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ABSTRACT

ABSTRACT

The short wavelength infrared (SWIR) InGaAs detectors have been widely used
in space remote sensing, astronomical observation and spectral imaging, due to good
performance such as high detectivity, good reliability, and so on ,at relatively high
temperatures. In this paper, in order to further develop the application of SWIR
InGaAs detectors in military and commercial field, in particularly the area of night
vision, the technology and device physics for the visible-short wavelength InGaAs
detectors have been researched. The chemical mechanical polishing (CMP) and wet
chemical etching process for the InP substrate were investigated, and low-damage
process parameters of substrate thinning were obtained. The 32x32 array detectors
were fabricated with different epitaxial materials, and then the influence of substrate
thinning process on the performance of array detectors, especially the response
spectrum, was studied.The effect of depositon of the anti-reflection (AR) coating
after substrate thinning on the quantum efficiency (QE) and the dark current of
detectors was researched. Physical model was used to analyze the influence of
material parameters on the quantum efficiency of detectors. Finally, the 512x128
visible-short wavelength InGaAs focal plane array detectors were fabricated.

The CMP process of InP substrate was studied, and the process parameters were
optimized. The selectively wet etching of InP/InGaAs material was investigated.
Based on the comparison of etching rates, SEM and AFM images of chemical wet
etching of InP substrate with different ratios of etching solution and at different
temparatures, the mixture solution of 36.5%HCI:H3PO4 with volume ratio of 5:1 at
25°C was chosen as the etching solution for InP from InGaAs.And the solution of
tartaric acid solution (composed of tartaric and H,O with wight ratio of 1:1):H,0,
with volume ratio of 5:1 at 35°C was chosen for the etching solution of InGaAs from
InP.

The 32x32 array detectors were fabricated with different epitaxial materials
involving an InAlAs buffer layer or an InP buffer layer.And then the process of
substrate thinning was applied to them.The results indicated that the removal of InP
substrate with low damage could be aquired with combination of CMP and chemical
wet etching. The spectrum response of detectors was extended to visible light band,
and the dark current almost remained the same.After substrate thinning process, the
quantum efficiency of the detectors with InP buffer layer of 0.2pum is approximately
16% at 500nm, 54% at 850nm, 94% at 1310nm and 91% at 1550nm.

After the substrate removal process, a SiNx film was grown on the surface as the
AR coating, by the ICP-CVD technology. The photoelectric characteristics of
detectors indicated that the single SiNx thin film worked only in certain wavelength
bands and the response was enhanced. The dark current of the device was
unchanged.And then a SiNx/SiOx double-layer coating was designed after
simulation from the software of SCI Company, and was deposited by the technology
of ICP-CVD, instead of the single-layer film.The results showed that the response of
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ABSTRACT

detectors was improved in the visible bands, as well as the short-wavelength
infrared. The AR effect of SiNx/SiOx double-layer coating was better than the SiNx
single-layer coating.

The quantum efficiency of backside-illuminated planar InGaAs detectors was
theoretically simulated. The relationship between the thickness of the absorption
layer and the quantum efficiency was analyzed.The simulated results for the
detectors with absorption layer of 1.5um and 2.5um corresponded with the
experiment results.With the increase of the thickness of absorption layer, the peak
quantum efficiency increased rapidly at first, and then almost remained the same.The
relationships between material parameters including the thickness of the buffer layer,
the thickness of the absorption layer, the doping concentration of the absorption
layer and the quantum efficiency of the detectors after substrate thinning were
analyzed.The resulsts indicated that the thickness of the InP buffer layer has the most
significant influence on the quantum efficiency in the visible spectrum.With the
increase of the thickness of the InP buffer layer,ithe useless absorption of InP
increased quickly, resulting in the sharp decrease of the quantum efficiency.Reducing
the thickness of the InP buffer layer was an effective way to improve the quantum
efficiency of InGaAs detectors in the visible bands.

The substrate removal process of large-area InGaAs focal plane array detectors
was studied. The 512x128 planar InGaAs focal plane array detectors were fabricated
on the epitaxial matrial with 0.2pum InP buffer layer. The photoelectric characteristics
of the FPA detectors were measured and analyzed.The results showed that the signal
and noise increased with the integral time, and the average peak responsivity and
average peak detectivity were 0.56A/W and 1.20x102cm-Hz"*/wW respectively, at
the integrated time of 3ms.And then the substrate removal was achieved with the
combination of CMP and wet chemical etching.The response spectrum of the FPA
detector covered the wavelength band of 0.5-1.7um, and the sinal and noise
increased.The average peak responsivity and average peak detectivity were 0.70A/W
and 1.48x10"cm-Hz"*/W respectively, at the integrated time of 3ms.

Keywords: SWIR; InGaAs; visible; substrate removal; AR coating; quantum
efficiency
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R UF s B M S5 21, T L InGaAs AP EHE R B H i, SIS AHSME .
WHISME . &BENNAS NSRRI, S FARIMNERAZELS, a4 KH
B RN InGaAs SMEF B, Fik InGaAs RS E /DR, RAEAT RS
MR AR RENRAEERLZ—. K 13.1 AHT InP. Ings;GagnAs
In;xGa,As 7F 300 K B A EZH. InP F Ing53GaoarAs Mg 584 ILEE, ik
7E InP #1JE LRI PAAE K H S BT Ing s3GaoarAs SMESR, WHHI I = RE A 2845

% 1.3.1InP. Inos;GagssAs F InyGaAs 7E 300 K I Akl 24 B8
Tab. 1.3.1 Basic parameters of InP, Ing s3Gag 47As and In; «Ga,As at 300K
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1 3%
RIS HHA) 5.8687 5.8687 6.0583-0.405x
B R (EV) 1.344 0.75 0.324+0.7x+0.4x°
AN 3L 12.5 139 ©15.1-2.87x+0.67%
AR L 9.61 11.6 12.3-1.4x
KEBF TFHRE (em™) | 1.3x107 | 6.1x10"
BFEBEECEn’V s | <5400 <12000 40-80.7x+49.2x°% 10°
2 FGEBE(em? Vs <200 <300
BHUGHEFE (m™) |5.7x107 | 2.1x107 | 2.5%10"°[0.023+0.037x+0.003x**>
BEMHEEE (em™ | 1.1x10"” | 7.7x10" 2.5%10"°[0.41+0.1x]*?
L F 1995 205 & (o) 0.08 0.041 0.023+0.037x+0.003%>
B2 R BT E (m) 0.089 0.052 0.026+0.056x
B R E (m) 0.6 0.45 ' 0.41+0.1x

M EME 80 FERITRENERIFR T T REENH InGaAs Jt MR 1
Wr5e, HErEER ERMTR AR RBRETFmERNEE, taerlits, 3
BRSNS o AP IR AR 43 D0 F 0 20 £ 51) A5 S ThT SR 0 25 A AL 200 T R AR 1
&) BRI Bt 0.9~1.7m ZEFRE] 0.9~2.5um F 0.4~1.7um 2§, {F753844-11 5N
FRYERF BRIy R,

1.4 A IR RIL A InGaAs FRIAE

AL B AL INEBORMEEF, mGaAs TN A G EMNRERET
TEBEFERE. TBEERR. THEEESRS, FRXHRAEY, kezifm
B InGaAs £5-F IR ZHE W N T2 A A S A (825 530, 2046k
BRERZHEP), mGaAs BWASMENBAEZR THRENETHE, FH
7 0.9-1.7um WA EHNA. A TH—PREEEZEZNEIER R
BTN A, 72w RO B R v ok,
1.4.1 A RIHRIELAS InGaAs TR HR X

XS FAE5H) InGaAs FIILLAMRIZS, W] WIRRHT InGaAs TRMFSFER]
K6 (0.4-0.9um) FIREMETIHE, FRNAERLLIHBEEERRNRK
PERE, BERENE. RETREM/NEER, FEAERORM. &, R
MGG EZRN A XTI LT R BRI AT WO LM, &
B BEREN RS HETRN, FEFERESBERNRERSE, BLXH
InGaAs A WL/R2 3 LLAMR B 28 RE RN BRI AT WOGFNAE S 400k, Fiih T G R4,
AT RFRER PO,



A WA MBI A4t InGaAs IRIMEFITA

Bl 1.4.1 55500 InGaAs RIS (b)) A RAGRLIMERE CF) AP
Fig.1.4.1 Pictures taken with an InGaAs SWIR camera (top) and a visible InGaAs camera
(bottom)

3)
& 1.4.2 =FHRNZSEEN HEY: SWIR InGaAs FRMIAE (1) AT WAL InGaAs TRIAS
(2). AT ASEHREE (3D
Fig.1.4.2 Pictures taken with three different cameras: an InGaAs SWIR camera (1), a visible
InGaAs camera (2), and a visible camera(3)
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FEREAEPEAEESBIOREOE WA, KEL. BJsF, fEERT
FEN] W-FE AL AN B, B 1.4.3 A detgULEC Y InGaAs FRIUARE T HER SRR
BAFAIXTHL, InGaAs £E-F IR SR WIS IR BRAE R I AL AMX 88k, EROCBALATE
WL ERIFY AT, InGaAs A FHBHIMEE AT WIRREE, 7TLURKMBEE AT g
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Fig.1.4.3 Comparison of QE of SWIR InGaAs detectors and illumination in dark sky
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Si & (R BEARL, HUSR B FRERIE, T InGaAs AETEHHRAME, A
ARENENENETHE. B, Si BFRENRKERS, Y 8KEXTR
WORE . BBIT TR S 10pum EZEF /N, T Si FRBORE, K
Hrrh &R R EE, ATRDRE, DFRERKENERE, Xk SHE
TREKEC. T InGaAs AR RKIBERE, B EGnOHMRAR R
25 e P R R R A A R
142 T L3RR InGads BRI SSHIBT IR
@ WFILiRRERTIE

E AT InGaAs BRMUZ:— KA PIN B X T IEMSH InGaAs $RilZE,
FERABRBEZ /T, HERT InP 1BE; X T5BH M GaAs TR, HFE
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W WA R AR AL 4 InGaAs I ZSWIFT

BT InP #FJi. X TH#AEA InGaAs 345, 1BREEA lym BH, MHREEE
FJLE pmo MK 1.4.4 v IFE BRGTFIE FRGT A0 ELBRT AR 3 InP J2 BN B T30
g, FEILRE R InP EHER, WM& A IR B TR

10

as 1 w  Froneside Bluminaied
7 # Back-side llluminated
3.8
g . 27 =
£ E ]
g g_ 2.6 x / -’
TE 5] ] =
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i
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ao T # T T T T T T T T
BE a8 1.0 1.2 1.4 i8 1.8
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B 144 ERSMERNETREMLR
Fig.1.4.4 QE of frontside-illuminated and backside-illuminated InGaAs detectors

3 T2 W InGaAs 264, FTDUBITA R InP R 077 208 M RE: K ST %S
ARG, BRTAES AU P RIERS T G ORI, (BB R 245
L ) TP IR ACAE AL TR . Sh T R T AR B — B0, AR 5 AR
TETRIF R385 1, Rl E Marshall J. Cohen 25 AL T 464510 InGaAsPIN £ 4544,
B AMER T I —ERBES, BkISN LI E 1.4.5 TR

18} () &

1.4.5 FRHERT InGaAs BRMBFINEF BH G (a), ARISNESH (b)), FIKMHE G
Mgk (o)
Fig.1.4.5 Structure of epitaxial material used for standard InGaAs SWIR detectors (a), optimized
structure of epitaxial material (b), structure of detectors after substrate removal

70T 4 % 2844, Marshall J. Cohen 25 AR T —FH I FNE S
A& AT IR T ¥ . AR D BT . R G B 5 vk 22 B K BB 43
InP %1, REREMH HCL: H5POs (3: 1) BRI AR InP #1EM InP £2r
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1 5]

B, X3RS IE7E mGaAs BRENE, RIS F 25%CeHsO7:H,05(5:1) (5:1)8Hh
T InGaAs 4 E, & /5 InGaAs TRLRFEF)EAFE 1pminP 182, 3pm InGaAs )
WURF 0.3 pm InP A2 o F5eE BRSO SL B B 0.5pm-1.7um. Ky 1500nm
FET 2% 80%, 800nm KB THFEH 50%, 500nm HIKIETHEH 15%.

Goodrich A~ A]H] Tara Martin <& ASKR R IMNERTELSIE T 320%240 T
InGaAs £ FHEFEFIDY. R8I &5ERE, Wit In A 51 H AR ENE, 7E8MF
FOE L ER Z (I FRAIREM I, SR 5 R AU AR R A 45 & 7 s 25
InP #fJi, #fEEERT G MM MR INE 1.4.6 71 1.4.7 Fizr,

SiROIC
In bumps and wicking spoxy

IuP cap

i-InGaAs absorption region

Optonnzed InP coniact layer

InGais eich-stop layer

5-JuP substrate

Bl 1.4.6 3 T KIS LS5 44

Fig.1.4.6 The structure of detectors before substrate removal

51 ROIC
In bumps and wicking epoxy

InP cap

1-InGaAs absorption region

Optonuzed InP contact layer

Bl 1.4.7 7wk Ja KIS E S5 14
Fig.1.4.6 The structure of detectors after substrate removal

11



W WAR RIS 204 InGaAs FRUIERWIFL

FEAT I f5 AR R E T R A 1.4.8 B

. s Visible InGaAs FPA
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Fig.1.4.8 QE of traditional SWIR InGaAs detectors and substrate-removed detectors

£ Air Force Research Labs 32 %F ', Tara Martin 58 A K %4 EERGERI 7
R T 640x512 TG InGaAs £ FTHFEFY, RIT R 25um, Wi SR B Rl
4 0.5-1.7um, 7E 500nm 4 MIE TR N 15%, £ 850nm &M E-TFREA 70%,
#F 1310nm LB THE A 85%, 7 1550nm LHIETHES 80%. 7£ DARPA

(Defense Advanced Projects Agency) FISZH; T, Goodrich 2 7] J. Battaglia %5
N#E—25% InGaAs A& F IR T REY K2 1280x1024 Ju, BRI A 15um,
M 98 B 2 0.4-1.7um®Y,

Indigo /A 7] ] Theodore R. Hoelter % AEIN T 320%256 JT InGaAs ££°F [
PSR T] MIRRE, SEETTRANA 30pm, WISEREA 0.35-1.7pm" .

AT #— A WM ETFHE, Tara J. Martin 55 AULSNER LSS
1, RN EEREDAS 02um™, EHOTNTA 10, 12, 15, 18um,
JE AR TSR E 1.4.9 iR, WREECH 0.4-1.7um, 7EW] IEBRIE T
FN 15%-50%, 7E 0.8-1.65um WE M E TAHERBT 60%, 7E-1V ik FHREHE
WANT 1pA, #E-5V fmIE FH BTN T 10pA7E OV RE TR EBA/NT 110fF, £

-5V BT K ELAVN T 90fF
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Fig.1.4.9 The image of detectors after substrate removal

BRI I, RS InP/InGaAs R IEH EEM—H . ZRAL
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InGaAs J&HEAST InGaAs 5 EEIEFEMH InP /&R .

Etching depth 7/ nm
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Fig.1.4.10 The etching depth of InGaAs and InP versus time in two different etching solutions
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AT AR B M BLR AL S InGaAs FRYISFWIA

InGaAs/inP

a. Bond InGaAs/InP to Sapphire b. Remove InP c. Fabricate into arrays

Sapphire substrate

d. Indium bump array to XENON vZ Chip

Bl1.4.11 InGaAsfE 1 HI& R REBRARER
Fig.1.4.11 The process flow of substrate transfer of InGaAs FPAs
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Tara Martin £ A LAY R G MAR &5 5 T R3S T 320x240
(40pm) B AT /48 I 40 SN 2E B S, 78 300mV i IE TR TTHIRE IR /N T 1pA.
Tara Martin 25 A3 6] W3R R I InGaAs £5°F T MEFIHEAT T Al FEHE 5, 4% FPA &
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E&,}E[Sﬂo

Tara Martin 25 A\ 1% T %t K/N R 25um [ 640x512 FIESETHBESY, HRU3GE
FEl24 0.4-1.7um, 45 cmap 3R i haME/ N T 30%M LBl & T 99%, JFHET
BB EE SRR WE 1.4.12 FALLER], SMNEEBERNFEBRIFE
SO TR AL R0,

Theodore R. Hoelter & A\ 7554 Ik 5, W R FTFHMEHR 0.35A/W, 5%

TS AER 3545 S AR A A R S A 41 TR
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Fig.1.4.12 I-V characteristics of traditional SWIR InGaAs detectors and substrate-removed
detectors
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Fig.1.4.13 The dark current of pixel versus temperature at bias of minus 100mV
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Fig.1.4.14 Dark current as a function of reverse bias voltage (left) and demonstration of dark
current perimeter dependence (right) for VisSWIR InGaAs structure
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PRLE 0.4-0.9pm P B BT3B, InP 8 i 1R 25 Bon) 28 4F Dt mi B B 5 38 LU
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BRI AEE, KRBT 600nm-1700nm HEHIRS, HEET 600nm
WA LU T B0 BT3P, T. Pencheva 2 ATEM InGaAs £ FTHIME FIREAT 4R
WEERIT T AR Z BRERSH, AEXHARNESR (2, 3, 4, 5, 6)
FUARFEIPTE R (ng=2.2,2.25,2.30,2.40,2.45 F n;=1.38,1.45,1.50,1.55,1.60) {44 %4,
REEHBI LM (FAMAH. AR SML.. AR, SEEEEREEFLUT
RN HENFEEE (nd) HF; BEDEEEER M/4, 3h/4, Sh/d (g Rl
WA FEW T 900 FIARRIRIEEH), NI iR FH OB 2, FEm N 0.4-1.7um
FEC 130 M AE, REHE Q H T

N
Q= \/1 / NZ (T(;Lt )CALCULATED _T(AI)DESIRED)Z (1.4.1)
1

Hr TOW)DESIRED HU{H 4 100%. Q {E#/N, PLRHTMRIRME. H/FH
BRI A R BB T BN 2 BB .
143 TR InGaAs TR KK B

PR, BT AN InGaAs] NI MARIE T —RIIMBR. £
[ 4 BT FR A 7] (Sensors Unlimited Inc) AHZEHIE T 320x240 (40pum) PO 640x512
(25pm) %%, 1280 x 1024 (15pm) CUTT AT AR B InGaAsHRIIES , WS4 4 0.4pm
-1.7um, FFERMEBREHEFRE: S500nmE TR AH15%, 850nmAf470%,
1310nm485%, 1550nmK80%. I HEIMEH T H o MARARYL™ &, & 1.4.15
PR, HA1320x240 cinGaAstEMLIE (Aargisk) /hT300g, JUTA
Scmx6cmx9.5cm, M640x5127tInGaAstLE (AHrgk) T 1Kg JTh
18.1cmx7.6cmx7.6cm, ¥REFE0-40°C K L.

Kl1.4.15 Goodrich/A 7]320x2407CInGaAsHHL () F1640x5127EInGaAsHIHL(F)
Fig.1.4.15 320%240 InGaAs camera (left) and 640x512 InGaAs camera(right) of Goodrich
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IndigoZA )4 &I W S K 0.35pm -1.7um ¥ InGaAsBRM &8 (B4 4
VisGaAs) P%. ¥EFIL-V Lab®%I4F T7640x512 (15um) (HRIMES, W9 BR0.4pm
-1.7um 7. Judsont#I4E T 320x 256 (30pm) FIHERHIAS, WA 3% B 4 0.4pum -1.7um
(70 Raytheon /A ] i o X R WU #5047 4T JEC TR DO D E N, 0 88 TR 1 i B
0.5um -1.7pml%®,

B1.4.16 MI-VIERE640x5127 7] Wk REInGaAsERI 4% 1 A B
Fig.1.4.16 Picture taken by the 640512 visible InGaAs camera fabricated by I1I-V lab
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2 HEBELIZHMER

ZLSEHL PIN 2 InGaAs F IR LLAMEI AR RO A] WG RE, RBEAE T /L SME LY
BEA PN Z5EI R0 . B 17 3B H InGaAs £LAMEF- R 2 K R L
g0, B A SEI BN A At B AR B A B . ARG T A
), InGaAs £ FHEIIEMEES A ENF R NG PREEL, BRI 28 3R A
BWAFB T SMEFRIEANG G H, HARBN B RN+ iR a3
RBZE, BRFH AR T NMERRBES. HT InP 5 IngssGaowAs FA&H
HARF, 7Erd I LREEE AN EA K B ILECH) InGaAs RWUER AL, HIk InP &
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InGaAs BRMFEAE ] WM . BEK InP AT, EBRZSEINAT R R
MARTFE. ZFEUA T InP FRBERITTE, 50152 T HIs ik ik
FRMMK TESE, IR e it 77 vk I T3 & 10 T R ER U 2%
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Fig.2.1.1 Schematic diagram of CMP
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Fig.2.1.2 Process flow of CMP
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Fig.2.1.1 Comparison of CMP and chemical wet etching
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Fig.2.1.3 The structure of epitaxial material
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Fig.2.1.4 Process flow of substrate removal
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Fig.2.2.1 Picture of the equipment of CMP
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Tab2.2.1 The structure and parameters of epitaxial material

SMIEER SHER | FE/um | B24KRE/om
InP p* 0.6 >2x10'8
Ing 53Gag47As n 1.5 3x10'
InP buffer N* 0.5 >2x10'®
InP substrate SI 350 >1x107
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cV Spoi Magn Det WD b 10um
0

Kl 2.2.2 B R REAT CMP FB@ SEM (ﬁﬁzﬂ*ﬁﬁﬁm 250 (5) 1 5000 (:ﬁ) )
Fig.2.2.2 SEM image with amplified factor of 250(left) and 5000(right) of sample after substrate
removal
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Fig.2.3.1 The etching process of InP in HCI solutions
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Fig.2.3.2 The etching rate of InP versus the volume rario of HCI solutions at two different
remperatures
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Fig.2.3.3 SEM images of sample 3# after CMP (a) and chemical wet etching (b)
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Fig.2.3.4 SEM images of samples etched at different volume rarios of HCl solutions
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Fig.2.3.5 SEM images of samples etched at different temperatures (the volume rario of HCl
solution=1:1)
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B 2.3.6 NFEIEMEE T AFM
Fig.2.3.6 AFM images of samples etched on different conditions
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Fig.2.3.7 SEM image (up) and EDS result (down) of sample 3# after substrate removal
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Fig.2.4.1 The structure of InGaAs infrared detector with mesa-type (a) and planar-type (b)
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Fig.2.4.2 The process flow of fabrication of photosensitive chip
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Fig.2.4.3 The backside-illuminated 32x32 InGaAs detector array
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Fig.2.4.4 The picture of photosensitive chip bounded with electrode plate
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Bl 2.4.5 EHNME SBRARE S () MURHER R
Fig.2.4.5 Abration of electrode (left) and breaking of chip (right) caused by CMP
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Fig.2.4.6 Pictures of the surface of the electrode plate (left) and the chip (right) after the
improvement of the process
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Fig.2.4.7 The picture of photosensitive chip after substrate removal
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Fig.2.4.8 The cross-section diagram of detectors after subatrate removal
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Tab.2.4.1 The structure and parameters of epitaxial material
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03 PRI BT » T RS B B REAT I, B T L A e 45 R
i s g e M AV R o =t ) A DS o PRt G e L NP L G RS
2.4.1.1 LV

IV 2 pn S5M0EARRME, RO T HUR T R, RIS
FHISE B FR Y — AR R ER R L, TR
MRS TR AT, -V IR RS A LR A R K BI5S00A FFA K%
S AT

A M115 FHEHRIR GBS A e RIS RT R 1 -V FprE ik 2.4.9
Fim. WTLLEER], KRS, RO RRELA K.

T T 1 T T T T M T

1E-5 3 —— before substrate removal
1 - gfter substrate removal
1E-6 -

1E-7 o
1E-8 4
1E-9 4

1E-10 4

Current/A

1E-11 4
1E-12 4
1E-13 4

1E-14 1 y

1E-15 -

Voltage/V

B 2.4.9 ¥ ICIGERTE 2T EZR T K 1V Rk

Fig.2.4.9 I-V characteristics of detectors before and after substrate removal at room temperature
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Fig.2.4.10 The dark current density of detectors before and after substrate removal at room
temperature
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Table.2.4.2 The characteristics of detectors before and after substrate removal

n RoA (Qrcm’) Ja(nA/cm’*@-0.1V)
R AT 1.075 5.92x10° 72.3
wERE G 1.012 9.88x10° 472

2.4.12 Juided

XML I InGaAs FRIUZE, HuRp By 0.9-1.7um, BT InP #HEH
TR, FWNAE 0.9um AbERiE, —MRR A B R AN ORI R o
o B, XNEAKBHEITHRREZ S, 58T HAe LB KmN, fT
JEUR KBRS, R ) NICOLET 6700 45 i £T 4 ik A 03k AT L 38 Bt i i g
IV

T R TR i et R TR R, A T O B TR AR AT 1 R ok

37



| LR R S 404 InGaAs BB WTA

B, FOREAMER T 0.4-1.7um FVEHEL M T OGEERT SRR SR
B4, BARARK RGN 2.4.11 Fizn. @ RG2S HREST RIZhE, |
ERDCIR S GRIThER, S et B 2R 8 L, B EHDE
B AR B2 T BAAS B0 G, SIS RIS T SRR (X S B 5 AT EAAS 21 F iy

Rt
@%ﬂ iHR550 :
i sy | Lt

5PS-2415
HLIRF e

NIBNC2120 SR570
L [P | P

Bl 2.4.11 MmN IEMNR R S
Fig.2.4.11 The test system of response spectrum of detectors
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Fig,2.4.12 Normalized response spectrum of detectors before and after substrate removal
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AATRRA Ar BT ZIMREI RS Ing 52Alo 43As S EREATIRE. BT R
3006V, HHK/DHA 80mA, ZIPRITAY 7min, ZIMhEET &K O ES 3%
TIEEL 2100A. 7E Ar BT AT 5 8 AR I 15 288175 AT L35 B A i R 2R 4
K 2.4.13 fizn. WTUER, BEIRADEMNZERER, AR S KB mE,
B HT InAlAs 7] W BURIR R BAR K, BE G AR AE W] i B i R A7) 4R
(Al
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Fig.2.4.13 Responsivity of detectors before and after the Ar ion etching
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Tab.2.4.3 The structure and parameters of epitaxial material

AN B SN | B um | B2kE/om”
InP N 0.6 3El6
Ing 53Gag 47As i 1.5 3E16
InP N 0.5 2E18
Ing 53Gag 47As N 0.5 2E18
InP N #JJiE 350 A%

SH M112B MBI T 32x32 JU PR EIRE B8, SEBUn Rt K/ FI#E
2 20x20pm? Al 23x23um® BRI, SFORE N 30um.
G AR EYRERT . InP AR EBRE (FERERZEZR) LUK InGaAs
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HEEBER -V ISEHENE 2.4.14 Pror. WTUED, ERRERE, J68
D RIS AR AR

BT 4 —— before removal

- [nP removed
1E-8 4 —— InGaAs removed

Current(A)

T T T T T T T T T T
05 04 03 02 01 00 01 02 03 04 05
Voltage(V)

Kl 2.4.14 FRBERT R EAE SR TN LV B

Fig.2.4.14 1-V characteristics of detectors at room temperature

24 pn 5P I IE WISMMR IS B 3 2 /N, VT pr £ LA 20T B 0K,
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I=Ie ™T 24

VRIS 8B TV P BRAR i 2570 P AR R B 2 BT RO RRSY SHAE, ZEARIRT el
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5IMKXER, AILE 21880 & B APE . A4l R A 5 2810 00 SR BR e L5 4
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1.539x10°CQrem’®s SRAAI 2.4 X 8R4FHIIE 7 B35 In(2) -V 50 R HEATHI &,

P& TR FIEA R T n 45008 1.207 1 1.190, 1E [ HERES EE AT HE
Mo FE-100mV R E T, 24 RBRERTE KT HRERREES A
240.5nA/em’. 263.3nA/cm’. HEBHEHT . InP WEERE CAMERER) U
K InGaAs R R Z B R aES T3k 2.4.4 o
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%244 FRAAERETERT S R

Table.2.4.4The characteristics of detectors before and after substrate removal

FHEERTT | InP HIEERS | InGaas BB LGS
Ry () 2.13E10 1.43E10 1.71E10
RoA (Q-em®) 1.918ES5S 1.287ES 1.539E5
Js (@-0.1V, Alcm?) 2.405E-7 3.627E-7 2.633E-7
n 1.207 1.197 1.190

KA AR R G e SIS Uk S T B8 P e B e S AT, JF HLA At
PEBEATREIE « JRMOE Fr 70 AT o vok 8 7 5 U 8 15 380 A9 V3 — Ao AR SR o 2 ' 9 an 1
2.4.15 fizn. Horhde R T G i SR A b AC & . SRR E L4
FRAESR R IEAS B Wt % B AT LLE B, KK TT s LKA &
AL, TR 1. 7ume AEFREKTT ], 2R R K KPR ), AR 0.9um
FEMHB]T 0.6pm. £F 0.9-1.4pum BB, T HEHET PR ELR T InGaAs fEih
FHI4E, InGaAs EXAMEBARIRMBM, FSARXS TRERT, SRCFMang
o £ 0.6-0.9um BB, EE R T InP 40 R K TR 3 F R IR T g8l
PRI B AR X — P B AR N B P o 8 I e SRR (1 77 2 ET LAHE 98 InGaAs A%
AR T DL BRI B

T T v
1.0+ pefore substrate removal
| after substrate removed
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1 1 ) 1

Relative response(a.u.)

o
o
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Fig.2.4.15 Normalized response spectrum of detectors before and after substrate removal
WAL Si FRAERSA AT L B OGS BATAR IR, R RISRE InP AR ER)GE
CPRPAERER) LLK mGaAs LR EME MR THFME 2.4.16 fim, Hf
A TCRI TR 4 30x30pm’ o AEHS BRIV G ARAFLE W] LI BB T AR IR
AR KHR 500nm KB FREFLA 4%, £ 700nm KETHEA 12%, 850nm
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Fig.2.4.16 QE of detectors after substrate removal at room temperature
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Tab.2.4.5 The structure and parameters of epitaxial material

AL SepRH | EE/um | B29KE/ecm™
InP n 1 5E16
Ing 53Gag 47As n 2.5 5E16
InP N* 0.2 >2F18
Ing s3Gag.47As N* 0.5 >2E18
InP SI #H)&% 350 >3E18

AT F58 MOEMEI% T 3232 TP AT REIE M, JCHETRR A FIRE Y
20%20pm” 1 23x23um> BFFAR, LR 30um.

S PR 4 S L HEAT AR . 763 R J5 S SEM 1 EDS X84 KT
HATHIR, 4R ME 2.4.17 Bir. AUES, REEIGETE, BRNIERY
RIS . Bid EDS WHHE R KTER AT LB S, InGaAs AR S5
L%, BN IPEWE, P WHLAEARS 1 1.
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Fig.2.4.17 SEM image (up) and EDS result (down) of detector after substrate removal
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Fig.2.4.18 AFM images of detectors before (left) and after (right) substrate removal
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Fig.2.4.19 I-V characteristics of detectors at room temperature
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Table.2.4.6The characteristics of detectors before and after substrate removal

HIELBRET | InP ¥R EBRG | InGaAs BEPIE LR SE
R (Q) 1.42E11 1.52E11 1.90E11
RoA (Q-cm?) 1.28E6 1.37E6 1.71E6
Js (@-0.1V, nA/em®) 34.4 32.5 249
n 1.030 1.030 1.018

fE A A ARG E AR R, IF BAEAARESR BT E, 0
K 2.4.20 Br7s A4S R IRE T S5 81 7E 297K T R AR —{hm Se it ghgk, w7 LA
&2, AHERERTT 7 BB LEWACANAR, SIS TT In] 0 23 e 3 T R LB
FEPASA 0.5pm.
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Fig.2.4.20 Normalized response spectrum of detectors before and after substrate removal
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Fig.2.4.21 QE of detectors after substrate removal at room temperature
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v K247 ZHREBEARNJMNETHE
Table.2.4.7 QE of detectors with different depth of buffer layer after substrate removal

500nm | 700nm | 850nm
0.5um 4% 12% 18%
02um | 16% 30% 54%

) FE AR Wi i A K 2,50 B AR S 900K I 284 g BRI T, 3L
TEBHA: 6=5.673x10"1W /(em®K?); Tp=900K, G\ K HE S
XE, G(hp)RVEE R KX N FMES M E. W ERENE SN g BT05
73 80 1 73,

G(A) [p(A)dr ]
. ( ,,)Ofco _ G(4,)oT, (2.5
0o Cl i Cl
JG(A)AS(T”“—I)M JG(A)W@M

SHEERBEATI RN SRR, BN : BARE Tp=900 K. 33
REE To=297K. WHIFZEY 800Hz, BFFL12 0=8mm, EMAHHFILSHMEEE
B L=21.6cm, WAF5U0K 2.4.8 Fios, FFARHE 2.6 THEHRNMAS e B wig 7 2R
FETHE. K, W REdEEaE f A o E8 20 ER KR 1.564pm, 1
EETHER 92.5%, S BANER 30 RERER.

g[sx4L2
o(T, —]:,4)><dxAD

R, =gR,, = n=hcR/qgA (2.6

£ 248 WHATEM RS 0K (R T
Table.2.4.8 QE (at peak wavelength) of the samples

{55 /mV(1E-8) e (R ) 7 % W BT AR %
it AR Y 52 1.048 79.6%
IR Ja 6.0 1.102 88.1%

2.5 RN

REE AN T R R 7 AR R, B SE /33 T HUd e T
283, WK T InP/InGaAs RIIEFIMREE I, BEEFMER InP LS E
JEAAT N ERIRER : BERWRARAREL A 3. 1, JEHIREEN 25°C. ARMEAT
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InP 2P 2 A1 InAlAs 2212 MAMNER LB T 32x32 T 8 InGaAs [HIFFERMIES
T U I 1 7 v A T B A& A THT BRI 38 o 45 SR, (P IR 6 AR )8
M SEE 15 52 InP R B 55, 1 InGaAs BRBU2S A S 3¢ B [ 7]
W7 T IEMR . {5 InP 2272 K 0.2um (AT RHE] & B4R THT R fa , 7Rk
9 500nm, BT RERIEFIL 16%, EHEKH 850nm, #HHIETRHEAN 54%,
e 1310nm B TRAN 94%, 7 1550nm AbE - TRRLAN 91%.
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3 InGaAs #RFF I EEGH IR RORE AL

7 InGaAs/InP PIN B[ M50 25l - Se e S, T T #E— 20 BRI 2 1t
Rk AE, B I R I TE MR, AR, REAL. REELS.
PR B BRI AR TS RIS PR, A8 k. REELKE R R
TREREREE, B/NRIEGEE, ISR SRS R, s
ROERIINZE, (R 42 Al RE ok At e SR R I B8 3R 1T vy« SR EI3GE A T vk
RIEE RS, ARSI, REHEUB N ZE, E5 InGaAs T FF
HABJIATHIEE Z 5, SN KE, A —Z PR, — 2
InGaAs WEL K —F InP M E, REBAFE, AHEHTILDN. BEF
JEWHE T2 R INE B, BT EE50, BRTRAOSEEER, K
UL B BT R o AT R IR ¥ 2= 22 B (KR 3 R U AR 15 T WL B (0.4-0.9um)
METHE, REBERREAELMEE (0.9-1.7um) RIEFHIEWERRHE,
ARG ZHAE T M B B FRCRARX T s aT K I &r, (R AR T H A a4
SN BB RE MR RAG, P FEE L RIGE W ikt — S, KEx
InGaAs HRIZFATCIHE S R M BEHHT TS, EAUIR THBHEA KT
S iR e 3= A
3.1 REEFE ;¥

IANGHCRE BRI S L, ERERRE RS, DT BIEREE KGR
BB, MWD THMBS M SEE, [F) XL & 5 S AE RIS I T e, &
MAERI BSR4 T N R AR R T 3 R 5, WE AR -2 EEr
HERLEE.

ARG BRI RT, SoRERIITH . WI\EETEERE, 441%
FERAEU KB T, ASGIERES TEGER R AR . HIEHK
PER RS R B AL RE S LR AeE, HRBEH IR K.

AR ER (ne=1) PEEAF B EN n KIFRKREN, HIFE
BT LS SIS R FES H 55 -
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R:(-@)z, T=1-R (3.1)
m+1

FEHEENKREN, WP WRATTHELN 3.2, HEEIIREFER 27%, BIAL
B BRI AR T FICA 27% IR B

FERERTAK— BT R A o, FEN d MIGERE, SEANBERN L
R RSP HG, R e B 6 1, i afEdRA TR e
KA RS FIYTSS, Horh RO ERE S RIB R L XA 4 A
JER 2, MBI 2 5I6R 1 ATIE, otsHE, Bl RIHTA G bR B H— R I
AR, BT AER AT A LR ORI RE B AR PR L, R 5 AT T PR
JEZ I RIACIE, i 3.1.1 Fios.

Ri T hieh Z, ng=1
v
A
T T\R, N, ny
\i Y
T,T, IR, 0y
\ ) \

B 3.1.1 SO B AR T A S A
Fig.3.1.1 The reflection and refraction of light incident to the device

AFZERMANE RS, HFFERANXTLRE:

~1\
szgi—ly, T =1-R, (3.2)
(m+1)
(”2 _”1)2
= 7 L=1-RK (3.3)
(n, +m)
H 2 R RT PR AROBI R A S R FE BN -
R:%zR,JrTlRZTI +2JRTRT cos(%”znld), T=1-R (3.4)
0

IR FUN ANSCEEAN TN, REDEREFBBUR. HBRBITH R
TR RS2 (8], BUOEIR 1 FIEHR 2 8 — R, AT R .

50



3 InGaAs HRIMZFFH R G MR w2

AT SCIREER R, BIERE LW A&
mw:%gbny<kﬁéﬁﬁ>‘ (3.5)

TGRSR E B I DA H IRZ KPR TE. BRI Z 120
BEBER, HARMESR TiOy. Z.S. TaOs. SiNy. SiO. ALO; %, TE4k
KSRGS MgFo/ZnS. MgFo/TiO,« ZnS/YFs %53K18 T R IF MR %102, 1
BREMITHE. BE. B8, SHRMNERLEZMGENRNETZRE.
3837 FEE I M R B L T A S R 22 RSy, B T MR AR B (M B4k, $858 ft
MEEHARBREZ. FRANEEAKT A HESHEIBE (ICPCVD,
PECVD). ELZFZEHE. Wi (BT oIS MAaesd) LR IR-H ikl

LR, EHMEERT, 2 FERRTFRT-S/00, Yk
HREEILE, #EERASWHETRENG, B2/ R, HIEPEEK
RS, JPERR ARG S RS A g 1 =R R
ML o R BB BT 2 R A IR GREERE) FEM, RIS,
PR 1 AR R Bt v 2R P R (R T P B R D . RTEB SRR A, &ff
B2 KA ET R T ER T B AT K, TS 3541 FO I B SRR BRI 28 555 AN F)
P, BN EaE. BESIRR SRS, SR AERER W IEEERT
HAHRE, FEMRAMEER.

HHEHAEARBRERAR . —MEESREEK—EAENHEE, S
RMARHER, NMBERESEE, BARAMNEEEE, 5H—FEETERR
BRI NGB E AT RERMER— AN E R, RN T (B TRE
7O REWERD, BTROSGRBRTRESS, SBETHSREERTN KT
B EEERK, FI#E /N —FREE 7R BT DL R T B A R U018,

WAL R SiOs. SisNg. ZnS. ALO; EM R R EBR L EE, #
JEE R A O7 SN A ST . BRI .

3.2 InGaAs W25 4] T 5 B E TR 5T

321  EEERANEKERERE
X InGaAs T B PRI BS BT A IRE 2 5, JB8et Fr Ak LA ek
B, 8F—E InP BE. — 2 InGaAs B EUK—Z InP ZE. R
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TEH KR SR AR 7E AT LI BNy, BRI T TR 9 i R T AR R
B B RE T KB NRE I RIS . X T InGaAs IMEE, LEH
F 3385 B S P R AR B ZnS TR . 1 T AR S InP St ER MR AE
25, n-InP FIRMEE SERED, R RREIREP AT EERSAE InP
R HIETS, R A ESERM= ARG, FRMEGEEREM. Htagsg
(0 1R e BT BT DA B BAL O AR P, T ZnS SHEBLAKBEAL AR HERBAR . SIN, AL
B RIFROEREERE . Skt aE LR 22 TR T MMM ), X HaO. O, Na
Ga. In S EERMBMY BOHREM, Rk T 22 MK —R it
f5i. FIRT, SiNeEREMIHI& T2, AAYURM. Wk, Lateers
=W (ESb: b7, NIk o | )i L

X H PECVD (58 Fstismib 22 AR AR SN, iR BRI 2
PLsl, {BAEXS ICPCVD CRERERA45 B 1AL A~ URTIRD, BT REERN, [
SR G SR RLR THE BT . HA0, T4 R a Bt iy S ik R i i 4
FESCILE Y, PECVD KRR (~330C), #HARR PR, K
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Fig3.2.1 Schematic diagram of ICP—CVD system

A K IEE R AT (K] ICPCVD 245 4 32 B 4R X 25 A 7111) ICPCVD plasma lab
system 100, HfEE. HIMARLK. EFRG. ABRG, HTOEHRSES LR
K. ICP180 WA MK AR BMBEE T KAES, SWmE 3.21 fox. K
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AN, TR R R RSB TR, ICP & SR L I
R, Hh—AAUEHF S T ARNEE, 55— M HUEGISEEFRKee
g, IERIEFESEERNES TENRERN, BTreEERK, SRR
B IFHEE TR MBS, HHERENIMNEEE T TFHREERE. XA
ICPCVD A LRI S VELF . 4347/ SN, K.

R R SR M112B R 0 3232 TTP I AU E RS, HAbR
SR 243 Pin. NS MHEITHIRRES, € InP S ERMAEK—F SiNg
HEERR, KA ICPCVD highrate 4EK T2, BRI T 24444 ICP Th2 2000W,
RF T)#E OW, S EN SiHs: Np=45sccm: 38scem, Bk 8mTorr. ZEiZ T2
AR, WIRRER (420 75°C), I B SiN BRI BUERE N RE, 48
100nm/min.

K SN BB R SHH RN K RN 3.5 i, BRAEKEEEE
5NIE SiN, RIS Z, A5 p RAMREBRGEARBITIE . fERREEAY
2N R SR B A RO IR _E A R R, 2 O R R R R B
THEZ o BAGERHBEK T —BERNH R L, SHUSERE, &K
SOCHETW . DAL, 7 UMERSTITFASER P SEMEY
TAGER S &, REEFEA DB ERRKARR, - HEH RS RERR,
Rk S G 2R R « SRA w RN A SKHEIR AT RIS 2R, 0 F R
RP
R

A=HBHZNL=A, A, 3.7

Y =tan™! (3.6)

HHr, Res Rs A4 P 2 &M S S EIIRSTREL Ap TN As 5350 R BRI %
BRIM® . RN EGHEE, P SEM S SREFERARN, REETRE R
g6, BRRSNE (mikCHIRs T MAMERETT M RKTE) RAERE), £FN P
S EM S SRR KNS NS mIREAR, Hikix—#Esh 8RB v
KA AP B BAALZE R, SR BN O6 5 To - BEAT #H AL AME AT LA R 5
KA AL AmIRI G, M2 R R LUR B A RN, 28BN S
DLEHESE—EREET, v 1 A REEELMFTHRNRE, FHikEd v
A BE R DR ZE BT 2

53



T WA L4 InGaAs RN BRWIFT

BT v Ml A SHEREFEMITHFENRREAER, b THEIEEMR NG
W R (PN RR KB NKR), FERA —ERBRE T Har L5
¥t . AT RAMA (Cauchy) HA, HAIFPiR:

n(A) = An+§—+§f4 (3.8)

Hi Aps Bae Co B=NERAESH, B RO E45 3] SIN, X N AIE 5357
A

A =1.9777,B, =0.0065,C, = 0.0008
5 0.5-1.7um YEE A, IR n AHEEARE, HEHD 1.9777. RARK G5 Fif
EAF T EEEE R, oK A BCh 700nm, 2k B8 0 1, FrEEIRER
JEFE % 88.5nm, ICPCVD AK AT R A 50s, {55 & B I & R )2 BE 2008 90nm.
R BT i {Y (Secondary Ion Mass Spectrometry ,SIMS) U #4551 Si Al N
BTt 0.74, BHE 3: 4.
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ng {um]}

B 322 FEREECETIMBEEAKE B) FHRERINN AFM B
Fig.3.2.2 AFM images of the sample after substrate removal (left) and with SiNj film (right)
FE 3} e 5 AN MR AR K S5 4 A AFM B 48 dn ISR TR 35, A& 3.2.2
B, BT R RMS B354 5.18nm Fl 3.13nm. A KK SiNy 335 B A 1 5
5], R HFRLIR .
322 Gt
FEA YR JE LA R AE K IIE IR, 3 R B (R GEn SR B ma 618 HEA T
B, AR AR AT 4T AN ARUE 544 43 50 BT L BRI 40 A B e i 3EA T
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IE, BEMIE (AR w g 3.2.3 Fix. EEEREKE, S4E
0.6-1.0um ¥ B RIFERS MR A e s, fEH by B A4 /. W FRAE SRR RS
EEER W BEREFRCRmE 3.2.4 i,

LI T L] T T
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—— without AR coating
——— with AR coating
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Fig.3.2.3 Normalized response spectrum of detectors with and without AR coating
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Fig.3.2.4 QE of detectors with and without AR coating in visible band
BRI A KIGBEIR G, o ANMBIERD, REERME 3.1.1 Fir. 18R
BRI E 3.2.5 PR, 78 0.5-1.0pm BB, EREREH
RIERGRA, FESEmM, &5 THENETHE, SEREREREL I
. TRLES], M4 SIN B R, AfrEBBRRRE TS/ FNETHE,
HREBENBRARE, EHARERGNETHELERRR.
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Fig.3.2.5 Simulated refractive of the surface of detectors with and without AR coating

3.2.3 GBS R AT W

(RSB, Rougu r RRRH LD, XA LV R T,
MR LE TR B b R HAPRMTL, S RKEERAG M -V 5
PRk 3.2.6 Fion, HHEREXTHEINRFTR . X JGaFIE (7] R A EAR R -7
n BHEEE 1, DY ECRRMS A E. BT LIRS, ERERAEKE, K
HUREE AR, UL BRI AR

1E-7
187 T T T T T T j T '
!—-—— 1#-without AR coating —— 2#-without AR coating
18 |I=—1#-with AR coating 1E84 | —— 2#-with AR coating 3
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K 3.2.6 BEBIRAKEE 14 (Z) M2# () SMEEZE N -V R
Fig.3.2.6 I-V characteristics of detectors with (left) and without (right) AR coating at room
temperature

3.2 4 288 TEI B IR A KHT R AT R
Table.3.2.1 The characteristics of detectors with and without AR coating
Ro(€) RoA (Qcm?) | Jy(nA/em™@-0.1V,RT)
1# A KR T 1. 67E10 1.50E5 230
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3 InGaAs FRM 34 AL o IR T 4b 3

KRS 1. 62E10 1.46E5 286
o K R R 1. 79E10 1.61E5 269
‘ KBS 1. 69E10 - 1.52E5 301
33 ZENEERRITSEK

B R A0 R REAE Ry S K R B AU Y, {H R AR BRI B S AR F
W R, PRIUEHEETERARE . AT BEESENR, R aeaemiss A mm [y
BB, AR R A K IUE S

BR T SiN. AL, Si0, B EA R AT RGP RE DL BUR AT 5 A A
WHREEERE . 4K Si0, MJ7EAR %, AX T HARK R4 K Ik, ICPCVD
BHIMFFILS, FU RS A ICPCVD BHMTIEBRMEK, MR MR
PeIERARST ICPCVD TZAKK SiO MR M R HATINE, WL REFATL
BRI, EEERNEBEERN, HEERRRE 145 54,

M T A KERK R, KA 3EE SCI(Scientific Computing International )
A TR R4 Film Wizard Optical Thin Film Software 3E4TAR3. . ST I
WEAIT LN BRI GRS, ot 7 a5k 3.3.1 B iXUEHEE A, BRlB
FIREL R G RBRAZME 3.3.1 Fis.

#* 331 BRI ERN M 525
Table.3.3.1 The structure and parameters of AR coating designed with SCI

s PR B
No.1 SiNy 1.98 79nm
No.2 Si04 1.45 108nm

T M 13 T v T T T T T T T
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e 3.3.1 KERE S IB T K K R
Fig.3.3.1 Simulated transmittance versus wavelength

AT RE SR F58 RERLEIAA Y 32532 Jo T AL ME R 4R, BT ot
KN 23x23um”. FEXTRBUS A T4 RS . KA ICPCVD EARTEN R E
TR YR A K SIN 78 R STO 78 L . A2 4 SING B (1) T 20454124 - ICP Th 22 2000W
RF Zh& 0W, S4AHE N SiHy: Np=45sccm: 38scem, &M 8mTorr, A H[H]
J 42s, B OGBS RAE KR EREL 78nm. A1 SiO IR T 244+
A: ICP BJZ 1000W, RF Ih&E TW, “UKWEN SiHs: NpO=4scem: 16scem,
fE . 4mTorr, KSR 10minl2s, SERFEACEELN 109nm. KA SIMS Il
BAH SO MRTEHREE 1: 2.

A FH B P B AR AR T S SRR 1, RS IE R A — A R 1 A ] 3.3.2 B
A5 A& KIGFEBRATIAT LR BB A KRR E R KA 1.559um
1.564pm, #LEAKEARML, WSEEIHMAN 0.5-1.7um. WHHAER G EFH
76.584.

T T T T T T T T

—a— without AR coating
—e— with AR coating
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Relative response(a.
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Fig.3.3.2 Normalized response spectrum of detectors with and without AR coating

SAE ST B RS SR, HARINA SR BRI Te=900 K.
BRI To=297K. WHISIZE N 800Hz. BAFLE 0=8mm, BA&HHFLS5EHM
FRIEES L=27.5cm, T HA IR BARNEN 0.0162A/W, fGREEET
MENR 99.2%. MRS R ATRESIN T FHAOCEE TR ILESLER, BED
SRPTCAMEN S5 o L33 I AR AT Ja BOAH X i 2 ' 1 FIE (B B 7 20 W] LUR 3,

58



3 InGaAs BRI A5+ RS/ 7 2R o b2

BB AR, 1€ 0.5-1.5um WEBHRSEI T E T HFEMR S . WEIGERH
BRI T R
3.4 KENG

REEENAT USRI H T, BEANE T HERN RBR L,
HXTEET PECVD 1 ICPCVD PR AEKEARMNR A, REEFEFH ICPCVD
A SN AR A B53 I . ZEX GBS 7 BT IR S, TR AE KB SiN,
WIE, ZRERY, BEMERAX IR N A R RIER, EHAMBEE
AR, SEKEERAEEERFERKITEERAAT, BdREEDRIET
SiN/SiOx WEMGERL, JHHA ICPCVD T 24K, 4RRW, M7 kB
LRI BB F R AR T i, WE B RS SR i T 3 BB
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W AR R ASEIR LIS InGaAs BRI T

4. InGaAs B EFHREHR

9T HE AR e BRI B NS T IR R, B AR RRAE
B B8 R i R o TR T HIERIIES, 27 A% (QE: Quantum Efficiency)
T FE I 2% K AR AR B 1K) LT - AR R B H NS B SRR T RO T 2K
H2 b, R feR K FIRIBUE S 58 e T A BB UR ™= At i, Bt T2
B3 AT R B, R R KT EU R KOG T A BRI R, K52
i, BARMERNS R TR E— TN, mIEAEARRBACAL N ke . 2
FESBRBN, SRR, FHME S LR R SR TR
BRAR, DRI 28 O 45 M DA R SO0 B PR R IR KNI 5i5b, R H
e R RE . H3E R A KAE IR R AR S SR B 0 BT A . AR T AT
T, P HRST R R RE TEIC R InGaAs/InP HRM 2% A6 R 5 S S5 R R BHAT
TR, AT T R R EERHR RS 2 RN R, B A W n R
InGaAs HMl 2% BT BT T HIUS .
41 B TFREERNITE

245 S KOG R SR, RRR AT RS AEWREE (Bg) /Yt
TR R TR L, AR TR ZRHET R PN 45 LR,
BEAZS A L X AR PRI S AR IR T I, TR N Kz
zh, A7n P KBS, MIEEIGHET. T35 K PIN 4541 InGaAs/InP
BWEE, HAASMREENE 4.1.1 Fis.

Tog, d, d, |
x=0

B 4.1.1 JEABFIZ IR EE
Fig.4.1.1 Schematic diagram of light incident to the device
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4 InGaAs BB = F R

JEHT B =B N RS A T X AN E T R I E A R A
SRR = T ARG T AR B OB A B TR UG IR T2 P X
2% [a) A X AP U AR B AE B TP AR RO R 3. AR AT
TR N B BT RER S BA nis 2 mse

BHRRNETFRERA:

n=n+n,+1, (4.1)

4.1.1 THERER
FHAE TR CUT FEdT & Bl SRR T RESN H1EE

BT, NTTER n M ns ; BT ES R B ROCE A F= ERBTa %
S # AT R E] n2.

AR E L FREBN TR M, SRS REMX I N XA
Ayt

MG NIERR O JRARMGE IR, EREARKXZ ATELT InP &HEFMZE
ME. InP MZEF R 1.35¢V, FixTMAELE KA 920nm. % EF] InP #HE
KEEMERLHRM, InGaAs WKEF B T-F 7 ER ox) 5N ERFER
CIEZi Tl

gx)=®,-e 0, -t (4.2)
e o 2 InP FIBRIERE d 8 InP A ERZHEREE. o h InGaAs |

R B AR
ER R FER KA > T LM TTRZIN T

A 2A
%tﬁ —@ gy e -2y ddxzp (43)
T
Ko hbFHEa, D, AT RY BAY.
FRAEHT
A 2
D¢ ., e " 2P D, ddxAzp =0 (4.4
T
ﬁ~ﬁ$£%ﬁ$7’9
Ap(x) = A& + A, + Me™ (4.5)
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o] WARE R LI 4 InGaAs M B$WFF

-4
a,De

soipar =208 T s Bk
1-L a, :
TR A K -

a.x=0 AR YE LI i S R &I B R E -

D dAp

P

=SAp (4.6)

Hrh S A MEEHE. X T S ULBLH Ings3GagarAs/InP, HTHEA REFH
FEFE, RS 2k fmaigmt,

b.x=d-l ARIFER XA E (124 n KRR AR KA 270 By f3x
B0 et F:

Ap

x=dy—l = 0 4.7

% (4.5) RNIDRAAE TR

_ D
l:(a2Dp +S)e(d2 DL, —(S __Li)e—az (dz—l):|M

D

4 = (4.8)
{(S _ Bxi)e—(dz-t)/Lp —(S+ &)e(dz—l)/Lp }
Lp Lp
—do— D
i:__(asz +S)e (d,-1)/L, +(S+L_P)e—a2(d2—l)}M
A= : (4.9)
{(S _&)e—(dz—l)/Lp —(S+ &)e(dz—l)/Lp :|
Lp LP
KL 0] L X 2 20 N X P AR G B A «
dAp
Jy=—gD,—*= (4.10)
: q g dx x=d,~I

XA ST N & T RN
m=J,/q®, (4.11)
P25 IR HART X P, NS DG IOR 7 A 1) B T N 28 O P RS LS 4 TF, 40
i) N XA P XER, Wi vtH A mr X W KR4 7257, 7 B B E
SRETHE. BT nGaAs MR PR FAENERGIENT, LI ERIEE
FRE A E) AT X, DR s R LT (X P AR A T LR AN T, B340 T 1
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4 InGaAs RN 2H = TR EHI

WizH, Rel AL R AL R, XA NETFREL TR
vE2 |
n, =exp(-a,d,)-a, j;'  exp(~ax)dx = exp(~(d, ~I)at,) ~exp(~d,a,) (4.12)
B 5 A A AT IS A P DRI B A AR A A TR A R
Bt I3, BRI ERE — - rt E AR
Bk P X ¥ [A] A K I & RO LR FR SR A -
D, =D, exp(—a,d,) exp(—a,d,) (4.13)
=) S Iz R R PO U S Ry e

2
dan @, e %) —é-’z+D d Ln

a P
P a3 5 InP TEEMBIERE, D.h InP lBET BRIV EERE.
REBHT:

(4.14)

cay-dyy D *An
O, e @ _ 2, p din

=0 (4.15)
T

R RErIfE A

An(x) = Be @ 4 B B 4 N ) (4.16)

E¢N=“@i Lo 0 T4 S

Py bubis SUSE
a.x=dy+ds A HIOEHLIL T InP R E S HEYE

D4 _gan (4.17)
dx

x=dy+d,

Hoh S S P RS R
b.x=d, ALEIAE A AT KL, An=0.
% (416) RADF LR LKA

a.D +S')e"13"'3 - S'——&)edi‘”" N
3~n L

n

B = (4.18)

' D dy/L ! D —d,/L
S ——B)e®" —(§ + L) 5"
[( e (5 + 70 ]

n n
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n

(4.19)

{4@¢%+Skﬂ%+(5+§%p%%}N
B, = ’

, D d./L ' D —d,/L
S —n 3y S _|__” 3/ Ly
{( L Je ( 7 Je }

n

BT InP MREESEEE /N, n B InP MR EAERUN 1X10%n/s, [ P
W InP FIRE S HEEBICH 5X10°%em/sM, S5 RAE MR/, RIh7ERH
h ZNE R T E A .

PRtk = 8] B fif X 2 20 PR P AR B FLOR A -

J, = gD, 44n (4.20)

x=d,

XER IR TR N B TR A
7 =J, 1 q®, (421)

¥ = ME TR, BIAERRMNETYE.
412 MEBH

FEETFRURNBI P &3] InP A InGaAs (AR EL MR SHUK X
BRIMG R EREZNEN . X T MEILECHK InGaAs/InP A, AHSCHHIE
AL, DRIHT DUSR B SCHRAD A = b e 2O, SR R4 S 40T LR A
InAs Al GaAs WP B ZH ol ZHizHE .

t T T T T T T
1
< !
£
(&)
<
o
=
= 10 4 N
©
o
g4=
[}
Q
(8]
C
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B
f -
O
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<, i
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B 412 N2 mP FRECREEEE KRB
Fig.4.1.2 Absorption coefficient of N-InP vsrsus wavelength
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mOP-.-. . ; T

-
(=}
Akt

Absorption coefficient(1 04cm'1)

1 -

M T 4 T M T v T M T T T
400 600 800 1000 1200 1400 1600 1800
wavelength(nm)

K 4.13 N % Ing53GagarAs IR R B FE K 284
Fig.4.1.3 Absorption coefficient of N-Ing 53Gag 47As vsrsus wavelength

InP 1 Ing s3Gag47As ¥R R SR H.Burkhard 25 AFRE 945 208, N

I InP LK N T Ings3GagarAs IR REBE B KA R & 4.1.2 F
4.1.3 Fi7n.

HI-V JERPEHK D775 4 =2 SRH(Shockley-Read-Hal)E & 14T E &
BHREES=MESHHRE . ST InGaAs ¥, WHEARBEN DO TEGTE
B SRH B&#E, PHBEMNMENESREFIZER, EBANEIERBRHES
WE. FERE T IngssGagwrAs KT HARALEH AR

(N) = (A+B%+CN2)'1 (4.22)

HA NN InGaAs W EMBIRE, RAHHRETF, HETXFFE nGaAs 1
B EEFIEIR RN, BIERST B4 7= A T2 SR AR I S R
HFDE T H InGaAs #HEV, HALZ SEAGEE S H K -

A=2.11x10*s", B=1.43x10"cm’ /s, C=8.1x107cm®/s
KZHARAK 4.22 WEBRI InossGagarAs FEHI D T A anfEB IR B KA1k
KARWE 4.1.4 FioR,

InP B2 #/> FH4r SR Y.Rosenwaks 25 A\ 3Rt 25 1121,
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1E-5 g T
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Carrier lifetime(s)
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T
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Kl 4.1.4 Ing 53Gag .7As PRI D T-H Ay BB JL iR FE 1948k

3

Fig. 4.1.4 Lifetime of minority carrier in Ing 53Gag 47As versus doping concentration

TR F RN AR N AT BE 22 R R S R, B IR A A
BT He MEZE A2 A= KA M.Sotoodeh 2 HH MRIZIER F ALK

5 InGaAs WRIKE A1 557

Rh22,

i (N,T) = g, +

4 (300K)Y300K /TY* — p_

LUK InP (BT IR S, HRAUn M

+ N ) P! (4.23)
N, (300K)(T' /300K)"
R AL TERHHBINME S
Fig.4.1.1 Parameters used in calculation of mobility
Kmax (300KD Neer (300K)
Remin(em?/V - s) A e | 6,
(cmz/V - 8) (cm‘3)
TR 5200 400 3E17 0.47 2 3.25
InP
Hp 170 10 4.87E17 0.62 2 3
a 14000 300 1.3E17 0.48 | 1.59 | 3.68
Ing 53Gag 47As
Hp 320 10 49E17 0.403 | 1.59 | 3.68

EREME AR MBS HmE 411 Fir. RS Eye Rt
D 5T w o iyt B = 455 InP F1 Tng 53Ga0erAs MY SRS Fid Mty

H q

HRBF D FH A — B W LB BB Y 8K B L=Dr « N % Ings3GagarAs
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4 InGaAs RN FF 2 FREERI

Wi

FERLO D T4 8K BB B2V ORI 4.1.5 TR, JU S oIk B 0
THESRE T 100229,

100 . S —
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8o W i
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o
C
@
e _ .
§ 40
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3
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Bl 4.1.5 N & Ing53GagasAs PRI TH HUK EREB 24K BE RIS 1k
Fig. 4.1.5 Diffusion length of minority carrier in N-Ing 53Gag 47As versus doping
concentration

*®4.12 HARAZABNHESH

Table.4.1.2 Parameters used in calculation of internal field

E, 2L Mpp mp Ny £
InP
1.34eV. 4.40eV 0.6mg 0.089my 1.24E19cm™ 12.35
E, % me* N, £
Ing 53Gag47As
0.75eV  4.51eV 0.041my 2.10E17 cm™ 13.99

InP 1 Ino_53Ga0,47A§ HIES MRS ENZR 4.1.2 Fios. HA IngssGaggarAs B
MESECRAZEEEN TGS B ESERA T PN &N ES
.

# :(¢1 "¢2)/q:([l1 +Eg1 +kT'In(N , / N, )1-[x, — kT In(N}, /ch)])/q

(4.24)
=([4.40+1.34+ kT In(N , /1.24E19)]—[4.51— kT In(N, / 2.10E17)])/ q

43 5B N o1 70 Npo BB 2 2x108em? F15x10%em?, {1+ BRI N 2 15 Ve=1.15V.
1E p XA n X A5 18]) H. 7oy X 55 FE 40 1) K «

_ 266,Np,
gN ,(&;Np, +EN )

V17 =4.7x107 um (4.25)

1
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288,N 4
W, =
qN, (&, Ny + 6N )

V,1" =0.186 um (4.26)

¥ PN 45 0AS AL A x=0, BT DATH 75 2 2% () e 17 X P B FEL 3% 53 B
& 4.1.6 Ji7s.

1.4x107 B
1.2x107 4
1.0x107 1

— I
= 8.0x10

-

b
I 6.0x10° -

4.0x10° E

2.0x10° 4

0.0

O.Z)O 0.2)5 ' 0.[10 ' 0.I15 I OAIZO
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P 4.1.6 2 [R) PRI DX AT A 58 B R S0 A

Fig.4.1.6 Intensity of electric field in space-charge region

£ p XA n XA HLUR B 93 531 0 -

Vi =V, =V, =0.03V 427
V;zzvg/(1+flyé&):112V' (4.28)
&V a4

MRS HREZE, ol LR AR A A% InGaAs BRSS9 AR Y
BEAT RT3 7
4.2InGaAs TR TME B BN BT R H W

Xt F L5 InP A& TLFC (193 FST Ino s3GaoarAs PIN BRI RS, FHoGmy MR
BHIRKERSS, ARREERERE . BARE LS InP WA A KRESS K
Z, FRHR I A% O ) R PR RS 1R BT AR R M i T IRUR (N XD
2 A HLAAT X P T B i KT IR E (P XD, RISk & [A] s ey X Y G AE B0 1 I~ 4
THERERKERN. A TFEIRER 2 FHERE, Aullsh b
Ing.s3GagarAs FRLFTRIL, 74 NFHEE T —BUEEKY B4 feRlii 4 X
s, BRIEE SRR 1 R ST B RCR M, W T RS HINSNE T REE
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4 InGaAs MBS & TR AR

— M FEM.

AT TR R BT Ings3GagarAs BB MM, KA T PIdAR R
R FEHT LRI B, 14 0 B 440 T 0 T 221 PR S SER R ST
e BE LAY SAHIGUR (MOCVD) A K i S8 G, SNERTRIS:
M ESHINER 4.2.1 Bias, MRS 5508 F40 M F25. WRBPRILIEZR], PR
RIS BB B 1.5um #0 2.5um,  HAMKIA RIS HIIHR

421 SNEMEIES RSB

Tab.4.2.1 The structures and parameters of epitaxial materials

F40 F25
50| BEE (um) | BZURE (cm®) | BE (um) | BFKRE (em™)
InP n 1 5E16 1 5E16
Ing 53Gag 47As n 1.5 5E16 2.5 5E16
InP N* 0.5 >2E18 0.5 >2E18
InP SI 4 350 >3E18 350 >3E18

FFH F40 F1 F25 BFtA4RbEl4 7 FIi Y 32x32 HFESSMF, JeBUtiit K/
4351 23um. 20pm, HOEERIR 30um. FIRPGECE S HISRAMERKN T ER
BMALZAM, WAFAR InGaAs FHETZ . WHHESEBOCEITER X
ANA 23um KIS, BURRETHIRLS, EFE TEHAE RS NES2
YA — AR T IR S B 2R I B 4.2.1 BT

Relative response(a.u)

1.0 1.2 1.4 1.6 . 1.8

wavelength/um

B 4.2.1 BIRFAORHE R S B SR 2 — L RO 2k

Fig.4.2.1 Normalized response spectrum of detectors

PAFR GRS A B BR300 1.68um A 1.69um, T7EEBK
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W WL R LA InGaAs TR 25T 51

Y50k 1.58um A 1.64um. AR A ST mi By S v 5545 21 900K SRAK TR IR Bs1F 1)
G HT4r 514 84.5 1 82.0,

1§ B AR PR 284 BhAT N A S K, BRI & BAREE
Te=900 K. MIEFE To=297K. WHIHZE N 800Hz. BRI O=8mm, EAH

SRS HM IR L=2190m, HARFTIG ST SR EIBI 1 1 S 4RI
. REN N R KB THERINE 422 fin. AJLER], FEHMASHRFAL
HOHE AL, U0 IS RE e 2.50m MBI 1.Spm B, 380 O I 32 A0

BT UETERFK.
K422 PIFRFREEE T
Table.4.2.2 QE (at peak wavelength) of the samples

F25 2.5um 0.0153 1.25 95.3%
F40 1.5um 0.0113 0.95 75.2%
100 T T T T T T T T T ]
80 _-‘ -
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Bl 422 SRR T RERBEDRUR R B
Fig.4.2.2 Inner QE (at peak wavelength) of detectors versus thickness of absorption layer

K AT PR BRSNS F40 A0 F25 PFA R % I 284 O & T R BT Y.
XTI H B B SN ERT BHEI & 2, T InP AT REUE, P LBER R
A g se i, Bk R E R AL A BLET 0.9-1.7um 3 BL N 2R IDG IR ,
fet JEE TRV RS BT AR T 25 8, [RIB 28 = 304 [ e A B P X 25 ) B A X AMBE T 4™
HOVE SR R DG A FL T 7 AR RO O FRLR AR AT DLBRE AN T o B P (K TRUA
1.6um, VRICREES 1.1x10%m ™ B34 P B 125 R bR 0 /B 1 AR A ]
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4 InGaAs W BB TR

422 FioR. B EAMSES F40 71 F25 MR, B TF845& R84 4T
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Fig.4.2.3 Comparison of QE at peak wavelength of simulation and experiment
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Fig.4.2.3 Inner QE at peak wavelength of detectors versus the thickness and doping concentration
of the absorption layer
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Fig.4.3.1 Inner QE at 850nm of detectors versus thickness of the buffer layer (d,=2.5um)
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Fig.4.3.3 Inner QE at 700nm of detectors versus the thickness and doping concentration of
the absorption layer (d;=0.2um)
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Fig.4.3.6 The reflection and refraction of light incident to the device
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Fig.5.1.1 Photo of 512x128 InGaAs detector
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Fig. 5.1.2 InGaAs FPA measurement system
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Fig. 5.1.3 The schematic of InGaAs FPA measurement system
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Fig.5.1.4 Distribution of signal of detector F58-1 at room temperature (T;,;=3ms)
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Fig.5.1.5 Histogram of the effective signal of detector F58-1 at room temperature (Ti,=3ms)
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Fig.5.1.6 Distribution of signal of detector F58-2 at room temperature (Ti,=3ms)
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Fig.5.1.7 Histogram of the effective signal of detector F58-2 at room temperature (T =3ms)
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Fig.5.1.9 Effective signal and noise of detector versus Tiy at room temperature
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