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FNYE 74 2 TR met A=

t}& LD(laser diode)7} AMEETH EATke. Ag
o wel long- (7]7+%), medium- (metropolitan
area network: MAN), short-haul (datacomm
3 7RI e EFEed WA, long haul
o= SONET 0C-48(2.5Gbps/s) & SONET
0C-192 (10Gbps/s) thgdZe] LDRES AL&-3)
o 100GHz¢ ITU(International Telecom-
munication Union) grid®] 39 +#¢o] 7b53ka,
3T 50GHz 7449 FU= EA7F A|FESi
Long haul®& #FAl Al2¥& D-WDM (dense
wavelength division mutiplexer) BAIgo 2
g A& SFL(YEL 99), 0C-48 FF2
64 channel (Pirelli’'s WaveMux), 80 channel
(Lucent’s WaveStar)$} OC-1922 40 channel
(Lucent)e] Al~®l F9jo] 7hgsich. o)
Lucent (100 channel @ 10Gbps)$} NTT (50
channels @ 20Gbps)9A] 1Terabps &4 A8 &
ARQEE Ao} o7]d] AL FYe] gdZe 2.
5Gbps$} 10Gbpse] i &8 Fejz FYFe] 7}
F3lth. #4& DFB-LDd] 9% FAwz, EML
(electroabsorptive modulator integrated DFB-
LD), cw (continuous wave) DFB (distributed
feedback)-LD9} Z%& LiNbOsEZ/IU BHE
% M27)2 A2 codingsh A7 Aol 3)
t. 947]4 DFB-LDe $&do|1 Fyuizgs
A%3 JA§e A=Y TE F vk WDM
B AMe" LDREL ITU gridg 73] o} 8

o1 2 v

R

it o

oy
=
A

(556)

JqUE LD Hi=

5 0 3
A3E¢71449 F4 Lab.

22 1530nmIA4 1600nm Ajolo)A 0.8 nm
< 04 nm7tA9] 33 A )&, FoiA Ty
20 o] 0.1 nmolllz fxASel s FF
locking7]%, ]9l @& power A 87t wEHo
of 3t} d&n FYe AL insertion lossE I
g5k, EDFAglol FAE] §4lo] 7hs3l= 3g
H 1EEHol 87 Hed dA4E 30mW ZEo|
F83E0] Qlth. %3 backupg & optical
cross connectf%5 EWE EA o2 tunable LD
£ AR o BAe A AldEe 45
2 10Mbps ~100Mbpsthe] Er,;¢] &5ud &
W3 5o LD7} AM-E T

Long-haul3}+= 22 medium-¢|t} short-haul
o FANGLE 5% network®d & T FE=
glARh ARSE LD disle] =98 4 .
MANZ = 2.5Ghps &9 ZU& AL
g7 100 kmjolz2 2Hwzy DFB-LDA}
o] 7}53ck. short-haule #7194} data
H%8 networko 2 £g|dte] U 4 9}, B}
PAE-L 1310nm 339] 155Mbps 2 622Mbps
FP (Febry Perot) -LD$} 2.5Gbps, 10Gbps
HZo] DFB-LD7} 9t} d714 9drs LDE

-
bt

O,
=2

v gE2r= LDE U= (Ag])*(bit
rate) ~ (A7)l Ao o8] AAFHY A5E AL

He % fibere] 79 g 9E8t). data A
48 networke] = fiber channel, ATM, FDDI,
ESCON, Ethernet, Gigabit Ethernet%o] g4
A4 Ae o ma} workgroup (80 m ~ 250 m),
building backbone (250 m ~ 800 m), campus
backbone(800m ~ 400m)o.z FE3c}, AEZ
Ql datad4& LEDE A}&3}% A9 workgroup

o
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7} building backbonegdl& TR I fiberg uncooled typee]il lensE Al gon

o] 83 850 nmthe] VCSELE Apg-8tch. Gigabit
Etherneto] datad$ A| & HAY Aoz o4
5 1.25Gbps FENAEE dURE 3 fiberZ
AMEEt 1310 nm 93¢ FP-LD7} AFLE 3 2.
5Gbps g Zd A= 1310 nm ##9 DFB-LD
7HAMEE Agolth @A o] AlFe] AAF| N =
U3 =2 PFsta glow HPIAM 2
5Gbps/sx4  channel (10Gbps/s) WDM
transmitter$} receiverg 7 @3t A g3} Yt
o] Qo= CATVE LD=Z 1310 nme} 1550
nm %3¢ DFB-LDE A}4-3hoh.

Ao AHE uvpe} o] BAL LDg 72
atg} VCSEL, FP-LD, DFB-LD2 Us 4 97
VCSEL#} %34 LDZ VCSELS wz tfiezg
o714 FP-LD, spot size converter (SSC)&
AA &% FP-LD, DFB-LDY Az9} &0 9=
£84 u|& vgFuA gt F544 LD= 3
2% B9 package® AEsElng LD chip A
Zt B9 ohe} package® AE AAH YoM
¢ F8¢ FE& AR S B4 AMgEHE 3
fiber & wet dEre #Yoes FP-LDE
AHEEaL DA REE 2A3] Y8l gratingol
£017t DFB-LDE ARg3tt). T3 A3 (g =
o me} LD ARago] Bol thath. e Zo]
(AF* AAEH) o8 FA7] woldh.
systeme] A 273t= 7)E spec.& ITU-T G.957
o] HAEo] Aot e} systemo] HEA] & F
3= margino] 11, o2} SJAlEo] Ay, 3
PR a78le B4l t2nz 4Foz AR
g% Hs}7] f5te LDEAL ojun IR ¢
T3 of g}

II. FP-LD

FP-LD: Addog 3e ddZg ge A
o A9 AGATh ey 247 wEe| AHo]
g Zasth 2ANE 989 packages=

(557)

silicon optical bench (SIOB)¢] V-groove$d)
fiberZ passive A Hate] A& o} 3ic}. oju LD
= Si0B9}] flip chip bondingd)] 2)&} & &3t 9
A& Fo} nA%h ojgA AFE REgL B
22l A4 -40~+85TC, data BAIY AL 0~
+70C %9 ITU spec.& systemo|A] Q73
+ marginfol A 2= 200 o)A AlgAE
Sugol sze LDS| HAD L% S4o)
3ot LDS) 2E54E A48 AR LD
72 &R N I AR & Y 72
+ InGaAsP/InGaAsP MQW (multiple quantum
well) FZeo|td, a8V o] F2&9 conduction
band off-seto] valence band off-set®t} =to}
A z}e] overflow?}  Addoz Al
characteristic temperature(To)7} 50K A%
wong olg /jMsy] #ste barrierd 3,
UA}-Eo] Z3} A4, SCH(separated confin-
AT
barrierd] strainQl7}5-& st 27te] AAS T
T WA 60 K& HoAua] Balx 9lch o) §
718og NAE]) 98t InGaNAs/GaAs'?,
InGaAlAs/InGaAlAs™®, InAsP/InGaAsP (or
InAlGaAs)™ F29] g A78 $toy £
LESHAE EFea £2 S I EaA
U Ale] E0j7t #29 H$ A4 (regrowth)
o 23 BH(buried heterostructure)g& %57)
olgly L&A = H3E Fapy] Y= ¢
H EG A2 9l
BH FP-LDA| 2t ¢4+ n-doped InP 7]2$] )
LDe] 71E+% XA, mesa etchingg ¢ thin
film(Si0, && SiNx) mask®% 2 photolith-
ography, mesa etching, 1% AAA, mesa
etching & maske] A A<} 23 A4 4, 100 g me)
$A 2 lapping® polishing® ohmic: metal 24,
scribing®} breakingdl] 2]3¥ bar cleaving, facet

ement heterostructure)2] profile,

coating, chip making, chip test, assembly,
package 02 AW 7 A% BN A
T AAE AARL 53] assemblymFdMe
purges} burn-ing %3 chip& Azl o]g
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A AZd REL ulrBo® reliability assur-
ance test (Bellcore TR-NWT-000468 o]u}t
MIL-STD-883C#1) & AX nAgA dgdth
A9 R &4 "2t 83 FETHE ofdlA
oAgste dh

1. 7|2 LDF= MZ

LDg) 71& +x& LD9 ¥4 A3 SAd 4
&g Y. HA epi quality’} AAIH L o
2 AAd 93 ZAHe welly  strain
(compressive strain¢l A% & 8 =D &
Aol AX=EY UE AXW critical thicknessd]]
o3 epi quality7} AEE L, wellFo] FolA
interface fluctuationd] <3 loss®} quantum
efficiency”7} vhi-a), band offset(characteristic
temperature$} carrier transport), p-clad2:E
activez 0 2 7Zn diffusion (carrier lifetimeo] 7t
48t threshold current?} 71331 internal
quantum efficiency’} 20} slope efficiency7}
Z), well =(well 47} Z7}8}e optical con-
finement”} #AA1 modal gaino] 7}l
threshold currentZ 29 = gl €5 54 J)
A& 4 9l oy upper bound= critical thickness
o 3 epi qualitye] A3}7} <JAg), setback
layer (23319 p-clad2%¥ Zn diffusiong %
A ¢ A2 UE F74$%A hole injection¥} p-n
junction$] A 7} activeZol| A Bloju} LD E419]
A3E AL F UR)TY WFEC] HH H
ofo} it}

golA EAQ e 71E2 o= conduction
band$} valence bandAle]e] H|th& band F3%d|
o Aot} wetx wieA HojAe EAL A
A7) At band F2E B} g 722 A
Aol dadd, o5 3t &4 24 straing
A7k el gt wed, A7l tdEe T2E
strained MQW(multiple quantum well)o|H,
straing 4F2 WA oA SXHE 7edd
straing& 4A FA 032 AAgE ol stnz
¥ E FE 587 A3 ghe FA $E0
U FEFoZ HAE ¥ $B TERE AEdh

o X A8 1.

(558)

(0o)wgko 7 AAE zincblend 72| biaxial
straing& Q17}8}9H tetragonal deformationd)] ¢]
&) 471 deformation potential® hydrostatic/d £
3} shear A¥-o2 Ee|=3, hydrostatic &S
@A bandgap AR &S F3 gl FEY
B3] ¥Wale= shear straind] s doidt.
biaxial straino] ¢17}d MQW #o|xel &4 7|
A& o8 71 FA 71gE 4 o). tensile
strain® compressive strain®} o] symmetric
band72& w=sd AHRE 5 4. T8y ¥
7}A A A compressive straind} thEt} AH,
conduction band offseto] &0 &£& EAL

kA & 4 lth B4, TM 33 54 o 2o
G S-EA carriergo] A7]F9] E-fieldo] 3
A 2449 F §7] HE9 plasma EHE F .
A 4= 9ok 1.55um InGaAs MQW LDz4|
A tensile straino] 0.9%=2 27} & wW71x LH
(light hole)-HH (heavy hole) mixinge] 37}
X2 heavy holed] AL A& Zrjslnz LD
B4 3 19 4 o straine] 1% o4
27} & © LH7} valence band maximumo)
2o TMEAS B FETh tensile straing o =
771 MQWY #3& 237] 93l welle]
%712 =3¥ LH-HH subband®) £&]7} #AAA
83 AT non-radiative £40] ZJ=T}. 1.6
% straind| A o] gEL A7} H3,  strain
F7hetd A AR 9=rt AR F71E AR
= 3E 237 939 welly] FAZ YR &

v & welle] 547} critical thicknessg Z#}3}
o] misfit dislocation®] HAH7] A& 1, E5)
conduction band offseto] ol 2.1%7F 54H
type Il band 7%= upAt}. Compressive strain
79 straind] wWel heavy holes] §& Ao
A& €31 1%B=AM Fagd 23 1.5%014
o] ¥ oA A HF Lxit Eojdrt. e
welld] FA7} Z0] AMY roughnesst) 2o AH
injection efficiency”} VHiA] 3L gain curver} Y
oA 1 &tk A= welldle Az A=g Fen
Auger recombinationo] H¢]tl, Band gapo]
& InGaAsPg A& FolR straind] o3l
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8¢ wello] 3B B e 542 )0 ¥
% vk AAS4 B ofie} FAEAE sirain
o ZA oJEd. straind] HFs= IUF F8
3lch. FP-LD] 79 welld] compressive strain
& 1%917}8}3 barrierd) tensile straing 0.3%
917} §& threshold current, slope efficiency,
characteristic temperatures-o] =t &g =%t A
A8k chipd AB=E wellgt barrierAlo}] net
straindl] w2t AZEE 44 Ao} gEA B
wet Aol7h UAR A= FHAA  welld]
straino] compressive® A< 0.8%E dA %x
barrierd) %%+ matching2A & AHEEE A9
d}&+& 3}, Critical thickness &4 well 5
58 4 ¢= A% barrierd] ¥ straino @
compensationdld well58 58 we 4z A3}
F Aol AZFor do. EZ wellF
barrierAte] 9] strainzp7t AZ £ MQWE
thermal stability7} o} regrowthdl= 29t
MQWe] transitionel| 11x] 7} blue shifta}A] Ft}.

1.2Q 1.3Q InGaAs

Cap Material

s :
InP 1.1Q

(a8 1) Cap A E°] W= adhesion.

capZ=9 AZ= InPd A InGaAs7x] tioks}
th. cape] AFo] wa}l mesa etchingd maske}
adhesiono] ti2rt}. o] adhesion® wet etching®]
7% undercut B](=undercut &/Zo])& 24X 3}
B2 mesa etching profileo] ofd] o&dle A=
current blocking && AA4A] blockingZ9] 7]3}
37 Fzo| 98& Fo}. p-n blocking H 13
o] profiled]] 73t Holx| gt i(semi-insulating)-
n blockingg] A= AuHez Ut £
mesa etching® mesa AW A9 we} LDE

(559)

Ao & 9FE b etching® it DI
water2 HWA2]E& & o DI waterd] AdEY
& wy)9)5led N, blowingg 34U spin dryE
o} sh=H °]& #8lo Si0,4 adhesiono] Fo}
of gt} makA capd] AE A mesa§ mask
9} adhesion FHoA AF3| meHojo} it
1% 18 cap E49 WE etching profileg B
Z3 9t} 97|14 Q=InGaAsP o|t}. etchant®
T isotropic etchant2 2 @27 HBr: H,0,: H
D08 ARt th undercut ratio= bandgap °l
Uz 7F Zotd wgt ANE & & Uk 2F o]
£ A&3l= phosphorus mole fractiondl] ¥]#|3}
o adhesiono] W3l vehie Aot EF
AR & cooling®ZA9} wal undercut ratioZ} ¢
£ & 9t} 92 £9 Phosphorus®$17]9A 3
33 27402 coolingdte] adhesiond 81 9
mesa profile® A& 4 ch

2. mask §M=H1 mesa etching

o] FHY FFH EBHL #YFET =4d
current blocking2& & wt=&= Ao}, 500MHz
ojste] wiHZo] tidte] p-n blocking £}
ohmic pad?] Z& ZA3ld 7M5aARE o]
HEZL A7) 938l double trenchZR & 7}
A i-n blockingT-%2& AMg3)of 3t} e Z
o] Ax}9| capacitance’d ol ¢Jte A 3tx]7] uf
Fo|t}l. current blockingE4]# 0|8 &% E4
@49 A p-n blocking EBAo] SFInE
uncooled LD9] %9+ p-n blockingg Al&-3sl=
Zo] vl&3s}}. current blocking £412 mesa
etching profile & #AjZo] de A I,
mesa depth, undercutd] ¢J&3it}. o] profiled
A7) 98led HA mesa etching® mask Z& &
33 gojof @th. Mask & mask =3,
photolithographyZ%, etchingSd] &3z
ol8 ¥4E& FHssle waferjoA] #at op]zt
rund] WE Z9 uniformityE 5.04+0.2 x moJj
2 gngo} 3t} £ uniformityBEdA 2H
wet etchingdtly= dry etchingo] 83t
long term reliability @ |- A&31 T4 =9

-
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o]

& FAsL g& AAo|th uniformityBH A
dry etchingo| %83l A4 & 9 Fd‘i}ﬂr Al E
3 B A wet etching®] TI‘E] sttt B 4 Qi
mesa etching profile& A}4-3 QZ}%QH"H ujet
2o, A3 Q7= etching profiled]
wet Az §oin AZhie At laterald
o2 BUR=E FA] A% 84FY A
Zo| 1ymALO)|BE active Z-L &4 YA gt
o2 fAHNoF 3t 1umol3td W mesaAH

AN FUEZF F7tste] AR FEG AFE
FFE 7] ARsEE 1umEd 2 HA 3

T Ao] vt o] A% miAY AMHe
DI water2 3}22 £& AAA AEE o7 95
A& DI waterd] ¥)A3o] 15 megohm.cmo]Abo]
oo} 3l3L o] 9o EEE
F72 F23 Fof gt

¢l silicon, carbong®

3. XM=

13 A4Be AFAGSE 729 AFolu 23
£ UmA p-cladd® ohmic F&32& A3}
~r] g Aotk 14 AR AL 7Bz AR
Ad 483 v 24 s1Foz & 5 U p-
AFAd 542 718183 F+29 doping level
o o $2% Wge nFd AN BAE M
A 7HA 9 8 A9} nZ9] doping levelo| Tt}
L n%9 doping WEJ} B2 FHARSL st

T5 blockingS4 2 &5 ¥ FHEo| W&
ngo|l BYF 7irte] Fogel wil cavityd]
A3E mT B3} e Bl HayAA J1
A= 3 fibere} coupling efficiencyd] AL
52 A 27& & 9 Fier s A
o) MAZZY F& 4 B L9
BH+Z4l RW(ridge waveguide)TFZE A3
e A% oy 1&g N nE A3 24
7t lemg fofdior gtk 23 ARG Fo
3 BRL series AS 7ohmo| stz Zo)7] 938}
o p-clad doping®} HZZ9] doping¥dEE HA
3 #2202 dopingdhs= Ao|th. MOCVD=E AA
g ¢ hydrogend] 93} passivationZA|7} €A
st} st= A A % hydrogen-free £¢]

tf

P
F
8

Al

L.
—

X ok

o 1z
38 £

(560)

1E17

/0
[o]
Y

0.5 um p-clad 2.0 um pclad p-clad + contact

Doping Level @ Well (cm™)

1E16 |

A

(28 2) Zn7} doping® p-clade} ohmic %%
ARAg] e MQW #4294 doping
=

=0
2
3

7194 anneal AV A & W9l furnaced
o} -&-5l9 annealingdl] dopantE B4 3 Aj71t},
At LEE 400CH FE3ich doping %E«l
AU dopantz AR Zne BHZO
diffusiond] 93] A g=c}, Zn diffusion Zn
doping 520 ollg} cladZe) A% 2
&3t} 53] HEZFY dopingsEe 1x10% em
~3 oAtelm @ cladZ¢] 5x 107 cm™¥) vlE &
A Fol 22L& AAstE T Znyt BA Z7A
diffusions] £ Z 4 ). FAlZ9| Zn doping
=27} Z718M4H LD«] threshold current’} %7}
3t slope efficiency7} 74 Mal opgl
impurity induced disordering& Y€°# gain
peako] blue shiftdlz AlgAox AL F
a9 2% clad®qt, 21813 Zn dopingdt clad’o‘a—}
HEZE 44T get 8429 ZnsErt 37}
e HAFI 9tk dopingEEE SIMSEA
o8 Rolth. 18 3¢ 27e] F2o thale] PL
(photoluminescenc) & 243t Adjo|th, B4 %)
InFsT7t Z718d wle}l PLoAo| blue shiftdhe
BAZErh Znv} LhumEAA e FEFo2R
B p-clad®& Ax 4oz diffusiondtzz

vacancy =2 #o] glon oj= AZ AL
=& HAFssid 29 F & Aoz ygHEth
blue shiftdt PL&] ¥l&Zo] Wojz MQWT29
40 eS¢ F Aok 12}9} 22+ A%
Afoldl maskg HFEo| ¥A AEE FHI| A
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1194 nm - base epi

PL Intensity (a. u.)

AAR et

Tie00 11800 12000 12200 12400
Wavelength (A)

(2% 3) YA p-clad® AA7A = blue shifts}

A &1 wixet HE2F A4 A blue shift

7b gojuL ik

Aol ot 22ut AU AAE dddes &
R mesaAHE wet HFA &0 8437
238 F qlong F9 do} ). Si0; maske
AHEE e HFASS S Algste AASL cap
2% selective etchant& A&t Al Ao
th A A% % DI water2 rinsedti N, gung A}
& 0702 oo 9. 094 godl BaE
Eo] maskHE FEd ol AR Y& WY
F A7) WEolth
4, Ohmic metal 23 :
Shottky Z#9] o]+ bandgap dlux|d] H]2
st Aol Z2 doping FEI| ¥ Foh.
p-ohmic H%¢] criteria® FZF wjAgo] 1x
1073 ohm.cm? o]sldof ot o) A 37| 93}
o InGaAsg HEZo2 A43l3 doping &
7b 210" em™%0] o] Holof dt}. Frt= FFH
2o gHE 2 A2s] AL 2E F A p-
ohmic metal2 AuZn, AuBe, TiPtAu, Pt-
TiPtAu, PdTiPtAuge] F2 AgEHIL 9
AuZnu} AuBe& 0.3~0.4pum spike junctiong
PAHtez FE2F9 FAE 05umBEE 77
A Hot g, H&E=0] FAE 9 Zn diffusionF
AL dgot gk 18y TiPtAuyt PtTiPtAu
+ 200 AR =Y g2 junctiong FAEE=E 500
AREe] HEZ FAZE ohmicEdEFS & + 3

£ Aol

5.-Spot size converter integrated LD

F71YAE BEe JMES W3] 98t direct
fiber pigtailing, passive alignmentojo} git}. o]
£ JbssiA sl fste 71€9) FP-LDe SSC
(spot size converter)-LDE thA|Eojo} 3t
FP-LDE fiberd] direct coupling 8% o 1dB
coupling efficiency®} alignment tolerance’} 15
%, 0.7umAEolth olys ZtozE direct -
couplingo] E7}% %5} olugl uncooled RE
9 &% EAE Hu3p) oy ol HAsY]
915l passive taper (lateral =& vertical W&
o2) B2 E LD HA33Y output facet
oA near field& 7]$] = far field9] divergence
angleg& %o} coupling efficiency$} alignment
toleranceZ 50%, +2.0um2 7|45 passive
alignmentE 7FsdlA stz A3IAE HIEE
sjof Gt taper7Ee AEAZE o] 83l
optical confinementE Zo¢]7| 3} lateral
tapert} vertical taper& Al&sleH o JHA
0|42 vertical taper7+% & RHZ 02 ALE3lL
QTHT, Vertical taper7%E A&sl7] 93td
etch and regrowthd] 93 butt-joint= SAG
(selective area growth)o] 23 ®WHlo] Qlr}, o]
= A% 40%0°)4 coupling efficiency, +£2.0um
A9 misalignment toleranceE ¥4.35}7] 3}
of LDe #4353 4% SCHE FAE facetd
oA FAd| w3 38 o]Ae = taperingE F
far field 4% E 15° x15° A2 &9 F}.

III. DFB-LD

el 2 =277 AY 2L facet ¥
ZFE) of oA Frse) A
He 0|5 BE M AT T o5
EZE gnE Aolo] 7tAnc I8 Hry| gEd

il
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7198t 2= A¥(SMSR: Side Mode Suppr-
ession Ratio>40 dB) £A4¢ 7] d5¢. ud
A, Yo| cavityE we} o|Fdhe T 449 I
Bz st O cavity £4& QUlsld Bz
A BEAS 3 A gart o o] ¥ F
47}, cavityE wet FU381A feedbackd 3F
&= F2Z9] DFB-LDolt}, DFB LD& cavityE
el 2HE9 F713 H38 (grating)d] 93},
AgYste o $hse FE Afstd wAS
Bragg 274 9sld = A¥le Fo. uleby
EE AEe gratingd] F7)¢ Ao 2HE A
old] 9]dted AAHT

DFB LD= A, FP-LDd| bj3ld 2= A
7 chirping 40| $-Fajok gt E4, FES
Mz q93& Aok g AR, AAE A4S

At Bod 12E & o} @t 208 ol &
A% 23y ¢ BER(Bit Error Rate)2 %
3] st S48 2= BAE JACh @ 2
5Gbps Z-& o] o]AH(10Gbps, 40GbpsE)e &
Hz ggZoz FAg Mol 7Fesly] 8y
714 %83 wW$E  chirpingolth.  coherent
transmissiond| Al A4 Agl:s  chromatic
dispersione] 93] A st=lc}. wabA high bit rate
A4 A speciral widthe =% Z43ldh
spectral linewidth®} wavelength chirpg& Z#A 3}
+ £8 ¥4 £ linewidth enhancement factoro]
t}. Linewidth enhancement factor: carrier
densityd] @& optical gain®} FHES W3l 1|
2 A9 "ol chirping}e bias AF o] &
5%, Wz AFYgol S #2, WE bit rater}
A2 4% 2 dolAe ¢ 4 Yok 5 2 2

= T os 2
#H3l bit rateZA FA 2L chirping}s $)8
o B4 39 WP ol & Pz Ad

(modulation doping, strain, well 48] Z7} %),
wx AE gain peak FART Ao AA,
spatial hole burningdl] €3 adiabatic chirp&
£90]7] 913l Bragg reflectord] 324G A4 k
FA7] o] LY F kLgg& 1.5~22 A3
Hi 5o} il 134, negative detuning?)
21 Hgo] Aeh oIS Bl A detuning

-

sl
A%

(562)

=¥ transparency current’} £71528 15 nm
Ax7t 438, kLge 89 lthe £984
gk, U7 Eo|ij® spatial hole burningd] ¢J3j
L-19] kink”} A single mode probability7} %
o}x 1, adiabatic chirpo} W3t duky o=z
InGaAsP bulk@EAlZ9 739 k& 5~104%,
lattice-matched MQW¢Ql 72394 3~5, strained
MQWe] 79 2~4, modulated stramned MQWe]
S 1~33 & ot

A FojAe Mz fge

frequency(current or power limited), damping

resonance

(spectral hole burning or carrier heating
limited),
limited), parasitic(capacitance or resistance
limited)el] ¢fste] Agtdth. ¥i=A A9 A
Nt F8@ HFE R )5S FA e R
o ole WZ 93 A ARE Y BY o
gt 1& A Hx Ho|AdA 7P F23 chirp
£ Eole olr|E st mE o5& wEY
A3t B Fd YA &£ &3 =9, p-type
modulation dopingA}&-, tensile3-& compressive
strain 17}, ¥R #HAH o5 Iz Y
detuningFE el otk YA &u @zl
straingl7h= 7|24 0.2 valence band®] mixing
29E EUY.842L  acceptorz EHIH

transport(diffusion or tunneling

= O -

il
quasi Fermi level?] separationg ¢!¢& o= F
g B £28}= injection carrierd] &
9 n|E 0|59 Fd 2FE €& F Utk 13
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ohmic FH&A3, p-clad®9 doping &
interfaced| &3t}
contact w5 =2 E:R
Schottky barrier?] #0]& @31 FAE
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o, 7 F)E o1& sty uigasiA g A/
4 shifted gratingdl M8 32 7JUld] A A=
7} FhEA ¥ Yol "dte F707] ZheHlA
£3] %7] W& carrierdEE FH o2 vro}
F4E0] FAV|E we d4AA genz uF
RZE PG 7lsAol wordth ol spatial
hole burning &= A W] H#Hsz
grating#e] A A4 ko w#dch wEby
spatial hole burningg 3= FZA7]d A ) FA
AT g Al 27 37 Fo5E A
FP g o)A 9] threshold A& 9% feedback
Z7A02 facet HIAME "te] 9Jx9 DFB LDd A
£ grating#9] coupling, facet ¥HAlE, grating
9] facet phaser} @]} 2] modeE ZAA ST}, uwh
244 mode?] threshold Z7& & o] confined
mode?] fielde}  gratinga}e]
coupling, facet phased] 2]&sl= WAl &0 17
sjojo} gt} ¥F facetd] A wALEE 7145}
W Bragg mode FYd 77 F moder}
doubly degenerate®t}. single modeg 7t7] 4
3la] o] degeneracy& A|As o} g}, o]E 95
= 71x] "ol 9ith. facet phases v o =E
BHEAY AR/HR coatingoll 9t B3 ZA
Z7& Fo| degeneracys A|A3tH mode Alo]
o] side mode suppression ratio (SMSR)E
40dB o]Atom wrEofo} Ft}. facet phases
cleavingd] 938l ZAA® 1 grating F7|7}
2400A0l 22 9- oz AT F Qo wEtA
facet phases &&d 9£E F W gt A4
Hoz 24T 4 Y& 4UB PP AR/HR
coatingo|t}. degeneracyE 71538t A|A}]) 93t
o facet coatingx}S %o| FWH carrierdy Azl
non-uniform £¥d| 2]t longitudinal spatial
hole burninge] 4ot} L-I curved] kink7} 9o
yr}h Yo dF F A AHY single mode

evanescent



50 19984 67 BT THEE R 25% MO
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grating®] Folo|t}. (111)A HOE etching3dl®
thermal deformation¥ gratingo] 150 A 0]/}
wo] kLgko] 1¢]8l7} HAth. etchingd wafere)
Hhabgo]  40~45%7} Hojop 311, grating
etchingZd-& <FH3lele (112)HOoZ critical
etching®t & <7} over etchingdld 3d &&9)
10~12% Eo]9 x5 & 3l gratings A% =
o]& coupling coefficientg AARsz=z FH 7}
S0k @k of ol grating) %7] ols)
MOCVD chambert]o| A thermal deformation®
Ad gzau

2. RAF

A semi-insulating 2] resistivity7} 1x 10
ohm.cmo| oldol i o]& ¢3dto] Fed
chemical concentration®] 2x 10Y cm™3o]Ato] 1L
activity7} 0.50]/e]ojop gt o] g& A3l
A3t AR &%, ferrocene flow, PH® flowrs}
controlgojoF 3t}, E4 semi-insulating 29
F7& mesa etching depthEtt 0.1pym 9& %
A 4Astd 08um n-InPFE AHdld:
mesa %29 0.3umAE2 openingo] FAFE
2 ge=Ao] vigz st} A3 semi-insulating®
Yo 0.8ume Si-doped2g AJAsld semi-
insulatingZo] Zn diffusiong #A8t1 F& %
¢} double injectiono] Yoiv}r] B4 3}, 23}
ARAE YA p-cladd# contactFe] 3L
2 FAEH, Zn diffusiond] o8] actived] <3
€ "AZ 12 4% FoE Zn% Fed
interdiffusiong £33t 43e w2, active 2
o] Zn diffusion® FAislety E4F T p-i-

n7-Zo]A double injection’® g | s}e] 53 L-
-V 54¢ gusojop It o]& 9sle clad%

9] Zn concentration®] 2X10'* cm™%]4} o] o}
3l FAE 2.0 umolojol Fr}. Pt-Ti-Pt-Aus}
3x107% ohm.cmoldle] A& A7 93 contact
29] 7Zn concentration 2x 10" cm™%& &A]3)
of 3}, Znv} A E passivation® 22 wafers
reactoro| Al AW7] A annealingd}ed activation

A|A ok gt

(565)
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