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Abstract

Study on passivation of mesa InGaAs detector used for aerospace
remote sepsing

Abstract

Han Bing (imicroelectronics and solid electronics)
Directed by Professor Gong Haimei
Because InGaAs short wave infrared (SWIR) detector can work in room

temperature with high detectivity, InGaAs linear infrared focal plane arrays (FPAs)
have been used in aerospace remote sensing. In this dissertation, the passivation
technologies of the InGaAs mesa detectors have been studied. First, the mechanism of
sulfur passivation for InGaAs surface is investigated in this paper. Then , the SIN
passivation film effect on InP is investigated in detail. The passivation technique
can greatly improve reliability and the D" of short wave infrared (SWIR) detector. The
same time, with different passivation method, we fabricate InGaAs mesa detectors.
Through comparing of the perforrhance, we can betterly evaluate the passivation
method.

The properties of InGaAs surface is key for InGaAs detector. Because InGaAs is
[II-V compounds, has high density of surface states and large surface recombination
velocity. So surface passivation to reduce density of surface states is one key process
for fabrication of detector. In this paper, the micro-mechanism of sulfur passivation
was measured by high-energy resolution x-ray photoelectron spectroscopy. The result
indicate that sulfur passivation can effectly eliminate the oxide layer on the surface
and form sulfide layer to prevent reoxide. For betterly evéluate the effect of sulfur
passivation, the minority-carrier lifetime were measured by Microwave
Photoconductivity Decay (u-PCD) technique.

Because the effect of sulfur is shorttime, and the surface of InGaAs will be
reoxidated. So it’s essiential to deposit one passivation film to prevent the surface
from contacting extior. In this paper, the properties of SiNy film deposited with
PECVD method was investigated through XRD, infrared transmittance spectrum,
AFM. The InP-MIS devices were also fabricated to evaluate the electrical properties
of the InP-SiN, interface. The insulating property of SiNy deposited by PECVD was
evaluated by measurement of I-V, and the result indicate the SiNy have a better
insulating property. Though the measurement of high-low frequency C-V, the state
density of InP-SiN interface can be calculated and is 1 X 10"eviem™,

For betterly evaluate the passivation of sulfur and SiN , 8 pixels InGaAs mesa
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detector is fabricated with sulfur and SiNy. And the same time, with three others
passivation method: PI passivation , sulfidation and PI passivation, and ZnS/PI
passivation, sulfidation and SiN,/PI passivation, 8 pixels InGaAs mesa detector were
fabricated . I-V curves, response spectra and detectivity of the devices were
measured. The result indicate sulfur can effectly reduce dark-current and improve the
performance of detector. Sulfidation and SiN,/PI passivation can make a best effect in
these four methods.

Key Words: InGaAs; InP; SiNx; short wave infrared detector; Sulfur passivation;
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2.3 & XPS JUBHIAIE InGaAs F &4 R R A FERT 5 R &0 BE T
B, EFHE G ERREAE G REES S PHARENE In , Ga, As [
S NK BN BRENE . XEEMELERMIFEN ESHREPLIE
R HRALE R RG0S T LA L, SR ERRS A B LR RIHNELE.
ATLLEH, As 3d , In 3d5/2, Ga 2p3/2 FIHLEERATRLER GaAs (1000 X
InP (100) T JLFAHR . BL LR XPS HUE B, S 5 In M Ga JR FEAL T Ga-S-In.
Ga-S-Ga. In-S-In {02258, ZUMHNIEAEE, TIRTE In 3d5/2, Ga 2p3/2
HRTE As 3d P E I MBI In3d5/2 RS MEHIB Mg, —AMIT
444 4ev, B—AHLT 445.1ev. BARTTHE 5IEENHE A InGaAs 1 In 3d5/2 K4
HEe—3; BENKNT In MERALY In-S, 'E 15 InGaAs # In 3d5/2 HZJ 0.6ev
(R4k 24735 - Ga 2p3/2 B 43X R O PN, — LT 111 7ev, 55— ML T 1117.6ev.
BB %T T InGaAs HH) Ga 2p3/2; JEEX N T Ga 5T EY) GaS, 5 InGaAs
i) Ga 2p3/2 27 0.58ev ML #E . As 3d WG MBEIBAME, — LT 40.7,
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k. MRIERA InGaAs & TR S 09 8LITT

—AMREF 42,55, BT# 5 InGaAs T As 3d £ fie— 86 EEMNT As 5 SH
AW As-S, 5 InGaAs I As 3d 47 1.55ev B2 % . 78 S2p W AT M4
BTG, HEESFED RN 162.5ev F 161.8ev. HIHEICHL, 162.5ev M5 ITR
RIAEAE 35, T 161.8ev A& B Cls NG S L 20 123ev, X—4RE
C.W.Wilmsen 2= N JUE ) InS F1 In,S; 5 Cls 4 & it E — . 1X KM S 5 InGaAs
B4R MARK In-S (AW (InaS3 BX InS).

oxide content

T ¥ T
1.5 20 25 3.0

B 2.4 REAEAEREMASE
2.4 R RAFRS HIZE HF H KB IIBR MR TR A B B s
B, SR RER O SR BFE. RELIH InGaAs 52T,
FEREEEEAKN In , Ga, As WEMY, RMEK O FE 28.9% . HF 4H
JEREN O H BN 182% , MAMMLEEHREOATETEA 15.1% .

2.4 v -PCD PENBRALSR
2.4.1 HPEBRTHGSRERLER
MRS e R

—+— (2.4)
T T, T

K, 1, o BRI R RIS A
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SR L v, e EE R e e
v ALV BnGadis e

1 (2.5)
~ B’D,

ﬁq s (2.6)

EREAMEEEEELT, REOZEHFWHNL

N r — d iz ; — [2 |
_ﬂgx—éOH‘JL,Ts —zseff By > B T ~7T2Dn (2.7)
d AREMTIEEE, Sep HETMERNEETEE.
EAENGER T, Seff WL:
5= DNy _g Ny (2.8)
p.+n, +2n p. +n +2n,
s oc Ny ' (2.9

REFJE ROPPRL, RESEE T, MNOROESEE TR, RiEGak
M, AR BT fr AR BLAE N o BRI S R T A R JE A R A A B AL T LA
AR TR A 2, AT MR LB ST e R S S B AR
o B EE H MR RERESEERROESEE. TURAESEE -
— AP AL O RCR BT I B E TSR R, BATEE b &l i
4t # K InossGaowrAs #F KL R T R & & & A E A PIN & W
TnP/Ing 53Gag 7As/ InP AHRHI SHIE S AL, AT Sdes e TR pL ko T IR R 7S
BEERIRCR

AT 5 HE B TnP/Tng s3Gag47As/ InP XU TS5 A4 R ST A0 b BRAB SR T, 5 2L
RAESHEEEISE ., FIASEERN PIN 4514 InP/InGaAs #EHUTH KU F 5=
WRIE NS, AT T RS RAHRE, PTCUA LOH A i sy, AT



BioK: AUKEBR InGaAs & TR M2 p 44wl 9t

InP/InGaAs FACHE G RN E G E 2 [0 ZE5H .

%F InP/InGaAs #1 ¥} 1_ ﬁ+i (2.10)

T L

1 S+§, 1

ERFEAORR, HREA R~ (2.11)
Ty
WEEG T AR AL=S (2.12)

T L
Sy, W T 52 1) InP/InGaAs F G — MBUMNOE, XF PIN 411 InP/InGaAs

M AT Sp=30cm/s P,

XRERATR T BRI HME InGaAs MBI FAr, BN PIN 454
InP/InGaAs #H BT LLEL, BEAREETS ARG L T MR S8, AHM At
A] LA e AR AT T PRI R T B A fIRCR

2.4.2 LR

S BT FIRE S 4 MBE 754K 1 PIN Z5#10 InP/InGaAs XUR B &5 #1 R . 4F
AR InP , ZWEN lun 8 0’8 InP, n~2x10%cm™; NIEWRBIZEH
2.5um [ n BERIBIRI Ings3GagarAs, n=4x10'"%cm>, aaf%%ﬂéﬁﬁj}:mé@ﬁﬂ
FHOER 050 m EBZE p & InP, n~2x10"%cm”,

FH AR FT A A SEMILAB 2 & 4 7= 185 5 WT-2000 #J n -PCD Zdrill
AL RS DG E RS IRREF AL B 2.5 FRr M AT
BT B HERE o 24— RkoP S — S AT R (T 7 I B S BIA dh L
HH T ik = AR 0 B S RS AR A & T RS B S A 2R B3R AL

AR = R(c +Ac)-R(o) (2.13)
AP o AR, Ac ANENEHRSEMEMN. fF£AEAN, EXAISE
aR(o)
oo
I T E WO B B R AR BT SR, Bk, WE AR B HEIKARL, i
ARBIETERRFRIHED,
S K BG5S K 904nm f AT ARk o ki 58 BE 24 200ns,

AR = -Ac (2.14)
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P N -, TS LN R
G InOaAs eyt se

SRR FERIOE A T lmm. InGaAs IR K A 1.70m, FLEEREAH
SRR . SR SRR 10.2GHZ,

Measuring
head

P
S

‘-~~-——~——I

Laser pulse /z
wf{ . Reflected

microvave

“Wafer

B 2.5 G OGS R A R

5¢#% InP/InGaAs U5 S FHEEE Gt B ML WE TR G, A » -PCD 7
SRR ACHEATIAR, PRI H BCE ST AL ER Y 553 PIN S5 BP0 5 A vk
thek, SR Ac RV R s R S BTN InP B HR, fF InGaAs
AR R e A B R, T B B e St 2k . ARG A AN R B A A0 2
J5 AR 7 H 1 InGaAs RMHHATAE, JEAF T ACE T H dh E‘J%ﬁﬁ%ﬁ‘ﬂrﬂi i
gk, WEAHRN phEk 2 Mgz, B IR ER T S AR InP/InGaAs S Z
IR AR . S0,

2.4.3 SER G RAVHE

B 2.6 BALZEA R 5HAE InP/InGaAs FL2E S HMZEM LR . d &FTRIIFE
B B W T RV R, AR R Ar AR ol 25 45 InP/InGaAs ] InP
HFOE, 2ETKMEEEERRART, mnGaAs BEXRARBETAEAET. Ik
A 4 78.2 ns, ARRLIIRII R AR S=2426cm/s. ¢ LREZITERR
() InP J&, FUF HF XfRMmE 42030 f5 KRR fhsk . WS4 105.3ns,4H
7 B4 T B 4 T P 249 S=659.8cmy/s. b 227 FH (NHLy)o'S Tt A4 2 T i 4 F ) B2 9k i £
MBHEAH 246.5ns, MEBMMEHFHENRRERK, HNKHREESEE
S=115.8cm/s « WISRMAT BB R AIEN: S=S,=6v,Ng, v, NIRRT
EBHEE, %k 107, S AR THAMEERT, 4N 107em’, WELHR
LA BE 1Y InGaAs BINSH LN Ny ~ 10" em™,
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K. AURE R InGaAs & IERI A 1B T

SEEE X R ARL A ik 25 B R T (Y TnP & 12, ATE RSP RER
T AR, ARG . IR Sy, RIS LT B R
W, WITERE R A1, RI0E GBI, AHRLRIRE S A i/ HHEEE
d ATLAEHEBREE DRR, FR05E G SRR/, IR RNRER 58K,
fE EERIAOHT, RAIDEHH HE B (NHy),S B EEH 2 2 bR m Y
HREME, BAREES, HLET HF BB ENH),S WHAEE G I 77
iz d K. MNHy),S W2 HF ERAe IR ERRE N B ARHY, T
S rERER—ZoAY, FREMSERAREN, bR XA,
Fr AR R R S B TR dr e DL B SR S R AT R ), TG RE B 1Y
BE1K InGaAs RMEASHEE, BNKARGEE.

Signal {mv}

0.14

T T T T T
0 500 1000 1500 2000
Lifetime (ns)

K| 2.6 TR RIS SRR TR AIAEfL RZE . (a) InP/InGaAs ; (b) (NH)Sy/InGaAs; (¢)
HF &h38; (d) Zhe O &2 E RS #mA InGaAs

2.5 /N

WA/ InGaAs R G RIEERIFHEREN — P KB T2, InGaAs FIRIIZ
FHE LRI BRENEFEHEN, Fik InGaAs FIRTIMHL EE 2 ERRE
1 BREAY, FINPEEFXREN. RS E BRI VIR Y S
fREEY), HILESHIT T (NHe)oS % InGaAs FRHEPELHLER

(1) KEESEFA XPS 447 T (NHy),S Fifb 5 InGaAs HIFR A 7 FR M
JRTF IR L, RILGRAG AL B AU £ Bk InGaAs Kl HARAEAZ
A AER T JE R Ga-S-Ga, Ga-S-In, In-S-In ZEALAIEE.
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R I P R T
Jee iy WL INUAAS 3

(2) % T BT F AR AL TN R T A 180k, IR » -PCD JTiE
WAL G T S AR, FlskaeRiZ HE AP MR R, fith
BRI SRR T B A, A TS ST S=115.8cm/s.

SR

(D WBEL KRS, DA B4R AN, BT LI 240

(2) I Hg,CdTe MIS #1345 M0EsT b BRI E e RoR BT S B i+ 5
B3, 1985

;("'3) Sandroff CJ, Notenberg B N, Bischoff J C et al. Appl Phys Lett, 1987, 51(1):33

5(4) C.G. Scott and C. E. Reed SURFACE PHYSICS OF PHOSPHORS AND
SEMICONDUCTORS

'(5) Pallb Bhattacharya PROPERTIES OF LATICE MATCHEND AND STAINED
Indium Gallium Arsenide

(6) mE= EEE T, WENI-VEESEEKESREEE , B D7
RE#E , H18%F H2 M

(7) E. Yablonovitch, C.J. Sandroff, R.Bhat, and T. Gmitter Nearly ideal electronic
properties of sulfide coated GaAs surfaces .Appl Phys Lett, 1987, 51(6)

(8 Khanh N Q, Tutto P, Buiu O, et al, Change carrier lifetime modification in silicon by
high energy H" or He" ion implantation, Nucl. Instrum. Meth. B, 1997, 127/128:
388-392.

(9)  HHEME EEWLSEYEE B
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$=F  SiNy L4 InP F1 InGaAs [ 51t el 34 BT

#=% SiN,5 InP # InGaAs ¥ 51 21 R R

3.1 3|8

HETRATB BTREATR &, BATFTHHEIR) InP/InGaAs S LLAMRI G2 4
WL, BENAEURBERBATR AT, FIbas 802 m A i
PR, 7RSS I C RO Y 3R T RNFE RS DX MU T #E AT BEAL B BRI MR
FRFEBRENETRERERL . HTFERRES PIN 4541 InP/InGaAs
SR TREEM L, RN 88 0 = RS InP % O Z MU InGaAs BIFE{L.
InP A1 nGaAs BFII—V EEYF T4k, BERSEN. WHR. s87E8
., BB RS 2 S E S BAET W RO BRI ek
AR HRT RN, IHEEE. @il FFEG R TSR AR
EAWEMSIAEE. B2, -V iRitEaYEShmRma iR E, HR
RRMAMATEERE, FRRT, #SI4TILV BUEYFIHHRrHt
BERIIR R, IR, SR> R AR S AR 255 B 1 R e DA R 3R s ae A P RE OB R
Y, —E B SR T AU

AN EESFREARAEAMEBEK —BALKMILE, HilC
InP/InGaAs/InP Vi 4 W B4k A FUBEBGHL R I JEZ A SiNk. SiO,. Si/SiOs.
CdS/Si0, %%, & W& MBI L BB . Si0,. SiN, &N, ZAEE I SiNy
FALBS InP & InGaAs MBS EMI. §56@Ed XRD. EHHEE. AFM &
MRFBRAE T SiN FAGIE B B M5, SR )5 8 1 %1% MIS Z5 K3k SiNy 5 InP
% InGaAs R} ST A

3.2 BALROLS AT
%?ﬂﬁ%%ﬁﬁ?ﬁ%%ﬁ%ﬁ%%ﬁ%,igﬁﬁﬁﬂﬁo~4%ﬁ%
BRI, T — ARG/ SRR S B .

DAL AR T 5
(1) MHgbrE g, wnMAEENHEHE (p>10°Q-cm), BIBE{LRE
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e L PR e Rl e BN L e T T T
e B i) InGaAs THin sl e T JL

A, thT InP B SIEMITEML R RS A In-0 AL EWRD In05, {H
IO 2 —AFSFIIYIIE, DIk InP AfER HeCdTe B BEMIMENTELE
(2) SRR 2L B B A A sk, LU R e LR T B RRAT, Bab R
Sof 2 5 PRy 2 ] PR X (1 S

(3 TS0 4 0 B B B BRI SR B b O 4L MR, PR SR B R
EATIE M BOHT R LR R, R E B LM (R REEA .

(4) FEREGIET InP B 2B UH 2 ERM B Ik REL XPRPIALE 5 24T
DL, RN MAE R B RN . AT SRR R AR DL R S A7 i
M2, MR BERIL TR, e maEiiett. AN, RISl
JERR R BERSHURRGT,  LUSAE 2 BRI RS bt SL 2% P R RERIR AL

BRI 5 2 5 2 ) ST P O S A T 2SR

(1) FE#: RAZEETFHERE, 55 Ry B A S R AR
0 ST R ] 5 B ST K o 24 5 G5 AR AR R T e T B e 4%

PEET, TR/ SR H R BR E S AR

(2) FEMREEASEEMAMBEHE: Fe i RmSEENEZE/D, UERRT
BAE TR A4 R, B, RIRANE A EAHE BRFEN, DI
MEE |

(3) RMEAHEE: BARKFAENAGROEEGESE, NTFEES ERE
A |

3.3 SiN, BB A R

BRI A — M EE RO, R0 RAOGRIERE. FifbIERE. ML
BRYEREFN N 2L BUES T IOAE AR BE ), I — R R RES R AL R
FNRATEESE TS, AR FTUB A, RERERA LT AR,
Fo T Eeasl ik
(1) i, HE B8P m |, T AR AL I8 493, 9 Fm s
(2) WHRE T (i inNa") B4 68 073, FEEF HRNa 11EH
(3) FALE: MBS, K HELF, S FLE BAR, SARRIKIRARAE 717 ;



H=F  SiNg 55 InP 0 InGaAs (9 Y410 i S 44 o3

(4)  SiN, JE T [ o BE F it 3R (A o AR N SR A A Bl . T SRR
RAERTAGIER . SARERES TIERE . EREAE, Bk, Ko
B, BATLLZET00~1000 CF 1 # Ak 2 S AR BA(APCVD)EE 7750 CAR
FEME G AL A UFIE AR (LPCVD) I8, (B Tl LRseas = — B 4F e
PRI IR SAHIUAR(PECVD) SR A LB AL TR R, I3CRE A A I A 7 v e AR
16, X% REEH /> TAEaEME/N, THAR R ERERAR; JERURERR, 7
Behm, LAESML, wREREs; Rk R,

3.3.1 FEMEHIE R T

B T IR AL 2 SRS (TR PECVD) B JTRBREEK (<400 °C) . U
A FLEE /N 8T . AR E SR PSR FUH PECVD Jrikfest i A&
SIN, Blfb . SEI it e F M R T VI B 50 AR, RUmiit, Sl g
eSO PECVD ik, ZERKIREES 200°C, RF IhFEA 62.7W, SiH, WEHN
40mL/min, NH; &% 800mL/min, AKENAEMEKEES 200nm A4 &
AR KA HORE R BONE K EATIB K, B K EINA SIN, B VET. AAS
BR M . 3B SR R 8 S 8 AR B LU G A (FTIR) . R0
X 5 IASER Philips 24776 Xopert-MRD F54M8F X A4, T4 B0
FLEE IS Ge(20)HEE A SR (2 MR 4 MRETED, AMA K 5x10°, JFF=4k
T, BOMBLFTHIIAHT RARA Ge (220) (3 MR, HAMEFIEER R 127 .
15 5 2 18] B IR SR A of 20— Ao BB, Ao PR 0.05°, o/ 26 138
KR 0.0004° , X ATEHIIR A R AT LR A B0 40kV/25mA, SESe T x JEH
HBEA 2mm>2mme. FF AFM SRALEZFE 5 5 R HTE S, BT AR5 DI Nanoscope
Ila JRF 1 B

3.3.2  SiN, #i{LBE XRD 73 #7

B 3.1 HEAEEBGE KRG XRD B, HERTUESY, BAKE,
XRD B W R AOATA s, U0 A MRt AR 1 2 RS B B R BN R A
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W U T InGaAs ST IR M A% B L

Wik S JORRER 0 XRD BB I T AR BT, (BIERREREE.
AR R, T 1000CHI R HRE T, #id CVD HEARTTR A
PRSI R T TSN, XL E RS ML & R, T SR A T AR
KA ER AT TR TEM iR, BAGEERB h e 2 2 2R
WSS A, BT AR IR S M B R A, I B BT S PR
(HEgI g7, BRI . Bril, BATINIRAJE HIRA 2 B RTSY
e, TR B Ak 45 MR KB T B BRI ST 0, U R DX AP IR U S5 A (- AE BB 43
Fiib. St BEANT, AT I 20 = 44.5° BHE AT ST 0T R i 52 75 M B HE

SRR SERITEER (0 0 2) T, 20 = 58° MBI kig, XTI /SAE
He s & 4509 Si T (3 1 0) SR ImfT 414 .

after annealing at 400°C for 60 second
as-deposited

0 %‘;i@yﬂgﬁ,&\‘ Rt i SRR st bl it

Intensity(a.u.)
(3]
o

v T T v T v J T T v T ¥ T T T T T ¥ 1

25 30 35 40 45 50 55 60 65 70
20(degree)

3.1 FALEEFIER XRD

3.3.3 SiN, #i{CIEE S 247

K TR KO AL BB SRR R, BRI =AM S 3 A EEAT T 400
‘CTF60SIE K. 490°C F15SF1490°C F60SIBKALEE, #f M 7ERIIK LU SN B BB S
Feig B TR, E T CAEAL, B KT B B EGE R AR R RE
X— A T DA A A B S E T 5, RIEFERER. WAVAN, Bk
B SR IIR N R R R, ERAOTEPHAREE, SRR LIMNI B
H L EIN-HARE) R i, TOHREUR R R R 5N &, (S MBS 80
BEREAN, RN, XEEERE S MBS BIER, W, R ORI
F R4 4 S T B A B T A B A R 1 1.
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Transmittance(%)

=%  SiNg Y5 InP M InGaAs [ 5 I L EA PR TS

90+ ~ 91 4
89+ f 1 904 i l'a . o
s3] | ‘after anncaling at 400°C for 60 second 2 22 --\{alﬁer annealing at 490°C for 60 second
87 S g 597
86 ] ™ S ol S -
854 \\\\\ E 85 ] el
84 4 S 84
83 - 83
82 as-deposited 82] as-deposited
81 81
B 80—
0.6 0.8 10 12 14 16 18 20 22 24 26 06 08 1.0 12 14 1.6 18 20 22 24 26
Wavelength (um) Wavelength (um)
80
89 7™ . o
o /“after annealing at 490°C  for 15 second
% 871
5 86 S,
Z 8] )
5
§ 84
= 83
g2 as-deposited
814
80

06 08 10 1.2 14 16 18 20 22 24 26
Wavelength (pm)

B 3.2 AR KRBT AR AE A L

3.3.4 REEHSHT

REHBEREBHPMERENEESHZ — s AENMEERTEFES
AL BRI S & 12 4, B BRI R TS . PR, TR K JESING
REHRERBD, FAARBEEURK S, FTLHE R R AR T 7 B MER.
K13.3(a)FE13.3(b) 43 7] B KB G SINGE T B R g, e Spm, #77
AR 4 515 14.78nmA18.95nm . M B A LUE IR KCHT, SINGAR I HIRBURLE
Bk, REEREHLRMASEE, HIHTHAAREEIRC. TZT400°CIRK60s
5 ST 0 kL B ) RIS, SRR RN FLAR T AR AR 30, 37 AR URE P2 A Sk
Ao HBEATLLE WY, B KBRS B E IS SINGR IR, BERRIE FHRE [, 1f
KT P, [ R AT BSR4 R R K AENE A SINL I 1B I 15 B 2 2

=3
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IR InGaas Ty

0 .30 m .
e

K 3.3 (b) 400°CiEK 60s J§ SiNy FH A AFM K]

3.4 MIS 23441 C-V itk

e TG AR IR U T, ERFR — MBS R KT IR, A0
W5 SR i R E RTINS A% E- S EEH (MIS) #EHF
SRR 2 5 2 Sk IR RV R B AT, AmSEE, FEE

A A, ST RS MIS BT E, BTASEPRAERBR, £
FMER AR A, I MIS 24FH L EFE C-V BIIE, BRATATLL
KB EHE L FRRT L ENER.

3.4.1 HAE MIS &1 C-V FriE

WRAE 4B SR ] ShR BCE , AR RAMIIRA S o — A e AL
B (6 R 11 G 2o o G WP S N



B  SiNg 5 InP 1 InGaAs [ 5410 b 321tk FRFFE

V=V, +6s (3.1
HAV, Mo R ELGENEFEP BB NE.

WERTE LR S R T _EBCR AR Ay, IR AR S e, w5 m L
AL # Nz AEELEN, RIFES T LA

Ko€o = K€ (3.2)
WRENYI B B, AT RS I NS -
V.
£o=—> , (3.3)
Xo

Hrp oy, REMNYEE. BimEHER, LIERMITETA:

g=- (3.4)
) KsGo

X =AKTELHE B EMD LR AR

y, =X _ O (3.5
Koo Co

ok C, = —’:Ocﬁ RELE NSRRI,

TR M T 2T S A A F A X R B R SR
VG=—%+¢S, (3.6)

— > MIS Z5#) & M6 . AT LB A s E R E/ME S A . WR O, 24

WK LA AR R, AR A XA A T a4

__ 499, _dO; _ 4o (3.7
av, dv, _@er(pq
3 )
X 1
517 C= T (3.8)
_._+__
C() CS‘
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=R PO O o o BT T LN R B ST IR PN S M S
sppier BN InQaAs T DA s i D e

oo
r
=9 Ko (3.9
d(p.\’ Z o

C A2 S 2 7 PR AT I (S G T AL 2. T EL MIS S5 riL A AT LA
P48 5 o R~ S 2 T A ] L DX 057 TR U el BR TS 3
MELEHESTTEUE i, AR RS MIS 4ifi & BRI ¢ 4
6] FL AT X BT AR AL, LT PR R A AL BN B0 A B A . MIIS 5491 C-V 4
P A A BL -

(1 ZTHEKX

S FRRARERENZHER T, REBEPHBARETEEZH

B THRREA, XA RGTR AL CsHET—NKBE, BRELER
2 Co LS, MIS KA C#IET Co B C=C,.

(2) PSR
EAMIREAZIER T, FSFEHIRIBAE, ZHEFRRA PRGN
MG H MIS FEAEFRA P A Cra:

2
CFB:\/qlf}éo (po +n0) ' (3.100

Heb q ABFHA, kK ABPREZEFLE T AEE, pofl n 473 8 FATH

HHL RS TR

(3) FRELR
FFUEKENFTER, SRR EERBERZ, MERE RGN, =
[ AT DX R T AR B, 2 ) R (X R AR AR /DS, AT LA MOS R Bl i L PR 16
T4k SNk o

(4> REMEN

1w B R ARRRS, 25 A F ey X o B S 2k AR T — 2 P IR R B
2, BB R R BER TR TR 2R TR . X/
TR 7RI, PITUAEAS 2 () F AT X B 58 B AN FEBE A m S & AR ARk, ik
BT —AKAE dme

I

T



=R SiNk Yy InP A InGaAs [ Sifi vh 3 5T

d/n = ; . ln— (311)
q°N, n

Hep N e SR BRREE, o AAMERIR TR . MIS St RAZ M
LAY, kSR R B A AR RS RS SR K, W LT E
FUERABE IR IB LRI : X T P Bk, BT RDBER T, RilmxHE
JE o L E B B R R SR R AL R AN LR, BRI RS T —
AR TREREEEEN. EMESEHE—ERNRE, WRZHRBILE
RIsRERIR S, AR DBERRTFRrEMESIRA LR RN, Ba ki
J2 BT AT AR AL S br EARBEAT TR AL IEAR AL, BOXS A SR TTEk, A TR T X
2 2 p A ) 7R DX R PR 2 TR E o 7 5 S R I A [ PRy XA 8 A )
- AR KB do, HT LK I 2 8] R X FE A0 T — AR

i /ME Csm
2
Cs, = AT AV g"g“N]’{,k d (3.12)
AkT In 4
ni

MIS KA Wil e T — M /ME Cmin, FROFRSRDN AR

min CWHCO (3.13)
- C,+C,

AR AT A AR RIS, DB T MR SRS LA R AR AR, T
2 [z B3 0 20 PG X 2 6] BT X PRS0 DU, SX N PR R AT B R T A0 AR
WAEFTRZY, B LA RS2 a) e i X B A A B IR R {E . B, MIS 2349
BT Co

342 &L C-V ENEFES

FESEPRA MIS S5, BEALE 55 24 5 0 0 J7 T 2 [B) A A2 25 PR R R T
Hrh RIS MR R LR, PRI BCR BRI A K — o E
WERTE P AF AL AR R A TS, S5ERKIRETRY, MRS
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T ddg
Hrb Qe RSN AR HE, HRESEE Nes RRAAHR, BAHEER)
BN PSSR,
dQs = qNdd,,
WHJ } Cy =qNg (3J55

BATARASANSEERIEL. BT REOSHRBRE R KA
B, W SMESE R B RURIE ARG, RS SIRRE (BUERSIAR &S
%%E%ﬁ%ﬁﬁ@@%ﬁ%ﬁ@%%%ﬂ%%ﬁi%%%ﬁ%%%,%Zﬁ
ANAEAEME, MIS ARSI E-:

—_— Cox

T

—— Cse —— GCss

] 3.4 MIS L& BOIRSRE 2 L i ]
F T R T A P AR 25 ) LR X PR el TS R I B s, BRI R R
XEHAR ) MIS ARG R A Cor:

szl - (3.16)

COX CSC + CSS
1 B AT S BRI, A A TR ERAS 4k on s FR AR AL, X H
MEN ) MIS AR A =LA Cur:

Cp=——t— (3.17)

B EPRSL, ATfR A A A
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18 ST A I AR A OF FURTIR AR A, BTDAYE a MR B, B s 18 57 PR Dy 1
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A, SEHMES 1.750A; BeAbBEEEI AL, PR 4.71x107°A; Bidk+ZnS/
BT e R4, FIMEN 5510 AL SINYIRBEW R XUZEEM, “FREA
1.14x10™"A;
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BOAEEE TR &5 AR EEM, BT HERFRE hGaAs/InP A
BTI-ViETE, RESHHMERENE, FERSZ In0; M Ga03, H Inp0s
BHSHNE, BREMESENRIOES O, FREAETRANEGEY, =
{82 ) 2 T L ABE A o BR AL T L 2548 InP F InGaAs RHAME, BRI H In-O
ERS Y In-S 82, ¥ Ga-S-Ga, Ga-S-In &Y, FTLABRAL AT LA/IMM T
MR, WA, FRELEE SR B RE R R Rl 4.71x107°A 58
2 REHALHIE R 1.750A R T — M EEL. JERRLME S S H KR
mERE S B, WUEFKS ZnS 44, WAARTE &R T, Fril
GALIE, FAEK ZnS, BALECRTELF, BRI GRS B R IR B AL IR R
T —AEBEET 5.5<10"A. PECVD 1 SiN, — /MR S 2 RES 1R T
BB s 4T, T E SiNBEB L Na"BIfR A, BTl SiN BRI 2 i Fgi ) LA
B3 1.14x10™" A,

TR PI Sul+PI  Sul.+ZnS/PI Sul.+SiN,/PI
1 1.62E-9 3.78E-10 4.2E-11 8.03 E-12
2 1.04E-9 3.56E-10 3.15-11 2.16 E-11
3 1.32 E-9 4.2E-10 5.36E-11 1.50 E-11
4 1.95 E-9 5.99E-10 8.05E-11 6.77 E-12
5 1.93 E-9 4.14E-10 7.59E-11 1.02 E-11
6 1.96 E-9 6.1E-10 3.14E-11 4.73 E-12
7 2.04 E-9 4.51E-10 6.37E-11 1.56 E-11
8 2.13 E-9 5.41E-10 3.79E-11 977 E-12
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-35-



Eok: MUROER InGaAs & TR A 0 SEALIF ST

433 {EEe g =

Ro IR M REIEE, BB LI A B BIE 2 HROLE, 5
DR AERIBL Ro FPAEEAAR . WIREE R MRS I ERNEE, B
PR P B R SRS B RO, BB T S BT IR . (ELR PR L
R A s — AT, BRSOk, IR — MR
MR P, L PR Vs 585 ¥ G B 9 M AR,
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%, o AIRER A, ¢ D BALLRST R, T b BEERE, ToAREGEER, As
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- ARSI, A Rt EmiR.

I BAMPAR AL BITE T ZnS BiLF0 SIN, L FIH 251 1915 5 Rk 75,
ZRINEK 4.3 Fiw.

E9 (A) BEEE (AD

FE i ZnS itk SiNy £k ZnS itk SiN 4litk
1 8.7E-10 9.5E-10 2.8E-13 2.2E-13
2 8.2E-10 9.7E-10 2.7E-13 2.1E-13
3 9.1E-10 1.02E-10 2.8E-13 2.3E-13
4 8.5E-10 9.4E-10 2.9E-13 2.2E-13
5 8.6E-10 1.02E-10 2.8E-13 2.4E-13
6 7.5E-10 * 9.9E-10 2.6E-13 2.3E-13
7 6.4E-10 9.4E-10 2.7E-13 2.2E-13
8 9E-10 9.4E-10 2.8E-13 2E-13

F 43 KRR InGaAs TN B HIE SRt r=
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K 4.11 AF4AILL InGaAs 1R 2SI BRI 2R

FEdmS  Sul+PI Sul.+ZnS/PI  Sul.+SiN,/PI
1 6.99E11 1.66E+12 2.44E12
2 7.32E11 1.62E+12 2.31E12
3 6.88E11 1.74E+12 2.52E12
4 6.89E11 1.57E+12 2.27E12
5 7.24E11 1.64E+12 2.37E12
6 6.32E11 1.54E+12 2.47E12
7 7.88E11 1.27E+12 2.29E12
8 7.32E11 1.72E+12 2.29E12

% 4.4 TR InGaAs BRI SRIEMEIEIZE (B467: cmHzW™)

IRIGMSRRFRfE S FIgE S, FIFAR 4.2 15 H 380400 B4R, e bt
fﬁﬁgl%ﬂﬂﬁmﬁfﬁ#ﬂﬁlﬂz g DRI Ay V(T R0 2 18 BR AR U 2 ey L, T LU

IR R G, VA MR A Te=900K, To=291K, H&fFLE4EHN 8mm,
L=35cm, Af=100Hz, JASSFHERE N 278K, o=5.67x10""WK"cm®, £=0.99,

A=100x100pm?, AN 4.2 HELERINE 4.11, BAEIRF TR 4.3, BHER
W BB EUE S B SINGRELE RSB itk P34 2.37x10%emHz "W
TRA+ZnS /BB B SUE Bk, P 1.59x10%emHz "W B b+ IR Bt
. SFIMER 7.10x10" emHZPW o BRI MR A AR, Bk ORI . BRI
Ft Ak 7 SRR h AP BRI 4 Rl SINWGZR 6 E fie SUZ B4k, BRA6+ZnS/ 5
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(1) EMHREZHIZ InGaAs BN EZERI. InGaAs BT 1-VIR=
TAY, AREOEASHRTEAEE, K5 FBICKEEET AR KR E &8
Wi. BT InGaAs IORTALALEE, MEERESEE, RAEENEN. &
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BB A . BT RAEFRRER, TR 4 S TERE-PCDYE I &
InGaAs B/ FHdy, BIHAKMIE. HF LB FENH),S B =FER T, R
AR, SREY, BABHEINRRRDE SEEE 115.8cm/s.
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it XRD, BHGIER AFM BT SINGEKETERMER. 4REH, BXEH
SiNy HEE G 108, KPR 4. H1% MIS ST 5T SiNx Al InP M InGaAs
Z G R 2 . BT C-V MEREIIINR, Y SiNy/InP. SiNx/InGaAs K]
REAZEE SN 1310 em? ev' . 8.5%x10'%cm? ev”

(3) FIFFRALFD SIN RIS AL, HI%& T GHEWI 8 7t InGaAs FRIIEF,
KT W AR, A AL+ ZnS/ BB ISR 4L . BRAL+ SRR I Al
flo. 20 R EEEE T AL = R T BE T RS 8. SRR, Hilkag
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