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Abstract: Ultrafast lasers can induce localised refractive index changes in a wide range 
of glass types and geometries. The challenges and developments in direct-writing of 
Bragg components in bulk and fibre glass forms will be presented. 
 
Summary: 
In 1996 it was first shown by Davis et al [1] that tightly focused output beams from a 
femtosecond pulsed laser could modify the optical properties of silica glass. In particular, 
femtosecond laser irradiation was reported to induce refractive index changes between 
0.01 and 0.035 in pure and Ge-doped silica. Even in this seminal work the authors were 
quick to recognize the possibilities for using laser direct write methods for inscribing 3D 
lightwave circuits in bulk glass that would challenge conventional planar waveguide 
based optical processors. This technology has also been applied to a wide range of glass 
types and geometries (both fibre and planar). In the last 5 years the number of research 
groups working in this field has risen significantly, coinciding with the ready, 
commercial availability of femtosecond lasers. These groups currently span the US, UK 
Germany France, Italy, Spain, Canada, Lithuania, Korea, Japan, Singapore, China and 
Australia. The body of effort in this field is reminiscent of the significant international 
efforts developing silicon processing methodologies during the 70’s, reflecting the high 
stakes involved.  
 
A driving factor behind research in this field is the pursuit of a single fabrication platform 
that can produce the key components for integrated photonic devices (namely low loss 
waveguides, gratings for wavelength discrimination and signal division via splitters and 
couplers) in both passive and active glass hosts. In contrast to successful demonstrations 
of low loss waveguides and splitters, Bragg gratings written with ultrafast laser direct 
write techniques have only recently been realised in fibres [2] and bulk samples [3,4]. In 
this presentation we will review research regarding ultrafast laser direct-writing of Bragg 
–glass photonic devices. New results including demonstrations of high fidelity waveguide 
Bragg gratings in bulk material and the development of high power fibre lasers with 
intra-active core gratings will be presented. In addition, the challenges and limitations to 
inscribing gratings in micro-structured optical fibre will be discussed. 
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