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o AHE Suiad 155 pme] FPlH TM ZE o]5¢ 3A & 5 Us
FAEE TEE TG HAE £ Aol o Tz W@ AP Pze

_17_



(161914 ojw o]Feolx gz, o]&3 &4 =F [18]91A tight-binding model
S o] 859 ojFolAY. & M oy AAEL k-p WEUE FIAM
S A9 vladte gtz oz 43HA k-p o FAYE <= tight-binding
model2 58 €22 A9 A AAEE HAZ + AU 13§ o)
= 9UlE tight-binding model& k-p ¢ W3t W4 H-L basis function
S WAZ 33, £ Aol daH AFE A= AAHo) % EFEY, k-p
WS 270 £ 3/MH9 basis function® TLE FWw ol 2 FHE W
T EQ AdHez Ay fid vny gddiE PEF AE AL F A
€ ZA4E 73 ol B 283 Y stesiA dFEds Hol.
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A 3-1 A. strained QW] E-k& A9} 387 o]|SEA

2 AoldEe RN A& 8L o8] uniaxial straino] A7HE %R
$89 E-kBA% TE/TMEE o|S54E A4nel 4¥e Tohd Bojug
2 "M Y FRALE FEE OLF E 313 2o

E 3-1 A4Ee] 4o A4LE FASE P2

¢ (strain) Well (L.) Barrier (height)
0.7 % InoerGao:sAs (60 A) InGaAsP (1.3 ¢m)
0 % InpssGaoarAs (60 A) InGaAsP (1.3 gm)

-09 % Ino4GagsAs (60 A) InGaAsP (1.3 ¢#m)

329 3-1¢ 9EAMRE AAZ =07 %, 0%, 09 % o ATE AT
49 T ALY JEAdeY FWSE Ued ol el Fsolw

L

-

compressive, S7°|H, tensile strain2 9|t BE uyzx] e
heavy-hole? light-hole©] degenerate® Aeje] #lolu}, k,=0 oM F &9
coupling term®] A}2}A]A o] heavy-hole, light-hole bandd& ¢ 4 9o
strain®| compressive®l A tensile. Z W3 17 3-17 Zo| ZAAY o) R
A7 AAF ez dolAE g & £ U o)E compressive strain®] 917}
¥ FAFE9 HFo] FAFAZ o559 tensile straino] A7IEE @Ay
2 olFdes A% XY 2§ 3-2& A £z U@ TE/TM oSASE
Hgo wat Jetd ddold. IY 3-194 JErd olux] =99 waz 9l

_19._



T 7o ¥zt F&3A el Qv 2AAY, compressive strain®] % $-
€ TE R= °|So] T8 HPPJEAE ¥3 o tensile strain®] F$E TM 2
E oS0 Fd HPAPRESZ uiH AL & F Utk olwY e HEE
3x10"® cm™ oIt} |SAFY 717t £=07 % F$7t £=-09 %A A4R
% & olf= I¥ 3-19 A HA 293} o] £=-09 %A heavy-hole
band$} light-hole band3t2] band mixing T2 Q138 FEAFo] Z713197)
fEelth ot FoA AFHAD 22 tensile straino] AU7tE FZojA et
U @it o] & /RAE7] H8AE strain® %€ A FAY welld vy
€ o 2A 39 band mixing&#E FJo} k. 1 3-3& 155 pmolA
TMEE o|SAsE 2A 871 98A E 3-19] £=-09 % FRAA welld
UHIE 180 AoE o9 3A HAZ A& ol SA Tt welldl YHIZF AR
7] "2} band mixingE I} A3 HAAMHQ o )SAFE FNE AL ¢
7 Ao 23U TMEE oS4+ AdA7t 155 gmol vAX Zge ¢
T Utk H%o] well?] Y7l 180 AR wl$ FAY AA HAAF 7 &
7ttrEoh. olde A2 7|E9) tensile straino] Q71E FALE FERE 155
pmolA F&3717F v) g oY¥Tie AL #$AY = AU oG EAE )
237 A BEog AL P AARFFE YA Eo] § -strained
layer7t A4 ® FAFETFRA dF HA G oj]8Ho 2 zAE AT



Energy (eV)

0.00 0.02 0.04 0.06 0.02 0.04 0.06 0.02 0.04

k (2n/a,)

19 3-1. straind) @& 7HAAY E-kBAH W
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a¥ 3-2. straind] W& TE/TM o|S 4459 ¥



N
T

e
¥
~
~
-

Gain (cm "'x10°)

wavelength (um)

29 3-3. Lz=180 AQ ¥A4$ES) TE/TM olSA+



A 3-2 . § -strained layer’} £38 ¢ALE L=

S -strained layer7t THE YAFE FXE InP 7 HFE FARH
InGaAs/InGaAsP ¥#58 ol 3% tensile strain®] A7}E ¥ F& 4
FozAM A 5 AUd(16). o]HF EFEZE GadEe]l ol XHA(C08: ¢
= -23 %) InGaAs £+, GaAs (&= -37 %)E& & F Ut £ AAMEe 3
mono-layer ¥4 8 GaAs3 € AYE 7= A A4 o2 AFE F818])4
LHE tight-binding model 2 ZZst vld) BY Zojoh MR Ay
AHEE FERE 933 2o Well 789 EF L 5771 154 Aojx InPol 3F
A4 EE IusGaoerAs©l ™ barrier $#22 A InPol ARAAFEE InGaAsP
(Q13)2 FAHAT. GaAsd AL welld A Yoz AHagch o] F=9
feE AFEH7] ASfA 19 3-49 o] JeElWich O3 3-494 dHo=
EAF XY ¥+ HH XA @59 38 Jdoz Jepd g5e
LH ¥4 #d dddd. F §571 GaAs3 A A2 g 2%E gd& 9
FE B8 o] 4Y¥ 4 3t} Tensile straino] A7t wido)A LHe A
FL QWY FAYFo| it HAdty HHE F7138t7] 9 &9 LHE GaAs
Fo] PAgsE ouvix FHE HHEY FdHez A =74 €9. &, HH:
LHY % confine 23 o AXA dd. AAH o2& LH bandd iz &4
¥ ¥°HA 2 HH band9 ouA] &9+ RolXA =Ho| LH band€ A WA 7}
AZd #H=EE 9E § g, 29 3-55 §-strain®] A7tE QW P9 A
713 R WE ggolojaye i RJdY FRE GaAs Fol e F=29
A3t A 2§ 3-5 o GEhAT. el E A AW WE FoM A
A V=g FAFAT. 1AM HAL GaAs 3o X¢E QW Fx] U@
Aol AML GaAs ¥ EYSA F& QW 7z FHolth GaAs 3o
FHEA FS QW 72 JRF0 2 GaAs o] T QW F=29 A o



A FWc=7l LH bandZ HHAASE & 4+ Jdou k=0 °JA LH band$} HH
band7t9] band mixing &3 3ty HH band® FEZAZL ZA JF73kn
LH band¥ indirect 54& Zede & #2 T 5 dd9) o= 44 9
ol toleEE AFHAET Y £ FHARE AT L2 vge A
o|t}. band mixing EFHE Fol7] YA AU GaAs ¥ M+ 2 944
g zAEY HAY 4 At WA, GaAs 39 A wE o|SAF WHE
gotrr] Y3 GaAs 29 HAXE A JMEddAREH g2 FFBOLE o)FAF
£ o TE/TM REE o|S5A 52 A3 & Id 3-69 YehdAdd. d71A, s3]
155umol A olSAF7 Hdgte R ¢ F Yo T™M E= 7 ¢ age
AHdE 898 # vk 29 3-69 ZAZFEH, GaAs 39 AA7H ¥ o
2 TE/TM RE= o|SAF7t 5% 78t RAE & 4 v ©|l& 8 -strained
layerel <& ztde] A ge] wel band mixing A7 S E0) AFAH o
Eo] Frtdte Reolt. a8y TE/TM ©lSAxe vl&e MY Za2des RS
8% 4 Ud. TE/TMEE9 oS4 vjg) {HAM & 4, GaAsE9 AF
AXe QW A Ztedaes A& 4 F A of Ade B FzIt 93
welld] straini#E Ao Ed 2XA g1 Q7R strain®] AR E Fd3 @
T e o2 HHE F g, GaAs 39 YA g} o] E5Ae] kA
£ olfE 9&F 2o 4398 # AW GaAs F°| LHI band® HHI bandl
ZtAYdFe HEAE XEF4H #3549 odd mode 3 Bt even mode ol
o B AL MAEY IHEE GaAs $o| ol §#FKor ALY ¥
A #&49 even moded o] HYX g} HolAA =HE=2 HHEARI} Z4EA ¥
o] 28 3-6% 22 FHE A " o9 Zo] GaAs F°| QWU HH1%
LH19) X4 5o JYE Foes AEOLZRE, even modediX HEd
A3 22 @] odd modedlAE HEE & e AL 448 F+ UArh o
T 39 3-79 F=d U AARe A¥FA=A FHEE = Ud. 29 3-7
< 39 3-49 Fxo QW el 9] HHS} LHS odd mode ¥4 #§4&



AIER A TYd AXAANHD GaAs ¥ WA straing] A7 F0]7] AA
09 nm F79) InoxGacsAs 0.2 YAUIER 32 2 FFo2 o 1/35E
Ao 2709 $9F F& A8 FZolth straing -37 %A -23 %2 FHA
@ o= multiple QW TZE& 2@ ¥ Single QWM = A7t =2 o
i critical thickness A7} $Astq AL JFAIEd A7 2AAFH7)
HEoltt. 28 3-8& ¥ 3-49 GaAsFol 1/ A4 FREFHS
InozGaosAs3ol 371 A8 QW FR(FA)d th3t E-k diagramolt}. 21§
3-8 4 LH1 band®] ky=0 A9 FAAFE #Fs B, 19 3-5 oA
9 @YY FAol MAHNAR, FEFAZY 27 =3 2P E¢ ¢ F A
oh. £% LH band$} HH band®] tZFe] Wiz @ 3-5¢14 ZAAEHAURA
band mixing @74e°] ZA FAAY 3™ 3-95 IY 3-89 d@ o|F5EA 9
ot 3 HAL e GaAsFeol e TR o)SAFe HATHn UM
< Al 718l InGaAsZol e T2 ol5AFel HFAD 29 3-69 179
GaAs ¥ T8 T o554 vud & W W=Fxo W2 AP
TE/TMRE9 AAHA o]SAFE AZNL TM/TE o|SAFY ¥ JA # A
9 GaAs%o] gl 72EY f AZAE AL ¢ F Ut AFAAE QWY
of kX2 7% straino] U7HE 3& AYdsd 7HdAY W=F=d WHE 1A
22X TERE 7t 8 HBHEUY FZoM TMRE 7t S8 H3AHE
A FE2 HAE AL ANRAYLAYE A Lolu it o Wyo] well A
Al tensile straing A7FstE FEH} A G2 A well ANZ B}L o
-05%2e #F2 ¥ strain® 2T band mixing AHE AAY F YU
155 gmollX] TMEE ©o]5& 3IA & F UE FZ2E AEY & dd& A9
o}



d-strained layer

g*(2)

In, 5;Ga, 4;,As / InGaAsP (1.3 um)

3% 3-4. & -strained layer7l T#HE YA 29 AdAH I



-0.74 ¢

-0.76 |

Energy (eV)

-0.78 |

[ N 1 A 1 L A}

-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

(110) (100)

k,(2n/a;)

a9 3-5. 4 -strained layer’t ¥ 3d ¥A$EH {5z
RS T2 E-k B©A



20}

-
'cn
L]

Gain (cm 'x10°)
‘o -l
[4)} o

o
o
T

1.4 1.5 1.6 1.7 1.8

-
W

Wavelength (um)

19 3-6. & -strained layer®] #Xle] & TE/TMRE o|5¢ Wi



655 1 ————————v—1

6601 — B
oo Eoun
S 665} HE
0 ]
S’
>
> 670}
| S
c
n 675}
-6.80 | J U

A 1 A 1 A 1 A 1 A 1 M i L A 1

0 50 100 150 200 250 300 350 400 450
Distance (A)

29 3-7. Model solidg ©l€% & -strained layer?} 371 X8 398 3
Z9] 7} AR 2] band offset



J v T v T v ¥ v T

3 5-strained laver

074L o0 1 s-strained laver

>
(+)] -0.76 |
>
o
—
D
=
w
-0.78 |
-0.80 PR VI WU SRR B T W
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
(110) {100)
k,(2n/a,)

39 3-8 §-strained layer7} 371 ¥ 88 F=9} 17 ¥3
H FZ9 7MAAY E-k ¥A
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[ v T v T v T

25} — with 3 s-strain

with 1 §-strain

20}

15

1.0

Gain (cm "'x10°%)

0.0F
1.3

Wavelength (um)

29 3-9. 6 -strained layer7} 37 ZH#¥E T2 1/ X818 F=9
TE/TM ©|5E4.
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Al 3-3 4. Tight-binding model®}¢] Bv] =

dut3 o2 427 envelop function approximationg 7|2 02 &&= k- p4
He A= gdd 2 ko pEe k=014 band mixinge HE 7|
T7F v B¢, F2UY e E39 AANME bloch §59 F4e %
dattts 7H 3l 2do] HYE@T o3 F 1AL AP H QY GaAs/AlGaAs
8 FAL ¥ATE FRAME @ 2oy ¢ M O 8 -strained layer7t
AdE 729 Zo] EFsn gL 3o udfHE F5HA Gk 2 HoA
S okep S oY G @AHC] 5 -strained layer7t AUE ¥ LE PZRE
st oA ojud FFE A=A tight-binding(TB) model®) 2 7}e}
vladte] EARSIATH 29 3-10& InPol AAAY A3 welle] Uu7L 153 A
Q! InGaAs/InGaAsP %9 &9 3-mono layer$ 79 GaAs®& 493 7=9)
E-kBAE A8 (k)3 AXA(TBI2ZZE YEHJAY, o] Aderes £ A3l
e A9 dA¥oE AL & 5 Utk AYSA YNFA = L FolA
7Zle® k=014 band mixing& A3 7|8 £7} QoB2 k-p RdzY
B €€ A= HHS LH7E k=094 Z& duxaed] 9= gves A
ky 9 gtol 371t watd § Ayt g8 P4 BAgE Aotk F AA
< Ed ZAE g227 A A8 E deug =8 t2og. g o
Aol A8 FAE 5 Ut A F ARE AY AN ¥ 5+ 9l
9. k-p RI2ZRE AL, §-strained layer7} 17 X8 F+=2o Anz o
o] & AN BF 3719 & -strained layer’t X8 FZol g HA4 g
AR = g |



0.% v i v T ¥ T Y Y v T
T Tight-binding model
035 — k-p method(FEM)

o
&

—
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

K (2na,)

29 3-10. & -strained QWe] TB 2493 FEM9 Hlm



Al 3-4 . CBE W o2 HAAZ §-strained layer
7} £3d FASLE F+X9 PL EA

InP 7]% #°) CBE(Chemical Beam Epitaxy)#822 4343 InGaAs/
InGaAsP 4A+E9 F%o| Solid source Gag ©] 439 3-mono layers7 <]
GaAsZ € A4AA FALE F29 349 Ing:GagsAs o -strained layer& 4
Y& FA+ETZ Photoluminescence(PL)ZH A AE 13 3-116] YUY
o &AL 42A olFo] Ron, Optical pumping source:= % o] 532 nm
Y NdYag #lo|AE AM83tdch. Polarizer’t #3sx) ge @A Fag A
9 H3L JUE F AU F TE EF 155 pmold BIAE 4§ glee
g 4 AN,



Intensity (a.u)

L v L} M T v T
with 3 §-strain

N\

with 1 §-strain

i 1

1

14000 14500 15000 15500

Wavelength (A)

16000

16500

14¥ 3-11. CBEZ 437 § -strained QW9 PL &3 2@}



A 4 F. WG HeEd SOA9 ASE

spectra

SOA9 HAF H|YE o|EEAHE &7 AfME QW TE/TM EE o|5A
7t A9 dA ot dhe QWA ol EAE HAdEe AEE o
g EAEANA Fol £ & U A& S0 QW Wl o}F %% straing U7}
&to] LHI® HH19 <z £HE ZEE st w(20]0] ded o #ye
a9 3-59 Zo| band mixing EHE AP FEAZF] FAF F7I2 LA
L JAAFE ZAEL LHIO) indirect 54 714 2 &% o$ *AR
g B3FE 15 pmo2 BF7] 98 weld] Yulx (FNA 2l v 2
°] 4 18 nmolde Hojop & Aojg. E T E 2= QWU wello] oY
2 barrier®] tensile straing 173t WeoltH2l). o] WHL barrierdl 2@
tensile straing <7t e 2N HHE welld QWS FA3I=E s LH
barrierdl QW& ¥4I E HAF Fxoltt. Iy o FxE Wiy =
strain¥& 8737 A& AA AL o 43 71A] EAE $A "o 9
g ol dE & FoAE e QWA TE/TM EE o|SA+E %X
£ 37]idE 3-2"8A 9dF9Y InGaAs ¢ -strained layer’t E£3d QWT
zZ¢9 well 5747t 6 nm o2 InPY ZHAXAAHIE InGaAs/InGaAsP(Ql.3)
QW(IM QW)E =F A3t HBPR RIZASGA FE o|55AFE 71
ridged ¥ =32 SOAE 4A3T Amplified spontaneous emission(ASE) 2
HEYQozRYH HY v & B L UolHEF 3.

fo rir



Al 4-1 4. ¥ v &Y SOAQ A

a8 4-1 & & FoAA AAEE B3P vgEY SOAY AP 2ol
299 LEZ 9o 9+t InGaAs  -strained layer7} THH QW 19 &
k=0 F<olA LHIM=9 Idd49 QW ZTd4d Fuxg g4 ad R
oltt. A71M, dum & dme EFHE 7HAAY bandE 7] AT 4x4
Luttinger-Kohn hamiltonian®] F 3je|t} & 7}AAN WH=E k=0 £29
At L& FYANA couple o] ALBR f=0AHA AN EFAE
TE BY W= HJFAL Bl 7 UG5l 2 EF ol gL HelA
¢ 22 Wges I3 WP FA FEE InGaAs /InGaAsP(Q13) QWE Y
B4 Aolt} welle] 57 TE 2= o]SAF7 Hud W #Ao] 155 um
o] 5]£% 6 nmZ A3 Y barrier heightE 13 ymo=2 3gd. Az ga
FAY QWS FAA AHE37] A E ZZte) QWY $3 AHdA 9 sl
FEE 432 2RE Ve A QWY AFE Aol ¥k oy & DC 8
HE Y37 dA 2349 FEM BYE olg3td AN SOATZY
ridge-waveguide?] ¥°] Watol @& transversed ¥ TE/TM E= 3 715 A
TE& 19 4-29 2ol T 28 4-29 AANA, ridged Eo|7} EorA
Memwes A F718tt7F 800 nm o] 3ol e 2 718t vl go] =3
d4E BUY single mode =2 E A3l JAME # JMEAS B
ootz =92 Yo YAHHE ¥ R ¢ £=£F Foiith A 29
A9Z2 7 ridged ¥°17} 800 nm 9 ™ single mode EX}27} YAHE AL
#AE & YRe=z2 F 7HEASF 9 277 E3H7 AFREE 800 nmE
ridge?d] ¥ol2 A3 Aol 71} FEHe|d old), et Mw @ 47
052¢F 050°1%. fremw/Mrernv & A9 443t 28 4-29] M o] ¢
096¢ #A3Mch 2 ©|#& Ridged %ol 2 xmoz #7) HEo| £z

B4 o
re o



Fol ol ygoze o7t Ax 9r] "otk 1y 4-32 SOAY
=52 f4E A AH8E F2E ASvEHS A4 dehd 2ged. gege
A9 =ER2o thg AL vlgoz 1Y 4-19 F QWTFRS 1Y 4-29] A
HE o83 HolA toloxco L-I E4E F3lo DC TAEHL doje
Aotk oA toleEo] F 28 T8 HfME QWY Ao HE
W )5E54E 23852 AYY gL F2o 5 A= FF sz
Bl golA gole=rt HolA 3 28L& ¥ $ A 2 o] 3TE 73
°f @ty 28 slglo] PE2RH FY AFE 78 4 U2 ojF9 FEFYq
HE 3 299 89S v FYAY AZREH 2L 4 U2 2
¥ 4-4= InGaAs ¢ -strained layer’t ¥3d QW3 X5z %L Hz Y
¥ QWY F FZo TEREZ9 TMEEES Zz g4t 718ole F¢d o
€ °IS542 ued Zfoltt. B oS54 HY Aadolng FHe
Y27t HEHol 4e REg @ed) Hils Hoz oSEHL FAY £
At TN HHE s2le] FEo Y TERE o|SA49 Zioln FA
< TE 2= o|SAF9 ZAFel} o] A #4E F 2o o|SA4E ¢
9 4 4-19 252 fittingste] AL FFE vehd Aol

- N _
Em = gO]-n(NO) 4-1

Fitting® @3 28 4-494 TMERE o|5A4E ded #49 seugs
£0=2204.74 cm™, No=105x10%cm™¢ Q1 TERE o|SHSE Jehd #4
o HATIEE g=285578 cm, No=168x10%cm>g Ao TM =E&g
transparency o] Ao F=7t o FHA Uett. oj& InGaAs 8 -strained
layer7t X%® QWTZ7}l lattice matchedM) QW TzHU we
transparency 7H2jo] FE& 27| dRoltt a3y goo] FE LM QW9 3tol
o 222 & g YReME LM QWo] o & 282 714 a9 4-4
g F ZYE7F ¢ N=12914 TUE AFYE UG 9o 2HZRH AL )



go] FEo] U@ QW oISENBAZREH SOAY UA Ao FTE ge
) A 42014 Qo)W gt A 4-191 HUse) A 4 Ut

Ef
I

A7l e oM TRY transverse W] 3 71EAH 0T g, &
BE e ARED, o, G2 HAWUY WAETH o)A tolexe Zojz
AAHE B 4ot AR APl 59 FBAE gL go) = n},

= @utly-a;+(1-Ty) - a 4-2

Y /3
541 4-3
re

A9 AoA Ve 8429 AFHon .= FHE UolAe AR $go
o €& % 2 798K G FHAAFY AN ndA %2 @
o E 4-12 & AR HP) A1LE HolA tho]lex o HengE yd
@ Aol 919 4EH BevlHEZ VY Yo|A F 2L 1Y 4-59 2
o] ¥ T=d dizted FHAD. 2PNN AXHL InGaAs 8 -strained layer}
Ue WY [-L S0z ML §-strained layer F27F Y& w9 [-LEA o]
. InozGaosAs & -strained layer’t Q1E 729 A APo] FEE 11X
10°cm™ o]z g 72 28x10%m>0.2 5 -strained layer7t Y= Tz}
2e 3 AL 7HadE Ae ¢ F Qi

SOAS] 4 Fo AHEE QW2 AFE A7) A e Fxo] sty
B EYc] 10 mWY w9 slalo] $5£8 FAHolE Asm 1 we A
Aol dx 223 o|SAFE I F2e) Uity T g 2 AREL ®
4-2° UEHAT. E 4-2914 & £ Qe AL F &80 10 mWER 2 A
T QWIEEI A YT Aol Uxg o)SAFE JAYGE Holg T P
29 AFEAC] o§ dFE B7aln T3 Ao Aale] WE9 spo]s}
A YA € olfE LM QWS gool § -strained layer’t £¥H QWE
O 37 WEold. maty SOAY FHEoz Y 4-10 YA A A9

I=q- V.



InGaAs & -strained layer7l & T2 e F2E 2 Uy Agstd
AAT  ddE AL g 5 g

B 4-1. SOAS DC# Aol A1 8€ zaq g,

Parameters  values Parameters values

L 300 gm d 02 ym
Ridge width(w)2 gm A 155 #m

I 0.52 I 0.50

R 032 % A 1.4x10° s

B 110" m¥%s C 75%X10°® m®s
a; 10 cm™

¥ 4-2. % 29¥0] 10 mWY we QW stetulH.

Structure I(mA) N(cm™) gmicm™)
with Ing2GaosAs 47 1.224x 10" 5.631x10°
LM QW 47.2 1.213x 10" 5.646 x 10°
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¢ ¢
Ridge waveguide LH'{ 2 __InGaAsK(Q1.3)
SCH : @“? In, ;Gay sAs
e =) R
+
(nP substrate 2 [TeGakbgL
¥ ) L
brm1 0
brm S

39 4-1. 2709 M2 G & Yo FAEE o4 WY HAEY v
3 FF719 NdA a4
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0.6 ——m —-_— -

[ J40.9663
05}
0.4}

= Jo.9660
w 0.3}

-

0.2}

o1l Jo0.9657

0 200 400 600 800 1000
Ridge height (nm)

3% 4-2. ridge-waveguide®] =o)ol W& transverse} 3o 29 TE/TMEE
I FHE AT v



InGaAs(200 nm)
Be : 1E19
Ridge height
InP(1L5 m) dge heig
0 ~1mm
Be : 7TE17
InGaAsP(1.3Q) SCH 200 nm
QW's
InGaAsP(1.3Q) SCH : 200 nm
InP:Si > 1E18 2¢m

n-InP substrate

a8 4-3. Men® 2817 A3 01X FEM &EH 29
B0l AHR2E ridge-waveguide SOA X,



Gain (cm'x10°%)

0.0 5.0x10" 1.0x10" 1.5x10"

Carrier Density (cm™)

2% 4-4. 29 4-19 F 729 g8 Aol Y=o B2 TE/TM
) SA 42 W



3o0b 00 s TE mode

25 | 4
Py
E 20} -
El
2 O
c 15?‘ -
2
-1
10 } -
5 .
0 ~ 1 [

0 50 100 150 200 250 300

Current (mA)

3% 45 29 4-19 TZE o] 4@ oY Dolexe
A% #ol BE TE/TM 2= [-L 54



Al 4-2 A. SOA29 ASE spectra

AF7HA L& ZAEL vBoZ HAF SOAY B3P v|oE 542 goln
7l 18 WPo 2= SOAY uboloj2g USE AHOM HARCZRE £
5 & ASE(Amplified spontaneous emission) A EH O] HPEA L ZAls:
¥e & 5 Ut o] WP biaso) WE VHFYIxE B 5 YA F3y
HollH o]5 HPAPLE ¢ & UEE HFEY SOAY FAZA 4 4
¥ (spontaneous emission) FAEF ERZ2AH FIAF F Ye T} A
dRE] FEHEL FEFASTH, SOANE HAHY wAgo] 1072 ¢
27 g2 AL ul$ no)EA so| F43 B FAue REo] Yo
Hed, o]& ASEZ &0 SOAS ASE 2HEYHS F37) Y v9qAG
AQAYSAT ro§ o183t FTAZ dzolm WAool AQ AMAL2RE YorE
Ad BEHe Bye S 2o Yerd = 23],

P, = W(hw - A-de,

= gr,,(hw)-AE-hw~A'sz 4
HHd ARLEY BAZYEYH AFIEE g3 2ol ¥4 & & 9.
172 = %W(hw)-dzs 4-5

7=00m 1L 70=(p0/e0)’=3772 £ AH%F ENAYIt} ol 1
H 4-62 SOAS A9 W&g 737 s AFIY=9 o2 A& Fabry-Perot
TRAZ EARE AAY B} AAZAE YEd agolg. aYd} o
28 32719 zo FURAL o FA7) U] TA=E AA Y= o
€9 AAZPL2RE FH7] HF 499 HA oM AR P&Be A
71 9439 4 4-63 o] Foiz
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I(z, hiw) = —8%11+R VA b
1+ re™ - cos@hynz)+e™ ™ 1n1? ] ar-n 4-6
x GL,, ﬂb-.l.|2 e

[1—ry7e
4 3-6911 R=r/, G=g'm- @:°1t. A7)NN g'p=ogmnZBE Yojd RE o
SAFolth o] |, BRAYTF kn& kon-iG/22 WAFOLE2H RE o]5ASE
1HFEE 3}
opRigto s §F YARNOIZRE Yok AAWEFe AJ|E U] ¢#HA
H 4-62 zO3) 04X L7AA HESE g gL 42 98 4 U

L
Ise(hw) = J;I(z,,hw)dz,

= (1. [ WAL 1 (e“-1U+Re) 4-7
(1 R) [ G ] |1—~Rec"e“"'"‘!2

A9 A 4-73 ¢tolA AL InGaAs & -strained layer’t X8 QWI LM
QW olSA+ ¥ AdLE AF F 4-49 Uehd geujgsg o4
SOA9 ASE 2¥MEHE 29 4-78 o) P&t 1Y 4-7¢) ASE9 HF
H & 542 oi$ 42 499 Yeig 53 FRguges ge o8
A& Holx 3t 154 gm~ 16 gmT LA E 05 dBol3te] H3 ul &y
€ YEPARAT 157 gmolME TE/TMREEY} dA5s S4L B

¥ 4-3. ASEA4te| AH4-€ #eEolH.

Parameters values Parameters values
L 600 um d 02 gm
Ridge width(w) 2 zm A 155 gm
I'te 0.52 I'me 0.50
R 5x10™ % B8 5x10™
ai; 10 cm™
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Intensity (dB)

1 A 1 A 1 A i

14 15 1.6 1.7
Wavelength (um)

19 4-7. SOAS ¥ H|e|&A & BFE ASE spectrum



A5 A2 R FF QA

o) gez g =gAXNE 8 -strained layer’t LFH FAFETRA A o5
E4% A71H E-kBAE FEM 9 o] &3ty o]2Hoz AEIAL

a3 ZAA}E tight-binding EYEF¥ 9 A wuddd. 2 FFH 4§
-strained layerst 2ol ol$ & Fo dFAME k-p WiHe] HEE F U
2L YA AL §-strained layer?t 17] AL @] ZH S8 ol 37 4
B T2 MR k-p Pyl AEE 5 USE FAsHoH5126). 8
-strained QWo| 7]E9 tensile strained QW3 Y]xdte] Zte o|HE& 29
3-3914 BAY Lz=180 A< InGaAs/InGaAsP FA-F-E9 o|SAF9 o]
155 gmol ©lX2] Zgde Abdo] 2 Yey giRe] "l 4A 15 gmel
A FFe] 7tsd FXE TRY F Jdde Aotk HIE, oHF PUE o &
3t ¢A$Eo TE/TMEE ©|5& Z2EE & &+ Joy e FA+E 7
ZojX BF v E oS5 E THI}ES AL heavy-hole band® light-hole
bandZt9] 4 ¥ band mixingE€ °F’|3dt2 2 utFAsA] & wEM 2 A&
2 JHEME UF ¥dE EAHE 7R BPoEA B =RdNE §
-strained QW lattice matched QW& FAlo] o] &8 WixA FFH7|e +
ZE AN o|EANR dFe Fxo] QRADC HAH o|EE o] &3t 4
A SOATZSY 3 =R HA L T3 UG H|E& oS54 L Z+ SOAE
dASRH27]. AN Y SOATZRE ASE 24EF AR v$ HL J9494
g v & Zede AAE Yedugld. 384 283, 1530 nm-1560
nme B39 Q) M8x%10 Gbpsd 270¢) ¥ S92 16x10 Gbps 3 Y
OF3HWDM)H A& FEF o] HuEPri24]. 30 nme] #F V=S 87
o AEE YA AHME Z Ady BFHe] 375 nmrt Hop It stte
vieA 3 F$E7Z o g2 A4S 237 dAAe o He 49444 83
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oA MNP vdE O] SHEAHE 7hAol ¥ ¥ olyd We AFelM FYF oS

TE 7HAek @vh. webA, broad band 1S EAE 7HAD BT A H
B HAEY NN F FTEI9 AL w$ F83IY ¥ F Ao FFE A
T W% S -strained layer’7t £#E YA $E Fxo|A carrier transportS
22 ¥ F35 4} polarization insensitive ¥ WZ7]o)e) 24L& 5 4 9
9. FHRY §-strained QW2 HA 7o) gol3ltdes FHE /X1 o=

2 ol& vFoE @ UEX # FEZU)9 ALe B} ol Aoz wudd,
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Study on the & -strained InGaAs/InGaAsP
quantum-well for Polarization Insensitive

Semiconductor optical amplifiers

Cho Yong Sang
Dept. of Electronic Eng.

The Graduate School

Yonsel University

Semiconductor optical amplifiers(SOA) have been widely studied
because of it's flexibility compared to the fiber amplifiers. Besides their
general purpose usage such as in-line amplifiers, boosters, and
pre-amplifiers in optical networks, SOA’'s can offer nonlinear
characteristics which can be applied to cross gain modulation(XGM),
cross phase modulation(XPM), four wave mixing(FWM), and wave-
length converters for the wavelength division multiplexing(WDM)
systems. But most SOA’'s based applications suffer from the anisotropic

nature of optical gain of the quantum well structures. This nature is



caused by the valence band split between the heavy-hole bands and the
light-hole bands in the quantum well. This problem can be solved by
introducing tensile strain to well or barrier of the QW.

To get polarization insensitivity, it must be considered the amount of
strain, well width and wave-guide geometry at the same time. The
amount of strain is the most critical parameter that can change band
structure dramatically. And besides, it makes a large change of bandgap
and a separation of the light-hole and the heavy-hole bands.

Semiconductor growth technology was limited in the thickness of
strained well layer which determine the quantized levels of subbands i.e.
the band split and the peak wavelength. These problems make it difficult
to realize 1.55um polarization insensitive SOA’s. This thesis shows the
gain characteristics of the strained structure numerically and the
optimized strained quantum well for the polarization insensitive SOA.
The peak wavelength of material gain was fitted to the photo
luminescence experimental data. The quantum well structures used in
this calculation are consisted of three GaAs superlattice layers in InGaAs
well. The lattice mismatch between GaAs and InP is 3.8%. The number
of GaAs superlattice layers and their thickness determine the average
strain of the well. At the GaAs superlattice lavers, the increase of
light-hole mass causes the slope of wave function to be more convex

while the decrease of heavy-hole mass leads it to be more concave,
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and the heavy-hole envelop functions will suppressed in this results.
Therefore this structure enhances the TM mode gain coefficient with

good efficiency because the light-hole band is lifted lip whereas the

heavy-hole band is lowered down. Additionally, it shows 3dB gain

bandwidth of 100nm in 1.55/m wavelength system.

Keywords : polarization, semiconductor optical amplifiers, laser diod, quantum
well, optical gain.



