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réseau actif

h h(z)

z

h(z)

h

z

neff (z) �B(z)

h(z)

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



⇥

⇥ aij

(i,j) 2

kième

E+
(k) E�

(k)

(k+1)

ième

0

@ E+
(k + 1)

E�
(k + 1)

1

A
=

0

@ a11 a12

a21 a22

1

A

0

@ E+
(k)

E�
(k)

1

A

Milieu physique

E+
(k + 1)

E�

(k)

E+
(k)

E�

(k + 1)

aij

H

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



l neff

H =

0

@ eikneff l
0

0 e�ikneff l

1

A

neff = n + i
↵

k

n ↵

k l

M1!2 n1

n2

M1!2 =

1

2n2

s
n2

n1

0

@ n1 + n2 n2 � n1

n2 � n1 n1 + n2

1

A

R r

R =

1

p

1 � r2

0

@ r 1

1 r

1

A

� '

� =

0

@ ei'
0

0 e�i'

1

A

⇢1 ⇢2 n2

n1

⇤ = l1 + l2 l1 l2

n1 n2

Mk

k

Mk =

1

4n1n2

0

@ n1 + n2 n1 � n2

n1 � n2 n1 + n2

1

A

0

@ eikn2l2
0

0 e�ikn2l2

1

A

0

@ n2 + n1 n2 � n1

n2 � n1 n2 + n1

1

A

0

@ eikn1l1
0

0 e�ikn1l1

1

A

M

M = R1�1(

NY

k=1

Mk)�2R2

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



Section a fort indiceIndice constant

⇢2 = f⇢2e
j'2 ⇢1 = f⇢1e

j'1

n2 n1

Λ

Mk

section k

N R1 R2) �1 �2

E+
i E�

i i

0

@ E+
1

E�
1

1

A
= M

0

@ E+
2

E�
2

1

A

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4
















(b)

(a)

P(I)

I(V)








Ith

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



§.5.4

↵H " ↵H "

20 40 60 80 100 120 140

0

5

10

15

20

25

30

35

40

 α = 0  ε#0
 α # 0  ε=0
 α # 0  ε#0
















↵H

↵H 6= 0 " 6= 0 ↵H 6= 0 " = 0 ↵H = 0 " 6= 0

↵H

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4












    













 





 














 








 ! "

 !







 










"

"

 




te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



2.0µm

500µm50µm

1.5µm

µ

��

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



p µ

p µ p µ

µ µ

�

1544 1546 1548 1550 1552 1554

1E-6

1E-5

1E-4

1E-3

0,01

0,1

1

10

P
ow

er
�(a

.u
)

Wavelength�(nm)










(a)
(b)(c)

µ µ µ

�� =

µ

µ

��

p

�'(p)

�'(p) =

Z l

0
dz�neff (z)

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



l µ �neff (z)

µ µ

µ µ µ

�'(p = 1,5µm) � �'(p = 1,7µm) ⇡

2�
3

�'(p = 1,4µm) � �'(p = 1,5µm) ⇡

�
3

2.0µm

50µm 400µm20µm

1.4µm

µ

µ

��

§.5.2

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



1540 1542 1544 1546 1548 1550 1552 1554

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

∆λ=1,5 












fm

a fm

�

b fm

c

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



f
df
dI

df
dP

µ

�f

�f =

Z I

Ith

dI
df

dI

�f =

Z P

0
dP

df

dP

f I P

P















      











 
!
"

#


ε≠
∆

µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



2⇡
�f

�I
=

⌘i

e

↵H

2

�"

V

⌘i e V � " ↵H �I

"
df
dI

= 0

Contraction du bit optique

Elargissement du bit optique

Porteuse-Chirp rouge

P

P

Bit optique

Bit optique

t

t

Fibre optique

Fibre optique

Porteuse-Chirp bleu

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



df
dI

I

10 20 30 40 50 60 70 80 90 100
100

200

300

400

500

600

700

800















10 20 30 40 50 60 70 80 90 100

100

200

300

400

500

600

700

800














te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



�

§.4.4

+

µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4















%

±

±

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4













     

































     

















      










µ µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4











    



















µ µ

µ

�

§.

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



1540 1550 1560
1E-7

1E-6

1E-5

1E-4

1E-3

0,01

0,1 











1530 1540 1550 1560 1570

1E-7

1E-6

1E-5

1E-4

1E-3

0,01 










Longueur�d'onde�(en�nm)

1540 1545 1550 1555 1560

1E-7

1E-6

1E-5

1E-4

1E-3

0,01

0,1











1540 1550 1560

1E-7

1E-6

1E-5

1E-4

1E-3

0,01

0,1 












⇡

§.

§

�f �I

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4













        













 















     

















     

















     









-8 0

-6 0

-4 0

-2 0

154 4 1549 1554

        



























-80

-60

-40

-20

0

1545 1547 1549 1551 1553 1555 1557

-80

-60

-40

-20

0

1544 1546 1548 1550 1552 1554









�f
�I



 

 




+



 ω=











a fm < fm

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



b

f

f(t) = f0 +�f sin(fmt + ')

f0 �f '

�f '

l

E(t) = E0e
i!0t

E(t)

I =< E(t)E⇤
(t) >=

E2
0

2

(E1(t),E2(t))

(E1(t) = E0e
i!0t,E2(t) = E0e

i(!0t+')
)

c !0 = 2⇡f0

n ' =

2⇡lfn
c

I3

I3 =<
1

p

2

(E1 + E2) ><
1

p

2

(E1 + E2) >⇤

I3 = 2I(1 + cos(

2⇡lnf

c
))

I3 �f

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



I3

I3

I3,P =

1

2

(IAM + IFM)

I3,Q =

1

2

(IAM � IFM)

IFM = I3,P � I3,Q

IAM = I3,P + I3,Q

I3



























 
!"#"




�

df
dP

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



P

df
dP

df
dI

=

df
dP

dP
dI

= ⌘ df
dI

0 2 4 6 8 10 12 14 16

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5 






















0 2 4 6 8 10

0,6
0,8
1,0
1,2
1,4
1,6
1,8
2,0
2,2
2,4
2,6
2,8
3,0
3,2
3,4
3,6
3,8

























�

�

⌘ (

df
dP

)exp (

df
dI

)th (

df
dI

)expte
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



↵H

↵H = lim

fm!+1

2P

fm

FM

AM

�

µ

µ

µ

�

% % %

% %

%

�10

�10

%

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



    
































   

% %

�10

�

%

%

%

�10

%

%

% %

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



a

b

C1

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



§.

C1

C1

⇢1

f⇢1

�⇢1 =

f⇢1 � ⇢1

�⇢1 = (1 � |⇢2
1|)�ei!⌧

� ⌧ =

2Le

c

Le c !

�! = ! � !0 !0 !

�!⌧ = �⇠ sin(!⌧ + arctan ↵H)

⇠ = K⌧
q

1 + ↵2
H =

2C1�

⌧i

⌧
q

1 + ↵2
H

C1

⌧i ↵H

�!

�!⌧i = �2C1

q
1 + ↵2

H

�⇢1

1 � |⇢2
1|

h(�)

h(�) = e�i�
sin(�+arctan(↵H))

� = !⌧ |h(�)|  1 ⇡

�!⌧i = (�!⌧i)max � |h(�)| = 1

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



C1

C1 =

(�!⌧i)max(1 � |⇢2
1|)

2

q
1 + ↵2

H�⇢1

(�!⌧i)max ⌧i ↵H

⇢1 �

C1

�c =

⌧ 2
i !4

r

4!2
d

|

�⇢1

(�!⌧i)max(1 � |⇢2
1|)

|

2

ρ

ωωωω 





∆ω∆ω∆ω∆ωωωωωωωωω


≤ϕ≤≤ϕ≤≤ϕ≤≤ϕ≤ππππ




ϕδρ+ρ 
 


∆ω∆ω∆ω∆ωϕϕϕϕ 

ωωωω 






ρ

C1

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



§.5.3

C1

a

!0

b

⇢1 ⇢1+�⇢1e
i'

⇢1 '

!

'  '  ⇡

c !0 !(')

�! = !(') � !0 = f(')

|h(�)| = 1 C1

C1

�

⇢1 = 0

⇢2 = 0,95ei'2
 '2  ⇡

L = 350µ L

⇢1 = 0

C1

C1 =

(�!⌧i)max

2

q
1 + ↵2

H�⇢1

�⇢1

�4

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



�

(⇢2, C2)

Facette HR Facette AR

(⇢1, C1)

gamma

⌧i = 7,5 ↵H = 3,5

'2 = ⇡ '2 = ⇡/2 '2

�!⌧i '

L

'2 ⇡ '

 '  ⇡ L

�!⌧i

0 1 2 3 4 5 6 7

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

κ
κ
κ
κ

∆ω
τ 

 ϕ 

�!⌧i '

L

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



C1

C1

L ⇥ +

C1

C1

L C1

C1

0,3 0,4 0,5 0,6 0,7 0,8 0,9
0

1

2

3

4

5

6

ϕ=π












�κL
0,3 0,4 0,5 0,6 0,7 0,8 0,9

2

3

4

5

6

7

8

ϕ=π/2












�κ

C1

'2 = ⇡ '2 = ⇡/2

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



L = 450 µ

⌧i ⇡ p

µ  p  µ

 �1 �1

�1

L  =

1
L

R L
0 dz(z)

z

�

p

2.0µm

400µm20µm30µm

p

'2 ⌘ 0

�! = ! � !0 ! !0

'

�!⌧i '

µ µ µ µ

 p C1

(�!⌧i)max ' ⇡

5⇡
4 C1

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



C1 =

(�!⌧i)max

2

q
1 + ↵2

H�⇢1

↵H = 3,5 �⇢1
�4

0 1 2 3 4 5 6 7

-0,35
-0,30
-0,25
-0,20
-0,15
-0,10
-0,05
0,00
0,05
0,10
0,15
0,20
0,25
0,30
0,35

κ=50 −1








 ∆

ω
τ 







 ϕ 
0 1 2 3 4 5 6 7

-0,35
-0,30
-0,25
-0,20
-0,15
-0,10
-0,05
0,00
0,05
0,10
0,15
0,20
0,25
0,30
0,35

κ=80 −1








 ∆

ω
τ 







 ϕ 
0 1 2 3 4 5 6 7

-0,8

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

κ=20 −1








 ∆

ω
τ 







 ϕ 

�!⌧i '

 = 20 50 80

�1

µ  p  µ

C1  p

C1

 p

 p

C1

 p µ p µ p µ p µ

C1  p

!r/2⇡ !d/2⇡

�c

 p



p

p µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



�1 �1

 �1 p µ

p µ

 p µ p µ p µ p µ

 p

RLc

C

RLc �c �c

RLc

p

µ �c

RLc

 = 80

�1

p = µ RLc

�

i  i 

µ

±

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



1,1 1,2 1,3 1,4 1,5 1,6 1,7
-46

-44

-42

-40

-38

-36

-34

-32

-30

-28

-26

-24

-22

-20

-18
 κ=20 cm-1

 κ=50 cm-1

 κ=80 cm-1

Ta
ux

 d
e 

re
to

ur
 o

pt
iq

ue
 c

rit
iq

ue
 R

L c (
dB

)

Largeur p du biseau (en µm)

RLc  p

L µ

⌧i ⇡  = 50

�1 p

µ  p  µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4


















Ta
ux

 d
e 

re
to

ur
 o

pt
iq

ue
 c

rit
iq

ue
 R

Lc
 (e

n 
dB

)

   

  

�!

↵H = 3,5

�⇢1
�4

�!⌧i '

 '  ⇡ p

µ p µ

' = ⇡

C1 C1

µ µ

µ µ !r/2⇡ !d/2⇡

�c

µ µ µ µ

p µ

RLc = �c � 2C

 p

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



2.0µm

500µm50µm

p

0 1 2 3 4 5 6
-0,04

-0,03

-0,02

-0,01

0,00

0,01

0,02

0,03

0,04




 ϕ 



 ∆

ωτ







�!⌧i '

P1
P2

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



P1/P2

Ck

Ck k

P1 P2

P1

P2
= |

C1

C2
|

L

p

pperrier µ pchianti µ
�1 �1

Ck §

C2

�

S1 z = L S2 z S1
S2

C1

C2
C1
C2

(

P1
P2

)exp

S1
S2

C1
C2

(

P1
P2

)exp

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4

























         

























 






















 






































     

S1 S2
S1
S2

C1 C2
C1
C2

(

P1
P2

)exp

+14 +14
⇡

+15 +15
⇡

� d

l

l ⇡ d�c
n

⇡ µ c n

�

%

�

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4

















    































    



 









 

 

 

�

%

RLc

�10

�10

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4

















    



















�

%

�

µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



µ

-50 -45 -40 -35 -30 -25 -20 -15 -10
0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

1,1















�

%

P1
P2

Pk

k k

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



�/4

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



⇡

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



µ �
4

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



µ

µ

µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



�/4

µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



⌧

�

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



a Ck k =

1
C2

k

b
�

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



a

b

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



c

µ

µ

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



µ

⇡

�
%

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



⌧

�

f(t)

t F (!)

F (!) =

1

2⇡

Z +1

�1
dtf(t)e�i!t

!

t f(t) F (!)

f(t) =

Z +1

�1
d!F (!)e+i!t

f(t)

�f (⌧) =< f(t + ⌧),f ⇤
(t) >= lim

T!1

1

2T

Z +T

�T
dtf(t + ⌧)f ⇤

(t)

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



f(t)

Wf (!)

�f (⌧)

Wf (!) =

1

⇡

Z +1

�1
d⌧�f (⌧)e�i!⌧

Wf (!)d! f(t)

! ! + d!

lim

T!1

1

2T

Z +T

�T
dt|f(t)|2 =

1

2

Z +1

�1
Wf (!)d! =

⇡

T

Z +1

�1
d!|F (!)|

2

�f (⌧) =

1

2

Z +1

�1
d!Wf (!)ei!⌧

�f (⌧) = �⇤
f (�⌧)

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



[1] µ

[2] µ

[3] µ

[4]

� µ

[5] µ

[6]

[7]

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



[8]

µ

[9]

te
l-0

00
07

82
9,

 v
er

si
on

 1
 - 

21
 D

ec
 2

00
4



IEEE PHOTONICS TECHNOLOGY LETTERS 1

2.5-Gb/s Transmission Characteristics of 1.3- m
DFB Lasers With External Optical Feedback

F. Grillot, B. Thedrez, J. Py, O. Gauthier-Lafaye, V. Voiriot, and J. L. Lafragette

Abstract—All-optical networks will require low-cost laser
source. In order to reduce the packaging cost and to design a
module without optical isolator, the 2.5-Gb/s 300-ps/nm trans-
mission characteristics of 1.3- m distributed-feedback lasers is
analyzed in the presence of strong external optical feedback. The
penalty degradation when the laser is operating under optical
feedback is discussed and its dependence with the coherence
collapse onset is analyzed. Although a drastic increase of the
penalty with the coherence collapse state is reported, floor-free
operation is demonstrated with a return loss as high as 8 dB.

Index Terms—Coherence collapse, feedback, laser diodes, trans-
mission.

I. INTRODUCTION

THE EXTENSION of today’s optical networks to the
home requires the development of extremely low-cost

laser sources [1]. While wafer fabrication techniques allows
massive production, packaging remains a cost bottleneck,
as it is not supported by parallel processing. Cost reduction
must, therefore, be based on packaging simplification, such
as flip-chip bonding and direct coupling of the laser to the
fiber [2]. However, such direct coupling requires the suppres-
sion of the isolator which, at rates over the gigahertz range,
continues to remain a challenge. Floor-free transmissions
have already been reported at 85 C at 2.5 Gb/s under strong
feedback regime [3], [4]. In this letter, we demonstrate floorless
2.5-Gb/s transmission under 8-dB return loss with 1.3- m
distributed-feedback (DFB) lasers. We discuss the penalty
evolution when the laser operates under optical feedback and
demonstrate the feasibility of floor-free transmission even
above the coherence collapse state [5]. These results are very
promising for high-performance laser to fiber connection
without the need for any optics or optical isolator, and open the
way for all-optical telecommunication networks.

II. DESIGN AND TECHNOLOGY

The device under study is a DFB laser with a high-reflection
coating on the rear facet and an antireflection coating on the
front facet in order to allow for high efficiency. The length
of the device is 350 m. The active layer is made of nine
compressively strained InAsP quantum wells separated by
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Fig. 1. Experimental setup for feedback study under 2.5 Gb/s with a
300-ps/nm dispersion fiber.

InGaAsP tensile strained barriers. The optical confinement
was provided by two Q1.1- m 70-nm wide separate confine-
ment layers. The 2″ grating was defined using holographic
techniques and etched in a passive layer located above the
upper separate-confinement-heterostructure. After a grating
planarization regrowth using molecular beam epitaxy, the
active region was etched and then buried using metal–organic
vapor phase epitaxy (MOVPE), as for standard buried ridge
structures (BRSs) [6]. The threshold current value is typically
8 mA with an average efficiency of 0.35 W/A at 25 C and 0.2
W/A at 85 C.

III. MEASUREMENTS AND RESULTS

A. Experimental Setup

We used the transmission test setup sketched in Fig. 1. The
laser was coupled to a back reflector apparatus through a po-
larization control element. The distance between the laser and
the external reflector was optically measured to be 13.6
m which corresponds to a roundtrip time of 130 ns. Po-
larization was adjusted so as to have the reflected light in the
transverse electric (TE) laser mode. A calibrated back reflector
monitor was used to check the amount of reflected light. The
back reflector was designed so as to allow direct transmission
into the 300-ps/nm dispersion transmission line. These exper-
iments were performed at 298 K with the laser biased at an
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average output power of 10 mW under modulation. The laser
was coupled to the transmission line by using an enlarged mode
fiber and a 300-ps/nm fiber dispersion with 5-mW power cou-
pled into the fiber. The behavior under high extinction ratio (ER)
was carefully studied without optical feedback. Devices under
study showed no floor down to 10 and penalties lower than
0 dB at T 298 K with ER 13 dB. The evaluation of the re-
sistance to feedback was then carried out under 13-dB ER for
DFB lasers with efficiency in the range from 0.32 W/A to 0.45
W/A and an average of 0.41 0.04 W/A. The experimental
value of the sidemode suppression ratio (SMSR) was 45 dB
at 10 mW. The laser spectra were recorded in presence of optical
feedback with an optical spectrum analyzer having a resolution
of 10 pm. The amount of injected feedback into the laser is de-
fined with the ratio (return–loss ratio) through the
variable feedback reflector where and are, respectively,
the powers that are injected into the fiber and reflected by the
system (Fig. 1). The amount of light which effectively returns
into the laser depends on the optical coupling loss of the device
to the fiber which was kept to about C 3 dB during the whole
experiment. The amount of light injected into the laser cavity
is given by the relation

The amount of light injected into the cavity range from 47
dB to 14 dB. In what follows, we suggest to look closer at
the characteristics of the transmission in presence of external
optical feedback.

B. Transmission Measurements Analysis

In this paragraph, we investigate the effects of the feedback
on the transmission of 1.3- m DFB lasers. Five distinct regimes
of feedback based on spectral observation were reported for
1.55- m DFB lasers [7]. However, as the length of the external
cavity ( 13.6 m) is large, not all regimes of feedback were
observed in our experiments. The feedback impact on the trans-
mission was carefully studied for several regimes: first, for the
lowest level of feedback 47 dB, second for 33
dB, and then for 14 dB when the laser operates under
the coherence collapse state [5]. The experimental coherence
collapse threshold value is comprised between 20 dB and

25 dB for all the lasers that we have studied. Moreover, the
spectra relatives to the different regimes were also measured. In
Fig. 2(a), the spectra for the lower level of feedback ( 47
dB) is shown. The laser line operates on a single longitudinal
mode with a weak impact of the external optical feedback. In
Fig. 3, the bit-error-rate (BER) plots are measured. In solid line
(a), the back-to-back curve without feedback can be compared
with transmission [solid line (b)] at 47 dB. The value
of the sensibility and penalty at 10 are, respectively, 34.8
dBm and 0 dB, with no floor above 10 BER. As the feed-
back level increases, harmonic spectral oscillation peaks on the
emission profile can be observed. Peaks are located at multiples
of the relaxation frequency which is about 8 GHz at 10 mW.
The amplitude of these oscillations is enforced when the feed-
back increases. Nevertheless, the penalty only increases from 0
dB (for 47 dB) to 0.2 dB (for 33 dB). The im-

Fig. 2. Experimental spectra at 10 mW under feedback operation. (a) For
47 dB and 33 dB; 1303.6 nm. (b) For 47 dB and

14 dB (coherence collapse regime); 1303.6 nm.

pact of the feedback on the transmission under these regimes
is remarkably weak. Moreover, for 33 dB [Fig. 2(a)], a
splitting at the top of laser spectrum attributed to mode hop-
ping with a separation of 25 pm can be observed [7]. For

20 dB, the laser operates at the beginning of the co-
herence collapse regime. In Fig. 2(b), a typical spectra corre-
sponding to this regime is shown (for 14 dB). This
regime does not depend on the external cavity length and the
feedback phase [7]. The main effect of this regime is a drastic
reduction in the coherence length of the laser, namely, an im-
portant increase of the spectral linewidth. The linewidth at 20
dB is about 45 GHz compared with 10 MHz for the spectra
without optical feedback. In Fig. 3, the result in transmission
is presented [solid line (c)]. The penalty at 10 under such
strong reflection is shifted to 1.6 dB but no floor is observed
above 10 BER. The value of the sensitivity is about 33.9
dBm. The same behavior in transmission with penalty less than
0.9 dB can be obtained for all the lasers under test with effi-
ciency ranging from 0.32 W/A to 0.45 W/A. Floor-free opera-
tion was realized for all the measurements. In Fig. 4, we show
the penalty versus the level of feedback. The coherence col-
lapse threshold for this laser is represented by a dark square line
( 24 dB). In Fig. 4, the penalty difference between the
back-to-back without feedback and the back-to-back with feed-
back is represented (solid line). The penalty difference between
back-to-back with feedback and transmission with feedback is
also shown (dotted line). In all cases, before the coherence col-
lapse regime, the penalty increase remains insignificant. On the
other hand, when the feedback level is greater
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Fig. 3. BER at 2.5 Gb/s with a 330-ps/nm dispersion fiber under various
optical feedback with ER dB, temperature T K, and laser output
power P mW. (a) Back-to-back without feedback. (b) Transmission for

47 dB. (c) Transmission for 14 dB.

than the coherence collapse regime, a drastic penalty increase is
observed. This is consistent with the theoretical results of [8].
However, a more gradual increase of the penalty than predicted
in [8] is measured, and a range of feedback level can be found
where transmission under coherence collapse is feasible. This
behavior of the penalty in presence of feedback is reproducible
for all the lasers, and can be obtained without the use of a par-
tially corrugated grating such as in [3]. In Fig. 4, the sum of the
two penalties increases from 0 to 0.2 dB before the coherence
collapse regime leading to 1.6 dB after this regime, a typical
value for all measured devices. This increase can be explained
through two major physical effects. Firstly, on the solid line plot
(c), only the impact of the intensity noise due to feedback is
represented. When the laser operates in transmission, the phase
noise and the chirp is converted into intensity noise by the fiber.
This results in an extra penalty which is depicted on the dotted
line (b). It can be seen that the phase induced penalty mostly ap-
pears above the coherence collapse. As compared with the case
without transmission, phase noise adds only a 0.6-dB penalty
for 14 dB. Hence, the feedback induced phase penalty
degradation is much weaker even under 300 ps/nm than the one
created by intensity noise.

IV. CONCLUSION

We have presented the characteristics of 1.3- m DFB
lasers for 300-ps/nm 2.5-Gb/s transmission in presence of

Fig. 4. 2.5-Gb/s 300-ps/nm transmission penalty versus return loss. (a)
Vertical dotted line: Coherence collapse threshold ( 24 dB). (b) Solid
line: Penalty between back-to-back without feedback and back-to-back with
feedback. (c) Dotted line: Penalty between back-to-back with feedback and
transmission with feedback.

external optical feedback. A full analysis of the transmission
for several regimes has been realized. We have experimentally
demonstrated that the penalty degradation remains low below
and increases steeply above the optical chaotic state, although
floor-free transmission is still possible. In that case the penalty
degradation is mostly induced by intensity noise rather than fre-
quency noise, even under 300-ps/nm dispersion. In conclusion,
we have demonstrated 2.5-Gb/s transmission with no floor and
low penalties above the coherence collapse regime allowing the
use of 1.3 m directly modulated DFB laser for high bit rate
and long distance transmissions without optical isolator.
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Analysis, Fabrication, and Characterization
of 1.55- m Selection-Free Tapered

Stripe DFB Lasers
F. Grillot, Student Member, IEEE, B. Thedrez, F. Mallecot, C. Chaumont, S. Hubert, M. F. Martineau, A. Pinquier,

and L. Roux

Abstract—A new selection-free laser structure for monomode
behavior based on an engineering of the stripe geometry is
proposed. The structure is designed in order to eliminate facet
phase effects and laser to laser variations. The effect of spatial
hole burning is simulated and an enhancement of the sidemode
suppression ratio (SMSR) with power is predicted and measured.
Moreover, the sensitivity to technological fluctuations is theoreti-
cally analyzed. Experimentally, lasers having a 47-dB SMSR at 10
mW and an excellent homogeneity from laser to laser is obtained
on a two inch wafer.

Index Terms—Distributed-feedback lasers, phase-shift device,
SMSR, stripe engineering.

I. INTRODUCTION

ALTHOUGH distributed-feedback (DFB) lasers were intro-
duced some thirty years ago, the uniform fabrication of

monomode lasers with predictable spectra remains a challenge.
Interference effects between the grating and the facets make
the lasing properties highly dependent on cleavage plane varia-
tions as small as a part of a wavelength. To clear the fabrication
process from such dependence, antireflection (AR) coatings on
both facets can be used when combined to an appropriate struc-
ture such as a phase-shift laser [1]. However, in most cases, a
high technological accuracy is needed to control the laser spec-
tral characteristics and the fabrication of such structures remains
a technological challenge. In this letter, a new method based on
a stripe engineering approach [2], [3] is proposed and investi-
gated in order to demonstrate “selection-free” DFB lasers that
do not need spectral screening. The mode selection between the
two longitudinal modes located on the edge of the stopband is
obtained by a proper variation of the effective index along the
laser axis. Both theoretical and experimental results on 1.55- m
AR/AR DFB lasers are reported. We show that the structure
under study has a lower sensitivity to technological fluctuations
than phase-shifted devices [4]. Furthermore, no spurious effect
due to spatial hole burning is observed and an increase of the
sidemode suppression ratio (SMSR) with the injected power is
theoretically predicted and experimentally measured. Finally, a
single-mode laser with a good chip to chip homogeneity and
having a 47-dB SMSR at 10 mW is demonstrated.
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Route de Nozay, F-91460 Marcoussis (e-mail: Frederic.Grillot@ms.alcatel.fr).
Publisher Item Identifier S 1041-1135(02)06020-2.

Fig. 1. Design of the device showing a 50- m-long straight section (high
index) followed by a 500- m-long tapered stripe section (low index).

II. THEORETICAL ANALYSIS

When an antireflection coating is used on both facets, DFB
lasers which have a uniform grating emit on two longitudinal
modes which are symmetrically located with respect to the
Bragg wavelength. Since the degeneracy between the two
modes is linked to the device symmetry, a grating with anti-
symmetric geometry has been proposed to obtain a monomode
behavior as early as 1976 [1]. A typical example was demon-
strated by inserting a quarter wave section between two equal
uniform DFB structures. Thus, a single-mode DFB laser with
good threshold characteristics and emitting in the middle of
the stop-band was predicted [1], [4]. Nevertheless, it implies
the delicate control of a phase-shift technology. Another
difficulty is the criticity of the phase-shift value since a small
deviation from the required phase-shift can alter the single-
mode behavior of the device, especially above threshold.
Another approach for breaking the two modes degeneracy is to
disturb the longitudinal symmetry of the grating [2], [3]. By
comparison with phase-shifted devices (antisymetric grating),
the laser does not lase in the middle of the stop-band, but favors
one of the two longitudinal modes located on the edge of the
stop-band. This approach can achieve a good selectivity of
the lasing mode and if the design is appropriately chosen, no
accurate control of the optical phase is required. The design that
has been investigated in this letter is made of a 50- m-long
straight section ended by a 500- m-long tapered stripe section
(see Fig. 1). A uniform grating is built using conventional
holographic techniques. Its optical pitch, however, varies along
the device due to the dependence of the effective index with
the stripe width. Because of its symmetrical shape, the tapered
section alone does not allow for single-mode operation [5]. The
increase of the effective index in the wider section breaks the
symmetry and modifies the spectral selection. This selection
technique has the key advantage to be directly usable with any
standard laser manufacturing processes. Self-consistent calcu-
lations using the transfer matrix method [6] were performed to
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Fig. 2. Superimposition of three calculated spectra: (a) Solid line: m
corresponding to the initial case (design of Fig. 1) nm; SMSR at
10 mW 45 dB; nm. (b) Dashed line: Tip width m;

nm; SMSR at 10 mW 39 dB; nm. (c) Dotted
line: Tip width m; nm; SMSR at 10 mW 49 dB;

nm.

predict the spectral behavior. Variations of the effective index,
of the confinement factor and of the grating strength, were taken
into account. The spatial hole burning effect was simulated by
truncating the devices into small constant carrier density re-
gions. The lasing conditions were then self-consistently found
for any input current. Once the carrier density and index pro-
files were determined, the spectrum was finally calculated. In
Fig. 2, a simulation at 10 mW of the optical spectra [solid line
(a)] corresponding to the design of Fig. 1 is depicted. As pre-
dicted by the theoretical analysis, the laser is strictly monomode
and emits on the edge of the stop-band. The calculated values of
the stop-band and SMSR values are respectively about 1.3
nm and 45 dB. The laser response to a small variation of geomet-
rical parameters due to technological fluctuations has also been
carefully simulated. Fig. 2 shows a superimposition at 10 mW
of the calculated optical spectra for three different tip widths of

m [initial case (a)], m [dashed line, case
(b)] and m [grey solid line, case (c)]. If the width
of the tip varies from 1.5 to 1.7 m [case (b)], a small red
shift of the emitting wavelength which does not exceed 0.32 nm
(from 1549.36 to 1549.68 nm) is predicted by the simulation
tool, while the stopband value remains equal to 1.3 nm. Al-
though a small decrease of the SMSR of 6 dB is also calculated,
the single-mode character is not affected under such a variation
since the SMSR remains equal to 39 dB at 10 mW. Even when
the width of the tip is reduced to 1.4 m [case (c)] no degrada-
tion is observed since the calculated values of the stop-band
and SMSR are respectively about 1.3 nm and 49 dB even if a
0.2 nm small blue shift of the emitting wavelength is again pre-
dicted (from 1549.36 to 1549.13 nm). The overall phase-shift
induced by a variation of the tip width in the tapered long stripe
section has also been calculated

(1)

Equation (1) corresponds to the variation of the optical length
in the tapered section of length . describes the vari-
ation of the effective index along the tapered stripe and is zero

Fig. 3. Superimposition of twelve measured spectra at 10 mW versus the
Bragg detuning. SMSR 47 dB; nm.

Fig. 4. Probability to reach a minimum side mode suppression ratio (SMSR)
versus the SMSR for a set of 75 tested lasers at 10 mW.

on the large section. When the width of the tip increases from
1.5 to 1.7 m (and decreases from 1.5 to 1.4 m, respectively)
the variation of the optical length within the tapered section is,
respectively, equaled to ( , respectively). The
variation of the optical length in the laser cavity are significant
compared to the wavelength, yet in opposition to phase-shifted
devices, they do not induce any degradation on the laser spec-
tral behavior. This demonstrates the possibility to conceive a
facet-phase independent monomode structure emitting on the
edge of the stopband and having a low dependence on techno-
logical fluctuations.

III. TECHNOLOGY AND EXPERIMENTAL RESULTS

The laser is a buried ridge stripe (BRS) with proton implanta-
tion. The vertical structure has already been published in details
[7]. The active stack is made of six strained layer multiquantum
wells (SL-MQWs) surrounded by two confinement layers. The
grating is defined in a quaternary layer localized over the ac-
tive region. In a similar way as for conventional DFB lasers, a
standard holographic process is used to fabricated a single pitch
grating over the full wafer. Moreover, to avoid undesirable re-
flections, an antireflection coating in the range of 10 was de-
posited on each facet. In Fig. 3, the optical spectrum at 10 mW
corresponding to a set of twelve lasers are reported versus the
normalized Bragg detuning. A very good agreement with calcu-
lated spectra (see Fig. 2) is obtained. The measured stop-band
is about nm and is very closed to the calculated
value. A very reproducible value of the emission wavelength
is also demonstrated from laser to laser with a standard devia-
tion as low as 0.15 nm at 10 mW, measured under probe tests
on three bars of 25 lasers chosen randomly on a 2-in wafer. In
Fig. 4, the SMSR distribution is plotted. These measurements
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Fig. 5. Light current characteristic: th = 20 mA , W/A. Inset: Spectra at different injected current. (a) mA SMSR 39 dB. (b) mA
SMSR 47 dB. (c) mA SMSR 51 dB.

were realized for the set of 75 lasers at 10 mW and demonstrate
a monomode yield of 100% and a very good SMSR uniformity
with an average value of (47 2) dB at 10 mW and of (50 1)
dB at 15 mW. These results constitute a successful demonstra-
tion of the spectral homogeneity and are of prime importance for
the realization of DFB lasers bars with uniform wavelength. In
Fig. 5, the light current characteristic is reported with the spectra
at different power levels shown in inset. The threshold current is
about 20 mA, whereas an external efficiency at threshold of 0.26
W/A has been obtained. An increase of the SMSR with the in-
jected power is obtained throughout the whole curve. The
decrease of the efficiency is attributed to temperature increase,
as well as to leakage current (the laser do not have blocking
layers) and is not predicted by simulation. Through these results,
we have demonstrated that by using an antireflection coating on
both facets to eliminate facet phase effects and a variable stripe
width, it is possible to conceive selection-free DFB lasers with
a good reproducibility.

IV. CONCLUSION

We have shown in this letter that antireflection coated DFB
lasers can demonstrate a high chip-to-chip homogeneity and
excellent spectral behavior when combined with proper stripe
engineering. Thanks to the simulation tool, a low sensitivity

of such designs to technological fluctuations associated to an
enhancement of the SMSR with the injected power has been
demonstrated. These predictions were confirmed by the mea-
surements and a 100% yield on three randomly chosen 25 laser
bars with a 47-dB SMSR at 10 mW increasing to 50 dB at
15 mW has been obtained. These results constitute a successful
demonstration of the proposed stripe engineering approach and
are of prime importance for the realization of selection-free
DFB lasers.
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Coherence-Collapse Threshold of 1.3- m
Semiconductor DFB Lasers

F. Grillot, Student Member, IEEE, B. Thedrez, O. Gauthier-Lafaye, M. F. Martineau, V. Voiriot, J. L. Lafragette,
J. L. Gentner, and L. Silvestre

Abstract—The onset of the coherence-collapse threshold is the-
oretically and experimentally studied for monomode 1.3- m an-
tireflection/high reflection distributed-feedback lasers taking into
account facet phase effects. The variation of the coherence col-
lapse from chip to chip due to the facet phase is in the range of
7 dB and remains almost independent of the grating coefficient.
Lasers that operate without coherence collapse under 15-dB op-
tical feedback, while exhibiting an efficiency as high as 0.30 W/A,
are demonstrated. Such lasers are adequate for 2.5Gb/s transmis-
sion without isolator under the International Telecommunication
Union recommended return loss.

Index Terms—Coherence collapse, distributed-feedback lasers,
external optical feedback, facet phase effects, transmission.

I. INTRODUCTION

THE EXTENSION of today’s optical networks to the home
requires the development of extremely low-cost laser

sources [1]. While wafer fabrication techniques allow massive
production, packaging remains a cost bottleneck, as it is not
supported by parallel processing. Cost reduction must therefore
be based on packaging simplification, such as flip-chip bonding
and direct coupling of the laser to the fiber [2]. However, in
order to realize an optical module without optical isolator,
the conception of lasers having a higher resistivity against
external optical feedback continues to remain a challenge.
It is well known that the performances of a semiconductor
laser operating under external optical feedback are strongly
altered. Five distinct regimes based on spectral observation
were reported for 1.55- m semiconductor distributed-feedback
(DFB) lasers [3]. Moreover, a full theoretical analysis showing
the effects of external optical feedback on the threshold gain
and spectral linewidth of DFB lasers has also been published
[4]. More particularly, it has been shown that for a certain level
of feedback, the laser tends to become unstable and operates
within the coherence-collapse regime [5]. This particular
state depends neither on the external cavity length nor the
feedback phase. A drastic reduction in the coherence length
may be observed within the coherence-collapse regime. It is
important to stress that this chaotic behavior also alters the
dynamic performances in transmission. It has been already
shown, both theoretically [6] and experimentally [7], that the
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penalty degradation in the bit error rate (BER) plots is strongly
linked to the threshold of the coherence-collapse regime. On
another hand, an analytical expression of the coherence-col-
lapse threshold based on a weak coherent-feedback hypothesis
was introduced for Fabry–Pérot lasers [8]. By extending this
analytical relation to the case of DFB lasers, the sensitivity
to optical feedback of 1.3- m antireflection/high reflection
(AR/HR) DFB lasers is carefully studied in this letter. The de-
pendence of the coherence-collapse threshold with facet phase
effects which are due to the HR coating is clearly demonstrated
and quantified both theoretically and experimentally. Finally,
the coherence-collapse threshold and its consequences on the
penalty degradation mechanism is discussed and analyzed.

II. THEORY AND NUMERICAL RESULTS

When an AR coating is used on both facets, DFB lasers which
have a uniform grating emit on two longitudinal modes which
are symmetrically located with respect to the Bragg wavelength.
These two longitudinal modes have the same losses and allow to
define the stopband of the laser. In order to obtain a monomode
laser, an HR coating (an AR coating, respectively) is applied on
the rear facet (on the front facet, respectively) to break down
the longitudinal symmetry. Due to the HR coating, interference
effects between the grating and the facets make the lasing prop-
erties highly dependent on cleavage plane variations as small as
a part of a wavelength. In consequence, DFB lasers may lase ei-
ther at the Bragg wavelength or at another wavelength located
within the laser stopband. To take into account such a random
phenomena, the normalized Bragg deviation is introduced as

(1)

where , , and are, respectively, the emission angular
wavevector of the laser, the Bragg angular wavevector (linked to
the grating period), and the length of the laser. Let us consider an
external optical feedback produced on the AR-coated side by
a reflector of amplitude reflectivity, on an AR/HR DFB laser.
The amount of light injected into the laser cavity is defined by
the relation where and are, respectively,
the return-loss level and the optical coupling loss of the device
to the fiber in decibels. The amplitude reflectivity of the laser
is denoted for the HR facet ( for the AR coating facet,
respectively). By using Maxwell equations and the boundary
conditions, a determinental equation for longitudinal modes [9]
can be written in the simplified form

(2)

1041-1135/03$17.00 © 2003 IEEE
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In (2), the normalized coupling coefficient is denoted and
the propagation constant satisfies the dispersion relation

where and represents the threshold laser
losses. The amplitude reflectivity on the right facet and on the
left facet are respectively given by the relations
and where the couple represents the facet
phase terms depending on the position of the facets in the cor-
rugation. By assuming a sufficiently low reflectivity on the AR
facet, the optical field is not affected by and the laser only
depends on the HR facet phase. For a weak optical feedback
( 1), the equivalent facet (left facet) submitted to optical
feedback can be written as

(3)

In (3), is the emission angular frequency and the external
round-trip time. Following the Lang and Kobayaschi [10]
model, a complex coefficient corresponding to the left facet
can be calculated following the relation [4]

(4)

This coefficient describes the coupling of the laser to the ex-
ternal cavity. It allows to quantify the feedback induced pertur-
bations of the modes given by (2) which affects such param-
eters as the threshold gain or the laser linewidth [4]. Yet, it is
only linked to the intrinsic lasers characteristics [11]. This com-
plex coefficient also serves to calculate the coherence-collapse
threshold whose analytical expression described in
[8] may be extended to the case of a DFB laser following the
relation

dB (5)

where is the relaxation frequency, is the laser damping
frequency, the linewidth enhancement factor, the internal
roundtrip time, and the complex coefficient. Equation (5)
holds under the assumption of 30 dB (weak optical
feedback), , and with . From (5), it
appears that the coherence-collapse threshold at a given output
power depends on facet phase effects via the complex co-
efficient and the resonance frequency whose expression
is given by the relation [12] where and

are, respectively, a constant coefficient and the external
efficiency (which depends on the facet phases). In order to com-
pare to the system measurements, an external cavity of 13-m
length corresponding to an external roundtrip time of 130 ns is
chosen for the calculations. The lasers parameters are, respec-
tively, ps, , m, GHz,
and GHz/(mA) . The amplitude reflectivity of the
laser is, respectively, equal to for the HR facet and

is assumed for the AR coating facet. After calcu-
lating the modulus of the complex coefficient by varying

with to cover each phase case, the coher-
ence-collapse threshold may be predicted for a given output
power . In the simulations, the facet phase dependence of the

Fig. 1. Calculated coherence-collapse threshold variation versus the
normalized Bragg deviation for an AR/HR 350- m-long DFB laser
( C, mW). The line between calculated dots is to help the
eye. (a) . (b) . (c) . (d) .

external efficiency has been taken into account by re-
calculating the output external efficiency for each facet phase
case. In Fig. 1, a simulation showing the coherence-collapse
threshold versus the normalized Bragg deviation is depicted for
four normalized coupling coefficients values: a) ,
b) , c) , and d) . In all cases,
a quasiparabolic distribution having a local maximum located
at the Bragg wavelength ( ) is obtained. Thus, the best
case for the laser in terms of resistivity against optical feedback
is predicted for a laser emitting in the middle of the stopband.
The highest calculated coherence-collapse threshold values are
very closed to, respectively, dB for ,

dB for , dB for ,
and dB for . On another hand, the worst
case for the laser is predicted for and . In that
case, the laser has two degenerate modes on both sides of the
stopband. For a normalized Bragg deviation in the range from

to , the overall variation of the calculated
coherence-collapse threshold may reach up to 7 dB on average.
Hence, a strong dependence of the coherence-collapse threshold
with facet phase effects is theoretically predicted.

III. EXPERIMENTAL RESULTS

The device under study is made of nine compressively
strained InAsP quantum wells separated by InGaAsP tensile
strained barriers. The optical confinement is provided by two
Q1.1- m 70-nm-wide separate confinement layers. The 2-in
grating was defined using holographic techniques and etched
in a passive layer located above the upper separate-confine-
ment-heterostructure (SCH). After planarization regrowth, the
active region was etched. The structure was then buried using
metal–organic vapor phase epitaxy (MOVPE), as for standard
buried ridge structures (BRS) [13]. The threshold current
value is about 6.5 mA with an average efficiency of 0.34 W/A
at 25 C. The linewidth enhancement factor was measured
according to the method described in [14] and was found to
be equal to 2.5. Concerning the value of it was measured
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Fig. 2. Measured coherence-collapse threshold variation versus the
normalized Bragg deviation for AR/HR 350- m-long DFB lasers ( C,

mW).

to be equal to (2.0 0.1) GHz/(mA) . In Fig. 2, the coher-
ence-collapse variation versus the normalized Bragg deviation
is measured for 350- m AR/HR DFB lasers at 10 mW and
25 C. The measured plot is obtained by using a set of ten
lasers having different facet phase cases. The determination
of each coherence-collapse threshold is based on spectral
observations and is set to be the point defined to 1 dB when
a drastic broadening of the laser linewidth occurs. The laser
coupling coefficient value is about cm .
A very good agreement with calculated results is obtained
since a quasiparabolic distribution is experimentally found. A
slight asymmetry can be observed which, however, remains
within experimental variations. The maximum of the coher-
ence-collapse threshold is located at the Bragg wavelength
while the sensitivity to optical feedback increases with the
normalized Bragg deviation. The higher sensitivity of detuned
DFB lasers can be traced back to a higher external efficiency
and higher complex coefficient . In the case of ,
the measured coherence-collapse threshold is dB
( ) to be compared to the predicted value of 16 dB. It
decreases to dB for and dB
for while the calculated value is 22 dB. It has
been shown [7] that 1.3- m 2.5-Gb/s transmission could be
performed under feedback up to the coherence collapse, with a
penalty degradation that remains below 1 dB when using a total
fiber dispersion of 300 ps/nm. In order to allow for floor-free
low penalty transmission under the 24 dB recommended
return loss of the G.957 International Telecommunication
Union (ITU) specification, a coherence-collapse threshold of

24 dB should therefore be reached on all lasers in the case of
no coupling loss. Our experimental results show that, with the
chosen value of the coupling coefficient, the whole DFB laser
population fulfills this condition despite facet phase induced
device-to-device variations. We also show that such a result
is reached without degrading the external efficiency, since
an average value of 0.34 W/A is obtained with a minimum
efficiency of 0.30 W/A at minimum feedback sensitivity.

IV. CONCLUSION

We have presented the characteristics of 1.3- m AR/HR DFB
lasers in presence of external optical feedback. A full analysis of
the coherence-collapse threshold has been realized both theoret-
ically and experimentally. We have demonstrated that due to the
HR coating, the coherence-collapse threshold is strongly linked
to the facet phase effects. Such a dependence induces a variation
of the coherence-collapse threshold which is closed to a 7-dB
range. By properly choosing the normalized coupling coeffi-
cient, a coherence collapse as high as 15-dB optical feedback
could be demonstrated, while maintaining a high average effi-
ciency of 0.34 W/A over the whole DFB population. Finally, the
lasers after standard monomode screening are usable indepen-
dently of their facet phase for 300-ps/nm 2.5-Gb/s isolator-free
transmission under the recommended 24-dB G.957 ITU re-
turn loss specification [15].
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�
�
Abstract� :� all-optical� networks� require� low� cost� and� high� efficiency� laser� sources.� We� demonstrate�
floorless�2.5�Gbit/s�transmission�under�-19dB�return�loss�and�at�85°C�for�a�set�of�1.3µm�semiconductor�
DFB�lasers�with�different�reflection�distances.�
�
Introduction�
All-optical�networks�will�require�low�cost�laser�source.�
In�order�to�reduce�the�packaging�cost�and�to�design�a�
module� without� optical� isolator,� the� 2.5� Gbit/s� 300�
ps/nm�transmission�at�85°C�characteristics�of�1.3�µm�
AR/HR� DFB� lasers� is� analyzed� in� the� presence� of�
external� optical� feedback.� All� the� transmission�
measurements�have�been� realized�at� least�up� to� the�
coherence�collapse� threshold� [1].�The� impact� on� the�
penalty� variation� has� been� fully� analyzed� when� the�
external� cavity� length� decreases� from� 13m� to� 1.5m.�
Finally,� a� floor-free� operation� with� low� penalties�
associated�to�a�high�insensitivity�to�an�external�cavity�
length�variation�has�been�demonstrated.�
�
Laser�description�

The�device�under�study�is�a�distributed�feedback�laser�
(DFB)� having� a� high� reflection� (HR)� coating� on� the�
rear� facet� and� an� antireflection� (AR)� coating� on� the�
front� facet� in� order� to� allow� for� high� efficiency.� The�
device�is�350�µm�long�with�an�active�layer�made�of�9�
compressively� strained� InAsP� quantum� wells�
separated� by� InGaAsP� tensile� strained� barriers.� The�
optical�confinement� is�provided�by�2�Q1.1�µm�70�nm�
wide�separate�confinement�layers.�The�2’’�grating�was�
defined�using�holographic�techniques�and�etched�in�a�
passive� layer� located� above� the� upper� SCH.� After�
planarization�regrowth,� the�active�region�was�etched.�
The�structure� was� then�buried�using� MOVPE,�as� for�
standard� BRS� structures� [2].� The� threshold� current�
value� is� about� 35� mA� with� an� average� efficiency� of�
0.16�W/A�at�85°C.�
�
Coherence�collapse�threshold�effect�
�
It� is� well� known� that� the� performances� of� a�
semiconductor� laser� operating� under�external� optical�
feedback�are�strongly�altered.�Five�distinct�regimes�of�
feedback� based� on� spectral� observation� were�
reported� for� 1.55� µm� distributed� feedback� lasers� [3].�
Moreover,� for� a� certain� level� of� feedback,� the� laser�
tends� to� become� unstable� and� operates� under� the�
coherence� collapse� regime.� It� has� been� already�
shown� that� the� penalty� degradation� remains� low�
below�and�increases�steeply�above�the�optical�chaotic�
state� [4].� Hence,� the� coherence� collapse� threshold�
sets�the�feedback�limit�below�which�the�lasers�should�
be�used�for�transmission.�The�value�of�the�coherence�
collapse� threshold� for� a� set� of� 10� lasers� is� shown� in�
Fig.1�where�the�amount�of� injected� feedback�into�the�

laser�is�defined�by�the�ratio�(return�loss�ratio)� 1P / 0P .�

0P � and� 1P � are� respectively� the� powers� that� are�
injected� into� the� fiber� and� reflected� by� the� system.�
The�coherence�collapse�variations�seen� in�Fig.1�can�
be� explained� by� random� facet� phase� fluctuations� at�
the� HR� facet� and� are� plotted� versus� the� lasing�
deviation�from�the�Bragg�wavelength�for�clarity.�It�can�
be� seen� that� the� coherence� threshold� can� vary� over�
15� dB,� which� is� in� good� agreement� with� our�
theoretical�prediction�[5].�Our�simulation�also�supports�
the� fact� that� the�set�of�10� lasers� is� representative�of�
the� whole� monomode� laser� distribution.� In� order� to�
characterize�the�lasers�transmission�performances�for�
two� different� reflection� lengths,� worst� case� lasers� in�
the� 20� dB� return� loss� range� have� therefore� been�
selected�for�further�experiments.��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Experimental�setup�for�transmission�
�
The� lasers� under� tests� were� coupled� to� a� back�
reflector� apparatus� through� a� polarization� control�
element.� The� distance� between� the� lasers� and� the�
external�reflector�was�optically�measured�and�is�either�
equal�to�13.5�m�or�1.50�m.�Polarization�was�adjusted�
so�as�to�have�the�reflected�light�in�the�TE�laser�mode.�
A�calibrated�back�reflector�monitor�was�used�to�check�
the�amount�of� reflected� light.�The�back� reflector�was�
designed� so� as� to� allow� direct� transmission� into� the�
300�ps/nm� � dispersion� transmission� line.� These�
experiments� were�performed�at� 85°C�with� the� lasers�
biased� at� an� average� output� power� of� 6mW� under�
modulation.� Coupling� to� the� transmission� line� was�
realized� with� an� enlarged� mode� fiber� with� 3� mW�
power� coupled� into� the� fiber.� The� evaluation� of� the�
resistance�to�feedback�was�then�carried�out�under�12�
dB� ER.� The� following� measurements� have� been�
realized�for�a�return�loss�level�of�-19dB�corresponding�

Fig�.1�
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to� the� coherence� collapse� onset� of� the� selected�
device�at�6�mW�output�power��
�
Transmission�results�
�
In� Fig.� 2,� the� Bit� Error� Rate� (BER)� plots� versus� the�
optical�power�are�depicted�for�a�reflection�distance�of�
13.5m.� As� can� be� seen,� transmission� without� floor�
and�with�a�very�low�penalty�has�been�obtained�down�
to� 10-12� bit� error� rate.� The� value� of� the� sensitivity� at�
10-10� � is� about� –34.2dBm.� The� penalty� at� 10-10� bit�
error� rate� does� not� exceed� -0.1� dB� despite� the�
operating�temperature�of�85°C.�
�
�
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�
In�order�to�study�the�effect�of�near�reflections�(from�
a� connector� for� example)� on� the� transmission,� the�
external�cavity�length�has�been�decreased�to�1.50�m�
corresponding�to�an�external�roundtrip�time�of�15ns.�
The� transmission� conditions� are� the� same� as� for�
Fig.2.� As� predicted� by� theory,� the� coherence�
collapse� threshold� which� should� not� depend� on�
either� the� external� cavity� length� nor� the� feedback�
phase�remained�unchanged.�In�Fig.3�shows�that�no�
transmission� degradation� is� observed� since� the�
penalty� and� sensitivity� at� 10-10� � respectively� are� -
0.2dB� and� -34.1dBm.� These� values� remain� very�
closed� to� those�measured� in� the� case�L=13.5m.� In�
conclusion,�we�have�demonstrated� for� two�external�
cavity� lengths� that� transmissions� without� floor� and�
with� the�same� low�penalty� level� is� reached�under�–
20�dB�return�loss�even�with�lasers�selected�for�their�
sensitivity� to� feedback.� These� results� are� all� the�
more� remarkable� and� constitute� a� successful�
demonstration� for� the� realisation� of� DFB� lasers�
having� a� high� resistivity� against� external� optical�
feedback.�
�
Conclusion�

1.3µm� DFB� lasers� were� designed� for� optics� free�
uncooled� packaging.� Although� a� chip� to� chip�
variation�is�expected,�most�devices�can�be�used�in��

�

�

�

modules�with�no�cooling�elements�and�no� isolators�
up�to�85�°C�for��2.5�Gbit/s�transmission�over�a�30�to�
40�km�distance,� even�under�a� short� external� cavity�
length� and� under� the� most� severe� ITU� return� loss�
circumstances.� The� demonstrated� performances�
show� the� feasibility� of� isolator-free,� optics-free�
modules�for�low-cost�production�with�0�dB�penalty�at�
85°C.�
�
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�

Un�nouveau�type�de�lasers�DFB�monomode,�exploitant�les�propriétés�d’un�guide�en�biseau,�est�
présenté.�Le�rendement�monomode�des�puces�atteint�est�de�100%,�ce�que�ne�permettent�pas�
les� structures� DFB� traditionnelles.� L’étude� met� en� évidence� une� sensibilité� élevée� des�
composants�aux�valeurs�de� traitement�antireflet.�Nous�présentons�des� résultats�de�sensibilité�
ainsi�qu’une�technologie�simple�permettant�de�s’affranchir�de�cette�difficulté.�
�

INTRODUCTION��
�
L’industrie�des�lasers�à�semi�conducteur�monomode�émettant�à�1.55µm�est�fortement�axée�sur�
la� technologie�DFB�(Distributed�Feedback�Laser).�Ce� type�de�composant�qui�a�été� introduit�
depuis� une� trentaine� d’année� maintenant,� utilise� un� réseau� de� Bragg� afin� d’assurer� une�
rétroaction�optique�sélective�en�longueur�d’onde.�Le�caractère�monomode�du�composant�n’est�
cependant� pas� assuré� du� fait� de� l’incertitude� des� phases� du� réseau� aux� facettes� lors� de�
l’opération�de�clivage�[1].�De�facon�à�lever�cette�difficulté,�un�nouveau�type�de�composant�a�
été� proposé� [2].� Les� lasers� DFB� utilisés� sont� des� composants� traités� antireflet� (AR)� sur� les�
deux� faces� incluant� un� guide� optique� en� biseau� permettant� de� lever� la� dégénerescence� des�
modes�de�Bragg.�Les�composants�présentent�une�divergence�faible�et�un�SMSR�important.�La�
résistance� de� ces� composants� aux� effets� des� phases� aux� facettes� sur� les� caractéristiques�
spectrales�est�plus�particulièrement�étudiée�dans�cet�article.�
�
�

I-�RESULTATS�EXPERIMENTAUX�ET�NUMERIQUES�
�
La� rétroaction� dans� un� laser� DFB� est� obtenue� essentiellement� par� le� réseau� de� Bragg.�
Toutefois,� ce� réseau� est� couplé� à� une� cavité� Fabry-Pérot� formée� par� les� facettes� du� cristal�
semi-conducteur.� Toute� fluctuation� du� plan� de� clivage� de� l’ordre� de� la� longueur� d’onde�
modifie� l’accord�entre� les�deux� interféromètres�et�peut� induire�un�comportement�bimode�du�
composant.�De�façon�à�éliminer�cet�effet�de�phase�aux�facettes,�les�miroirs�doivent�être�traités�
antireflet.�Dans�ce�cas,�le�laser�DFB�émet�sur�deux�modes�longitudinaux�qui�sont�localisés�de�
manière�symétrique�de�part� et�d’autre�de� la� longueur�d’onde�de�Bragg� Bλ .�Pour� lever�cette�
dégénérescence,� nous� utilisons� un� guide� biseauté� (figure� 1)� dont� la� fonction� est� de� réduire�
progressivement� l’indice� effectif� neff� (z)� dans� l’axe� du� laser.� Dans� la� région� en� biseau,� la�
longueur� d’onde� de� Bragg� définie� par� Λλ )(2)( znzB ====  (avec� Λ� la� période� du� réseau)� se�
décale�vers�les�courtes�longueurs�d’ondes.�La�symétrie�initiale�du�laser�(ruban�droit�seul)�est�
“brisée”�et�le�laser�n’émet�plus�que�sur�le�mode�de�courte�longueur�d’onde.�Sur�la�figure�2(a),�
un� spectre� simulé� est� montré� pour� un� laser� comportant� une� section� droite� de� 350×1.75� µm�
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prolongée�par�un�taper�de�150�µm�et�de�largeur�de�pointe�0.2�µm.�Le�spectre�est�calculé�pour�
un� courant� d’injection� de� 45� mA.� La� simulation� montre� l’inhibition� du� mode� de� grande�
longueur� d’onde.� Sur� la� figure� 2(b),� le� spectre� expérimental� obtenu� à� la� même� polarisation�
(pour�une�valeur�de�traitement�antireflet�de�l’ordre�de�10 3−−−− �environ)�est�en�excellent�accord�
avec� la� simulation,� avec�un�SMSR�de�33.2�dB� (contre�32.5�dB�calculé)� et�une�valeur�de� la�
bande�interdite�de�1.7�nm�(contre�1.8�nm�calculé)�à�la�longueur�d’onde�de�1545.1�nm.�Le�seuil�
expérimental� est� de� 20.5� mA.� Par� ailleurs,� la� section� en� biseau,� faiblement� confiné,� permet�
d’élargir� le� mode� transverse,� avec� une� divergence� qui� décroît� expérimentalement� de� 28°�
(section�droite)�à�15°�(pointe�du�biseau),�facilitant�le�couplage�avec�une�fibre�optique.��
�
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Figure�1��:�schéma�de�la�structure�étudié�
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II-�EFFETS�DE�PHASE�AUX�FACETTES�
�

Il� est� connu� que� les� effets� de� phase� aux� facettes� peuvent� apparaître� même� pour� de� faibles�
réflectivités.�Dans�ce�paragraphe,�l’étude�théorique�de�l’effet�des�différents�cas�de�phase�nous�
permet� de� prédire� une� valeur� de� traitement� minR � minimale� permettant� d’assurer�
l’homogénéité�des�composants.�L’écart�δ li�(i�=1�ou�2�selon�la�face)�entre�réseau�de�Bragg�et�
miroir�clivé�peut�être�décrit�par�une�phase�ϕ i =�π�δ li�/�Λ�comprises�entre�0�et�2π.�Sur�la�figure�
4,� nous� avons� simulé� à� 45� mA,� le� spectre� obtenu� pour� un� couple� de� réflectivité�
(((( ))))21, RR =(10 2−−−− ,10 2−−−− )� avec� différentes� valeurs� du� couple� ( ), 21 ϕϕ .� Une� dégradation� du�
spectre�peut�être�observé,�le�SMSR�calculé�subissant�une�perte�entre�entre�3�et�10�dB�selon�le�
cas�de�phase�étudié.�De�manière�systématique,�on�remarque�une�légère�exaltation�des�modes�
supérieurs,� observé� expérimentalement� pour�de� telles� valeurs� de� traitement.�Pour�de�petites�
variations�des�réflectivités�telles�que� )10,10(),( 33

21
−−−−−−−−≤≤≤≤RR ,�le�spectre�reste�inchangé.�Afin�de�

réduire� la� réflectivité� des� facettes,� des� lasers� ayant� un� guide� incliné� par� rapport� au� plan� de�

350�µm� 70�µm� 80�µm�

0.6�µm�1.75�µm� 0.2�µm�

���������������������Figure�2�(a)�:�spectre�théorique�à�45�mA����������������������Figure�2�(b)�:�spectre�expérimental�à�45�mA��
�
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clivage�ont�été�réalisés.�Sur�la�figure�5,�nous�montrons�les�spectres�expérimentaux�obtenus�sur�
une� barrette� de� neuf� composants.� L’ensemble� des� spectre� issus� de� cette� barrette� reste�
parfaitement�homogène.�En�outre,�le�SMSR�à�3�mW�est�de�l’ordre�de�44�dB�et�la�déviation�de�
la�longueur�d’onde�n’excède�pas�0.13�nm.�
�

Figure�4�:�spectres�théoriques�pour�deux�cas�de�phase�-�laser�AR/AR�pour� (((( )))) (((( ))))22
21 10,10, −−−−−−−−==== �RR �

�
�

Figure�5�:�spectres�expérimentaux�pour�9�lasers�consécutifs�AR/AR�à�3mW�avec�axe�incliné�
�

CONCLUSION�
�

La�technologie�des� lasers�à�contre-réaction�distribuée�est� très�dépendante�des�problèmes� liés�
au� phases� aux� facettes.� Une� nouvelle� structure� a� été� proposée� afin� de� s’affranchir� de� cette�
difficulté.� L’impact� des� effets� de� phase� aux� facettes� sur� les� différentes� caractéristiques�
spectrales�de� la�structure�a�été�étudié.�Nous�avons�montré�qu’il�existait�une�valeur�limite�du�
traitement� au-delà� de� laquelle� le� composant� est� fortement� sensible.� Afin� de� réduire� les�
réflexions� aux� facettes,� un� angle� a� été� introduit� entre� l’axe� du� composant� et� les� plans� de�
clivage.�D’excellent�résultats�d’homogénéité�entre�lasers�ont�ainsi�été�obtenus�conformément�
aux�prédictions�théoriques.��
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