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Introduc)on	
  

Numerical	
  design	
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   Conclusions	
  

We	
   propose	
   a	
   novel	
   approach	
   to	
  
pulse	
  shaping	
  using	
  	
  phase-­‐modulated	
  
fiber	
   Bragg	
   gra)ngs	
   (FBGs)	
   in	
  
transmission.	
   This	
   enables	
   the	
  
s imp l i fi c a)on	
   o f	
   t h e	
   d e v i c e	
  
fabrica)on.	
   	
   while	
   retaining	
   the	
  
substan)al	
   advantages	
   of	
   FBGs	
   in	
  
transmission.	
  

Examples	
  and	
  results	
  

•  No	
  op)cal	
  circulator	
  or	
  addi)onal	
  element	
  
•  Typically	
  op)mal	
  energy	
  efficiency	
  	
  
•  Phase	
   response	
   is	
   less	
   sensi)ve	
   to	
   gra)ng	
  

fabrica)on	
  errors	
  	
  
	
  

•  The	
   coupling	
   strength	
   remains	
   basically	
  
uniform	
  in	
  the	
  gra)ng	
  

•  The	
   phase-­‐modula)on	
   profile	
   can	
   be	
  
directly	
   encoded	
   on	
   a	
   phase	
   mask,	
   and	
  
therefore	
  has	
  very	
  high	
  reproducibility.	
  	
  

When	
  all	
  of	
  this	
  is	
  considered,	
  the	
  use	
  of	
  phase-­‐modulated	
  FBGs	
  in	
  transmission	
  appears	
  
to	
  be	
  a	
  very	
  aKrac)ve	
  solu)on	
  for	
  pulse	
  shaping.	
  

Preliminary	
   experimental	
   results	
  
from	
  fabricated	
  FBGs	
  

A	
   numerical	
   op)miza)on	
   algorithm	
  
calculates	
  the	
  gra)ng	
  modulated	
  phase,	
  
or	
  equivalently	
  Λ(z),	
  in	
  order	
  to	
  obtain	
  a	
  
spectral	
   response	
   in	
   transmission	
   that	
  
aKempts	
   to	
   beKer	
   approach	
   the	
  
ob jec)ve	
   spect ra l	
   response	
   in	
  
transmission	
  	
  in	
  terms	
  of	
  least	
  minimum	
  
squares	
  over	
  a	
  desired	
  bandwidth.	
  	
  

Preliminary	
  experimental	
  in	
  good	
  agreement	
  with	
  the	
  theore;cal	
  and	
  numerical	
  results	
  

Saw-­‐tooth	
  

Parabolic	
  

Flat-­‐top	
  

The	
  designed	
  gra)ng	
  structure	
  was	
  fabricated	
  with	
  the	
  UV	
  laser	
  
direct-­‐wri)ng	
  system	
  	
  
•  Gra)ng	
  created	
  pitch-­‐by-­‐pitch.	
  	
  
•  Hydrogen-­‐loaded	
  photosensi)ve	
  fiber	
  
•  Stabilized	
  by	
  annealing	
  at	
  80ºC	
  for	
  60	
  hours	
  

The	
  temporal	
  results	
  are	
  obtained	
  from	
  experimental	
  measured	
  
spectral	
  responses	
  of	
  the	
  fabricated	
  FBGs,	
  which	
  phase	
  was	
  
numerically	
  recovered	
  by	
  using	
  the	
  Hilbert	
  transform	
  rela)on.	
  A	
  
Gaussian	
  pulse	
  with	
  7-­‐ps	
  input	
  was	
  assumed.	
  

As	
  examples	
  we	
  design	
  six	
  phase-­‐modulated	
  FBGs	
  in	
  
transmission	
  for	
  several	
  waveforms	
  genera)on.	
  	
  
(a)  40-­‐ps	
  flat-­‐top	
  pulse	
  shaper.	
  
(b)  40-­‐ps	
  saw	
  tooth	
  pulse	
  shaper	
  	
  
(c)  80-­‐ps	
  dark	
  parabolic	
  shaper	
  
(d)  40-­‐ps	
  bright	
  parabolic	
  shaper.	
  
(e)  80-­‐ps	
  double	
  saw-­‐tooth	
  pulse	
  shaper	
  type	
  I.	
  
(f)  80-­‐ps	
  double	
  saw-­‐tooth	
  pulse	
  shaper	
  type	
  II	
  


