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Abstract

Abstract

In recent years, with the continuous growth of wideband wireless
communications, video-on-demand, and other new network applications, the
fiber-optic communication networks are evolving from 10 Gb/s to 40 Gb/s
technology. Distributed feedback (DFB) semiconductor laser integrated with
electroabsorption (EA) modulator plays an important role in 40 Gb/s fiber
communications systems. Fabrication of high-speed integrated light source is
challenging and is now a hot research topic in the world, as it involves epitaxial
growth, device structure design, chip processing, as well as module packaging and
measurement.

This dissertation focuses on problems in large signal modulation performance of
the prototype integrated light source module fabricated in our lab. Based on
theoretical analysis of large signal modulation characteristics, the device structure,
manufacturing process, module packaging and other aspects of the integrated light
source are optimized. Integrated light source module with dynamic extinction ratio
over 82 dB is fabricated, whose performance is comparable to that of
commercialized 40 Gb/s transmitter products.

Firstly, anti-reflection (AR) coating technique is optimization to suppress the
relaxation oscillation of the DFB laser caused by optical reflection at the EA
modulator facet. By adopting novel thickness control method based on chromaticity
coordinates calculated from reflection spectrum, the residual reflectivity of single
layer SiNy anti-reflective coating is reduced to 10™, and low-frequency modulation
response fluctuations of the integrated light source is effectively suppressed.

Secondly, based on theoretical analysis of the resonance formation mechanism in
microwave transmission line, grounded coplanar waveguide (GCPW) transmission
line with metal-walled via holes is designed by numerical simulation. Microstrips like
(MSL) modes in the GCPW have been suppressed and the high frequency resonance

in integrated light source module is eliminated, resulting in a smoothed modulation
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Abstract

response.

Meanwhile, wire-bonding technique and polymer planarization technology based
on benzocyclobutene (BCB) are developed to further reduce the modulator
capacitance. As a result, extinction ratio of the modulator is increased by increasing
the modulator length, while maintaining the modulation bandwidth for 40 Gh/s
operation.

Finally, by systematically optimizing the module packaging structure, a 40 Gb/s
integrated light source module is successfully fabricated, and a series of tests are
carried out to characterize its performance. According to the measurement results, the
static extinction ratio of the integrated light module is as high as 27 dB, and clear
eye-opening is demonstrated under 43 Gb/s non-return-to-zero (NRZ) modulation,

with a dynamic extinction ratio in excess of 8.2 dB.

Key words: distributed feedback (DFB); clectroabsorption (EA); integrated light

source module; anti-reflection (AR) coating; ground coplanar waveguide (GCPW)
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Be. o AT E A e 0 B B LL IR R A, b ARAE U 28
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HIGE, RERNARS R . TGS E BRI =Y 3.19, W
e 29 10.18, IHHIRFRAX KEIEUS TOEETHEN L TS EE NG
BXERE, 2925220 um, 3T 100 um FPEH S, B (5-2) (fEm
PR R84 BB BN Cpi=4.1 X 107 pF/m?, IRYEIE 5.3 (it 458, g P
40 Gb/s WHlE A, FER G 3345 2 /NE 0.08 pF LR, 0o [ B ) 3245
WFRENNT 2.4 pm,  m1F RS0 R IS BRI G LB B129 26 R, B
bb, BN RGBT LA N 2 B I G R

RIMAESEI HBTH LA, xR B FER AR B9, T2
B SEEWNE] 2 pmBY . T T SRR RG], U ST AR A — 25 TR IT,
MBS KRG e R i SRS T LB R . Fik, e ifg e
W, FUREBI IR /N U 8% 1 AR F 2

5.2.2 AR EE A AYLE B AN XTI I BE A £

EEIA SR B Th, BRES b Aesh, EAETE P AR AL S 25 24 o i
T Cpy HARARE C, 54 C FFIBRTER RLC 1%, 20 85 58 1 1 s
WGP MR 5.2 BORIOSERCRBRRERY, FRATI 5L 7 U408 f AR v 254 14,
AR SR, A 5.4 PR, (FEPTRNS N 1,~0.16 nH, R,=
50Q, R.,=50Q, (;=0.08 pF:

=30

s 0.02 pF = DBi{[Si2,1))
: 1 Schematic 1
L
. f msq

e Tt | e
= RIS RIS
. ) ol e
Boas - :‘Q\“E-"ﬁ‘j

48 T
y "h‘[\‘\
ST
-54 L
57
€ ' J
o 5 0 15 2w 2 €& ’
Frequency (GHz)

el 5.4 TS AR A8 Pl e R A3 9 P

MAGTELEG BT S, (i 45% e A b Ao R b e (0 5, SRR TR B 4
B b, e iR Ai A M 0.02 pF 3K F] 0.2 pF B, 3 dB WA G004 M 36 GHz i/
$123 GHz, Bk, J/NAHI8 2 AR AR 2T, AT A s
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B 5 SREEH AR R

EW%H%¢%W$Q%$I£%W%%&%K,ﬂﬁ%%i%ﬁ%ﬁi
%%%Eﬂﬁﬁ,@mﬁﬁ@ﬁcm,E%@mﬁﬁcnwﬁ%mW@ﬁcm,
e 5.5 Bk

s, i

ERHEE
P &
s, |
Bk L. T SR

s1

R K N-InP
N_E %
(a) MEHLA (b) ]

Bl 5.5 R0 AR AR 2 Rl

ﬁ*ﬁ%%ﬁ%@cmﬁﬁﬁﬁﬁ%ﬁﬁgm%ﬁﬁ%%%ﬁﬁzum,ﬁ
E%mTﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬂﬁsz@ﬁ%ﬁ&%i%%%&ﬁﬂﬂﬁ
%Eﬁ,%m%@%%ﬁﬁ%%uﬁﬂﬁﬁ%*uﬁk,ﬁﬁ%%&@%ﬁm
*%%%@m%%%%%ﬁﬁ%ﬁﬁwﬁ,%%4mnuﬁ¢ﬁ%%%ﬁ,ﬁ
H%%%ﬁ#%%ﬁ%#%?ioﬁ%%ﬁ%#cmﬁﬁﬁ%#cwwﬁm?é
Eﬁﬁﬁ%ﬁﬂ%%ZW%?ﬁ%ﬁﬂ@ﬁAﬁﬂ%%&%%ﬁﬂum%$m
RAARTEE L.

: 5 . . S S,
C, = Cp, +Ci’2 +C,y = o€, bIT +EE,, EZZ + &€, HZ (5-3)

523 BETBCBHMESHEETE
m$$m%mﬂﬁ%%ﬁﬁk<a#>,%ﬁ%ﬁﬁﬁﬁ_ﬁﬁﬁmém,
E:ﬁﬁ%I%ﬁ%E%,Eﬁﬁﬁ%T%%Eﬁkng@%ﬁ%M%ﬁﬁ
%%%%W%&ﬁ$,%mT%&%EI£W&ﬂ$,ﬁ%,ﬁMﬁ%&%ﬁ
%%Wﬁ#l%ﬁﬁ?&ﬁ,&ﬁ?%?ﬂ%%T%Wﬁ(m&
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#5FH ERFTROR A i

Benzocyclobutene) [ IRIAFET L, — 77 i LAHE 25 B 428 B A% 7%,
CLIRTG R AR E 2 . 53— J7 D, 305 BCB 384 4 RIS i S LA T4,
DL/ R IS TR 24, RS S TS s,

BRI T MR —FRTCA R (6=2.6) . (G BIEEHME, B
HARRENE. KA. MCERRE KPR a"), 22T 5 Rt
arPEI RS U SR R T2 2 . ZESerh, 01508 T B AL,

—.[31],

% WA £ CYCLOTENE 3022-46 % BCB #4}, 3 EHE RN 5.1 i

#5.1 BCBMIM E R

Property Measured Value
Dielectric constant 2.65—-2.50 at 1-20 GHz
Dissipation Factor 0.0008 — 0.002 at 1-20 GHz
Breakdown Voltage 5.3x 10° V/iem

Leakage Current 6.8 x 10" A/cm? at 1.0 MV/em?
Volume Resistivity [ x10”Qcm
Thermal Conductivity 0.29 W/m°K @?24°C
CTE 42 ppm/°C at RT
Tensile Strength 87 £ 7 MPa
Tensile Modulus 2.9+0.2 GPa
Elongation 8+£2.5%
Poisson’s Ratio 0.34
Residual Stress 28 =2 MPa at RT
Tg >350°C
<0.2%

Moisture Absorption

T BCB MBI AR B 8, X} R i T AR AR e P L, )
U038 Rl B Mm%, BAEBROARER, ST EN SRR
BEIIS & SRR, MR R RIREE, 4 A T8 0 U S A i
¥ REEBETIEMMME, Fit, B3 BCB WASHKEL, TEzb,
WP TZHAT T REMTR, 7R BCB MEME AT k 4055 2 AL 2 (19 3R
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BT AT R AR

Ly FFRTHT BCB RAMMAT T EMH R R 4T 2, HHMERAE i
5.6 HI7r.

(@) TIARSINBM () BIEEES (o) ZMEASSRE

(d) BCBEF (e) BCBEMMZE () AR SIO, F 41k B 4%

Kl 56 BCBHTTZrREK
HEAGT 2L F g
I A SINGEFB SHEME: B 5B2E4ME R 1R A] PECVD UTAR 900 nm SiN,
TENHF I FHENL, S AZ 5214E IEBESCRR K AR (45 9 5 B T 4635 31 SiN,
R Ly ARJE R R S B5 T % (Reactive Ton Etching , RIE) SiN, LAJE Y SiN,
BT, 1ERZIh InP B S HE .,
TR SEM R, ZEZ0h SiN, (K3 #2 o AR s 4 2 um K5 S

WA, DAL 6 21 5 I 7 S ot AT 0L i 4 CRIACA 0 iR ML e N,
SER L 20 4050, EALERE % 200°C, ) | [ £ ) B e 5 5 R e 35 e 1y
TREFTE 2 pm A4

2. TEZIMEF T InGaAs 21 LI SiN 43 5 2 Hijs, KBNS 5
THAZI (Inductively Coupled Plasma, ICP) M7 B InGaAs Wk 52
IER I HCL 33 (HCLH,0=3:1) 7€ 5°C T A o S e AR M g B
G, MTAMESEMHH InGaAsP I |2, MTHBEEW L, Kk, &
ThE O 1F )2 S S RS T R ), GRS AR I TS B R 1.95 um.
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B E A AR iR

3. WIfE EA RIA &1 RM AZ S214E S A AT DFB X5, AR5
LI TR R A 1 SN HHEIR, SRAT ICP T ZIbh 4k £ %00 EA B5 % S5
AFAWX, RIEHEHFNEERTF 2.3 pm.

PRSI BB FHR T B EHE A (Scanning Electron Microscope,
SEM) W 5.7()fi7R: Wit HAE ICP Zthgfl, RAMRABR T Ml S o
2975 2 um, FLEA RAFONEE TR B B o S 44, A BN T 184 e
A ETEDRATEL A ICP ZIBAAFHEE T 1CP ZI0 B 38 fir
CLIRE /NI 2 P AR SRS, B 5.7(b) M R SNy HE BRI 3 5 T3 2 )
BB FMEER) SEM B A,

4. BCB 30°F: AR FEMIIERE L, SR LR HES 1075 V4T BCB
¥, KA 3500 % EHURTE Y BCB JEREL 2.7 pm, WL R4 S — W
T A ERAE L S IS 9 BCB {7 2 H) Hotplate 78 120°C N4 3min HEAT 9K B4
MG N U T 250°C It 60 S3EI0iE A7 i [ 14, {8 E0 5 00 S by st
FR B TERUS, F BB & BCB HUPACHE, HHRMEE 2T 100 nm,
IR Z BB B 221X T 100 nm, BCB 375 9 SEM Hy 5% iR -4 [ 5.7(c)f
P[Ria

5. BRI T AE BCB R P AT XM, WA 5.7(0)F o,
RUERIH @ 9377 BCB ¥R >, AL BCB B %, M F s (ks
FEORFF B, eI T, WL B B, B 50T RIE Tkl 2= i
BT BCB A STHMA SN, R, 25t G E K S Tims
Pl BCB i Z (KT 200 nm, #01& 5.7(d)fior, .

6. U Si02: A3 BCB 5 Au MBI ), HBITEE R a A, &
BCB _EXM PECVD Ui 1.5um [1) Si0, 4042, RIS F SR 10 pm LR 7
HIBAROC ], F 28 G SRR VB 5 1t 22 B 3 S TR 1Y Si0,, 5.7(e)F 7 .

7. WAt P AR SoH AZ 5214E IEBEZIER AR B T 5 1 1E B A B 1
MM, ARJRIRST Ti/PyAu BIRR, IRSTIEREH 30/40/210 nm, JEIJEFH#GE T
KEICZIBE A Au, R P BAREE, W 570057

5. HIAE FEAR RGBS RYAT N M. B SERH sEAR I LI Au 1 MHEIE, H 1CP
Z|% DFB 5 EA Z[8) 250 nm &, 40 pm 95 InGaAs BXBHEME, T A4
#18. Tk DFB 1 EA 2 ARG sE A4, F500R A 20 EE0 4 7] (4 4284E 0 p:
FHSHM S DFB 5 EA 2 ARG 8 d BT 40 kQ, BB
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XS E R ARSI e

PR 120 um K47, SHENIEES, RIS (K7 A S T AR Ti/Au N
WA, W EEE 2 30/120 nm. F 4, R HIESE R, MRk A 32 1 35
B K5 B AT 34T PEBE I

10pm :

(a) HUYFEHR (b) B BE T

20pm L

(c¢) BCB P (d) RIE BXUEZIMh BCB

g
B i 4

T 8um

(e) YRR SiO, i fof th HbL AR 77 L () HIE P HatK
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K 5.7 3F BCB HF T ERMERE T SEM BB A
524 BEUNEBRBRMEHRB/NEZR T

Eﬁ%%ﬁ%&@ﬁ$1%¢,%ﬁﬂ%ﬁl%ﬂ%%Pﬂ@ﬂﬁﬁ%%
ﬁ%%ﬁﬂ,R%%%%@@@?lﬁ%%ﬁ&%ﬁ%ﬁﬂ%%ﬁﬂﬁ,EW
THEAFAE E R B R S BRI R ~F R0, AR FE 18 R~k
%ﬁﬁ,MW%X?%%%@E@@,Wﬂ@%ﬁ%%%ﬁﬁﬁ%,@%%&
%ﬁ,ﬁi%%?%#%%%ﬁni%%Baﬂﬁ¥IZE,&MN%&%ﬁ%
%mﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁTﬁ%,ﬁﬁ%%%ﬁ%%Iiﬁﬁ%%%%ﬁ
%%Wﬂ%%ﬁ%,ﬂuﬂ—ﬁﬁ$ﬁﬁﬁﬁﬁﬁﬁﬁﬁ,MWW¢%%%@
AL, I s R 0 B S R b

G%ﬁﬁw%,%ﬁ%ﬁ%%ﬁ?%ﬁ%ﬂ%%?%%ﬁﬁ,EW%EW

*@A*EEE%E%F&%%W%,ﬁ%ﬁ%%?%%&%m%¥,ﬁ%%
%ﬁ%?%ﬁﬁﬁ%ﬁ(WW),ﬁ%ﬁ%ﬁ?ﬂﬁ?%%&%@ﬂﬁ%%ﬁ
CRAAR ) TR st

AR PSR TE B MR B ) S AR TEERE . RT3 4 P 5 2
%WW“L%Th%%&ﬁﬁmﬁﬁ,ﬁﬁ%ﬁ%ﬁﬂ&ﬂﬁ%Kﬁm@ﬁﬁi
%%E&%ﬁﬁMmCWM%MﬂméﬁﬁﬁﬁﬁTﬂﬁ,%ﬁﬁﬁm%%ﬂ
ﬂ%%&ﬁﬁE%?%ﬁ@%%Hﬁﬁ%%%ﬁ%%ﬁﬁ@ﬁ,MW%%%W
W%waﬁﬁﬁui%ﬂﬁ,i%*ﬁﬂ%&%ﬁwm%%ﬁ%%,%uiﬂ
RPNV A o S0 23477 FATD 2 S0 ek 0 2 510 1 2 B B R 4 S S 4 1
ﬁﬁ%ﬁ%ﬁ%&&iﬁﬁ,H%Wﬁ%ﬁ%ﬁ%%mnﬁﬂﬁﬂﬁ*%%?
P B BT LEURR AR (5-4) frRe

-1
E:[ 1+%7r(R+RA,)2nArJ (54D

ﬁ*ﬁ}@%%%%%ﬁ%@mﬁ%%ﬁ%¥%,mdwvﬁﬁ¥%£,
m%ﬁ%ﬁ%%ﬁ?ﬁ,&&ﬁﬂﬁ,%ﬁ¥%$wEmHEEM%¢Awa
%Enm&ﬁw,ﬁ@iﬁ&ﬂiumﬁ%ﬁaﬂz,*ﬂaﬁﬁﬂ¢o%&
RS 0.133 Pa i, #EEFHFH E BB 56.2 mm, M7 f I 28 o
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HSE ARSI RIS 5

M EBRZMIIIER R 40 mm 24, LEETFREELALEN, £BEFH
RECZARAN, T FEIST MRS MRS, DRI E 2. BT 5ie s
SRR, BATSH TSR AR BTN HT ARG, oA iT e
HIEEREHT, ¥RMESEM 0.13 Pa /N F 0.068 Pa 5, 5230 T 74 InP,
GaAs, SiOy, SiNgSFHEFMBLE RAFRIME 1. A0S M &0 . %
FKAEL IS, WS HB 0% 0.3A, R 400 ~ 410V, Ar 7% 6 sccem, IG5
S 0.068 Pac SRHILL L4 I5, TSI Cr/Au BB RE 24 30/210 nm B AT 52
MERN LS.

PRI %I 2 F7E BCB R To 3673 BLAF RO el I 7, 3 B R 2
5 InP SR EAALL, BCB MAGRA —EmMEt, SEEREBENESN, BipE
JETiigerh, H BCB RERIE S Ak (8RB /8 InP M EHE, S5
BN E B E SN, W 5.8a)FTF.

HMfik BCB LB A, ¢ Lk BCB TP TESBIGE 6 £, &
fIE BCB RMEVIRT —Z/F/EH 1.5 um ) Si0, 4545214 BCB 5 P itk
[EIHIPNE Az, KT el A2 0 ERE, Si0, /2 FIi i 2
NIRIEARBE A IAE T . SRAT S0, 15 4 3 HI3RI2 S, BCB 1 () duik b 25
ARETHEMIE S, TUEERIREEENIHT S48, Bam g
58T,

(a) BCB LH#E4S (b) BCB Lin#d Sio, 5 igs

5.8 BCB FHI&&gsS TS

HTRATERIES, BRERKRN L EE0MmD, AArEsT
ERETT M TN, RATKM T Westbond 45 4E 71 Model 7476D 2
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%58 SAETHAAMERS ErRE

TR SRR S AT THE, RAHFINBRE SN BEIHE 500
WA NESHO |, BEAENE S0 ms, #ERMHIRRE 150°C, FAM Au 4 H %
7925 um, BES SR SRS A4 50 X 80 um BT TR,
RIE SRR HIE ST, RATEER ST E P HIET R0 50X 80 um
HITTAR SRR 50 um MO B TEARSL, SR A AR A RE B R E S gt 2,

EERRA TG AR E 5.9 g

(a) 1K 80 um M 4R 55 (b) EH 50 um §18 FE 18 45

K59 S884ERESR R

IR G A R IR, BRI I03EF BCB $HF T2 f04E s 15 it
FERy: AR SN A2 50 um (BITRARSE, HARAS AN S BB R~} 54
—E, AN 2.3 um BCB #4542 F1F 1.5 pm [ Si0, 28282, 3445 Fiy M i
A 50 pm X 10 um, KA 2.3 um 1 BCB 464, 7525 su R ifi 5 3 2 um X< 10
pm, JEIEHJE 2.3 pm [ BCB #4545, LL_E AR R T 0 1 5 b e 2
Cp=0.03 pFo RYEH 5.4 BT L RAT4N, A58 R 2N TF 0.03 pF /Y,
X R G 0 S AT L2

AT VP L3R T Z 3R B8 55 M0 6 bl B AR, A3 T BCB
F L ZAVN R AR SRV 1 30 A5 B AT T /M 2 RSB S8 0 305 9% L g )
W, WELRWE 500 Fiw, T EERKEM 50 um 30F1 100 um, 5514
PG T 93 R8T, A RHIES 3 V RIAHE T IE A 16HE 27.3 dB,
F TR T N6 2% R 003 T 8RR, 7E45 A M A 2 i 28 A /L T,
IR AE R FF AT 30 GHz By/M= B A5 5
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H5FE BRI AR R

5.3 BR4B 1% ik i BE X 3 sl M0 57 e 16K 577 B B 1 B2 i

HET S35 BCB L L, ATHET ¥ 40 Gb/s LIRS,
FR MG SR ERR AT TR, R RA1R I, B B 1P U ) g S
M £ R FE 7E ™ B R ABE RS IR %, 7 0-10 GHz S5 i, BTN v S TR G R
3 dB LLE, PEEm T RSN 3 dB MBI, W s 1@, %I
FAE Jeha Kim % A K50 /8k b A7 37 S 185°86) AT S HTRATBE B (SR, 34 1%
RE SRR EHIT TR, RIhT T2 B, S = OIS O IVAL TR1:
il % BB HEPHE R, ZY7E 200-300 QZE7T, M5 RS 7 SJ8) s ey 17 0B 430 P 5 e
X T R A B e, ZER W RIE T AT EE. ik, TATAR
RS0 OSSR R R ST T 8 8 e b B S 21 5 e 2 DI R an
Bl 5.12(0) 577, 520 h BT F BB 4090 Wk L,=0.16 nH, R, =50 Q, C»=0.03 pF,
C;=0.08 pF:

-48

¥ W N (dB)

-|r|||||-rr||1||||-r||-u

5 20 25 30

10 1 '
M & (GHz)
(a) SRR A 2
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Graph 3

-35

Frequency (GHz)

(b) PrEZH
ST iR e R R A A B

MATELES AT S0E, 8 5025 o 15t el EL T 8 10 52 o B 084 e B B i
2 £ K L Lol 3 BRI 1) L e, AT AR 61 28 14 3 B 321
W HTIREISRIMERE S P EEM N BRI ER AT 3X10" em,
SN IR BRI, 85028 R o R gt B BAE S Rl P RS P U4 R A ]
WU B PR RE S (AL o TR0, Ao 3 R T 1 O e ek BEL 3o ¢ J R 3
1T 20T,

AT N AR, SRS AME SR, ZE P T InP 2 FAEK T
BAKIEH 33107 em®s JERE S 200 nm (T InGaAs F1AE b RiaiE: gl

SRS P B W BB B S S A 0 4 BB . SRS
LB 2R, BEURMMA, WM, FE, b
BRI SRR ) DU RS Bl B . X F R 5, B P RO fid
AMUERB AR AL E, EE R AE BITR RS . B v
RIETEH, H5FFER R, NS, BRGS0 SR
SR MM,

HBEBATRA T WP Eb 3 9 CrAu B Ti/Au, Ti/PYAu BRI Y
ﬁﬁ%mm,ﬁﬁ%ﬁﬂ%ﬁﬁﬁ%m%%ﬁﬁ%m%%,ﬂﬂﬂ%%ﬁﬁ%
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o5 E EAE I AR R s

ﬁ%%ﬁu%Tﬁﬁ%@%ﬁﬁ@%ﬂ%@ﬁﬁ%ﬁﬁ,&53¢%m%%m
ML ZEMMER b, #AIMZET InAsGa BRISBEMIEH Cr/Au, Ti/Au, Ti/PYAU
PRk 2R AR5 e b 5 L BEL B8 54T T 22
H TR ARG R KA RAR 2B, AR T BBR 4 i 2k 3
(Circular Transmission Line Method , CTLM) Kill&E4 /85 InGaAs 2 8]
PR PR, AR A 6 R A ek MR B T B 512 o, HABsat4r 4
R, IRX N & AR WA, BT, HRC [ A R
BT S PR A R AR Z IR R, 4 5 2 S AR X LS ) e e
Rons 020855 2 SR X (19 7 Be B Ry, 4B 0 EB I R, 28, HAG R R A
A 5.13 P,

Bl 512 B BR Ak il b 7

2 [NTERFACE. REGION BG) -

AXIAL LA

B 503 G 5 A i ) S5 e A

SELIL I AR P42 B R R A A 2 eb B, R A 981t T 5 R R 4
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55T ERE SN A R s

(K EEIR Ak B B2, 600 & P JR AT T YU BT 2] FEE R S A 12 7% 1,
A 77 pm, SRERELE n ANFIIS 5K 86, 91, 96, 101, 106, 1T pum, FR4fE
fiz 1E B [ B F 2k A B 20 2190, FHL B T R A2 i 157 5 B 4 4 B A 2 ) £
BRRTLAZR 7R A3 (5-5) Fias.

R=Rapsior e (5-5)
2m,
c:i]nn)—“ (5*6)
A) }‘0

R TRIBR B A, A 0 A [ [ B 5 P i b B H AU A T LA B Ry,
MLy, RIEBHAR (5-7) & Emz,

pc = R_;';‘;L:rz (5_7)

AT R IAD T 200 B R A A O R, 4170 T InGaAs I b 5 fi
JZ I InP # )& EA¥SIHI7E T Cr/Au, Ti/Au 0 Ti/PU/Au AR A IR (L ek, %
RISy 5.3 /NG T G FH SRS 46 1, PRS2 4953024 307210 nam, 30/210 nm,
30/40/210 nm. 7 Ti/PYAu BB R 7 IR 2 40 nm B9 Pt AE Y FHEL S, DAE
% InGaAs J2[1) Au B350,

R CTLM 5015 S0 Fy R -42 fih el B 15 [ BR 5 IR R WP 5.14(2) T,
S (5-7) T+ B3 B0 L B2l L BEL 32 p 43590 8.75 X 107 Qem™, 6,58 X 107
Qem™, 5.26x 107 Qcm™2,

HTBKTZUES BE SR R EEE, NTIT 3% B IR 422 fih e
BEEY, DR B AT A R R 1 W AR IR BE O () 64T T Hqk, 78 30 1
Cr/Au, Ti/Au F1 Ti/PYAu HEAR B AR K 41F42 312 360°C/180 £, 400°C /180
FeA0 380°C /150 B, & 5.15(b) WEER 2@ FRRBEAT IR K 5 B A5 3 AR ] e kR
ML L R SERE s 2 (A 036 R, 48 5000 L i HLEH AR 7.21 X107
Qem™, 228X 10° Qem?, 1.74X10° Qem?, LR KBTI T — BBk, S
SCHRAR T H 11 b Bk L P 2 35 A — 502, B3 F Ti/Pr/Au R R T Pt E 4
HR . 73 00 R A i e BE 555 /S FH B4 fid (1 Wbt B S 00 R 40, 02T 2%
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InGaAs FRIS AR (¥) InP 43 KL, FoATARIE S T 2 0T 3075 45 0 B b e 4

45 r 20 . ;
—— T Ca
01| Y =19.50106+0.69878 X | T Yzmasemoasssix | 0
) & | a = ) ]
o — e e 144 — T e
i - § A
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L~ | iS 104 o | = Il 1
is 25| 7'_. o | 4] et
E 20 ~ E 6 — —T —
EE] —&—Origin CTLM data ® I |
4 = in i [ - in OTL o
L= =@=—Corrected CTML data 24— — U 1523&@?2‘7‘33«:3 f
T -~ linear fit to Corrected CTML dai o | |~ linear fit to Corrected CTML data _
0 10 20 30 40 0 5 10 15 20 25 30 35 40
REKREESw BAER % BESun
(a) B:kal (b) BKJF

B 5,14 BRRURHE fi Fl BH ) 4

PRI, FESEBREOSRAES T 2h, SRS EA W) 28 EE i b T o
ZHUE. GBI AR, 54 R BRIEIETL X, TREEmTe
HE L2508, FILHEATRA TRARS ST L, FAREERSNERE SI/E L &
PRBELES 10 pm (9 Ti/PYAU S B SRR, RILZELEHIE S R A 3T,
i S ARG B InGaAs REHDCZINR, X — T 245 18 2 S8 R b5 it e fH
TEHN, BAREEN 10 pm, KFEH 200 pm 5 BEALE SR BO S, R
fil B2 10 QZE 4. BTSSR ATRA T 280482 7 4 72 [ RIE-501 A
SREE PRI B AT RSN, TELMH: 0, 50 scem, HIIHZ
200W, [ ESE 20 Pa, S0HTEREE L A RS K B, TR B RIE T
ERI A, P TIERH InGaAs BXAHEALE B S FURIP, RELCHTLET
WIEGETS, BB ISR S8, ik, T 17 58 8l T 2 o se it 2
200 nm {7 SiN #ERT InGaAs BRU 2 BEATAR4", 264070 )S, FoR i 48
M HF BRI 0 4 TR A SiNy,  BROGHE Ak e BELA3. 5 7 00 2 B, 1 5.15
HAE BE MBS T2 P SR 2 I A SO 5 I A O 5 TV
%ﬂﬁ%%mmﬁoE*ﬁ%%¥%%ﬁ%%%ﬁﬁMummﬁE%mpm,
KA 200 pm, U5 75 51 (1 FREFZAG 5 PR 2 2 6.5 QZE4, TiRA CTLM
NS EH Ti/PYAu ALt LE Bl B EE S 1,74 X 10° Qem™®, 8278 5
WA B 4y HUBEAEL G 0.87 Q. MIZSEISGEH AT S, MU EEMES, ke
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