0.00897 31.898 0.00798
ZltdE 31.807 0.01151 31.823 0.01109

ICP %It Al /G MR MM X ST E 4.3.2 iR, ZIhATE47 5704
MEATFATENE AL S L TERE T ZIEATEER Q B3/, AT
e 4 RSN, XRFEAZIMEREFLERME. MR TESITHIE
%, VB ICP ZIMERE —EFREALIL T LB LM REE M. X5 Raman )b
ELHBRNERE B, Ch/Ny SR ICP ZIt InGaAs #EIET 5| AR E Z
iR, R HeERERGEEEERN.

4.3.3 ZIBATRIE

ICP ZIiRET 5| N & BRI, REME InGaAs RINBRMFHENES
MM EEREL —, KEMNZIMRG RS T & LRI S8 Ak . Eit,
B InGaAs TRV G & T ZHETR, SHMREMWREFTETRER. AT
BN EEREFTSI RIS, KT —RIIMGE L, AFEEERMZI R
B, REGALLE UL EAEERERMANES. XET ZAERENRMRE
Mok, XWRERRIRGEE, FEBTBEREARKFERR LSRG, HE,
HMBEHE TZRELSEREZ, YRRIRENERRILE S, XL ZITHRIR
R IR T VR AR, N B A RISk « 2R T A0 BeA5 4 B2 ) 2 R TH T
HIEC LR E & TLZE, Fr LT LR R R 7 1556 B AR ILR RS 19 IR,
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LR P KB InGaAs B FITIRMAR T A

M T E0R F 1075 6 T A B RO R 200 4, VP I AR TFTIEBIROR

MEFREDERTFAHMMITE, TEEAMIEFERRTROMGRERE, it
BT EE(PCD). BotH SR LBIO)!M ., BT % T B EBIC)! .
A RSPV LR Mo I 4 6 B G IR (nPCD)! P . X E i R
B SRE, BT TEM, TREONETE. WE 433 fin, Botlas
ERERREFERERRT, BRTRESLSBREEESNRML, XHpD
MR TF R E A ERE SIEM . Ml R 4 S 8 T H N B R E 2R A
RS TR AL S PR T B AL R L B AR, SR B A BT Yo
BEtE, MBI HERFHG

<]
Measuring
head
i

Laser pulse {{
L G Reflected

" miicrovave

H

Water

433 MBERFHAESERERERER

Fig4.3.3The theoretic scheme of pPCD measurement

WTEZERREEERER, WEBRNERTAES, SEENGCARRTS
HRBE-EERN. —HE, BTRESENPEEMRGERER, RORES
BHRESREAAN, BREMBERTESEHNESHIEMERAMEA, 55—
ﬁﬁ,H%ﬁﬂ%ﬁ%%&%ﬁﬁﬁ%%ﬁ,%ﬁ%iﬁﬁ?%%ﬁﬁ%ﬁﬁ@
[, BIRFRERERMGT @Y #, MEHT pn EMNFE, HiEEEER
PESTENEEER. WA 434 FUR, ABRTHRS SR UAE, NER
FIMER T HGRRABR T A R EKERTH G USLFER K I3 B A

HEEMARER

Excimion Redisrinsion
ol

Fhermal

ecailibrion

carriers

/ recombizano

Bl 434 HE:H?!]*}Z/;?LF?HUL_LT{XH%*B 75t E’J?‘t?

Fig4.3.4The relationship between lifetimes and the transmission of unbalance carriers
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4 FT Cl/CHy/H, S ICP ZI i R 5T

BAR, I PIN ZZHMEEEM LR AR R B S ZRIEMNER R
FRELRMPFT A, BRAROFAEZMBGN, REAEEEKXSHRE
MR THEGE/D, MERINBRTFHFOFIEZRAOTMTHEGEZME. Fik,
G EMNERBMERTURE E REEREMIEFFESRTFHESER, K
BRI EER, IR PEER T 2SR LR BER, NNRE KSR T 76 k),
SEME AL R BN

536 InGaAs SMEM B S405 Raman SE1E AT BT RAM EARE, $4 40
A RRI ARG, R0 14, 24885 . AT A InGaAs EREAHRAGTE
AETZABENEL, F—F, RABEEMITEEREREN InPIEE. B
PSR A E BB R HC/HSPO, ¥R, HCI SRAMRIEIRE 7t 37% M Eh B,
HsPOs KA MR EIRE /L 85% M BEER, A VRECEL MRALL 1: 3, 7 25°C1lE
BT, BHEELHN 0.85um/mine. RAXBEF/KMERE, FABERSRT,
RIEBHITIHR RSB SZRME. £ 4, MR RUEXT A FEMERSIT 1ICP
2008, 2B CL/N, RAERE 75179 10scem Al 60scem, ICP T RIF ALY
A 350W, R FETHE IR I THE Y 120W, ZikBT B 44 £ 589 4mTorr, IRE N 150°C,
IR (E] 1 34F . InGaAs TRILE R ZHH 0.5um, HEKEER lpm. Zli
RE, BUGHTHEBOCRSERFENE. E=0, X 2648 RBZI0EHREH
ITIRBWEFE M, T O #ESAHTIEAE, BUHEEXANRERRIES
B, HMABAKREL 1: 166, REEARSWEKIZEIRL S 1 RHR
EARBEABER. 7 35CEEEET, InGaAs JBIHEZRKLN 0.5um/min, &
PR (B KE90 10 04, JRTRIEE LN 100nm. BUFERUE, FAFEREREHT
W RS CESRRNE. EIE, NHEMHRIBHITREROE, FRiALE
BT Z&M4R: BMUENBREERIEE 60°C, BiiLE[E4 30 2%, REEH
FRMBETFH, REARTEHITHRERFCESRRNE. B0E, BMFLHE

HATREAMEERL, REEREH TR RICESZRME

InGaAs ERETE ICP ZIThaT 5. BEAIRE. b b3l fE UL R AR EEAL
JER R T e R R R A E #, il 4.3.5 Fus. 7 300K RE T, WA

fRR AL ICP 2 ih /5 I E 15 I A9 B (8] % Bt/ ) Ons, Ui BH A R E A9 HE-F
WRRTEASEREFE LN, BAFHEEEFERE D, FE9ICP Zh InGaAs &

B

o

W

dt
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B P Y InGaAs £ I R A B 5T

e TR REEREMEER, X BRI B ERERAENEST O, FH
SR SR TS SRR YA Gl IR IR 4R IAR Y Ons, T 2HFF
RAEEATEE, HESIEN EEHHE KT 30ns £, AL YR B
WERET, EERATHESEEERRE wGRIETRLLES, 7t
f1 222 R A B U Ons 3B KE] 30ns £, REHMT EGEFRAL, M 2HEE
BAETRALTES, bR BN EERTHANE, R EERELL
W, R/ BN E SR LAY, RIERERRTFESER: RETRENL
FEfE, Yt SRR R E BB E Y RIER. VR b B RN AL AL BT RS BRR
Wit BB A EAL Y, LU — 304 R R R S R b, RERS PR RID B T HIR
LER, ([BREEFEEHBRZIRATEINRE RKIRS .

180

160

140
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100 1
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60 300K
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-20 T T T T T
1 2
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3 4 5.
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process

B 435 SFHTEEH THERE LR SFRNES

Fig4.3.5The measured result of u- -PCD with different process treatments

4. 4 EF ClL/CH/H, SR ICP 2R
METE BT EE, Cl/Ny SARZIM InGaAs R 2 LR IR ERIGA &
iR EERY, SBERHRLE, F AL AL B E B AL P, RESS
Wb FE T B IR SRR B FE AR T 2R, &, (B AR RIEAE LI 2 TR B TR H RS R
K, RESRTHESREMRILER, A FEEI TR g RN, &S
&Aﬁﬂﬁwﬂﬂéﬁi@ﬁﬁ’ﬂﬁ%%D’Eé%%;lhttiiﬁ, B #1428 00 23 O B B R K T
— 35 BRI R RS B R, /2 ICP Zik & T R BB BT 51N T BO BRI
\CP Zth R BB A Rk B, EERMTEEFHPNSRETHIRT &
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4 FETF Cl/CHy/H, JR 1ICP 2B ARV A

HREATE RS, 97 BNZIMET S N R GG, FERDBT. TRIETE
AL B FHREE. AT 421 FALUEE, CH/H (ERZIMSE, AU R =
MEE R, ZMBERK, MASTFRESN, HVREBERGREL N ¥
MR EE /DN, BFRTITERNYSERGER . KA CL/ICH/H, KR & EZ
th InP/InGaAs REEME, ZMERAFEUMNERNAE, BFHEETFENY
LGS, A MRS A3 Cly/CHy/Hy SRZIME InP M RHEAT T —2
W, HREN 60°C, Cl/CHyH, IRE SRS 0.4mTorr:0.4mTorr:0.8mTorr
i, BREDNT 200V & TRIMREARGE N EEHARC L BT 855
CH, £ EAY, ARG H 5II1-VIRTRE BRI, #17
H #LERB L.

7T BEE/N IR EFRT BRI ER, X Cl/CHa/H, ZITR SR #E4T T AT 7T
L. 1ICP ZIMh TZ &M+, AIENSHEEEIE 7 ICP IhE. RF REINE.
BE. ERURSMETE. B4, FEA Cl/CHH, ZIREE LK, Zikid T
REEERSAEELREFESEN. £ 60CHFMET, MMEASHERMNESR
18 FA S A AR (R S0 40 BI3EAT 1ICP ZUTh, Wl 4.4.1 FuR, 7EIRCE S L RE
ME&GT. AMEMERRERROZE, PHERAERSRERBFET,
HTEENAYSSHRZEERARYS, Uz RS 2A LEEH SR EEE

B 441 EEANRBEASHAEREFGTAMER, ABNERRERFM TRMERE

Figd 4.1 left)the etch surface without thermal conduct silicon resin, right) the etch surface with

thermal conduct silicon resin

FANRSHEFMRIT T 20005, JEx20ihss R te, MASEXTZ]
PEE . ZIESR LR 2 kiR iR, AMAE RS @2 TS
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BT B K InGaas B HIRM AT

(3 dR U A BE IR VR A M, Bk, SR RS R 77 VR R Ze {30 IR 2
HMEHOEE BE S HEIEE A 0.4mT: 0.4mT: 0.8mT, £ LI ZE 4= ICP180
W& R IEEBRSET B 7scem:8scem:9scem, TEUL SRR BLLIIAKAF T,
FI9T ICP ThE&. RF RIEIHEE. . K38 4 NS E 2l 2 . REmFEE LU
Je ) FE [ R (DC bias) K/AMHIRME . BASHIRZET 3 D afritiT i,
ARG R IEN T, S0 MRBRES 9 R, RIS HINE 4.4.1 F1

No
% 4.4.11CP R EXRB R FELEEH
Tab4.4.1 The orthogonal test process parameters of ICP etch
Round T/C | ICP/W | RF/W | PAmT | %IH5E R um/min T B RMS/nm DC bias/V
1 75 700 60 6 0.196 5.164 238
2 75 600 45 4 0.15 1.813 195
3 75 500 30 2 0.114 2.197 144
4 60 700 45 2 0.16 2.390 168
5 60 600 30 6 0.091 1.249 163
6 60 500 60 4 0.15 1.874 240
7 45 700 30 4 0.104 3.235 141
8 45 600 60 2 0.151 1.686 212
9 45 500 45 6 0.1 2.463 220
K1 |0.153 | 0.153 | 0.166 | 0.129 | RF {i[EZhFEITEE MR R, EiRPEMWER/
- K2 | 0.134 | 0.131 | 0.137 | 0.135

K3 | 0.119 | 0.121 | 0.103 | 0.142
R }0.034 | 0.032 | 0.063 | 0.013

K1 | 3.058 | 3.596 | 2.908 | 2.959 | RF F[R2REMEL /N, TEZBE ICP THEHLM:
w9 | K2 | 1.838 | 1583 | 2.222 | 2307 | 60°C. ICP ZhZ 600W. RF ITh3 45W. 2mT &M T
2461 | 2178 | 2.227 | 2.091 | BEIRFRERE

R | 122 | 2.013 | 0.686 | 0.868

&,
0

k1| 192 | 182 | 230 | 207 | DCbias FEF RF WEMEREM, BE RF IR,
pe | k2| 190 | 190 | 194 | 192 | FEBIBARTIIEA, BEICP ThEIEAMEAD, TiERE
bias | K3 | 191 | 201 149 | 175 | BIRZIEER /D

R | 2 19 81 32

I InGaAs AMEMAIS ). P IEREER 0.5um, Zn BRKREN
210" em, WE Ing 53GagarAs BB Y 2.5um, Si BAIRE K 3%10"%m™, InP
SR ERN lpm, SiBRIRE Y 2x10"%em” . RIGBA B E —FiohE 744
L, ICP Zae i 8 78 L RE A 1 SR @R IR ph 0 7 iERIER) . FER RS M
T 1CP Zlhh, ZUnRES (E39 A 4 4050, SRJE IR 20k IR AT AR AL RE L

D
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4 FEF CL/CHy/H, SR 1CP ZhE R 7

HEHREESAET HSMENEN, ARSHEHETRERTHEME A I
4.42 F7R.

Round 7 |
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TR KA Y] InGaAs £ ERIN &R B 5T

| Round9

442 FASHEHETRART HEMEB A
Fig4.4.2 The AFM graphs of different parameters

ZInhiB . ICP ThEE . RF {REThER UK RS i RSB xT ZIE 2 . Bk LA K&
KR A 4.43 FiR. ZIME R T EZ RF RIETHRIEM, B ICP
I, RF {RIEINEAIEE RS RTI AR, KRR R AIERINRAD: 22
th 5 [E DC bias 15 F £ RF fREIEEMN, B8 RF &I M iz i K 3R
(R ATTIE A, BE ICP TR RTIE/D, T SIBE R R ILEEE: 2RI
WP X2 ICP IR AEFEREW, TABUXRILBRER &
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4 FTF CL/CHy/H, [AICP Zihi R A

205 - 210 4
*
* 2054
2004 T~ 200 ]
> 1954 \\\ 195 4 .
g ‘\\ 190 s
0 1904 * 185 4 /
8
185 180 _
1754
180 T T T T T 170 T T T
(C) 240 500 550 600 650 700 2 :;, 4 T
ressure/mtlorr
ICP power/W * 19204 *
220 /
1915 /
> 2004 /
& * 19104 * /
5 180 / y
o
8 190.5 /
160 //
* 190.0 *
140 T T T T T T T T T T T T T T
30 35 40 45 50 S5 60 45 50 55 60 65 70 75
Rf power/W Temperature/.

B 443 RRFZHETHZIMIRE: @ZIMhEE: O)REMEHEE.: (c)DC bias
Figd.4.3The status of etching under different conditions:(a)etch velocity, (b)RMS, (c)DC bias
79T BN ICP ZIMh A& UK R G, Bk R RN B s R AE AR
BN, MBTHEFTEEARBEIESEFHREMN DC bias X, Hik, Zlihsk
HFRYEF L AURIE DC bias T EET K, WHREK RF RENEGEL K. B—
T, ZRER N EES RF REIIEMER, U RF REDIEMNERZERER
iE DC bias BU/MIATIR T, ZREFEARGERAN. FHit, SEFRZMER. KM@
FRELURBEFESRG, BEN60T. ICP EJN 600W. RF IIZE A 45W,
JE3%8 2mT B9 ZIh &A= LR A& 1.
R A4 SEMBLEMREHR

Tab4.4.1The structure and parameters epitaxial materials

SNER SR | EE/um | BEYWER | HRKRE/cm’
InP P’ 0.6 Zn 2x10"
Ings3Gag 47As n 1.5 Si 3x10'¢
InP buffer N* 1.1 Si 2x10"

F9T HEE Clo/N, F1 Cly/CH/H, PR SRS T 2k R , SR A AR A
ORGP RRZE, MR BEINE 4.4 Frow, 210 a0 BT X S ATEE,
N 4.4.4 Broc. ClL/CHo/H, SAMZIR AR ERZ BT B BI04 8414,
IREJ9 60°C. ICP ThEJ 700W. RF RN 45W. E58&N 2mT, it (a4 5
7330 7 CL/Ny AR ZIME U XAMREM T Z54M, REN150C. ICP I
9 350W. RF THEH 120W. KRN 4mT, ZIGREEA 3 4> 30 #. W LLEF),
ZIWRE InGaAs EHIFEX TS R E PR, fToherEEamigon, W zIhErIs
18 InGaAs RIERIEHEBLZE. KA ClL/CHiH, SARZITh InGaAs ERIfTHTIE
SRE FRARIRRE . UL R AT5t e ) 3 m SR 3G KR AR L CL/N, SRZIME M/, X
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WY InGaas AR AR

VA Cl/CHa/H, SR A 0 SR SRR EE CL/Ny SURE/DN, 2SI InGaAs
%

KERES L CL/N, SR EL
10000
Cl,IN 200004 Ci /N2
so0{ 22 ., InGaAs 2
1 15000 -
o 6000 |
3 before etch 10000 - after etch
T 4000 reeic
=]
3 ]
O 2000 5000 1
0+ 04
T T M 1 v I v 1 M T v I i i T H v I
385 3190 3195 3200 320565003165 3170 3176 3180 3185
10000 1
] ClyfCHyHy o 14000 Cly/CHyM,
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o InGaAs 10000 <
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B 4.4.4 ZVehATfE X HEATE B
Fig4.4.4The XRD curves before and after ICP etching

S H Cly/CHy/Hy SR ZIFE $UH Cly/Ny SR 24 Al & 7 — AW
PR B2 5 & SR B A EA B S BN 4.4.2 BT, RIS H & T2RAERAN
BMATEERANEREE TS, WE 331 FUr. CL/Ny SRR
Cl/N, ST B4y Bl 10scem F 60scem, 1CP ThEVRAITHZE Y 350W, fmIED)
BRI A 120W, ZIThE Ik E3R A 4mTorr, HRE 150°C: Cl/CHa/H, R
S T HAAE ICP TR, 231 600W F1 700W, FHihZHAH[A]
3. BB A Tscem:8scem:9scem, MREINRIFHITNEN 45W, EAEERN
2mTorr, W&EN 60C.

R 442 SPIMBER RS

Tab4.4.2The structure and parameters epitaxial materials

ShIE 2 SakE | EE/um | BEYR | BRIKE/om’
InP P’ 0.6 Be 2x10%®
119 53Gag 47AS n 2.0 Si 7x10
InP buffer N 1.5 Si 2x10"
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4 FF Cl/CHy/H, 54 1ICP ZiMihd: R 5

1E-6 1 S
874 C--C1,/CH JH,(700W) e
] --CLIN Iy
1E-8 A--CLIN, /,/ ; e A1
3 ——A-2
< 1E94 __::'Z
= ## v A
c
£ 1E-10 — B
3 3 ——B-2
— —B-3
1E-11 —~—B-4
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1E-12 . - —C2
E —+—C3
1E-13 o | —*—C4
b T T T T T ¥
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A 4.4.5 REZITREARMIZN 1-V i

Fig4.4.5 The 1-V characteristics of detectors with different etching parameters

AR 200 e 2% o B o) & B9 RN 28 1-V Hi & a0 4.4.5 Fios, ClL/CHo/H, SRS
T ERI 2R AE BRI E B Ch/Ny SRR, T H ICP THEE D9 600W B4 T g By b
Eb 700W 4 T EK . X U8 T Cly/CH/H RAZVHET 5 AR A Cl/Ny AR
/N, FFH ICP ZIThTHETE 600W EHEF, ZIMATIRAE/N.
4.5 KRE/NG

RERRT Ch/Ny SFA T ICP ZIBhFIR G HIE, HF ARk R 4 B 5 3R
FERUETABLETZEZMRERS: RBEXRIHARFERA T ET
Cl/CHy/H, KRB ZIME M, 35 Cl/N, SAHT T X HRALEREZH, Cla/N,
S50 ICP ZI bR 4 2 LB F 3k o 18 AU SRR SREG AN WT B2 0 S 1, SRR VA Tl AN
SR AL I 7 R TT DA — B R R/ T R T B SRR IR FIBT R, (BRI ZE IR BRFET
TEEE R, EXWIMRIETERET AEN ClL/CHy/H, SARZ A RERN
60°C. ICP IhZ N 600W. RF ZHE N 45W. E&EHN 2mT, B A, Z%
4T 20 kol B SR AR AR T B Cl/N, AR E N — L SR AZZI ok 0T 1 42 L
4h InGaAs FRIMEE, WAL RERHAEBIRBE T E.
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BE T KA InGaAs £ HN RN AR AN T

5 BB KERF InGaAs TRIPWIBHT
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Fig5.2.1The part of structure scheme of 1024x1 detector array
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Fig5.2.2 The part of structure scheme of 800x1 detector array
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Fig5.2.3 The lithography graphs with different exposure time and develop time: (a)4s/10s,
(b)5s/8s, (c)4.5s/8s
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Fig5.2.4 The microscope and confocal microscope graphs of mesa with 2pun spacing
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Tab5.3.1The structure and parameters epitaxial materials
G 2 SHAEE | EE/um | BRYER | BRKREm®
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Ing 53Gag 47As n 1.5 Si 3x10'°
InP buffer N 1.1 Si 2x10"
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B 5.3.1 1024x] & T 22
FigS5.3.1 The fabrication process of 1024x1 detector array
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Fig5.3.2 Testing module of 1024x] linear detector array
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Fig5.3.3 The signal on oscillograph of module 1# without illumination
Tek JL. 5 nod I Fos: 18.14ms LA Tek JL BE Tid'e b Pos; 17.48ms
+ €

Side2

Csidel

M 1.00ms
8-Mar-1115:25

M 1.00ms
§-Mar-1115:30

K534 *;!i}% ?#%j‘tﬂ”TT&z—& R

Fig5.3.4 The signal on oscillograph of module 2# without illumination
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Fig5.3.5 The one side photoelectric performance of 1024x1 linear detector array
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Fig5.3.6 The fabrication process of 8001 linear detector array

& 5.3.7 800x] Z¥4F iR

Fig5.3.7 Testing module of 800x1 linear detector array
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Fig5.3.8 The photoelectric performance of 800x1 linear detector array
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Fig5.3.9 The test system of collimator tube and slit diaphragm
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Fig5.3.10 The test result of collimator tube system
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XTH L AR FHOY EHKE. SCRFENR 3R 8 & i LRR -
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Fig5.3.12 The readout signal correlative with moving distance Ax
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Fig5.3.13 The performance of 800x1 linear detector array

B 53.14 800x1 L:FIFRM 25 v HEFARE1E

Fig5.3.14 Scanning image by 800x1 linear detector array
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Fig6.1.1The wavelength and space distribution of sunhght radiation
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Tab6.2.1The structure and parameters epitaxial materials

SMIEFE SmH | BEE/um | SRR | BREKRE/cm?
InP P” 1.0 Be 2x10"
Ing53Gag 47As n 2.5 Si 3x10'
InP buffer N 1.5 Si 2x10"

MR & R AR FENE TR RN RS & TZME, PECVD JIH SiN &
B, RS G R R, SR RPN RE A S5 B T (ICP) 2l it
FAZMHE A, ZMSARHENRE C/N, BESUE, ClL/N;, SUFRED A
10scem 1 60scem, ICP THEEEHITHER Jy 350W, REINHIFEHTIZETY 120W, Z|
Th A R 8R4 dmTorr, 1B/E4 150°C, ZITHAT R Yy 4 2340, RAREBE T
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Fig6.2.1The detector chip and package structure
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Fig6.2.2The 1-V curve of the detector with diameter of Smm at room temperature
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Fig6.2.3The measure principle and test system of real time signal of sunlight irradiation
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Fig6.3.2 The 1-V characteristic of detector before and after sunlight irradiation
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Fig6.3.3The characteristic of response spectrum before and after sunlight irradiation
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