
HAL Id: jpa-00227969
https://hal.science/jpa-00227969

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

1.5µm PHASE SHIFTED DISTRIBUTED FEEDBACK
LASER

M. Gilleron, J. Charil, D. Lesterlin, P. Correc, J. Bouley

To cite this version:
M. Gilleron, J. Charil, D. Lesterlin, P. Correc, J. Bouley. 1.5µm PHASE SHIFTED DIS-
TRIBUTED FEEDBACK LASER. Journal de Physique Colloques, 1988, 49 (C4), pp.C4-337-C4-339.
�10.1051/jphyscol:1988471�. �jpa-00227969�

https://hal.science/jpa-00227969
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 
Colloque C4, suppl6ment au n09, Tome 49, septembre 1988 

1.5wm PHASE SHIFTED DISTRIBUTED FEEDBACK LASER 

M. GILLERON, J. CHARIL, D. LESTERLIN, P. CORREC and J.C. BOULEY 

Centre National dd'Etudes des TBlBcommunications, Laboratoire de 
Bagneux, 196 ,  Av. Henri Ravera, F-92220 Bagneux, France 

RCsumd - Nous p r e s e n t o n s  l a  conception, l a  technologic d e  fabr ica t ion e t  l e s  
p ropr id tds  d'Cmission d e  l a s e r s  ii contre-rCaction d i s t r ibude  d6phas0e. L'utilisation 
d'un r u b a n  d e  l a r g e u r  non uniforme condu i t  B u n  p o u r c e n t a g e  plus  dlevd d e  
fonct ionnement  monomodal. 

Abs t r ac t  - We p r e s e n t  t h e  des ign ,  technology a n d  l a s ing  p rope r t i e s  of phase-shi f ted  
d i s t r ibu ted  f eedback  l a se r s .  The u s e  of a non-uniform width s t r i p e  l eads  t o  a h i g h e r  
pe rcen tage  of single-longitudinal-mode operation. 

GaInAsP/InP d i s t r ibu ted  f eedback  (DFB) l a s e r s  a r e  a t t r a c t i v e  l i g h t  s o u r c e s  f o r  
long-haul,  h igh  bi t - ra te  opt ica l  f i b r e  t ransmiss ion sys tems.  I n  o r d e r  t o  improve t h e  s ingle-  
mode operat ion yield,  many s t r u c t u r e s  h a v e  been proposed /1,2,3/ t o  i n t r o d u c e  a n  op t i ca l  
phase-shi f t  i n s ide  t h e  cav i ty  t o  remove t h e  wavelength  d e g e n e r a c y  a n d  s u p p r e s s  t h e  
wavelength  dependence  on t h e  f a c e t  posit ions usual ly  obse rved  in  t h e  convent ional  DFB 
l a se r s .  I n  t h i s  pape r ,  we p r e s e n t  t h e  technology a n d  p rope r t i e s  of a 1.55pm Phase-Shifted 
Buried Ridge S t r i p e  (PS-BRS) l a s e r  eas i ly  obta ined b y  a d j u s t i n g  t h e  opt ica l  wave propagat ion 
c o n s t a n t  with a longi tudinal ly  non-uniform s t r i p e  width. 

PHASE SHIFT REGION 

Fig. 1: Schematic view of t h e  1.5~m Fig. 2: SEM pho tograph  of t h e  p h a s e  s h i f t e r  
Phase-Shifted Buried Ridge S t r i p e  laser .  before  t h e  second epitaxy. 

The PS-BRS l a se r ,  de r ived  from t h e  BRS s t r u c t u r e  / 4 / ,  i s  schematically shown i n  
Fig. 1. The l a s e r  r epor t ed  h e r e  has  been en t i r e ly  g rown  by Liquid Phase  Epitaxy (LPE). 
F i r s t ,  a n-InP buf fe r  l aye r ,  a 1.5ym GaInAsP ac t ive  l a y e r  a n d  a 1 .37~m GaInAsP gu ide  l a y e r  
were  success ive ly  grown b y  two-phase LPE. Then, a Znd o r d e r  g r a t i n g  was chemically e t ched  
i n t o  t h e  gu ide  l a y e r  a n d  a non-uniform width s t r i p e  se lec t ively  e t ched  i n t o  t h e  ac t ive  a n d  
gu ide  l a y e r s  (Fig. 2). Finally, s ingle-phase ,  low-temperature  LPE was used t o  ove rg row t h e  
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b u r y i n g  p-InP a n d  .the con tac t  p+-qua te rna ry  l aye r s .  GaAs protect ion c o v e r  was used 
r e d u c e  t h e  g r a t i n g  deformation l ikely  t o  occur  d u r i n g  t h e  heat ing period pr ior  
overgrowth.  Classical technologies  were  used t o  obtain 300pm-long l a s e r  chips .  
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Fig. 3: Calculated re la t ionship  between t h e  phase  s h i f t e r  l e n g t h  L p  a n d  t h e  s t r i p e  width 
widening (na r rowing)  of t h e  s t r i p e  A W .  

The wider s t r i p e  region of width W e  and  l e n g t h  L ~ 5 0 p m  a c t s  a s  a p h a s e  sh i f t e r  a n d  
h a s  been des igned  t o  p roduce  a n /2 -phase  s h i f t  /1,3/. The nominal s t r i p e  width of t h e  mask 
i s  2pm but ,  because  of unde re t ch ing ,  t h e  a c t u a l  uniform s t r i p e  width W g  is 1.8pm. To avoid 
paras i t ic  ref lec t ions  a t  t h e  e n d s  of t h e  phase  sh i f t e r ,  t a p e r e d  r eg ions  were  in t roduced  t o  
connec t  it smoothly t o  t h e  uniform reg ions  a n d  t h e  widening of t h e  s t r i p e  A W = W p  - W g  was 
s e t  t o  lpm. Fig. 3 shows t h e  calculated re la t ionship  between t h e  p h a s e  s h i f t e r  l e n g t h  L p  a n d  
t h e  widening (na r rowing)  of t h e  s t r i p e  AW. We notice t h a t  L p  is r a t h e r  sens i t i ve  t o  W g  . For 
example, if, because  of excess ive  e tching,  W g  d e c r e a s e s  from 1.8 t o  1.5pm, t h e  optimum p h a s e  
s h i f t e r  l e n g t h  d e c r e a s e s  from 50 t o  35 pm a n d  a 5Oym-long p h a s e  s h i f t e r  des igned  f o r  
W61.8pm a n d  A W =  lorn w i l l  p roduce  a t o t a l  phase-shi f t  of 0 .7n.  Hence, t h e  l a s ing  p rope r t i e s  
of t h e  r e su l t ing  l a s e r s  w i l l  b e  seve re ly  degraded .  

3-LASING CHARACTERISTICS 
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Fig. 4: Typical  l i g h t - c u r r e n t  cha rac te r i s t i c s  Fig. 5: Sub- a n d  above- threshold  s p e c t r a  of a 
of a PS-BRS. PS-BRS l a s e r  with a n  ant i - ref lec t ion coated 
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Fig. 4 shows t h e  l i gh t - cu r ren t  cha rac te r i s t i c s  of 12 unselected l a s e r s  measured from 
t h e  same cleaved bar.  Threshold  c u r r e n t s  r a n g e  between 40 a n d  50 m A .  Almost 90% of t h e  
mounted l a s e r s  exhibi ted  CW s ing le  long i tud ina l  mode (SLM) operat ion with a s ide  mode 
suppress ion  ra t io  g r e a t e r  t h a n  30 dB. 

Fig. 5 shows  typ ica l  sub -  a n d  above- threshold  s p e c t r a  of a PS-BRS l a s e r  with a n  
anti-reflection coated f r o n t  facet .  Above th resho ld ,  t h e  l a s e r  exh ib i t s  mode hopping f r e e  SLM 
operat ion u p  t o  t h e  opt ica l  power sa tu ra t ion  d u e  t o  t h e  c u r r e n t  l eakage  of t h e  BRS 
s t r u c t u r e .  SLM operat ion is a lso  obse rved  with a main mode a n d  s ide  modes located 
symmetrically t o  t h e  main mode. This symmetry  demons t r a t e s  t h e  e f f ec t  of t h e  phase  s h i f t e r  
on mode selection a n d  val idates  t h e  s t r i p e  des ign.  

We have  r epor t ed  on t h e  des ign,  technology a n d  l a s ing  cha rac te r i s t i c s  of PS-BRS 
l a se r s .  We h a v e  experimentally obse rved  t h a t  t h e  pe rcen tage  of SLM operat ion is h i g h e r  f o r  
s u c h  l a s e r s  t h a t  f o r  convent ional  l a s e r s  with uniform width s t r ipes .  
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