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The GRATING project, a project funded under the Marie Curie International Incoming Fellowship Scheme, aims to inscribe novel gratings, including fibre Bragg gratings (FBGs) and long period fibre gratings (LPFGs), in hollow-core photonic bandgap fibres (PBGFs) to develop a new generation communication and sensing devices, opening the door to a new class of grating-based devices in hollow-core PBGFs. Because almost 100% of the light propagates in the air holes of the PBF and not in the glass, hollow-core PBGFs represent an important platform for the development of novel grating-based devices, offering potentially enhanced properties for applications in telecommunications, lasers and sensing.
The objectives of the project as originally written were to:

· To develop theoretical models for FBGs and LPFGs in hollow-core PBGFs to investigate mode-coupling mechanisms in such gratings. 
· To demonstrate novel techniques for inscribing FBGs and LPFGs in hollow-core PBGFs. Since the required index modulation cannot be directly induced in the air core of PBGF, completely different approaches will be demonstrated to inscribe gratings in such fibres. 

· To investigate communication applications of the gratings with the aim of developing novel in-fibre communication devices such as tuneable filters, polarisers, optical switches, and dispersion compensators.

· To investigate sensing applications of the gratings with the aim of developing smart sensing elements, especially gas, biochemical, and biophotonic sensors, with high sensitivity and short response time.

· To fill thermo- or electro-optic polymers or other advanced materials into air holes/core  of PBGF before or after inscribing FBG/LPFG to develop further sensing and communication devices with the aim of demonstrating industrial applications.
In the first year of the project work focussed on developing several LPFG writing set ups and the following results were achieved:

1. A promising high performance LPFG writing system using a CO2 laser and the point-to-point writing technique with a user friendly interface was developed. 
2. High-quality LPFGs were successfully written in various types of optical fibre using the CO2 based system. The quality of gratings written was comparable with the current state-of-the-art for point writing systems thereby validating the basic approach used. 

3. Periodic tapering and grating writing in soft glass fibres using the CO2 laser system was investigated. 
4. We developed a novel intensity-measurement bend sensor based on a periodically-tapered all-solid soft glass fibre which exhibits a high sensitivity of −27.75 W/m-1 and a low measurement error of down to ± 1%. 
5. We developed a versatile grating writing system based on the use of a femtosecond laser, again adopting a point-to-point writing technique and used this to write LPFGs in conventional optical fibres (e.g. Corning SMF-28) using the 1030 nm fundamental beam as well as its 4th harmonic. 
During the second year of the project work we concentrated on trying to write LPFGs in an air-core 19-cell PBGF in accordance with the initial project objectives. The work focused primarily on using the 1030 nm infrared femtosecond laser set up since it did not prove possible to reliably make grating structures of the required uniformity and pitch with the CO2 based system. Unfortunately, despite major improvements in the femtosecond system set up, and the development of different beam alignment and measurement procedures, we did not succeed to write grating structures within PBGFs before the end of the incoming project phase. We have identified two likely reasons for this as discussed below. 
Since the fundamental mode is guided in air in a PBGF in order to write a LPFG it is necessary to change the refractive index in the inner glass wall of the PBGF to modulate the effective index experienced by light propagating in the core. Moreover, the index change needs to be large given the low modal overlap with the inner glass wall.  However, whilst we managed significant refractive index changes in bulk silica at high laser intensities, as evidenced by the fact we were able to write good gratings in both SMF and solid core photonic crystal fibres, it proved impossible to induce sufficiently strong refractive index changes in the glass walls of the PBGF. One reason for this was that the thin glass walls of the PBGF appeared to have a significantly lower damage intensity threshold than the bulk glass.  Moreover this threshold appears to be close to, or even lower than, that required to induce a large refractive index change in the bulk glass, making the search for the optimum intensity and associated writing conditions extremely challenging. Moreover, it is even more challenging to accurately focus the laser beam onto the core of the PBGF due to the large number of air/silica interfaces. Most of the PBGFs investigated had 8 rings of holes, meaning that the laser beam has to go though 16 air/silica interfaces before hitting the core ring. Each interface can induce beam distortion and the cumulative effect of 16 interfaces significantly distorts the laser beam. Repeatability issues associated with accurately aligning the fibre core to the laser beam during the scan also proved a problem.

Our proposed solution is to employ a Ge-doped air-core PBGFs with a photosensitive inner core ring and to use a femtosecond UV laser to write a grating in this ring. Unfortunately, making such fibres is hugely challenging and a suitable air-core PBGFs with a photosensitive ring is currently unavailable (only prototype samples were available to us in year 2 of the project). The researcher plans to further develop this type of photosensitive air-core PBGF in the return phase of his Fellowship at Harbin Engineering University and will try and write gratings in air-core PBGFs by use of a two-dimensional laser beam scanning system which should reduce the beam alignment tolerances. Until these problems are overcome and gratings are produced the application development aspects of the project will need to remain on hold.
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