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A Study Dynamic Characteristics for Phase Considered Tunable Three Section DFB-LD
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ABSTRACT

In this paper, we performed the modeling of a tunable three section DFB-LD with continuous phase using the coupled-wave

equation. It was also proposed new modeling method for A/4 phase shifted one. We got the characteristics of oscillation wave-

length, gain, and photon density profiles according to parameters such as coupling coefficient K and current into the third sections
for two case of continuous phase and A/4 shifted phase one. The simulations for A4 phase shifted tunable three section DFB-LD

prove that the continuous tuning range is about 4.2nm for k=120 cm", L=180pm, and the oscillation mode be within the stop-

bands. Also when changed a current of both end sections, it is shown that a photon density reaches the maximum at the center
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B s=2dMe 3% 7P g e 3433 7 DFB-
LD(Distributed FeedBack Laser Diode)® =94
sgleny, o yoprt kAol ¥ ©@Y 2= DFB-
LDE 7488 + d+ 222 A/4 phase shifted +2
o M Az wdy Py ASsHdct. oY paA
& ze 9 729 LDF 383 DFB-LDe ¥
AR A7ME &% (wavelength tuning speed)$t
F 04 Z(spectral linewidth )& #HANA 74 &
FE 5A4E Holg o8 Bugx o

292 DFBe] g 2E%F 434 (coupled -
wave equation)oir] &9wsdle 383 P22 1 &4
< Ao, 7} sectionodAY Aol FEE B
dajo] B34S dr] fstd Fdatchn shgEsch A
/4 phase-shifted 333 DFB-LD+ section7}&d
o] Aol gratinge] continuous®d® 7] w2l
Aol Atd A&2Q 94 385 s DFB-
LD =d3d& & A8E $ givh geps 2471
32 4/4 phase shifted 338 DFB-LD9 =4d
& YA 7HEH section FA A ®Ex}Eo] +10]
slofo} @t HATA2UE o] Gt

T B dFMe 9430 947 A/4 phase
shift7t =8l€ A5 st Acte 2dAE A8
golX atgm, o|ZRE oz Ztir wzlstAwy
AR HY REBX Zolo wE photon densi-
tys & vla, ¥Asdct

[. 3%= Jiynd DFB-LD 24d

1. DFB-LD3H4{

DFB +2uWe Az (electromagnetic field)ol
W A2 Adats HA A o) o] Foly 4 Ut}
warnh - DEB e AdnEe H84A(dif-
fraction grating)ol 93 Moz ARHD ol
A Folzl zdE BEF3e SEPe] EA A e,
2R F AL o] &ad o2l BES HAFY F
o 2% aF WA ZAZ DFB #xd A &4
& g e AEWH g% HEA(time-indepen-
dent wave equation) & ZFE Al Zgc}

VE+e(x,y. 2)k'E = 0 (1)

3098

A (D9 e E(z, t)=E(z)expliot)e] delz et
¥ 5 Rz, 94714 kg = @/celi2 omega¥y mode fr-
equency°l o,

AN €(x,y.z2)2 A FH&(relative per-
mittivity) 241 A Z 27} zhgEe 2 F7)1# 9 L Fof
7] W&ol zol F7] vt "k mEA gEw Zol
2EE 4 sl

ex.y.2) = €Ex.y)+d€(2) (2)

A7 E(x,y)v zH¥ezo HAen o
29 AdHREHF (relative dielectric pertur-
bation)€ WYellle dc(z)e ABAA} 25 9
Ao Ant Ae(z)#001. HAAARY dielectric
perturbatione] gl& A% A1) dwae o3
2e gy g e

E(x.y.z)= QU(x,y)[Ef exp(ifz) +E, exp-ifz)) (3)

H(2)E ANEW B Y (D g g
¥e 2748 et

N 5 —_ p 2y,
o T LE k- B0 (4)
o714
B=rk,-ia/2 (5)
o,
Z{:Fg_aint (6)

olt}  Relative dielectric perturbation A&7} &
A& B A (3)ANM Est E v Bragg diffractionel
gt z Wakel &4t €0 x y WEozd field
¥E U(x.y)= weak perturbatione] 2&irx= 43
& 22 Fedan AR, Ed By oz o
slow varyingg @k 7Bg g 2(3)& A1)
mglets Ulx. y) & FF g x yAAd 24 &8&
FEd ohET ge AE ded.

dE, 2,y - GEp i) =
P exp(ifz) 02 exp(—ifiz) =

a3 [ oty o ety

+ I5exp( —iga)] dydy
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AgNM V=[ [ Ux. y)dxdy°l® #F22Hnormal-
ization) el dee F71 4& 7HAe F8r

ole 2 Fouriergds2 3% 4 Utk
de(x, v, 2)= g}ﬂds Lx, vexpl 27/ 12 (8)

2(8)& A(T)el tYst exp(xifz)e FHASFE
€ #A % ©S phase-matched ¥ FET 2ow
G 22 g der.

EEEL = {KEexp(—2id82) (9)
E, . .

71 af= B8 - B, = 8 - mn/4 °|v] phase-mis-
match Felc},
i3

_ B de (2, U () dedy
= 28 ff foz(x. Vdedv w

2 FojAY forward AW se} backward W ot

o 23 x=E Jdehlle 2844 (coupling coef-
ficient)olth. o] ZAF K ¥z #3& WE 4
7t 44Y "ol B4 (complex number)7t € 4
slch. A& €9 gain-coulpled laser? A $dle K
7} 24471 €ch. 284 index—guided laserd 7
Lo AT pk,2 HATOEN KE U422 0E 5 9
on, o]gA st AL XY v ¥4 gon
A HAE H4A g 43 i Aggs foal
Bragg wave number f, = m7/4 % AH&34 oA
29 oga 2o

E(z) = A(z)exp(iB,z) +B(z)exp(-if,z) (12
o714
A = Erexp(iafz). B=Epexp(-iAfz) 13

olcy. 2w Ast Bel g A¥AFuF4e &
gt

% = {4BA +iKB 19
~ 4B~ igpi+ika 19

4149 (15)9 Ydee 8T 2 YUE e
I,

A(z)=A, exp(iqz)+ A, exp(-iqz) (16
B(2)=B,; exp(igz) +B, exp(-iqz) n

714 g AAZYezRH FHAE L wave
numbere°]t}.

H(16)% (179 4w & 2 (14)¢ (15)°) s
2 exp(+igz)® AFES D59 i 22 A& 4o
< ¢ Utk

(q—Aﬂ)A1 = KBl, (q+ Aﬂ)B] = 'KA1 (18)
(q‘AB)Bz = KAg. (q+AIg)A2 = 'KBQ (19)

ggoz 2(18)3 (19) A+EY YPYeg Ry v

&3 2 dispersion relation® 942 4 Ut
a=+VIF+K @9

AN +8Fe 4Z forward$t backward2 A
Yl g v, o|4e2RE DFB gratingol
oAt A R(q)E FAE = U}

a8 __K_
Roy=-2778 =Ko @

o, R(q)% Besolx AYE $H4el L)
(H(16)% (17)E THe o] HA & £ Uk

A(2)=A.expligz) + R(q) B, exp(-iqz) @
B(z)=Bexp(-iqz) + R(q) A, exp(igz) @23

ek DFB grating® #AMAIS R(g)=0°1" ZHA
4 K=0°l22 backward® Z#&d o] UREo]
@Azt s thA] forward® WY Hhe RS
ojuldte o] RysAr),

Aol Aol whe} 4(12)F o}A] 2@ oS g

E(z) = A(2)e" +B(2)e* = Ex(2)+E (2 @)

A7) Ep(z)e wAHAN e&8Fer AYse 3
olx, E(z)e 9% o= Agdte sloltk, Frjo] uio
W&l DFB F29 ¥dd{facets)dM g AAzAE
nE&ste qgbd discreted #EolH, of BA4 qitd
AeRe H4Ee 42 DFB U EAsts ==
(mode)&9 A F3<4(oscillation frequency)$t
%2 BEolE(threshold gain)3 #d €}
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23 1€ Zol Lt e (facets) BHAMAF r# r,
2 7+ DFB-LDY ozl 1@olvt. K Ep&

ceZoz Agshe e d%oz WHshe BE o)
5 4e JAARS Frlolvh, AN EpZ E
9e AAZRS Be T

ER(“L/Z):EL(—L/2)T1 (25)

EL(L/Z):ER(L/Z)TZ

4(25)el AAZNE #(22),(23).(24) o A&A7

A FASF A Bl W 49 homogeneous®

AL AL £ e g Zol ved 4 Yk
(1'1 - R)Bg - (1'RI'1)A1 =0 (26)
(r; - Rlexp(2iqgL)A, - (1-Rry)B, = 0 @n

AXNEL g3 L eigenvalue equationd UF

e qatEel M nontrivial solution® Ze

51(6)

7~ R(a) r= R(@) iy
[ - Ran [ T Royr, | Pl =1 @3
41(28)2 DFB delA9 wAxAE onigict,
n# 7k FAAWA g9 xRS NFHE qit S
A

dE 4 gled, FHA =R

]
)

modes] F449 HREIZE AE & slek

8= 1N+ K (29

4(29)& & 2ol Al & + AT

Er

-2 g w2

a2 1. 93 WS 63 g 7R Zeol 18] one section
DFB#e]A 9 schematic diagram

Fig. 1. The schematic diagram of one section DFB-LD
with facet reflection coefficient ry, r,.
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A =8 - ia/2 @0

714

b= ik, = —

St (31)

olm Bragg wavelength® F€9 mode shift& 9

u) 8t mode detuningolt}.

2. 3832 F=e| JpHIT DFB-LD 2 HE

o] oM+ ¢l one section DFB 7& A&
A8 AreEHAd AE 2% $FH 4 section AA
dae] wAbAL BAEE o] &3t three section
DFBE wdadste 4 A2 HHd dal 71
=3

ad2e 2292 9% analytical F&elth. sec-
tionl, sectiond3® 4T 7%, #L FUIFE A
o section2¥ FYARIE 499 goz nPHT.

DFBel ZolwWa(z43) A dodd 2A Fr|Hez
Fxse] e HAAAE Bragg Z231& e
A weo i feedback® ##%ct. Bragg 3¢
o] 3 AAR Fr)9k 29 18] corrugation ol
of whel g2t A dep. o] AP M first order 3
AAA(E AU s ogel AAAARY T F7]e of
a8 At gt on, webA

4

b= (3
section 1 seclion i section 3
— E, R Por O, 0 —
rl r2 r] rd ] |eS t6
Ly ey Neee” - ey’ pam—
> B —esemvenman > B
L B 4------- - BL €-=meer-m---
S e T
SN U WD I TS [,
ke 0 L 3
L=-gh 2 ) e

a8 2. 953 A4S %E WS DFB #&
Fig. 2. The three section DFB-LD schematic diagram
with a continuous phase
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2 FojZn. o] A5 ANHAAY A L& 29 3% o A& vhg e WAZRAE devt
ol Feojgrt
fi}gsgza] [ )] exp (-2l = 1 (38)
o714
& 3 ZT(oR0) L2 Py = ryexp-i'2exp'™
£y = r4exp-i®exp™? (39)
o8 Fojzr,
38 3. AR f4F o) U S RP2 " L ) o
Fig. 3. A basic diagram for the phase £ of the grating A sections] gAzAL
l"i;f:sgl] [ lpi;ﬁ(l”)‘p)z] exp{~2ig,L) =1 (40)
NAAAZ Q& z YR FrIHQ 2H& W)
ZAste AN AYse de WHAE e A HA olm,
o] Yagtel & YYE wAHeH, YRR oK 0 __—
= rieole
2359 9%& wAA "ot DFB-LDHA ZAse e
p2 = o™ (1)

refractive index gratinge] F& AZE EA 874
8, th&4 3} o] refractive index grating® ¥
FE2 g’

n(z)=n+ (4 n)cos(28,z+ 2) (34)

714 n(z)e 28229 refractive index°]tt.
zv longitudinal directione 29 B oz &
mirror¥ z=-L/29] #X3xn, +& mirrore =L/2
d 91Xt Q% 200149 gratings] §Aolct,

A F2EE one section DFB-LDAIA F=AY
22%oE AP Y termE e ulRo] £
AAE SH”,

2929 FHA G4 AAAR QG L8 nP
Aoe s 2ol & 4 Ao

E(2)=Er(z)+E.(2)=(A exp(iqz) + R(q)exp(i2)
* Byexp(-iqz)e*"+ R(q)exp(-i2) Aexpliqz)
+ Byexp(-iqz) e (35)

21(35)% $94 section? AAZA

B~y p -2y, ()

L

5 ) 7 (30

EL(—,lé—z) = fgl

olt}.
re (402 78 983 2o 78 & Ut

o] ol

e . R(ape™ .
R )
X ei'a'l"e @ (42)

REYY nE 77 A8 FALR2AL o 5.

°le

_ PAntl
= r2+p’ (43)

2 Fojx2, o7]A

ny—n)
nytn

o= (44)

oitt, p'& HAAEAA} gtz 7Y o NHEA seg-
mentdlX LEFo2 FPse 7} FHAR segment
sbe] AAR (2=-12/2)914 2Zoz wAlElE FEE
vdeErdth n3t e 47 AdAL FHA sectiond
BE FH ot

MAA sectiond] FAZU A

o5 — R(g3) o5~ Rr(qy) . _
£ R(q;)ps] [ £ qm} exp( ~2igsLy) =1 (45)
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LR FolAn, d71A
(LR

Ps = Ise

Ps

(46

rge’otse’ s

olt}, 4 (45)9] AZAo2RE] FHA sectiond} Al
W section® ZAANAM 28Fo g wAE B T
g 4 U},

(R(ag)e ks ——l—r) - Pe(é P _e‘:l[,lT)

: R(a)e ™"
s ialy 1oy ﬁi 7_1\’(01)
(e jn) P\ Wy e
X ghe = "

4714
Rl =253 oy,

oA7le] FHE A A% 2AE AgaE WA
F s rftolel The st 2 BANE 9 & Aok

pre+1
= ) (48)
<3714
p = T onl, SAAR} Qo Y s

H sectiondA 2 E&Foz AgPste w7l AHA sec-
tion#el AR (Z=Ly/2)elN 4Fog wiise 5
& Jehge wbabA golnt gt nge 2z FWA 9
A section®] tiE 2HEolth. 7} section®
77 247 G2yl 7% section? HE ZHERE o
24 dd. o] <13t 7 sectionolM e B 2F
A t2u HA gaing ZE section® ABA sec-
tion®] FYRFol wat Hese)ct. w3 Fu4E
271 9 HAE 1Y 49 flow chartd A3
oA WA sectionof Aol Al BT} Jog WA
# threshold 23& w&Fste A9 7,8 F3tu 7,
= -iq;E ol 83 g & TG g B ol §3E WA
section 9% WAL B FY 5= lon o2 R
A HF2TQ A (48) & ol &3 g der. a#
3 AWMA sectionlAde g = HWMA sectionelAel
W opRbA] e g £ Yok ik 2432
2 d& & gl
S22 %Y & 4% facet MMATE Ze 54
A segmentold q,& FEool @} ol 4(38)R
FojAW | E7|7t AR olyd. webd 4(38)9 2

3102

Fat7] gaMe we ASFd tgR g 51
A ¥

tlo afo

(L)' D+ (KL)sinh*(yL) (1-p) (1-p,)

(49)
+2iKL(p,;+p,) (1-p*}yLsinh(yL)cosh(rL) = 0
o714
yL =-igL . L= L2 (50.a)
D= (1+pp,)2 - 4pp,cosh* (L) {51.b)

2 Folddh ylax+iy2 §3n (UADE A%%st ¢
$R2 Uvol sy

73 DFB-LD % 44
(% section® 2, ng K2A)

L

‘ sectiond ¥g A/ =% l

>

[ propagation 4<% q;. g3 A4t I

s — Iy A At I

[ ez, o,

[ ry, r,& ol g3l q, A4 |

L FHA section?] H& g, A% I

L z} section® HA gy, A9 I

[ w2 sy A |

[ END l

a8 4 333 pEgd DFB-LDY w3ubge sy A%
flow chart

Fig. 4. A flow chart for solving the oscillation wave-
length of the various wavelength three section
DFB-LD
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WrL)= Ulx, y)+iVix,y) = 0 (52)

93, ole U=0. V-0u BEdc
W U0, V=08 $Ald BERE 2(x, y)&
27) gstel ARG ol g3

K x, M3Uf3x+ V(x, v)d V/éx
D

X, =x—

(53)

N VY S U ; ;
y,= vt Ulx, )31 /axl) V(x, )aUjox (54)

2 FoA3, D = (su/ox)’+(av/ax)’22 Foizit
et el el ofdtadl FAM sectiondld g yLE
A3, yL= xrtyr = -igLel @A) oA FHA
sectionol A9l ¢, &8 && 4 St
olgjgt 4oz dojAe g8 #& AL e,
ol Zol A @AelSe] 7 W g7t 2o HZE
e

o +f7Z = 48= 2| (& + KD (55)

AN dwe 23 Fogoln v TEROG. 1
gz oldl th$3= g, propagation constanteoli
K& AgASsolth, 2(55)dM F% 5HUA section?
gaing WA sectiond gaind vlmslel Hir =
© sectiond gaing A¥Ydzn FAL4ZL 7% F 4
t}.

3. A/4 phase shifted 38= s
DFB-LDe] =d3l

section | seclion 2 section 3

1 I

1 i

[N [ UG U U T
I T
2 -T 2

213 5. A/4 phase-shifted 383 DFB-LD +2

Fig. 5. The 4/4 phase-shifted three section DFB-LD
schematic diagram

A/4 phase shifted® 28l¥ A %9 A2 243y
Wi e 2 DFB-LD9 F4eAM9 wAMAlI4 1’5 = +109]
g ol &t olAdE 4(56)3% 2¥69 e

(10)

z=09} A A

(¢—u=u".v=v)
r=r" ( by symmetry) .. r'*=1 |
r=+1 (56)

A/4-shift DFB-LD¥ 4/2%F z=014 corru-
gation phase A#& shiftd R} 2} d&3QY
A4€ Ze DFB-LDY cavity length® L = 2«M
4 (M = grating A48 8 /4938 Aols] o
3 L=2+MA+4/202 4/29F ZF7HAR, ol
z=0° A8 fAE T332 A8 4(57)& ol &%t

It

ng+ 4 ncos(2B,(z-4/4))
ng+ 4 ncos(28,z-7/2} (57)

n

H

o2} 2} section® Hel7d Zoim P ¥ 195
oM Y 2,8 z = 07M 9 gratings] H3olesa
2, 1/2 A& ¢ F U z=Ly/4949 fA 2,
/4, =Ll N el 1 @& n/27) "t

A/4 phase shifted 313 7bdstg DFB# o] A9
A4 L Fate WHe nE 2 dAEdn 453
ol $14¢ #& 332 DFB-LDY 293 g2 £4
g g,

ALl

S Fi
i<
rQCr'

713 6. A/4 phase shifted DFB-LDS] #4elA9] 32 F=}e)
7= 9 9%

Fig. 6. The schematic diagram and the phase of the
grating to 4/4 phase shifted DFB-LD center
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1. Currentelgistol|l £ tuning trend

a) 9439 944% 7IAe 335 DFB-LD

Coupling coefficient& 2FAI71Z FHA sec-
tion® current® & ¥ A#H=2H 4n,E-0.0025,
-0.005, -0.00752 ¥&AA & o AHA section®]
gaintl 33 DFB-LD9 ##34& T374 %A
Aok, & gelal wiel o] Any7b AR webA stop
band %o] HARE & 4 Urh. 2"AM B9 4dn,
7} -0.0025°1 mode hopping®l W& 2.6nm A%
=53 dn,7t -0.005°1¥" W 3.2nm ., 4ny7t -
0.0075°1™ ik 3.6nm F=EE ¢ F 3. o2
B o 3% & gl A& wef A/4 shiftE 3 stop-
band¢tel modert EZA8A Huz wepd Hu
continuous tuning range¥ 4ny7t A Ao o
2 218 AL &5 4 U,

2% 8l A section® 4n,E -0.0058 2
A A7 coupling coefficient K& 15, 40, 70
cm-1 22 WIAA 71HA AA section® gainth
343 DFB-LD9 #3943 A8t 264 &
? coupling coefficient K& #7HA171" stop-band
Zol #xw, welA H continuous tuning range

Wavelengthirmng

o 50 100 150 200 250 300
Gain3 (em-1)

o

28 7. 4n,9 Wae] WE tuning trend(PEH A& 7}
A& 345 DFB-LD)
Fig. 7. The tuning trend about a change of 4n,(The

three section DFB-L.D with a continuous phase)

3104

7t ARE 4 & Ao K7 1599 stop-band9 &
1.2nm A55H31, 4099 stop-band9 %o
2.2nm Axolx, 7049 stop-band9 Fof
3.3nm A=HE ¢ F Ut

b) A/4 phase shifted 333 DFB-LD

2¥9v K=70/cm22 nFAI 2 4n, g -0.0025,
-0.005, -0.00758 WASAAZFAN HiA sectione]
gaintl 333 DFB-LDS #a#A4E =A% Reolr},
a2y A B Z4zte) A2 mode hopping®l WA 3le
d mode hoppinge 2 sectiond FFAF L
W doidE ¢ & AT 28102 FEA sectiond]
ETFAFE dn, = -0.0058 nFANAHAELE w,
K=70/cm. L=300#m<] A%+ K=120/ cm, L=180¢
mel FA%E vwddt. 8 A3xE o Hu
continuous tuning range2A 4.2nmA = dAed
ol couplingd4& 71713 laserd dol& #HA
gH de ¢ UAEE ¢ F AU a8y oe
linewidthel #A¢ &4 HHEF BYH & Felot &
o},

2. Mode field
DFBUl %9 o= & #R)ore] &
3} ol vhebd & U,

powere th

Wavelengthinm)

del_n=-0005 |

i L i i i
0 50 100 150 200 250 300
Gain3(cm-1)

2 2 8 Coupling &4l @& tuning trend(d
2l 343 DFB-LD)
Fig. 8. The tuning trend about a coupling coefficient(The
three section DFB-LD with a continuous phase)
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1300~ ' T T r T T 1300=— : : : : .
1269 1299--npoeere

o 12981t
T e A
(=1 E
£ o £1297r
21207 [ pr-e-1 5
? 2 1296
g g

—_

[y*d

€@

(=2
T

1285

deln=00075

1294 i

0 50 100 150 200 250 300
Gain {cm-)
28l 9. 4n,9 ¥l W& tuning trend(d/4 phase shifted

333 DFB-LD)
Fig. 9. The tuning trend about a change of 4ny(The
three section DFB-LD with a 4/4 phase shift)

400 v ‘Kappal 2 70

ideln = ODOS

350}

(4

(=]

[=]
¥

relative photon density
N
(=]

; ‘ wave|ength 129598
0 H H i i

. ..‘Brayg Wavetehgm Qgrm ........

3% 11. dold} @& photon density®] 2
Fig. 11. The change of photon density to length

P = Pa(z)+Pb(z)
= Cilre™+rne™ |*+Cls e +se™]"2 {59)

n=[ /R e ¥ (60)

0 1 2 3 4 5 6
length {cm) x10°

L

del n2 I'U 005 E Kappa - 5120
1008 e A
1203 i i i i i

2 0 50 100 150 200 250 300
Gain3(cm-1)

1% 10. Coupling 44+ W& tuning trend(A/4 phase shifted
333 DFB-LD)

Fig. 10. The tuning trend about a coupling coefficient(The
three section DFB-LD with a 4/4 phase shift)
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NELSRg ¢ e {61)
__1_ (=R ,
e Tep Ry ¢ ™ (62)

71N P,(2), Pyz)® &7 LEF3} X35
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a811¥ K=70/cm, 4n,=-0.0052 1% AlAE9
3383 DFB-LDY F4A z#3o 29 relative
photon density& “ebd Zeoitt. a@1leM & +
9 %0] %A mode?} Bragg wavelengthol 7}71&<%
£ feedback & W& 7Z3tA 23, o] v Fudle
DFB laser® $422 of RojA €2 ¢ & U
o, =% FYE Z=ddd A/4 phase shiftAll
DFB-LD7 & %<& power& ¢A¥E ¢ & AU

V.a £

E =RdAe RIVE JFEN ﬂ d F8E 22
A, 14 Fdd B4 @4 Wa 943 7hany
A& 7Re 343 7193 DFB-LDE 24y stach
E 2dydMe & sectionolA szl F=7t FUE
ga sHAsden Algg WFEZRPdA o 2nme
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tuning range® HAF3Uth olx ¢olel o wha}
ATE 4188 & o, U 729 JPAR S
HEd F Uvke HAM J1Ee mdgo visd £ o
dwrgle solution® AMFE ZoZ g £ ¢
o mdgg 7Iwre R A/4 phase shifted 34
DFB-LDE =zdd3lr] g A2¢ e At
3, °]& %3la] A/4 phase shift9] F7lg2 wwjeto}
345 DFB-LDY 544 vlAle 43E A7

293y A3 %3 modew ¥£HHA Y4E Ae
343 DFB-LDoAe side-mode®t 1 99| side-
modeAteldlA tuningol deold€ & F ANz, A/4
phase shifted 33= DFB-LDeA¥ stop-banddl
AA F7NAHSRZ tuning®E$ ¢ F UAd. #I
mode’} Bragg wavelengthdl 23 &+ 3=
DFB-LD #%°lA photon density7} AAEL & &
Ade=d, 22 2HdAM A/4 phase shifted 333
DFB-LD7F €433 94¢ 7IKe 3483 DFB-LD
2t d #3A Jdegwo. =% mode hoppinge #
section® FFAF7F 2&d HAYI}HUR, coupling
27t Aol wat, Wl cavitye #eolz} FolA
e} stopband®el Weld A& bAnmgA st wWeld
< 4 4 UAd. Hd tuning range2A K=120,
L=180km¥ ™ ¢ 4.2nmAAct AFo| AFel YEF
AUz, o|EAF sejol wEF EAMSo wet
AR e Mool pxe B4YA4E nelstd mdd g
MR g oA olc},
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