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Abstract

Technical study on higher indium content InGaAs linear SWIR focal plane arrays

Abstract

Zhang Kefeng (Microelectronics and solid electronics)

Directed by Professor Gong Heimei

This dissertation mainly focused on the higher indium content InggGag2As linear focal plane

arrays (FPAs) detector (cutoff wavelength extended to 2.4um). By the optimization of the

processing techniques and device structural parameters, a series of front side illuminated and

backside illuminated 256 X 1, 660 X 1 extended wavelength Ing sGag2As mesa FPAs were fabricated

and their performances were investigated in detail. This work is important base for research of

higher indium content InGaAs linear FPAs used for space borne remote sensing. The main results

achieved in this dissertation could be summarized as follows:

1.

Using heterojunction structure with IngAl; xAs as buffer layer and capping layer and using
homojunction structure with InyGa;.xAs as buffer layer and capping layer, two kinds of higher
indium content InggGag2As photodectors were fabricated. The performance of these InGaAs
photodetectors were compared and analyzed. The heterojunction photodetectors have higher
performance than homojunction photodetectors. At room temperature, the heterojunction
detector has 1.6~1.7A/W peak responsivity. The peak detectivity of the heterojunction detector

is 6~7X10"emHz"*W™, and its non-uniformity is under 6%. The peak detectivity achieve

above 1X 10"emHz"*W™ at 280K.

The electrical property of the metal contacts to p-type IlI-V compound semiconductors was
studied. The specific contact resistance of Au/Zn/Au contacts to p-type InP achieves 10°Q.cm?
underwent 450°C rapid thermal annealing in ambient nitrogen for 30 s. For the Ti/Pt/Au
contacts to p-type IngsGaosAs, the specific contact resistance is about 7.5x107°Qlem® after
460°C for 30 s thermal annealing. The specific contact resistance of Ti/Pt/Au contacts to p-type
Ing sAlg2As achieves 6.2x107°Qkm” underwent 480°C rapid thermal annealing in ambient

nitrogen for 30 s. After optimized heat treatment the contacts of the metal/p-type III-V

compound semiconductors became perfectly Ohmic contacts.

For the first time, the thin oxide films by electrochemical anodization on the mesa type
Ing sGag 2As photovoltaic detectors were investigated. The different component of the oxide
films can be obtained by varying PH value of the electrolyte. The AES profiles of these oxides
layers indicate that the higher content of wider bandgap As,O3 and Ga;O; in oxide films were

achieved in a 0.1mol/L. KOH /propylene glycol clectrolyte electrolvte at PH of 9. This is very

11
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significance for improving the performance of the passivation layer.

4. The relation between the parameter of the epitaxial material and the performance of the
detectors was investigated. For the dark current and responsivity, the compromise for the doped
concentration and thickness of the absorption layer must be make. The lower dark current can
be achieved by a higher doped concentration of the absorption layer, which is very significance

for weakening the non-uniformity of the FPAs module.

5. The performance of front-illumination mesa structured InggGag:As photodetectors with
different arca and perimeter of the PN junction was compared and analyzed. The relation
between the performance of the detectors, such as dark current, noise, signal, detectivity,
zero-bias resistance area (RoA), and the parameter of the design size and shapes for the detectors
was discussed. For the mesa structured Ing Gap 2As photodetectors, the total area of the mesa is
a key effect factor for the characteristic of the p™-n-n" heterojunction. According to relatin of
the dark current density and perimeter/area ratio, the dark current mainly root in bulk current,

which means the sidewall leakage current is of negligible value.

6. Based on the research achievement of the front side illuminated InGaAs FPAs, the backside
illuminated 256 <1 elements and 660>1 elements Ing sGag2As FPAs were successfully fabricated.
The equal performance of the front side illuminated and backside illuminated detectors achieved
by our technics process. However, the dark current in higher indium content (extended)
Ing sGag 2As detector is many orders of magnitude greater than that for lattice-matched detector,
especially, for the pixel-to-pixel variations of the capacitive transimpedance amplifier circuit
(CTIA), result in variation of the actual bias voltages applied to the diodes by £3mV

(input-offset voltage). This produces considerable dark-output non-uniformity across the arrays.

Key words: InGaAs; SWIR detector; remote sensing; FPAs; test configuration
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Fig.1.4.1 The zero bias resistance-area product RoA of InGaAs and HgCdTe detector at different temperature and
cut-off wavelength
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Fig.1.5.1 The spectral QE vs. wavelength at different temperatures measured for a backside illuminated
Vis-InGaAs test photodiode (0.5mm dia)

RENFOIRE, BEHERSENBEFEENE -RUTXNERMS: —M2845EN



T il

P S B IE N, In AESEEIE, MRS EMEFIME 152 fgs 57— MR
LB SR A TR R — A b, B S SRAEFTI A 1.5.3 B

B 152 EEER RN AR EF Y
Fig.1.5.2 Hybird IR FPA with independently optimized signal detection and readout
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Fig.1.5.3 A photograph of Monolithic HgCdTe IR FPAs
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F1.6.1 InP. Ings3Gay nAs. Ing pGag 2As #1 Ing ,Ga,As 78 300 K FTE) A 2480
Table 1.6.1 Basic parameters of InP, Ing s3Gag 47 A8, Ing sGag2As and Ing Ga, Az at 300 K

) In H3REEW IngGaAs AR 3)i%

4 InP Ing 53 Gag pAs | Ing pGag 5 As In ,Ga,As
St (AT (A" (AR [AEE
LG AT (A) 5.8687 5.8687 5.9773 6.0583-0.405%
BT (eV) 1.344 0.75 0.51 0.324+40.7x+0.4%°
il s : ; ; 1-2.87xH0.67x
AT B 3 12.5 13.9 14.56 15.1-2.87x+0.67x"
& HT ST B AT 9.61 11.6 12.0 12.3-14x
AT IR TR S (om™ 1.3x10" 8.4%10" 8.2x10"
)
B THE (om’ Vs <5400 <12000 <1992 40-80.7x+49.2x°<10°
FHBE (m*V s =200 <300 <269
FHSESERE () | 570" 21510 134>x10" 2.5%10°7[0.023+0.037%+0.003x]
FRNEHERE (m”) | 1110”7 7.7x10° 6.82x10" 2.5%10°°[0.4140.1x]"
B FEIH R E (my 0.08 0.041 0.0305 0.023+0.037x+0.003x"
I HMEE (m 0.089 0.052 0.0372 0.026+0.056x
7 (o)
B RUE R (mo) 06 0.45 0.43 0.41+0.1x
= AP DirectEy 2l
24k ..'"";;_-. ----- Indirect Eq ==== 05
‘.‘.“'" -
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Fig.1.6.1 Lattice parameter va. energy gap (RT valueg) for various IIT-V compounds and their alloys
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HAER T AFEEMEREIPRZE T A In 404 InGaAs AERTEL; HRIBT KRB SLH BT FIE R E4
FIETE InP 45 Ji6_LFH MOCVD R 1% 1 A —EMEBER & In 4173 InGaAs A ER 4
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Fig.1.6.2 Schematic cross-section of the extended wavelength InGaAs photodiode with TnAs Py, buffer layer
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TR AE AN O AR s AR NS R B R 4 M RIVR [R] F & 1Y InGaAs FEF BRI 35 . i
JLAF InGaAs FRINEE 0 = ZUP B BRI T LA
1.7.1 KEPEFNKEL T InGaAs T HEBI L RINFFFTINA

2005 ££7F DARPA (Defense Advanced Research Projects Agency) MANTIS I B # B F
BRI A SRS T, RS SRS H 128021024 JUFH 10241024 TG InGaAs ££°F
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ZRT 1A/W. 2003 FEERGHEEDE (IRS-P6) HIEEk AEEE (AWIFS) ¥R H
T 1024~6000 7T InGaAs K2 5| A& P e,

Wetal 1280%1024
Test Diodes |
Dielectric Passivation Iul Array
N InP Cap Layer -
N* InP Buffer Layer Tt

N* InP Substrate

B 1.7.1 # B A F 4T InGaAs £&-F I HRER S T0 A 454 7~ 2 B R0 B 8 AR 3 < A9 InGaAs/InP PIN SPEE A
Fig.1.7.1 A cross section of the InGaAs/InP PIN and photograph of a processed 2" InGaAs/InP wafer of Boeing
Company

1.7.2 FHEY R R InGaAs & L EE & BT IR
1.7.2.1 mHCE T @ B R InGaAs £ E (5 In £B5 InGaAs FRMET)

BUT 1.6 %93 Ini<GazAs MEME R BT TIFA 4, BHNTTLEH, A1 InGaAs
BB R R K KT R (>l 7um) , $hE B0 InGa.As MTEIF m A S E
MRl B0 5T SR N, AT AE M SR K T Rk 7 [ g . X T In 28 40 InGaAs 4h
MEMTRL, AARGAMNER SR BB RS RERBEAMNME T XEMEEEEXHIE, A8
In 28 5+ InGaAs FRINEE AR mL R T EHRIER.

1991 4F EPITAXX /8] #J G.H.Olsen 2 AFBLRLTHHIE T 512x1 uK &7 KIERE 2 2.6um
) Ino exGao 10As FMIESEFE Y, /M TRIFSMIME (VPE) ¥E7E InP EAEKAISMEM KL,
M E R 5 RAEN InAs,Py, As B STEER 1um AN 0.1, BTl 30um<30um,
7E 300K -5V RJE TR IS IR A 8x10°A, HIMIBSEIAR| T 1x10"emHz"/W. dibi]
THHEIAY 1024 7T InGaAs £ 74 FTE T RUH = (8] 5 (ESA) #7 — X ENVISAT % T E F
B Z MEF 2002 F 3 BRS, EOHIEE SCIAMACHY YeieF, PUMEIE S5
KHE T 1024 oy InP ALK KT BH InGaAs 5], #70R~F 25umx500um, 54
B TAEFE 200K 1 150K T, X2 EY B InGaAs HRMBEF S REDEER M.
2008 #F Judson 2 A #J Hery Yuan % A4RE T A TH]& 5 320x256 7U& In 40 4 InGaAs FRI 5
29, H KT BB IERK S 2.6um, AMEMELEREH MOCVD A7 InP # &K - &K #I4
MR, REATYBIZAEMFHSESEG, RAT 4 ZABHE.

1997 £ A Krier 1 Y.Mao 3RiE T IEHI¥4 T InAsSbP/InGaAs &4 HIE In 414 InGaAs Rl
2509, MR BLA 1.8~3.4um, AT T LPE FiETE InAs #HE BRI E K P-Ing00Gag isAs
FEdE (BEEHN 15um) . ud-Ing 5:GaopsAs BUE (BEE A 4um) 1 n'-InAsg365bo2oPoa4 1B
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A & In ) InGaAs IR AL 7 BRI &8 B 5L

2 (B 2um) o iR FROEINFEY 1.2210" cmHZ" /W,
1.7.2.2 A5 7 [ BEY InGaAs & H

1983 4F. Paul P. Webb A1 G.H.Olsen 1R 18t AT 15 % F 0 B9 KA R 2 7] WOGH) InGaAs R
%% (Vis-InGaAs Fill#$) P, TH 7IE# InP 41K AI7515, 1612 InP ZAEH (07#~0.1um, F
E= T £E AR coating 2, "MNEEEL: 0.5um~1.7um. 2008 4F Judson 4% &[] Hery Yuan & A\
I T AA1H %A 3202256 TG Vis-InGaAs HMERPT, oS B Y 0.4pm-~1.7um, SPFER |
iR MOCVD J7¥E7E InP A BAE KRS ERDEL, SRA T4 BT 200 & 1Y rmas 284,
R E B 2008 4F P.Esfandiari % A tARIE T A TFRIE Vis-InGaAs #RMIESE, w7 By
0.4um~1.6um, AR T ZBRAEAINE, B 172 i RE s a4 64 T2,

InGaAsilnP
=
o
-—
Sapphire e
b - =

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

XENON v2

d. Indium bump array to XENON v2 Chip

Kl 1.7.2 Vi-InGaAs & ¥ M 2 AH] & T2
Fig.1.7.2 Epitaxial transfer of InGaAs to sapphire substrate for VIS-NIR FPAs

1.7.23 £ &EFH

InGaAs %4 21 S AT T O . PR AR IR AhEE A5 B, BN B0 38 T0E2 9 DRS040 A 43 4 A5 i
T (SCIAMACHY) (2002 4% 3 HAS), Hi e, 7. 8 = AMN@EE S HINH T =AJHESLH
InGaAs ¥Rl %%, HUAR R/ 54 1~1.75um. 1.94-2.04um. 2.265-2.380um =P, M
T3 H,0. CO2v CO. CHy #1 NoO HIRH . Hk U BT =AML 1, A0 S48,
BB kRGN R AR LTRSS, FHEACEFRS nGaAs S EE T H T
47, 2005 4E DARPA (Defense Advanced Research Projects Agency) 25 [E & TR 43 & 0%
4500 f76, FTHFHIEEMEREERE (SR PR MEE<2nA/om®) Y 1280%1024 JCHI InGaAs
WERAGHEFE (2FF NASA Ryt ER/RESE, $ok/hR 12.5um<12.5um) . InGaAs XU
o M ] 7E G H SRR IIB I IR 450 KA H A (B 1.7.3) 5 ALBECIR 2 A 1) Gregory
H.Olsen % A ELATFHIH T 1.0~2.50m InGaAs B R = EITEAMRMIES, TR 34 Blg L2
1.65um. 2.07um. 2.64um. 2007 5F, DARPA X 5iZAR S:4y, WENE ARSI H T G w
MAZH) InGaAs B FHIFES. Hok, FEEF GaAs & InGaAs £°F [ FESIAOET 5T B T
SIAEHEIRR . FEE E A AR RAURI AR, SLAMRNE M Re kR dE, EW
T B K ER T 55 EE BATUR InGaAs ZLAMEF T, {H InGaAs 5 B E M 23 (0T )

12



FE HiL
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B 1.73 fZET0IR A B I InGaAs SR FH I REME (THRA. BES 450 KD
Fig.1.7.3 The image capture on a dark (moonlesgs night) using the VIS-NIR InGaAs FPAs at distances of
approximately 450m

1.7.3 InGaAs BE (APD) “iREIRNIE

AR T AR m R, W LLAT B IR = E RN E T 5, InGaAs APD
HERRIFIARE. APD ZEMHTInGaAs SEHENZE B ETHTIEEIER DR B R EKFE, F
HERBRAEER TN, AaTETERERESRE, BRAZK IHERER
FPHENSE -EFEE SR, & E LRI A 5] Martin 1. Ettenberg 718 T 128%128 7LHJ
InGaAs APDE M. E1.7.48InCaAs¥FIl 2145 HRE ENHEAR,

El1.7.4 InGaAs (APD) (Rl 3370 R B B B B
Fig.1.7.4 Energy band diagram of the device under reverse bias conditions and
schematic crogs—section of a planar InGaAs/InP APD

1.7.4 InGaAs £ FHH R =1 RN 88 B & R AR 5T 304K

F B TBE A B0 T3 1R BR AT AT A AME A A R B4 S A 208 ER R, pEE A
BEAME Fz KRB A AN AATH & FREAT SRR (QWIPs: quantum well infrared photodetectors)
S EDERABIREN, EERPIZLAAIIQWIPE R TIRMA A . H iy FAQWIPH) B A7/ 51 8544
MBS HE ZE DT T E RN HgCAT M 22, FHFMEBN T & Mg R %
., OHgCATe KM 2552 H 1 HI =% X F.

QWIP 2 —HE+ B Mk A 5 8] e O BRAT B0 20 SRR 2%, TAE 40 % 7 Hh 4 4P AT
ANKER . SEENESRENEARE, QWIPR—HERAIERS, HITHERKSHEIER
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WELK, MEEBRGTHLEHENEFHOREE. Rt EHL2 58— 02 B RSIER,
ST I VE HE B B 5 ST AN R BV AT AMR ST R . ATEL T HeCdTe S b4, KA
-V EESURQWIPR T SIERIE, MAM, FUERE, U B, BEKAIE, W%
e ARSI S, 5 TEHEFLEN S,

1993 FEEFH Bell 3= C.G.Bethea 2 AW HI GaAs/AlGaAs F:8-14um 128x128
7T QWIP T, 60K F NEDT /NT 10mK, #HillZ4.2x10 cmHz"YWEY, 19974ENASAS
SE 77 SLH E 19S.D.Gunapala i A SR TR 4 3 7 TR A TIE F B R AL I K1 5um 1128128
M, 45K FNEDTA30mK, 55K FHM 241.6x10 emHz/ WP, opmii256-256 %, 70K
FNEDTH26mKPl. 1998 4F, Ah{T1SUEFHIH T 640<486 1 £ F-thi %51, 77K T U (HIERM 21k
10" emHZ " WE, 2007555 24~/ A28 RFQWIPEE F1 i 5T B AT 8 , NASAZS S B 15k
% = F)8.D.Gunapala N 1B HIF P 40 4bFI I 2T 70102421024 QWIP FPA #34+B A R irgIi 5]
PE. AIE9SK FNEDTA17mK, j5#70K FNEDTIX13mKP™, +H S Ozerd \HiE T
640<512 KJInGaAs/InAlAs T4 4QWIP %, 105K FNEDT #23mKP, fl640-512, #&ik
oM InGaAsP/InP QWIPTH [, 66K FNETDiZE46mK, Mk T 1A/WH, NASAK A
{877 [8) KAT H 0 FIM. Thabvala S5 AHRIE ) 8-12pum 3 I 200 & 1710241024 GaAs/AlGaAs
QWIP £ FH % LYEZE70KE A, NETDZ123mKM!,

1 8T SR T AR A A R L R K Y Arakawa B2 Y, BT B T AN =
RS SR FEG T RBR AL, B dhfEon - R ARl =R e, HEri
WAL, 4RGSR FReERIE M, RS EAMEEPEE R B S BRI R I 7 3
§64%. BT a R/, AEEGEREFEREL. W, DRBROE T SRR, H©
St B SR B R BB AR R

H5ETFHRNGZ 1, QDIP R KEESH BRI T (R BTG 28 B TR BB S 5
B, AN P S A R W T B ARE, iy TR &L,
HEQDIP THRAIELERNETSLH (1030 B) . QDIP B Hif B s B
HHH B B oF R AP B LR AR M, BEE R AL AR R RGN, SRR i 2 R
.

HTETSNH&EE, BT SRS RKE E—HEBEERME. BEEMBE M
MOCVD E4MEHE RP# 25, QDIP I A F I R . 1996 4EV.RyzhiiXfQDIP A
EigiHT TS, WS TODIP BN, 1997 3BT K% K. W.Berryman 25 A1
RAESLTh PR E T Ar e SN, BEE IR DS NS4 N T QDIP BT AT,
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7 #JBound-to-Continuum #4544, JRILTEAYE X5 AN BB RN, BRI GaAs &
() InAs BT SERM AWK E] 474W, HRm TIEEEIE190KM, 2001 F4EE T
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BET260K TG WA IS em R, 77K T AR 00 B 50,224/ W, L {H RN 26 ik 2
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0.16A/W, M Hik1.5-107emHz">/WE, 2007 4E, EEFEAL S HLim ZAHHE np
HIngs3GagarAs B InAs BF S45% (DWELL: BB A GRS T B 5 S b RS 6%,
RIS EL A /D e B R L3R, BB/ R D @& mHHE A, 120K &
AT HEI 272,810 emHz" /W, B FRRIE3S%, HTHARE R RS F e, 844
EEE T IEEIFHOMS:, EEENEX6.7<107cmHz"Y WP, £%F TInP EQDIP K& &
K
1.7.5 InGaAs CCD £

G TLALEY) InGaAs CCD @3 VA F —Le4iE . MM AHliAT T T, F—FfidR
JREEH CCD, 1% A 2 InAlAs/InGaAs/InP H 14 8% 4 1 ] e ™). 55 — & — 4k sE F < (2DEG)
InAlAs/InGaAs/InP £i15. X P Fh G54 30 20 b Tk — 50 = 4R 4 51 B 4540 5 1) %5 (I PR
e FHRIER SRR CCD FIMERRE A 13MHz fI 1GHz 3R 424 0.98, 7F 26MHz 4b, —
U TS CCD B 0.995 M m R, BARIIE LR A S 1R R R H InGaAs CCD
BAATI AL THZRRTE.
1.8 Ai=iERA InGaAs FRN=5 £ T H A& RFIFF R IR

S AE F R AR BT 7T 3 B A B R A e S, DRI AE X £ R T PIN AL 45 4 A 1) Bt
L N ERSE TS EPINEIEE . MSM&#. APD. WG-APD. RCE-PIN RCE-APD
SRR . TS (IR R RS H M InGa As SR A5, T SE AU &5 I e A5 R0 o R U R I ok
I RS g i, IReBarE TR, ERATRNEELS.
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#1810 FELE RS EBERE mGaAs BB S DEE LK

Table 1.8.1 Parameters of InGaAs Infrared Detectors on Satellites in recent years

Y2 ) EiE B B Seq | TiE | @A
E3f nE AR | 2R = (um) | mRT | | | ms
(pm> (KD
ERE TRS-1C 1997 | LISS-3 1.55~1.70 1 | 2100 30
CEETIE) | 929
2 SPOT 4 1998 1 1.55~1.70 1 [ 3000 30 273
(AR *30
[ EOI(ALI) | 2000 | LAC 0.89~1.60 3 | 236 275 | TE
ey | 12721 %256
g | Meteor3 2001 | SAG 9 155 1 1 300 | TE
MICSZETE) | 1210 | -0 +0.015
ESA Envisat 1 2002 | SCIAM | 6 1.0~1.75 1 |1024 | 500 200 | Radi
(PEIREE) | 03/01 | ACHY 7 1.94~2.04 1 #25 135 | ative
8 | 2265~2380 | 1 135
i SPOT 5 2002 | Veget- | SWIR | 1.58~1.75 1 | 3000 26
(EYEIAIE) | 05/04 | ation
HRG | SWIR | 1.58~1.75 1
A ADEOS- 2002 | GLI [ SWIR 1.05~? 1 | 4% 200 | TE
NG | 12114
L) 7~2.215 1 2%7
ESA Mars Express | 2003 SPIC SIR 1.1~1.7 1 1 PAT
(MEX) 06/02 |  AM KRR
ESA SMART 1 2003 | SIR 0.94-2.4 256
(Moon) 09/27 %256
el RS P6 2003 | LISS-3 | BS 1.55~1.70 1 | 6000 13
(BEARE) | 1017 —iFs | B5 | 155-1.70 | 2 | 6000 | 13
= MESSEN 2004 | MAS | VIRS | 0.95-145 1 | 256 YE.
GER(Dis 08/03 | CS KB
covery 8)
BN NOAA-18 | 2005 | AVH 3a 1.58~1.64 300
(A% TBE) | 0520 RR-3
ESA | VenusExpress | 2005 | SPIC | SIR 0.25~1.7 1 1 2400 Y-
(VEX) 11/09 | AV Si/TnGlaAs 4 BRI
ESA MSG-2 2005 | SEVIRI | 3 1.50~1.78 1 3
(R&IE) |12/21

b LR BaAT S MIE A InGaAs TR M8 7R 7L E THOMSON 23 =] fil g
EPITAXX & . L4 80 A H, 2= E THOMSON 2 S HFHI 3000 TT InGaAs 231 (5
F 10 4 300 Juek 5 HHEE k) Bt F7E T SPOT4 #1 SPOTS TLE b, FHiT /- #28ik 5] 20 %
51, R SR FL M3 [E EPITAXX 2 A5 1024 7T InGaAs 51 3 HI 46 T Bk %5 18]
J& (ESA) # —{R ENVISAT ¥t T2 PP L0 a3k SCIAMACHY H3E{x A, TIAE
TESRIKHA T 1024 JTE) InP 2= 346 TLECHI 3 K3 2 A InGaAs £51, BT R T 25um=500um,
o TAELE 200K A1 150K F, KR KY B InGaAs RIS & ke LEER DN
1 -20004F 11 A 3 E NASA &S 09 EO-1 BB D2, Bz 08 LAC E36F 3 4~ 256%256
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7T Ing 53Gan erAs FEARERI 88 EFE . 8T T4 40um, TAEEE 0.9-1.6pm. B #2007 &4
7 SELENE HAERIM TE, H EEFIEHMSAT 3202240 TH Inps:GanpAs TFE, ST HH
40pm>40um. M AFET NASA BIHKE FRl3E TLE POSE. A= Efilll T E TIMED: ESA [
SMOS Fl#TE. SMART-1 B E. MSG(Meteosat) 5| DE: ENEN INSAT RFEHRT
E: BB Meteor-3M RFISH P E: MERA CanX-2 TEH. £ 181 F|H TiFF & HE
RIS BT InGaAs FI BRI 5 TE &R E 4.
19 InGaAs EFEEIEREIE AR ST

B8, InGaAs {FN S H AR E B HTE WL, 145 FIE I 0404600 88 4 28 49 3 LA
AL BEFRAER . FEE R, TAEMEFRERNHTHEITEE. B2 InGaas Fifll 2
hEEE—EHE, NEKTFAFETE (SCIAMACHY ) LHIE In 84 InGaAs &7l 5
FERAT 50 ETEHPY, B1.9.1 35 SCIAMACHY 87% In 4145 InGaAs & il 2 (7 hE 5
B (E6T Seaig k. BT & In E45 47 InGaAs Filll BB EM. fiERSSETIEEE—
BRI R. B, & In 854 InGads FFMIEF FEATE BHRMRIES, TEZEIHRT M
S In @M E RS R EETEY aEE ART RARE. BREE - IV HTHNE EE
bE T-VI S M £ B354, (27 InP M Gads E39 B LAMES K5 In 4845 InGaas i
B AR ERIER 1. 7um 245 LA A InGaAs #H BEEE A2t

Date
1=lan=2003 1=Jan=2004 1=Jan=2005

- I T T

E|eche

E |~ che+

ADE |o Ch.7 mm

E | % ch.s o ppoom O i
i F _ P
= E @ ey '_-Lrn_."'nj:LL
g 0g= ” M
n = oy,
(=11 - ﬁ»‘_x:-’x a
= E oy ahhste ® pagddl

o aw T
2 20 o,  # T 3
= E

10F E
Ew mmoﬁwwww DD DO 00 O G S _HI-IE
D : ||||||||||||||||||||||||||| :
4 [+ 8 0 12 14 16

Orbit Numberf1000

191 SCIAMACHY LI In 84 InGaks RME AT S MHEL
Fig.1.9.1 Evolution of the number of dead paxels for the InGal s FPA s of SCIAMACHY s channels 6
(extended-wavelength InGals detectors)

EHEMEEIZE, MERF-LEHESIFRR, DN TeHUEHSH, sEMEREN
EEARNT Y, EEMEOEL RAAHE D EREART: STEEETE, PRET.
B EE BT SR T PR SR A4 BT, BT MM S A%, S5 EN T RS RRE
In @HBFRMIZHMUAFERGEEMEE.

B EAE LAY 1.7um InGaAs Rl 87 BEET LI B R — T TARBERAR, BENEiSE
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P ] A A5 R TR R R A REVE N B TR . T VR AR T B B R P ST TR
st g T —E RS, DUECRA In R A PR AT .

B2, InGaAsTRI AR ECH VR R RN SRR AL AMNE B R A R, HR
T @, 45 R EA B R RN InGaAsTR M 25 7 H B oot R o & T EHE T 7
VUANT7 T : 1D SRR ma At A, 17 SRR £5 T [ i PR AT 2 41 A JR 5 2) 0 & InfH 438 InGaAs
PR FO RN 25 B33 — P 55, {E InGaAsFE V[ WK 3 7 14 B (1.0pm~2.4pm., 2.6pum, 2.8um ) ;
3) g By B Ay oed R, BASKAS B AT [R] A R TR C0.4um~0.75um) FIIL AL Ak
(0.75um~1.7um) FEIE O H P InGaAsEEF AN EE; 4) InGaAsE TH . BT S MAPDEF
FIRRE.

110 ARXHIRER. HHREEAS

bR AR 3K 5% N VAR = S ST e N D 1 3R N g e PP & =l VAR
MERIEASERE, HEAT AORHTR. BRROIMEIHAR, XRB—ERMET
oA HTEEAIEEREAFSMR R RN A, FmstRflkE T —REREEAE
IR S e T E RS A IER,

TAEEER IR AN B M InGaAs TR &8 B A REUE & MEAIAC, Wi 08 B RRT ] =335 A
=i TR A, DR InGaAstH Rl BB AP LA KB AR R I B PE AR, 1S InGaAs TRl 5
G/ B AR BCACHT = T SE PR AT LD AMRI R AR AR . HATE R B, P ARG
RIS E K HInGaAsZL AR Tl A B A A LA BB CE g A TR T E L.

2T P 2 ) 2 R %) e i R TR B B SR AT 2 B A Hp Cd Te i A, il JLAE B At A4
5 S8 B AL (A 28 B ] InGa AsTR MR M T A R . Horp, P ERVFER DiEEARBE 7.
R DRGNS (B BB AR R B S ] 2 M B InGaAsTR M5 4T T K 2 B HE A% B BR
70, HEUBE T — SRR . DI AT TR 00, R B AE0. 9um~1. Tum )
InGaAs#RM &5 45 1 CLAHE TS MEE. HArE i WiE & H S Indl 77 B InGaAs < 48 717
M QR BRGaAsKE SRR T, Bk, e RE T —RTEERHE
TR AM I ES P E A YT TR, SRR YRR ST A (E 8 R S In 47 B InGaAs K 2R 7
FIERIAT TR R .

AL E T TR IR, o0 7 AR & Infl 7 InGaAs SRR Gy R E
2.4um) K HEFIEF RS EXE T2 R TIRANBE, ZTE TESREU T
F: —. XS Inf S InGaAsHMNER BT T —HRAIMERLE: —. ESHART GmAE., i
LR L) R ER B IRAR RS SR T 2 =, MRS, BT T =EAEAIRET
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EIPEREMIL M, A RTRLA S E4 & T2 R BLRSE, T, It A& B = 7100
RG] B InZH 7 InGaAs TR &3 B & Fh AP B RIEAT T oA B 55, O SR AR B Rt
PERE Tt AR PERELAL IR T AR NS % .
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HE® 5 IniHS InGaAs SMNEHBIBIR AR

FRERMEIANE T RANTHEZEEFRHEES In A5 InGaAs YMNEME Ge—24pm). &
HHMEE. XRD, EF HRMESFSTTE, MAMNEM T FREARRA, PR eI T
REE REAAE, AT — PR RRIRRESE . VR FERBAERM PRI L
RB5EBEARAFRUAFINIRE S FTRAMEEKEA (GSMBE) KRN B2
BHEGINER R AP REEAFE RN SRR PR it A H 2 B AL 591k
SFAABER(MOCVD) 7 vE A T T 45 41 1E A
21 318

E—F 16 TREMNET InGaAs SEMEEHEEZRIVR. BEFRN=TTHEY
In;.GaAs 2 -V IREE Z TR LS e, e ainiE 2.1.1 Bt ol 161 By
7~ InyGaAs A B InAs 5 GaAs MEFRIECHCIE A, R 5 FE AT £ InAs £ 0.35 eV &5 GaAs
(1 1.43 eV 2 8231k, SRV AR B 4 3.5 um 1 0.87 um, fRIFHERT 1~3 um K
SE O R EE In AR KTTZESTE R, M GaAs £ 5.6533 A 4L 3] InAs [ 6.0583
A. FEFTRIEESNEME, FE&ED7EXH MBE #l MOCVD B AREKE] In 414> % 0.8 Y
& In A HNERT R (IngsGag.Ass he=2.4um), FHTEFEAE InP ## .

Energy
g, x\/
Xevalle iy
¥ r -Valley ? 0 £
Levalley & "
X nnﬂﬂ o0z o g i 10
L y compesition %
Ll
100> 0 Ay
Wave vector
0 Heavy holes
L
Light holes
Split-oft band

[ 2.1.1 InGaAs REF MR X, L. IHES x FhXR
Fig.2.1.1 Band structure of In; ,Ga,As and variation of X, L
and ' conduction band with composition

7E InP #E_EAEKSE In 49 H InGaAs ZMEFEL, FAMEE R4 (8] F 5 K EE 7T LA
M Vegard ERF ), 0T IniGaAs,Pr, DT REEH:
a(x,y) =XV +x(1 _y)aGaP +(1 _-x)yaans +(1 _x)(l_y)amp

Ho: o, =056536mms ag, =0545120m s a,,, =0.60590nm s a,,=0.58696nm -
Yx=028], IngsGaooAs FISEHEEA: a, =0.59773nm s YMEEMEL IngsGagrAs S5HJE (InP)
A B AR R B A -
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BEPTEE: & In 84 InGaks 3 RETL 2048 PRI 8 HeFaR 7

(o6~ Pas) 5 = 1.83%
T, Ga,hs FIEES 35 g sy 1R8],
1 7 2
EE =EEEM9_M+[ ghnds Eﬁjnd*r T E,_—,,,..,'FM]I—D."-}TSI[I—IJ

T+JSE¢.-|9 r+,-3),.,.|9 r‘l‘ﬁW*

Hep: £, =1512v, B, =042ev, E, =13%v, o, =51xI0te/E, o
Bou, = 190K . B, =83K.

L x=02 8, InosGaoahs MTEEHHENE, =0 51ev

2.2 BRI ERATSRE
2.2.1 B RTShIESEFFNSRE L 4R

BAT 5 3R & TEE A AR R, BAE 4R S T (001) InPA41E L FRAMBE & £ ATng s Gag 5 As
SREERTEL. T2 2 1AIFR2 220 HEIRTAEEE MR E, FEhPEEENE LIRIREEENE .
BILEAEE. HoPEn EHEEH IR, —i RE 58 M, ALds 48 BAT
pIhosdloaAs 0B E, B—HEETET T Gadbs BB B -Ing:Can 245 B E . PR
MEFRFEE AR 2 1f0FR22.2.

#2121 InGaas A Bt E T8 2 87518 £ 3 S48
Table 2.2 1 The parameter of epitasdal material with nGad s capping and grading buffer layer

L =2Txl0 e K

A I K SFHER B tE R E (om™) SHEREE (pm)
Ing oy pLos Capping laer P Be =23 10%° 0.55
Ing #ay 255 Absorption layer w 51 1. 3. 62108 2.1
1y aets Grading buffer laver ut Sio=2x 10t ~30
InF Buffer layer n Sio=2x 10 0.5
InP Substrate 31 Fe =1x10° 35020

#2122 InAlAs MEEPEREE T2 A B E 8
Table 2.2 4 The parameter of epitasdal matenial with AlA s capping and grading buffer layer

5k FEH S B 5 A B (o) SEEEF (um)
Ingzisly 255 Capping laver P Be =2x10" 04
Tty iy o a5 Ebasorption laver W 5 3. 510 15,20
Ity il s Grading buffer layver ut 51 =2 10% 13514
InF Sibstrate 51 Fe =1x10' 350 +20

B 221 ARuBERemEHEIEERBEREER (R 501E), REFIAHER
BERTEN, ZERETHESEESHEAE 2 FFRE=E L.

Fill sEYMEANITAERHRER
(M InGass HIBEMEREFTAHEA L H18 AnAlAs 218 B W EPE 773 £ 5
Fig 111 Photographs of mesa type epitasal material wath InGad s(left) and mAlA s (right capping and
grading tuffer layer
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BE-E & In 45 InGahs 7 A B AT E F R

InGaAs “FIEI RIS ER RIS 222 FioR, InP/IngsGagAs/InP NIN 4544 £ % FH
MOCVD B AT S A InP K FAMEEKME In 45 InGaAs. FHEASMEMEIE P4
LN —T RFAPZEKE, §URBEK—EREEA 2.8~3.2umn-IngsGag2As 25 HE,
BEREKRIKE, BEXRH InP, % —M-PEHAMERZFZHE AP AZMHENIEE.

n-InP capping layer - IndoP Capping layer
n-Im a0 mabs absorption layer o-Tm g s zds absorption layer
N* - laGapzés buffer layer Nt - Infus) Py buffer layer
N - IoP sybstrate H* -ItP substrate

222 FEHES EMHNSEETREE (Zi2ANGAsHEMNE. nPREE S EM L, HilinAsPHIE
EMEM B S LA LD
Fig.2.2.2 Schematic diagram of plane type epitaxial material with InGaAs (left) and InAsP (right) buffer
layer

"
)
‘f:'é“ﬁ&
e "ﬁ‘i’;’t‘;’i”}-v.
". & ‘:‘5 :
aXy :‘. "’ Fin
"' B S

B

PN T e LD
N e
&7

E2.2 3 FEB S EM B Z EMERE (X3 A InGaas HAE W E . InPHIBEMEMH, HilnAsPH
Nk P R G
Fig.2.2.3 Photographs of plane type epitaxial material with InGaAs (left) and InAsP (right) buffer layer

FHEM BN EMBERTRE GROK 50 4), ZFEEZERIGHE MM AFLURRSE
MRS, X5RMA MBE HEERKNEGEHMTEERIE TARNEREER, SEEHNE
T BRER e P BRI .

2.2.2 #FIEREANE B9 BB SR ARAL

RAZCEE MR RRT U EENZ AR M, EaPas. BEE. REHILER.
A BT EWMERI T ENAE, ERITHMEENATANAERNTR, THEHATHE
FEHE B R A E AR R BT B S S T 7.

EARETEMET, HETRRNHFETRENE TRESDREE SO, kE
HMEETEN KB TERE RS BT, HBEBERREREME, TEFRRAAH
RS ME 32 BRI P e U7 i A e B R AR S . SEe B T SEMEH MAE B EH AN ER S,
Zext WS B r{EARBIES, ERE LRGBS M E TR R,

Pt G IS RN ERMNMENERESERFmE 22.4 1A 2.25, 7SS
BIRIA KRR MO AFR R R, ERATETR hAlAs AZ M ENEEWITRIEZEL
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InGaAs K& ENEEAISMNEM R BRE R EAFE, B Skl 77 B RS 2
55; PIMATRHITE (011D T Ayiis s BEA AT LI B8 77 BFd PIN ZRAMESHY, HAF
TEREF N InAlAs HEZEMEMEENMEZEL InGaAs AEMENEEMINEM L, FEZIHE
O T BE N EE T, B S ANE R B R B SR A

@ 2.2.4InGaAs iJ%JEFE?FUFbEEE’Jé’#kﬂﬂﬁﬁ?ﬂ%%‘%ﬁﬂﬁﬁ
(ZMWAER. AWAWE
Fig.2.2.4 SEM micrographs of mesa type epitaxial material with InGaAs buffer layer
(left: top, right: sidewall)

&l 2.2.5 InAlAs iJ%FFE?FUFIJaEE’]?FLM*‘J&I’]H%EE‘%%EEH“
(ZMAER. AW AWE

Fig.2.2.5 SEM micrographs of mesa type epitaxial material with InAlAs buffer layer
(left: top, right: sidewall)

B 2.2.6 M 2.2.7 73 AFM-FHEMARETNNEHEERER R, AEIRIAE

HIRE R E A E, InAsP AEMRAVSMNEN BRI SRR, HEREXLHER
BN RGN RS U RS TREGHEHE. RARLSRRERKEINEERA InGaAs
AEFRAISNEA BRI G MO A FRIRE AR APV EEER F LR
WHEIE. EFE. BDRENBERENSHESAHEE, BERINDIMEMRNZ RE.
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SEMMAD 138 kx DET. 8E Dubector [R MAG. 470 b DET. BE Detechor
HY. 100 DATE: IIMWS u DATE IIMWD 10ym
WAL HIVED Doevice: THS IhMM MM

A 2.2.6 InAsP iJ%{EFE%UTIJEEE’HZﬁi%kﬂﬂﬁ%ﬂ%%‘%ﬁﬂﬁﬁ
(ZWAER. A5 WE
Fig.2.2.6 SEM micrographs of plane type epitaxial material with In AsP buffer layer
(left: top, right: sidewall)

] . P B ——— SEMMAG T0ki  DET SE Detetlor
DATE. 021 7 0 LR

v
VAL Hivac Devica: T35 Dightal Miroscogy Imaging AL H.v.x nnnnnnnnnnn Dighal Miteascopy Imaging

& 2.2.7 InGaAs iJ%’;%FFE‘ / InP 7@%)2‘&’]42@?_%11%4&%3%%%%%
(ZMWAER. AWAWE
Fig.2.2.7 SEM micrographs of plane type epitaxial material with InGaAs buffer layer and InP capping layer
(left: top, right: sidewall)

2.2.3 MHREIRT N BRIRRAE

Xt & T AUN-F I BUAM EA B R Rl BEAT T R T D ERE AN, SRR R
BT . B 2.2.8 AEHEASNEMBIFIRTE AFM B, HEREEZE/DT 12nm. B 229 HF
P EBSMEM B HIRE AFM B &, HPRHE InGaAs GEFERSMEM B HIEBEE R T
13nm, TR InAsP St = HIANEM B AYHRE KT 100nm. MFISRAMEA R AFM B
FETMUEY, XH MBE £KMEMBRIEHASEMRIHREHEEE, EHXH
MOCVD K HYFH BUANEM R BRI D
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A 22.8InAlAs AN ERBENSHYAEMEIET HERBER A
Fig.2.2.8 AFM micrographs of mesa type epitaxial material with InAlAs buffer layer

A 229 FEHESAEMEGYET HERERE
(G InGaAs EpE. % InAsP HEHE)
Fig.2.2.9 AFM micrographs of plane type epitaxial material

2.3 X GHEkEEIE S (EDAXD

EHAFE T BEWMBEREFREEENE, MHE—GE LR X S &Eeil ot {iu# T
BEAZE A B X B o tr, FTUREEHEENR. Ky REEHEaEANES
Zel, AT EDAX A JLAF AN EM B R T A AT T 401 -

BARRIERNE— T X HEREE 51T, ©RF AR IR R E X ST 8 5T R 3T
BaathEE. SR FRSERIERN, FHfEFRAH Xitgk. BT ARTERHRE
X H&ERBEEANE, FIiE X FELARTETERHNUEEREN X 414, X Sl
H X S &g 2N E#HIT R ERAR, BAHKGN X S el n|thee, $2BE ERIE X
WG HOHTEEN. RIEENEALITE X HERERE, AR X Hk T,
EUENUHBK, RAZGEEFRFTEEER.
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B8 &4 InCabs SFEMENER ST

L?EE?% 3541 1-:13 Ftw: u.gnu ket : ! : . J ke
A 2.3.1 SEESEMEE x [HEEaiEE (halas HEEFMEFE)
Fig.2.3.1 EDAX profile of mesa type epitaxial material

2.3.1 AG MBS EMEE X ST EREBE], SMEMELRA T InAlAs AIEEFIE h)Z 2
M, R23VGEHTHEMEBENETENEFEE, APRITTLIER, JMEMEHES
E X H S5 A mAlAs , B T8 R F & B 4 A InAl=3672:849411 ,
(Int+Al):As=(36.72+8.49):43.07=1:1, 5®RITHHMESHEEF S, RITHHMESHA
IngsAloAs(In [RFEEAZEER 08, Al RFHHAEEN 0.2) . 7EMEZHI R H A [F 5 4
T NE ZEREZENERTREEMENEENERIEPFEANGEE, UEEXRSH
ETMARERHENTE.

#1231 sHEMEEENESHTEE (Ing:AlzAs ATEED
Table 2.3.1 The content index of epitaxial material with InAlAs capping layer

TLE FREHH BRTAESH
In 53.80 36.72
Al 2.92 8.49
As 41.18 43.07
N 2.09 11.72

232 AXH InGaAs ARENE M EEME MBI EMEE X H&e0EE, & 232
BHTIMEMEERS & RN A S8, AWPRITTLEM, SEMEIEEOERHAS A
InGaAs, ENIMETHES N InGa=48.04:11424:1, SR ITHMESHEERNSES, it
FIM LB EN Ing s Gag,As(In [RFHHSEEN 08, Ga RTFHASTEER 02).

0 1 2 3
Lﬁﬂﬁ 151 cte FEHE: 0.000 keV

H2.3.2 SEASEMEE x ST E (InGaAs HIBEMEHE)
Fig.2.3.2 EDAX profile of mesa type epitaxial material
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£232 SEEMBIEENS AT EE (InisGagds HIEED
Table 2.3.2 The content index of epitaxial material with InAlAs capping layer

JLE e | ot R B
In 58.99 48.04
Ga 8.51 11.42
As 32.49 40.55

2.4 #ARRIN &8 XRD FAE

B X A AT R A R RAE R B MR AT, E AR R
FUAETE A B 0 DAL LA AL i XM 2R 4598 th 2k AL SR S b 1S /R & th e F e It R AE
ik BREREAMERA S MEE L KEE. 2fiEe s kR, N, mBUKEE
AN E5E B XX ENTH P AUE A L 2 5 AR AT e fr B 2 M) 22 RSk Aa e
ML AR AT A B Y SR B BE M TR SEAME Z 0 R R Ak, WA 1SR N AN R
JEBA-ATAE, A RIAMERR TR, a0 X &P, JMEEMBragg B2 &
5 (FWHMD 8 R VE AL R % e B B — N e 1 R

&12.4.1 0 R HIMBE 77 /=S MEA K & d0 B MEA R XRDAGA AR, #1EN (001) InP,
210 2 M InxGaxAs TEJE HlnosGaoaAs, 15 A4 LR X AMEATRIEAT (004) & RIATH Y
MRt . B ELEmNF g, EoSubstratelg 2 #1 K InP5 21, ©0=31.66"; 5 —T-Epi-layer
I EInGaAs T[], ©=31.00°, $HH H 5 & 8 NIng sGag As . HME E JFWHM A 252arcsec,
AIUEH, SMEMESREER, MaRZER DN EEMNEFE —RIIGERDEEHE
gitg, vAR EE SRR E h EAT AR, ST EAIRE BRI ER N E

2500

2000 - ﬁ

1500 =

Epi-layer
FYWHM —= [+
252arcsec

500 -
| J
00 w5 B0 w5 0 s 30
«f26 (degree)
241 SEBSNEN B x FERTFIE (InGaAs NIBEFMZEMEZ)
Fig.2.4.1 Measured XRDD rocking curve of the mesa type epitaxial material
Bl 2.42 JFIBSMER LR XRD MRS58, SMEFELR R MOCVD {E InP 41 L,
FAP B ERIEIMEA KBS In A5 IngsGag2As #MEFTEL . 78 ©=31.00" #LEY Epi-layer U6
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HH Ing sGag2As B A A% 25 M O RT ST I FWHM 4 513arcsec, A LAVEH & mERE.
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Bl 242 FEISMEF R x S ERTHE (InGaA HZF D
Fig.2.4.2 Measured XRD rocking curve of the plane type epitaxial material

2.5 RENGE

AFIEILK A SEMJAFM,EDAX  XRD S5l F B, X EATR A B & In 2073 Ing sGapaAs
AMEFRELEAT T HARRERAE, NE SR BT E SR R AR B KR . B AT T B R
] LU R A MBE 5 VESME A< BB F A g2 R4 K S T 25 In 2153 IngsGagaAs HPIE
Mk, ERmABHSRAME., ARE /DT 120m, XRD M4 RS E8 S RER T,
FAMEZE FWHM 24 252arcsec, EDAX MRS R B/rAMER KL YA 7 5 it SRk 2R — 3,
AR BE T BAE . TISRH MOCVD 77 AME A K I P R0 AS 7] 28 o B A5 A 1 F I AL &
In 475 IngsGagoAs FMERTEL, AFME fF BEEEXH R R, B EPRH InGaAs
A Z A ER R FPHRE ST 13nm, XRD AT FWHM 24 S13arcsec, KM InAsP
FErhERAMEA R REE X T 100nm, EFRABYSMNEN BB, 1SS ERIGMT
FotEgs. G ETES EH S In 15 InGaAs L8535 85 0l & R0 B8 A 470 4T Y

'LTJ‘ )I//I}L o
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F=E P HRRKEEMERAHL T ZHER

REEEBERAA T S In A5 InGaAs ZRINEE (Ing sGagAs, he=2.4um) BJHl& LZER
2. HBEANHE T EMEMLE, X p-InP. p-IngsGag2As. p-IngsAlgrAs B RKERHE il f1 &
RS R AL L2 AT TE 3R . Hd P iR EA T2 B e BE R L
SR ITE, P T L EERR LA B ER AT T 5 B LA 24 o 16 ek B DG
Fl& LR, HBREHIER InosGaorAs K ERFITRMIEE T F 0l & B8 52 Hh i .

3.1 €& — ¥+ SRBBREER

& B S e AR B R A E R S AE AR — B E S0 ZH . b
ERVEBARNRE, RSG5 E2EE, B8], BEESLELNTANHR. T8
RHFFT/7 00, 0 Fermi SEZRMETHMLE WA, LHANHT W, OTHENRBRE TS
WK, FUABAGEHEAT LZ N HRE. ERMHRMET, Rl h—4
B,

3.1.1 HIE

F & I8 — 2 SRR R RSN H], T DA BB ISR AR I HL3E,  Schottky #5222 FRUL S
ENUHI LR . KT R HIE T, 1% Rohderick /047, &7 LA LR PO Fb.

(1) HFAESFBTHLTARERE. X IREFBAEFRE (TE) fY BUE
# (D) Wb, FriE —AEE R, ZXEREANERAZEEE. 5K, Crowell Fl Sze HIF
T HEEB LA e TR RI B SR, iR b, E SRS R T MR R G R
EVREBEN M A mWiEs), SR TERGRESTA— T E aENERN, SURETT
FAERE. (D HFHBERNFEEL, RABRH (FE. FERME N, il R4S
AL, B LR EE N T Be .. BMERENA S, BRI SRS -,
XA T A I H R LR, XA R TEONBE SN B SR, RO E TSR
Sl (TFE). X TS, B2 T0RE, MENV I XEER, K2 8RB
et — N EAYERERE. 3) £TFREFRFETFETAEE. (O TLEFEFERET
52 EE. LIRE (2) (3) (4) Hitl5[&ELR M8, {F Schottky iR ERE HARK .
3.1.2 FiE

T &R — L SRR R LA TR Cp, ), RIS fIAR S B — 3 Sk inn m
ST HLFH .
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P = [%} (QEbml)
p, BU T 52 S5 RS IR
—fi, EAARERENETHET LEANR, BELRAERE TRENRATE).
i &0 §E B e 0 B 5 LR B U TS B U, BT SRAT p, o YulP IR Chang™Txt s A

THE AR AT, iRt
g _q_hJE
00_47r me

E HEFILRZH, N, ABRIRE, m NETHE, ¢ JHEELN, hESWREL

(D &F Np<10Vem™, kT/E, 0 1, TE HU4IHE.

qq)b )
kT

dLET LB, @, % Schottky ¥4 @, 0, —EIAMT, BERE, o 8.

(2) Np=10em?™, E<10%em”, kT/E, =1, N TFE §L4l.

p, o exp(

pm{ 9, }
© | By coth(Ey /KT
W, AR T PR R Bk B A B

(3) ZNp>10%em™, kT/E,0 1, FE N E.

q(Db
oC eXpl——
. p( B )

HbA LA, p, BT HBRIE, REGLYRNSERIRE, ©, Batha D= EfE
o

TR, e REMeE - FEREREBEAR A TR (D K22,
AR RS LT AP R B A BRI, R MEA R B HER T W AR R
e e mEAE T, XA, EBERANR. (2) SR, ek FIFHE
fTH PHL A — B RTET AR BREE &0, SR T &S a8, SEcEMA e
FHEAPFEER T, By RGN IR SR TEEE R E S & XA
HEGH . SROEMEASHERBRER, FAERME, SEG10Rs " Eh 0,
iR MERENRR, RANGEERESRADFLT . WRFLZERIDEARD, R PHTear
SETE B PR sRIE, AITREARZEL T E &m0, MRRERE &M LHEE LR, FHRRTH
BEHBCATFENFHHE, HMEEamEE 2. ) s, £33 HRnE
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HREALL, WRERTHEESESTE, BARKRENEIRZ R0, BERT SHF
B S 0B pt R — 77 E T LIE A R R AR BOR T REA, R AR SE IR,
BEorAg kb, BFFEHE e B aRIEe s,
3.1.3 LLiERRE A=

tCiEaREe Cp ) BIBREEERARM) R BFE, SEfr ERTEERNER. EaX e
=RE. EREFZFHIAMMETHE . WMNIER, &5 MFEEMIIA. B, BF
FEETAERA MR AT E. ERemAMaE, #RE—EREERRT, £
Seppfh i 2 MBS, RESAMHEHE, RERARYEEY, o Pk SME
AR, SEREHEABAE.

RIEFE SRR R 2R R, RO EAh B B KB Loy APIR. —2REEAME L
BB BRI ANE G HATIE; B R AR LS RIS TIE . B
I AR B O A A . R R R R R, AT &) TR —

ERAEMEARL (TLMD. XM AEE % i Schockley 5l A, 54 Berger i 13—k

LV

Mesa T
height = (ll

B 311 fimek e r AR
Fig.3.1.1 Schematic diagram of a semiconductor material with ohmmic contact pads prepared for TLM analysis

1E5 BEF RS MRS A BRI S A FTERT BRI 3.1.1 i, 720l
TEPANERER 1, 81Ty T R B L 1E R R 1T B AR 2RI s e s v, JFR B
HFH Ry, XA H FAET:

R,/
R, =2R, +—%u
W

[

Hrp R REMEM, RaZFFAHFE R RER.

g
[P
@
E
@
il
¥
o
E g ih
= Gradient =——_
E . 8 =
A12R,
T L
[_,k_ Pad Spacing, L

B 3.1.2 AR B A5 40 T N E A PR S & R R AR IS BE 09 25 3
Fig.3.1.2 An example of a plot of total resistance as a function of TL.M pad spacing
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FEAFEE I, FAH R SR Re, {028 GOSN E 3.1.2 FiRk) & HE,
HER R R R/ W, 75 x 1A y HIEI AT 70 B2 Lx F1 2R, Reeves 2 A0 R A PalAKik:

R, L
RC=$, E-LTz‘\'pCfRSK

Ry R FKBHZ AN TSR A RE, Ly i KE. FEUAA I &R, BRIEBRAR
SRE TS e BT ST R T S B R AHSE, W 2Lr=Lx,  FTEA

RW?
P =RSkLT2 B RShLT2 = Ay}?

SXA] PAR R S LA B . {H Ra A1 R BAE ANFL A DRSS LCEAEER{E, Reeves
SN MEREEE, & 410 PUEmK 1, 2 EMEME Ry, 2, 3 EREMHER,, 11,

3 [AJHLPH Ris, RAESA R, = 2R, +R°‘7hl”, ] 41

Ry =By + R, + R, 1)
Ry =R+ R +R, (L W)
Ry, =R, +R,+R,((L +L2)fW)+Rsk(SfW)

Ed s A s, ARl Re: Re= (R12 + Raz -Ri3)2=R. - Rys/2W, TP Ry =
QW/s)(Re - Re)»

RWs

P TR R

3.2 IV = BHL S 1/ € 18 B BREHE A

EHIRY TI-V SR ARG &4/ 40 8 B BRERHEE Al 55 22 41 % Gunn #2308 (Wp 29 10Mem™) #0
EBAOES RS W% 10%m™), B GaAs BRI AR H Sn 47 450 °C 347
Eath. 1967 F, RIET Ni/AuGe. B2, ITF NIV EKHHLE T, BEE T 58U
HAHFLFHRF N HHFRE, 0 MESFET, HBT, HEMT F12 505 8§ 2 SR G B 84455, X ERE
HAbER TR ER . REALE B TR RT R4, AR EedR At Cp, ) HZESRFRAIC.
Bltnst MESFET, #HCA lum 8, K p =107°~10° Q-om®, (E4HH A THCKE, 0=k
£, =10 Qeem® BFEAR. AT AN, FAEM., AT UEE WS, TIEmEuE,
KA MR . Hoh F AR — MR R A RS ok BRI AL, Won FRE T —
(InP/InGaAs/InP) HBT ] £, 5 p. BIK R, p, 8K £, 85 . § InGaAs 55 TII-V L&
ZUANERE RIS, G R AR R RAB R A, U AR PR A R P O IR R R, B
BRI GE . X T -V MR AL S W ST 5 el 2 p BY AR RS 3 fn — R 2 b
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n BMHEL, EERESE TS /EANEEHEFN, BREASMIMIIZARGHE

. 23.2.1%H 7 B8LA UV R S5 &8 s i fn B BT 50 45 2

F3.2.1 ULV BATEML B0/ 8 RIS
Table 3.2.1 Alloyed Ohmic contacts to the I1I-V alloy semiconductors

fp RR EREER Lt fih A P 54T &
Q-em’ n 5 pem” SR
TnP P Au-Be (1X10"p 10'°-10" [64]
p Au-Mg 10™ 610" [65]
p Au-Zn <107 10'%-10'® [66][67]
[68]
p In-Zn 1X107 510" [69]
n Au-Ag-Sn 8X 107 5x10'-10" [70]
n Ag-Sn-In <10™ 3x10" [70]
n Au-Ge-Ni 3X10°-8X107  3x10"°-8x10" [71][72]
n Au-Sn 1.8X10° 3% 10" [73]
GaAs p Au-Zn (1.8X10%p*  107-10" [74]
p Ag-7n 9% 107 210" [75]
p Au-Ag-Zn <10 10'% [76]
n Au-Ge-Ni  (1.8X10"%y/n 10'°-10" [77]
n Au-Ag-Ge  6x10™ 5x 10" [76]
n Ni-Ge 3% 107 110" [78]
n Pd-Ge 3.5x10* 1X10'" [79]1[80]
InAs n In [81]
n Sn-Te
Al,GayxAs p Al 2X107 o 1o [82]
x=0.4 p Au-Zn 8% 107 210" [82]
n Au-Ge-Ni 2x10™ 1x10'® [82]
In; GagAs p Au-Zn 2%107 5%10'® [83]
n Au-Ge-Ni 5%107 1% 10" [84]
n Au-Sn [85]
In;xGaxAsiyPy  p Au-Mg [86]
x=03,y=04 p Au-Zn 10*-107 2X10"%-5x10" [83]
n Au-Ge-Ni 5.8%10° 1x10" [84]

WAVESE BN MR CERET SEIR ZEad B, RIERATA LI &0 . BMa M HE T2
FIEBPERIESE BB SR, X p-InP. p-IngsGagaAs Fll p-IngsAlg2As 5 & 8 BIBR AR AT T 4]

BRI SRR -

3.2.1 p-InP 5 Aw/Zn/Au RIRR B AR
FERRERH & B A I ESHILIMOCVD) T, £ 2 #5T 350um B HI(100) & 7
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S & In 45 InGaAs B TSR FIAR I S BRI 5

Y52 InP WE FHIEH pInP SMEEE, AMEEMEEZEL N 08um, HHAERFIRE N
3x10%em”. BAKIKASN. 2B, ARAERBEE, BESKT, REREXEZITER
ENEHEER (TIM), RETEZEN 0P BT RERZER TS BEHEE
Au(200AYZn(700AVAU004A), EREWE 321 i, £EBEK 250um, 7 120um, (82
10pm, 12um, ldum —HEZH|28um. REWBHRE TR AP, 7 N, A FREER A, BX
YRS M 380°C 2| 450°C, iR:KETEIN 30s, A AAIMIELT A 2.50/min. IV IR BERHTHE
M%%KmMﬂ%ﬁm%&,Mﬁﬁﬁmﬁ%ﬁﬁﬁ¢%APmﬁﬁﬁﬁm,u@&$%o

o ¥ 2 e PR (BT BE T 5 R EL At B BEE, RIS /D SRR M, Bt RO B PH
R T NE &R IEM# =83, thiEfisiE o H RSWY RHTHE.

,_p.’._ ‘ o

| |

B 321 FEJE TLM £H4E
Fig 3.2.1 TLM structure after lift-off

F 322 2REXERY -V Higk, AEALTLREEMEY, EXREKXET, pInP 5
AwWZn/Au FIEEALF I A Schottky #Baft, T ERK A4 .

0.002

0.001 -‘ /
0.000 -

-0.001 .‘ f
-0.002 -‘

06 0.4 -0z i} oz 0.4 06
Yoltage (V)

Current (A)

Bl 322 KiB K p-InP 5 Au/Zn/Au EhEATI-V H
Fig 3.2.2 I-V aurve of Au/Zn/Au freshly deposited contacts on p-InP

B 32340 TRAEES T4 380°C. 400°C. 430°C. 450°C, BAEFEE N 30 s B4
BT, MEEEHFEAERZER -V IR, NEFTLER, BHERKEENRES,
AR U RK A B B AT, HP 2t 450°C | 30 s BAEMIAES, B VIR & AR
FmshAHEE 10~25Q 208, BRT REVBEEMEN. FhETRy— 1 ERZHES
BENHAS, Zn BEHIE p-InP AEY B Zn BFE— FHREK T £8/nP EiHess,
B—HEEMNT Awk: FATEYE, #8485 P B THREEM. B32440 74
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L 450°C 30 s IRKSEAFEIEBREE -V AL, BT E B R A B Al

BIREN SRR TEFREE, BOLKA T 450C (30s X RKITE. B 3.2.54H
THEKTZET, p-InP 5 AwZn/Au A0 LS EBER R, MR/ ZHaELEE, /E
T LR p, <107 Qlem® - FEFFHTE LA, ERNPTZE6T, IE KK AwZn/Au
S p-InP FRSINTEIR 2, EFRREERED 2R REILSR . ZI8 ] sEH R A w1,
—ET Zn FE SRR, ARMEERIEEES, ERERE Zn FEANRFEDNS,
ZRBANPERE Zo YRR A A

0.010 R
.l "'
i s
= =
0.005 < BTy alet
Y boe
LIS A
4 v . L
= I: ¥y ....
< oom -—.,W Blasece®
= ....
e P = 1
5 1 o, T o
O ..f_ - "v..' = 450°C 30s
-0.005 ofaY 7 gt ® 380°C 30s
o2
v o 430°C 30s
" ] o
v . ¥ 400°C 30s
-0.010- L ad

—r 7T —r T 77—
-025 020 045 000 005 000 005 040 015 020 025
Voltage (V)

-InP 5 Aw/Zn/Au 5% BT 380°C,400°C,430°C ,450°C
iR TR K 30s JE 89 1V 4k
Fig 3.2.3 1-V curves of Au/Zn/Au contacts on p-InP
annealed at 380°C,400°C .430°C ,450°C for 30s

3.23p

0010 o b
e _u
190"
=
0005 jou"
.l
o
x o8
£ 0000 o
= "
3 s
Tk
00054 ...::q’ = gap space 28um
..-..0. : ® gap space 26um
" g%t gap space 24um
00104 &
T T T T T T iy !
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Voltage (V)

Bl 324 AFEEEL p-InP 5 Av/Zn/Au BALHARTE 450°C
R 30s JEHY IV HIZR
Fig 3.2.4 1-V curves of Au/Zn/Au contacts on p-InP
annealed at 450°C for 30s for different contact gap spacing
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m  Experimental data
224 Line of fit >

Measured Resistance(Q)

e B B o o o B e e e e B
o0 2 4 6 8§ W 12 14 16 18 20 22 24 26 28 30
Contact Gap Spacing(um)

B 3.2.5p-InP 5 AwZn/Au B EBEH SR EERIRE (450°CIE K 30s)
Fig 3.2.5 Measure resistance versus gap spacing of Au/Zn/Au contacts on p-InP.
(Alloying was at 450 Cfor 30s)

3.2.2 p-IngsGagaAs 5 Ti/Pt/Au AIER HEHE RS

¥R K F RAMEMBEYE £ /Y Ing sGag2As/Ing sGag2As/Ing xGayAs/InP SMEF R, B
PEA RS HOLE 2.2.1, EH p-InpsGagAs 182 M43 5K E>2 X 10" em?, T4 0.55um.
KA A REAERE TG, HESWRT, RHRERZI T 2o0k0E sk
A (TIM), REEHEFEN 10Pa HF KERALZBKH & B &
Ti(200A)Pt(300A)/Au(200A). HMIRK/E, KHEM K CvAu MERINE, HE LET .

0.020 4
—-—460°C 30s gap spacing 18um
00154 ..-- 460°C 30s gap spacing 16um
] - 400°C 30s gap spacing 16um

0.010 4
] ---—400°C 30s gap spacing 18um

0.005 - / ‘
Fenery
] s

0.000 e

Current / A

-0.005 -
-0.010
-0.015 4

-0.020

r x . T r r x
008 004 -0.02 000 0.02 0.04 0.06
Voltage /V

Bl 3.2.6 p-InGaAs 5 TVPY/Au BAL AR5 Bl 400°C,460°C
(I35 TR K 30s G0 IV H4k
Fig 3.2.6 I-V curves of Au/Zn/Au contacts on p-InP
annealed at 400°C, 460°C for 30s
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m  Experimental data
Line of fit

Measured Resistance()

L L L N NN NN NN NN LA NNELEN NNELA NNELAN BN
6 8 10 12 14 16 18 20 22 24 26 28 30 32
Contact Gap Spacing(um)

3.2.7 p-InGaAs 5 TiPvAu &R B 5 RIEEFI X R (460 CIE-K 30s)
Fig 3.2.7 Measure resistance versus gap spacing of Ti/Pt/Au contacts on p-InGaAs.
(Alloying was at 460 Cfor 30s)

B 3.2.6 45 TIBKIESES B4 400°C. 460°C, 1BKAHEF K 30 s 44T, #HIREEE
Bp A ik R -V Bt dhek . MBI AT LUE H, BEEIR KR B E,  Hak B B AR
BTG, B 460°C | 30 s IBAKEMRER, 8L -V IS AR IR BRI BHHE
3Q~8Q ZIH, B T RUTE B Al AR . 5 BB A A L E AR E P H p-Ing sGag 2 As b
fAsd SRR, BTUUEH T TVPYAu TE. B 3274 TEH L E T, p-IngsGagrAs 5 Ti/Pt/Au
HMmEESEEN AR, AN RELENE, BT HEMER
p. ~7.5x107°Qlem® .
3.2.3 p-IngsAlg2As 5 Ti/Pt/Au BIRXE %A

FE R 4 TR AME(MBEYE K B Ing sAlg 2As/Tng sGag 2As/Iny x Al As/InP #hEFT KL, B
AR S HN R 2.2.2, H P p-IngsGagoAs IHZFIBIRAE>2X 10" em™, EEE A 0.6um.
KA S RITH p-TngsGag2As FF M T2, HARE A Ti(200A)/Pi(300AY Au(200A)& BB & . [FIFE
S R A i R R R AT 49 bt

HE 3.2.8 A LLEH, HEREI 480°C, 30 s 1B KGRI RIGHIMK B AR E, B -V

TR 2615 2 ) FREh S HE AR 20Q~80 Q 2 [, JEK T R AT MBI ERAL AR . B 3.2.9 44

THERLTZET, plngsAlgaAs 5 TiPYAu M EH S FEIEIRER, S8 T A EH

p. = 62x107°Qlem® .
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0.0020

DOMST 480°C 205

aomgd T TEap spac?ng 12
| —-—aap spacing 16um
0.0005

0.0000

Current /A
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-0.00z0
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46 0.4 -0.2 oo 0z o4 0f
“aoltage /%

3.2.8 p-InAlAs 5 Ti/PVAu BAREAR 480°C . 30s iR K H) I-V e
Fig 3.2.8 I-V curves of Ti/Pt/Au contacts on p-ITnAlAs annealed at 480°C  for 30s

a0

B Experimental data
Line of fit
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70 -

il
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40
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20 T T T T T L] T L] T
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3.2.9 p-InAlAs 5 Ti/P/Au ¥ AREBPE S5EIEE MK R (480°CiR/K 30s)
Fig 3.2.9 Measure resistance versus gap spacing of Ti/Pt/Au contacts on p-InAlAs.
(Alloying was at 480°C for 308

3.2.4 BB B A LBIC 73k F=RAC
3.2.4.1 LBIC izt =18

Luc

3.2.10LBIC 5 R
Fig.3.2.10 Schematic illustration of signal and theory by LBIC

B S T B A (Laser Beam Induced Current),2 —Fh 28, BRI, B RB 41461
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B=% p A AR R R TESR

b (B A AT B IR I DA Bk PR R . ORI RE R ET 1956 F Wallmark &K
HIACE SRR R(LPY), B1E p-n ZEZ 25N, <EFITT pn & AF-ERE, K
FAMBGRE pn SEEY. BREOKK. 2FAVERxX. EIME 1980 ERREHEED
Rockwell 24 512 SpAG 2N BUR R F TR0 8 T 23 B0 SRS ok illos Y. RS
RIPTAA- M — BRI AT R, BRI —RIETh MR tR B ST F R E R AR
F-Z 7O, B ERAN G L, FTARE BE R REEAM TSNS,
FH LBIC £RF AR p-n 40K R T O BKEALI(SEH08E. BONWE, itr
LAG Fr R IR IS F X S AR B0 e, B —FiRA LRGN Ra LA, LBIC{E5
FAERIMUEINE 3.2.10 Aim. BULHRIE pn EREITHEN, HEZ ANB B%, SLESEGRT
R = A R g A AR, AR RNNAE S Las: HEIE AN C R,
EHA T BETERAERAGEWSSE, BFR 0 XEs, TREEp K, ATHFHIE
BEEZERE, BEn KEOTFEENE p REF, WTERSEE, BT n X AHREM
BT M, BEEAN B2 MR S mE PERE, n RPHUEFEHTA p K,
S EKE R, FENERRREOERE SRR e, AKAFRBZOT RS BEEER X,
o B 875 18] S ot B B o B4 B B A AR

WRAE LBIC B9 TAERE AT, WATRILUEE N, WMRFE—IARES, FETAL
EHATFE, SRR, EEERERSA BT E. MRBITATHEE P Bk
& Schottky AR AERRE AR, ATV LUK E L WA &M, E#fT LBIC MWK, A
SRR R . R P HAREREEE, BRI FEARES, SLESR TR
T RATHARIE XAE 89 BARRS P AR #AT T LBIC AL B ATHRF A9INR R & ) SEMILAB
Iy 7= B9 Micro LBIC 188, HARGME 3.2.11 Fim, FitEOtKK 980 nm, Mz 1kHz,
BWORHRBBEARA 5 um, SHEN L um, BOLREETTHE, b HT%E,

8
3

rirror

8
*{ monitor X
Focusing
= lens
f c
i Lovn
ampﬁr araplifier
sarple

|x-y stage

LASER

Driver for cotaputer
v stage

[ 3.2.11 LBIC £ R & MEE
Fig.3.2.11 Block diagram for LBIC system
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MERE G FAME p-InP 5 AwZn/Au il B, FE 3212 5, XRANFRETIE S
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3.2.12 Photograph of LEIC scan signal for AufZnfdu contacts on p-InP (left: before anneal treatment, nght: after
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Fig 3.3.1 Approximate energy-band alignment positions and trap locations for Si0q, AlaOs and Sishly with respect
to InP
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Table 3.3.1 The energy associated with various deposition techniques

KA EE (eV)
#7% & (Thermal evaporation) 0. 05~10. 2
REFE SR (CVD) 0.1~1.0
B F RIS (Ton-beam sputtering) {substrate) 20~ 30

B FRIEST (Ion-beam sputtering ) (target) 50~ 2000
3= 4T (Magnetron sputtering) 1000~ 2000

BA Lk EEMBR A mHENE, BT RENTE SfEIXREZFOHX
Bt EEHEPESIN, (PECVD) . BEFERTE. filk+2ERB T . Sii+Zns/ZH
TREAERL .. Hiih+Hn, S/ BB BB S ASiNG FB TR EML, FEpsmiks
RHATT R, Ho RSN A A S M AT
3.3.1 PRERSE L/ SIOBE LR

S P B Ing s Gag 2 AR BB AT R AR AME R R S5 10 S 832 2.1 B s ShAERT #L B i
I Alng sGag 2As, BIMPERR Tl B K In,Ga,As, EPInfH 7 M0.53 MM I0I08.
BERMNHERATE, E5HRETRP, R —REHES P L, ENEHHNEEER
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Fig 3.3.2 Anodic oxidation equipment

B IR LTS A AR AR 3% MIHPO, 5 7. —EE LA R A L ARHI A, HPHE A2, PiiGH
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10min, RS EH D#EEANE OSSR RER, FERNSALIHIEIR EF AIn0s.
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42



B=% P A SN ER CREE T 205

70

1 PH=2
50

N .
50 TSy
K w\ N——
A L In ¥ N
As

30

20 -

Atomic Concentration (%)

Sputter Time {min)

E3.3.3 SHYEEMAESEES (3% HsPOs/ Z.ZF)
Fig 3.3.3 AES profiles of anodic oxides of InGaAs grown in a 3% H3PQy / propylene glycol (1:1)

BITAES M AT LLE T, EPH 2RI BEEE/ 2 — B B A2 P AR I B AL RS, IngOs 2
KA EEV BB, MAO0yA0)FIGa0:1 & B D, M T &M ST EES
PR A EEERMR, RS RIEH D, R SR TP 2 8] 1 B i 22 3k
TEBINAS, REGESRENRDREHEER, MmEZWESEMELE. R33.2460 T L
LBV MR AR B R R, MR A LLE R, IngOs Y 287 55 B 25/ T AsgO3(As205)
Ga Oz EE W T, B Tii— PR aE e Z0eib s, MEKN0:5 (As0;
+Ga03) WEEL.

F33.2 JLAE WLAII- VIR R S o2t S
Table 3.3.2 Band gaps of familiar oxides for 111-V material

=Rk WA (eV) Z 5 3R
In;O; 2.6 [98]
Ga,0; 4.4 [99]
As; 04 4.0 [99]
P,0s 8~10 [100][101]
GaAsOy 377 [100][101]
InPO, 4.5 [102][103]

3.3.2 BARE AL /SO E 1L HPE R 1L

A TR IREFEIER PR, 5 EEAsO5(As:Os) EL R 7 5y 1 B A U il
B, BTLLZER T PHAE 910, 1moVLATKOH I (90%Z, —HE+10% % 1740 . FREESIT
BAEH TZ2 S SRR ITE, FNEE RIS RN S SRR R KRS i B R,
A REE MRS A iz, WmESEA R RSE, lRER KB ENI0VHF
4, FAKSminEE ETFSV, ERESRERR0V. N THARERWPLEEE—&, FEL
OVIER TA K L5min, ERAENERE WG, JFEE80~100nmyaEH P . FFERA M EPHE
AR HAE I A KA IR AT T AESh 4, i 45 R nigl3.3.4.
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Fig 3.3 4 AES profiles of anodic oxides of InGaAs
grown in a 0. 1mol/L. KOH / propylene glycol
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AR 96 B, DURT A iR AL 2 5 Tl s b K iR, BT AR R A T B —
= Si0, R HAEMEIR 5[ EREM, JRERXE A ER . & 33.5
BT KA REAN IS S10, XU TG 5 RF IR B E S0, FHAL S ATEY IV Rt
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s L B E P83 1V R, BT 82 Si0, PR BE AR -V R i, 4nE-0.2V &
TEBA A FIRE RN 3.0X 107A, 182 Si0, $ifb iR AR A 1.0X 10°A,

44



B=% P A SN ER CREE T 205

WE'S”; —— anodic oxide and SiO, passivation

SiO2 passivation

1E-4

1E-5 4

BB e e ’
E .

Dark Current (A)

1E-7
1E-8 5

1E-9

1E-10

T M L] M 1 v T v L]
04 02 0.0 0.2 04
Voltage(\V)

B335 PMHILRSFO-VELEE

Fig 3.3.5 Measured dark current of the device versus voltage
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Fig 4.2 2 Current-voltage characteristics for the illuminated and nonilluminated photodiode
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Fig 4.4.1 Schematic diagram of mesa structured detector and the photograph of the test configuration
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Table 4.4.1 The ratio of design size for the different test configuration

ERE] AG/AS AT/A6 AB/AT A9/A6 B1/A7
SEE ALK GRIHED 2 7 2 1.25 1.25
HCER B EAR (R 4 4 4 1 1
& AK G ED 1.2 1.667 1.8 1.333 1.4
& E R AR (BT ED 2 3 3333 0.875 1
SR F AR (CERRED 2.190 2.087 2.042 1.272 1.260
HER B EAR (ERAE> 4.798 4.355 4.168 0.953 0.978
SHEMEK (EhRED 1.214 1.704 1.826 1.352 1.413
SHEMMER (ERRED 2.190 3.174 3.440 0.813 0.971
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Fig 4.5.1 Dark current of each pixel for the test configuration
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Table 4.5.1 The dark current ratio of each pixel of the test configuration

AL AG/AS AT/IA6 AR/AT A9/A6 B1/A7
E B TRAN (SEfr{g) 2.190 3.174 3.440 0.813 0.971
BEEER (L) (-0.5V) 2.361 2.875 3.313 0.805 0.837
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Fig 4.5.2 Noise and signal of each pixel for the test configuration
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Table 4.5.2 The noise and signal ratio of each pixel for the test configuration

EbH AG6/AS AT/IA6 A8/AT A9/A6 B1/A7
JEEX B AR (CEERR{ED 4.798 4.355 4.168 0.953 0.978
GmrymA CERRED 2.190 3.174 3.440 0.813 0.971
EE 2.558 3.545 3.641 0.836 1.038

1% 75 1.421 1.704 1.826 0.963 1
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Table 4.5.3 The zero-bias resistance area ratio of each pixel for the test configuration

LA A6/AS A7/A6 A8/A7 A9/A6 B1/A7

RoA(A R 76EUX KM AR) 2.285 1.545 1.281 1.249 1.174
RoA(A i & 1 B I AR) 1.043 1.126 1.058 1.067 1.147
HR D" 0.824 0.996 0.977 0.861 0.998
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Fig 4.6.1 The measured signal versus mesa area (left) and photoactive area (right) of the InggGag ,As detector
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Tab 4.6.1 Calculated and measured signal of the detector with different mesa area

Eryr A B ad pB WH{ES | ElES | R’E
Cie] p pum mV mV mV mV %
AS 483 1533 1.61 2.51 4.12 4.3 4.2%
Al0 1533 1533 5.12 251 7.63 8.2 6.95%
A9 2058 1533 6.87 2.51 9.38 9.2 1.96%
Bl 9108 4508 30.42 739 37.81 40.5 6.64%
A8 38808 9408 129.62 15.34 145.05 142 2.15%
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Fig 4.6.2 The measured dark current and noise versus mesa area of the IngsGagAs detector
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Fig 5.2.8 Typical [-V characteristics of 256 elements homojunction Ing sGagzAs detector at different temperature

T EFERENRE AN SEARFRE FRERRERE, B 529 F1E 5.2.10 & H
T A FI =T 0 B S B RO R - ARYEAH U T 4.3.1 1ok SR H I Bt o0 AN R = AR 1Y
JREE, AT DR A E R G E N B AR ARILER TS N T, c exp(=E, [nkT), HEF

69



Al B In 149 InGaAs Wi F R S5 AT 57

E, fn # 5y £ 1R % 00 308K B B BR G Ao iE g UM L mar o1 R, D
I, n® wexp(=F, [kT) , BLETP BRI BRI EZiRE; DnlBiET 2 8, &
I, ocm o exp(—E, [2kT) , WFSF=E -5 & BGURERO) BE FEIRA) F Zon Sk . AR i o AT [
EYIXAMREOSR, BRATAT LUR a0 B9 0 B B IR B B AR R AT PR AU, KR AT 34
FIRBORRE E, [n o BILX LOAMEM R EEH 3 25 A0S SRR /MRE B 8n . B SR RATX
P bR s T 0 s PR R U 2 AT PR U . AT B R MRIEX R lomV, RE 5.2.9), iE
HE I B IR B B ARG B 2R I B R IR B e R M AR, R BU A AT B B B0 RE
E, [n=0.338¢el , JBILOENIGIERKIGHIIMIEM BBV L £, = 0.5¢), HMAGEI n~1.48,
AR X - E A A AR A AR TR R EEE . B 52.10 G THE®
fiifE (-400mV) “FHE FEEEIR A A2 IhE, BT AT AT L A R IR AR AL E SR 25
RE LRIV & R RNEE, WUTRE T - S AR Ay s R R4
AR A E S A, MERIRARIERE: £, /n=00915¢), 58 n>2. BEHERER
R A RS AU, oA el BRI IR 50 R ST 851 RS FE R T 4
e X R RSB ) BB L I oy S M fr

T/K
320300280 260 240 220 200 180 160 140
5.00E-008 ———————T——1——1— x T . T
| ]

4.00E-008 0mv

—m—measured data

exponential fit

3.00E-008

Equation: y = a*exp(b™x)

0.01981
b -3921.32491

<
~_ 2.00E-008 ~

1.00E-008

0.00E-++000 +

—— T T
00030 0.0035 0.0040 0.0045 0.0050 0.0055 0.0060 0.0065 0.0070
TYK'

B 5.2.9256X 1 JLREIRL IngsGaoaAs FRIN3% GO s BRI 1284 X B (-10mV)

Fig 5.2.9 Measured dark current versus reciprocal temperature of the 256 elements homojunction InggGagaAs
detector at reverse bias voltage of 10mV

70



FLT i frdlE Rt

T/K
320300280 260 240 220 200 180 160 140
L L L L * 1 ¥ 1 * ] b ] - 1

1.6x10° .
g ] 4
1axo] -400mV .

4 —m—measured data
1.2x10° exponential fit .
1.0x10° Equation; v = a*exp(b¥x) -

x ] 0.00005

S 8.0x107 b ~1061.8356 &
T B0xd07 4
4.0x107 E
2.0x107 =
0.04 -

0.0030 0.0035 0.0040 0.0045 0.0050 0.0055 00060 0.0065 0.0070
T K

5.2.10256 X1 JGEAS; IngsGagaAs 2RI 25 H00S BB I FEIR [ HUAR6 X & (-400mV)
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detector at reverse bias voltage of 0.4V
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Fig 5.2.12 Temperature dependence of the signal and noise of the 256 elements homojunction InggGagaAs
detector

72



FLT i frdlE Rt

BB SRS AT BUAE 5 U 7S H R BT B BRI RIS, B2 e AL S AR, WE M
300K FRAILE] 240K B, 2 SFRAC T ANE 4%, M/ Rt T 40%, 55 240K FRILE] 150K
B, fE5EAT 10%, MWEFEATE. FTUA UG HER L 240K 8, HE3BMLHE
L4 i

Bl 5.2.13 45 T FOLRI BRBEIRE AR OC R thek, B ERATWLIBE), BEREE
FORRAL, ZRIIZEFEETIGN, 78 240K BT E3FRI B S8 B B AE, R SRR 12 B {E0
LEMEN AR B, DRSS R, RURNTFHE TR, FERRLESHERE
£, TRBFEAREAT (B T RO RE O ARERS), HESAKE0E LEK.

6.00E+010 4
5 F0E+010 - /-

= 5.00E+010 /

g _ .

o
N
T 4.50E+010
=
o

O 4.00E+010 4
—u— GM0O7297

3.50E+010
u

3.00E+010

) ¥ 1 ) I L 1 x T L | L 1 K L K 1 Y
140 160 180 200 220 240 260 280 300 320
T/IK

Bl 5.2.13 256X 1 JlF] Ji 45 28 1) 254 GO BRI =6 Fi 3R B 0 B0 X &R

Fig 5.2.13 Temperature dependence of the detectivity of the 256 elements homojunction Ing sGag2As detector
5.2.2 EWMEFEEA InALAs IR REBEEED

Bl &R AL B ERANMEMEENIER 222 Pin. BHhEMEYRAT
InixAlAs, TEEET ) IngsAlo2As 1EH OZ, LLRUSZE AR LU SRR A0 620 T4 B R i fn R
R L, I E IngxAlcAs AP a0 % 550 In 2043 BOAR AR T DUAS IR A, DR R
EiEE RN E R EM KL

256 X 1 5 I 5 4R B 85 85 BBl & L 25 R 482 AR, REBEEMLIZ,
F{LERA T PECVD SiNg # . P EARRA Ti/PUAu &JEJE R, N BEARN Cr/Au. [FFHAT
TFRA R, MRS 5 B2 GMO781Z A1 GM071127, EH GMO7817 Wk 2 1%
H LSum. RN 3X10%m?, GMO07112Z KRR EE A 2.0um. RE N 5X10%m?, H
EEH—H (LE22.2).
5.2.2.1 ER TRRAFEAEREDIK

73



Al B In 149 InGaAs Wi F R S5 AT 57

FIRGARER LV RN 5

1E-3 4
tgaq TER0OK =
1E-5 + P
E A
1E-6 o
°1 GM07812-3E16 e
< ] T
o BT
- S —— GM07812-1
1E84 GMO7112Z-5616 N GMO0781Z-2
3 GMO07812-3
1E91 ——— GM07112Z-1
GMO7112Z-2
1E-11 - T T T T T T T T T
-04 -0.2 0.0 0.2 04

Voltage / V

B 5214 BRGHFHRE LV L (R AENRRERENREE)
Fig 5.2.14 Typical I-V curves of the heterojunction InggGagsAs detector

P AR A B T- VR P 2R A 1215214577 . AN AT LAAS B0 R 28 4 B I-VRR PF 2k RIA
. EAHEE) R fmE T, BEBRIRER KR — A& (GM071122) BRI, Hhi3
FMRE N EE M (GMO7812) IR ZH/NMEL . E-05VERET, MfmaanE
FELIAL RN 05 6.0 X TOPARTLOX 107A; RT3 5 H6.0X 10 ARIL.8X 10°A. Y
K8 RAE R 79 51 883 Qe fll41 Q.em®. 4347 5L IR R T 0T AT BAF 5 60 T B o fE— #F
XA RN BEE RN R 145 R R TR KRB, SRR BE S EETN . ATITE 2D
THREPO-E-E50 088, GG T =4-Eami. Sl mihaa A rm,
MEF RGN, SHBED SIS =0TV MAE R — &, eIV
P& EAT S, WIS REREFNESME.
IR R B M BT 1 R 75 4

Bl 5.2.15 45 T ANFEIFURIIE RIS B4 InosGag2As SRR I A XS Wi 256 HE . AT TSR A
EIPEAL R SiNy R bl BB AR SOR BPE R, AR 4R 75 S0 B i B B AN R], TR R0 B8
HEb R RMFE, v — BRI ENEE . BPROIH TR EEN
LRSI, BEEanlA 30554 F1 9166A, RIE SiNg [ 41 2 n A 3% BLEY o1 4 X
Wihph = (k+1/2)(2/2) , 7750 3055A B SiNy HUR TR AT LLZE 2.2um 4b—B185E (k= 0),9166A
[ SiNy FU S 1 B A] DA B 7E 2.2um & — 20 385% (k=1) F 1.32um ZZHIE (£=2). M
E el LA W, EE P ER K0 2.02um. SINg FURSTEIEEZ N 3055A ft, 50%M LY

74



FLT i frdlE Rt

BB A LR O 2.35um, JE I T 1] 50%0M Y R o 1.3um. 2 SiNg B RS IR R A
9166A B, S0%MI N B a L K0 2.38um, B 77 ] 50%Ma N A& K R 1.2um. 7E
B ETRAER) 1, 2 A1 3 kAl, WA —ERENWENES), RESHN: 1A% 1.45pum 4b
7 InosAlg2As HIBWIE(E, =0.85¢)), 2 A1 E 1.67um 0] GER R R 5 T B AMEE 2 [FDE
RIFIERT, 347 % 2.2um 42 S THURMIEFIGEEHT L. FafrEEE, 2 SN
BT R Ay 9166A i, Homa i e i 78 K R B s Tl B i R3S A TR &, R AL TR R T
], AR (AR, R T AR I 7 ) (1.45um BUR ) InggAlgoAs TEFEMR IR, 1M H 9166A
B9 SiNx SAEAEHE 7 W B BB R AR, B DUMES S8R A8 0 77 W B W N8 BT BN . 1.38um 0
1.87um Bt B4 38 3l ol B e (g AR R

0.8 -

0.6 -

R/fau

0.4 -

T=300K
—— SIN_-3055A
........ SiN_-9166A

0.2 -

0.0+

—fr = r r t 15 . 7T
08 1.0 1.2 14 1.6 1.8 20 2.2 2.4 286

Wavelength / um

Bl 52.15 R4 InosGaooAs TRINZZAVERDLIE R AR RTURAED

Fig 5.2.15 Spectral response of heterojunction IngsGag,As detector
ER TRREAEFETRRK BB RENEENEGES TR

AT SN P AAS RO ZE 45 R B LR B B S A AT ARt B, AT 1R P A SR A Y
R, MLERE T, F5. BE. WERULFENR, 37T gz 5.2.0 Jin. A
PRI ZE000 F: GMO781Z T Z BB 1.5um. RN 3X10%m™, GM07112Z HTR I
BB K 2.0um., KEH 5X10%m?,

AT B AR B AR A S, A 5.2.1 R LAB R, 4858 GMOT81Z i 4 B AHHY
EEBEREMAT GM07112Z, KRARVUMH AR, FUFSERMN—REARETE, —K&
WALBE G MEBEK, BEF TSR, BAnNESER, ERHIR
BREMETAE, HlEL LRI TREE G B B GM071127 #8410 5
55, EWMEE G2 &K GMOT81Z w5 & 4 5. BEXMILSHER, 7

75



Al B In 149 InGaAs Wi F R S5 AT 57

LA MR =ANFTREEYD R AT RE . — TR B T GMO7112Z S3FRITRR R G JR) B4R
RO, FERERE GR) SARERER, LrihalRl, HELRERrHE s 3
—HHROTEEREE (B BRIKENEX, #RENEZRED, EEERENER
WAL : F=E2A TR UATREZ G 2 BRE L#ETah, dTS In A9 0
Ing sGag 2As FMEM EL G AR InP 22 (B 77 EERR B g RAC, BRI INAZ M EHRAAKE 5
HANKES, (HRETE InosGaorAs IZE (1 B) RN NER H A EE R RIskiE, Brid
AAAFERTERTELAE B, RaREFRA SR, REFEWMNES HE
i, WETRREMRK.

F5.21 FASGHBARESE (BHESAW T uaHFRKES 5
Tab 5.2.1 The typical performance of the two kinds of InGaAs detectors

e Iq/ A RoA/CQem” SY/mV N /uv R/ A/W D",
GMO07817-1 -1.814E-10 42.946 92 125 1.649 6.280E10
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GMO07112Z-1 | -1275E-11 | 112.279 33 35 0.237 1.510E10
GMO071127-2 | -135E-11 110.616 32 33 0.229 1.464E10
GMO071127-3 | -1.351E-11 | 115.403 32 33 0.229 1.464E10
GMO71127-4 | -1.226E-11 | 114.791 33 35 0.237 1.510E10
GMO071127-5 | -1.191E-11 | 117.987 33 35 0.237 1.510E10
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T, I.—40cm+ ty,—5hms. dy= 10mm
%l Vs/V Vn/V D*. / cmHz"*/W
i 5 Ty | dEats | EEE | demars | EE | demab

195K 0.65913 8.3% 3.00998E-4 T0% 2.66592E11 18.4%
203K 0.69971 9.4% 3.07038E-4 79% 2.82879E11 20.0%
213K 0.76488 9.4% 3.30377E-4 T72% 2.84803E11 20.8%
223K 0.82934 9.7% 4.06854E-4 73% 2.53189E11 22.9%
233K 0.88178 12% 5.33597E-4 73% 2.05366E11 25.2%
243K 0.93427 17.9% 7.70432E-4 47% 1.43175E11 27.9%
253K 1.02105 33.3% 15.6 E-4 148% 8.48799E10 38.2%
258K 1.07135 439%% 19.6 E-4 110% 6.76217E10 48.2%
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