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v a l u e i s c h o se n f o r t h e s i d e - m o d e t o b e su p p r e s se d b y 3 0

d B . T h e c o u p l i n g r a t e ( K d i s d e f i n e d a s % / 2 L . T h e

v a l u e o f l 4 l .7 G H z i s u se d f o r K r i n o u r a n a l y s i s , w h i c h

c o r r e sp o n d s t o t h e S L c a v i t y l e n g t h ( L ) o f 3 0 0 p m . O t h e r

p a r a m e te r s h a v e t h e u s u a l m e a n i n g s , w h o se v a l u e s a r e

o b t a i n e d f r o m [ ³ .

F i g . l s h o w s t h e s t a b l e - l o c k i n g r a n g e s f o r t h e

f u n d a m e n t a l i nj e c t i o n l o c k i n g . a n d s id e - m o d c i n j e c t i o n

l o c k i n g c a s e s . T h e c o n d i t i o n s f o r t h e st a b l e - l o c k i n g

r a n g e c a n b e d e t e r m i n e d b y t h e s - d o m a i n st a b i l i t y

a n a l y s i s o f t h e l i n e a r i z e d r a t e -e q u a t i o n s a b o v e . I t i s

a s su m e d t h a t t h e S L i s b i a se d a t 2 ¿ I m a n d t h e s i d e - m o d e

su p p r e ss i o n r a t i o i s 3 O d B i n t h c f r e e - r u n n i n g ( n o o p t i c a l

i nj e c t i o n ) st a t e . F i g . l s h o w s t h r e e n o t i c e a b l e p o i n t s . T h e

f i r s t o n e i s t h a t t h e s i d e - m o d e i nj e c t i o n c o n t r i b u t e s l i t t l e

t o t h e b r o ad s t a b l c l o c k i n g r a n g c i n t h e l o w e r b o u n d a r y .

T h e se c o n d o n e i s , h o w e v e r , t h e s i g n i f i c a n t c o n t r i b u t i o n

o f t h e s i d e - m o d e o p t i c a l i nj e c t i o n t o t h e b r o a d e n i n g o f

t h e s t a b l e - l o c k i n g r a n g e i n t h e u p p e r b o u n d a r y - F o r R o f

- l 2 4 d B , t h e st a b l e - l o c k i n g r a n g e o f t h e s id e - m o d e

i nj e c t i o n i s o f a r o u n d 2 8 . l G H z , w h i c h i s o v c r t w i c e as

b r o a d a s t h a t o f t h e f u n d a m e n t a l i nj e c t i o n , B .8 G H z . R

i s d e n n e d a s t h e p o w e r r a t i o b e t w e e n t h e i n c i d e n t M L

p h o t o n d e n s i t y a n d t h e f r e e - r u n n i n g S L p h o t o n d e n s i t y .

T h e l a s t o n e i s t h a t t h e r e e x i s t s a m i n i m u m R i n m a k i n g

t h e s t a b l e - l o c k i n g o c c u r a n d i t s l o c k i n g r a n i - b r o a d e n i n

t h e s i d e ft - d e o f t h e D F B l a s e r . I n o u r a n a l y s i s , t h e

r e q u i r e d R s h o u ld b e m o r e t h a n - 3 O d B .

F i g . 2 s h o w s t h e r e so n a n c e f r e q u e n c y e n h a n c e m e n t o f

t h e D F B l a se r b y t h e f u n d a m e n t a l o p t i c a l i nj e c t i o n f o r R

= - H .2 d B i n F i g . l . F r o m F i g . 2 , t h c r e so n a n c e

f r e q u e n c y c a n b e i m p r o v e d j u s t b y t h c p r o p e r c o n t r o l o f

t h e f r e q u e n c y o f f se t b e t w e e n M L a n d S L , b u t w i l l

d e c r e a se a s t h e f r e q u e n c y o f f s e t i s d e t u n e d t o w a r d t h e

l o w e r b o u n d a r y o f t h e s t a b l e - l o c k i n g r a n g e . T h i s i s w e l l

r e l a t e d w i t h t h e d a m p i n g f ac t o r o f t h e l a se r [ Ï .

F i g . 3 s h o w s t h e r e so n a n c e f r e q u e n c y e n h a n c e m e n t

a n d m o d e s u p p r e ss i o n r a t i o b y t h e s i d e - m o d e o p t i c a l

i nj e c t i o n f o r t h e sa m e R i n F i g . 2 . T h e r e so n a n c e

f r e q u e n c y i s a l so i m p r o v e d w i t h i n c r e a s i n g t h e f r e q u e n c y

o f f se t t o w a r d t h e u p p e r b o u n d a r y . N e a r t h e u p p e r

b o u n d a r y o f t h e s t a b l e - l o c k i n g r a n g e . h o w e v e r , t h e re a r e

t h e d i p s i n t h e m o d u l a t io n SÔp eËcd ¼õärnm ®a a n d t h e a m p l i t u d e aa ¼

t h e r e so n a n c e fn§IrÄYÉe qÑ tu½.cð fnm1ÏCy b e c o m e s s m a l l e r t h a n ¼h a t t h e

D C a m p l i t u d e . T h i s c o m e s f r o m t h e f a c t t h a t t h e

m o d u l a t i o n s p e c t r u m i s m a d e u p o f t w o r e s o n a n c e s [ Ï .

F i g . 3 a l s o s h o w s t h e f u n d a m e n t a l m o d e s u p p r e ss i o n

w h e n t h e s i d e - m o d c i s i n j e c t i o n - l o c k e d - T h e m o d e -

gl (N , S) = g n(N - n, )( l - cn , and g , (N . S) = g rÌ (N , S) ¤

S l and î are the photon densi t ies of the f undamental
mode and side-mode i n the D FB laser , respect ively , and

é l and A the cor respondi ng optical phases. S is the total

photon densi ty i n the l ascr cav i ty . Sinj and ß Ì are the
Incident M L p hoto n densi ty and angular optical

frequency . OIy and Oj are the phase detuni ng for the

fundmental inj ect ion lock i ng and side-mode i nj ect ion

lock i ng case - Sr is the gain suppression mo or- whose
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Scmiconductor lascrs w i th a larger modul ation
band w idth are promisi ng in the hi gh-speed d igi tal and

analog f iber-opt ic communications. O nc ef fort to achieve

the l argc modulat io n bandw idth and a smal l d Hrp is

using external opt ical i nj ection lock i ng technique, in

which the l ight from one laser (M aster L aser , M L ) is

inj ected into another laser (Slave L aser , SL ) . T he
modulat ion bandw idth of a strongly i nj ect ion- locked

semiconduc tor laser can be signif icant ly improved [ Ï .

But, it requires the carefu l contro l of the M L l ight

inj ec tio n power and the f requency of fset betw een two
las t-s because o f the nar row stable-locking range. W e

have been looki ng into a method to achieve the broad
stable- locki ng range, and recentl y f ound the side mode

inj ect ion lock i ng of D FB la w s qui te usef ul [2 ] .
I n this papa - wc analyze the stable-l ock ing range of a

side-modc i nj ection-l ocked D FB laser . T he analysis is

based on the mod i f ied rate-equations w i th o ne side mode

taken into account , and sho ws that the side-mode

inj ectio n lock i ng can prov ide the broader stable-lock i ng

range than the f undamental inj ection- lock ing does.

W hen one side-mode of a D FB laser is taken i nto

account, the D FB lascr under external l ight inj ection can

be descr i bed as fo l lows.




