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Abstract: The effect of the cladding region on coupling side-launched light into the core of 
photonic crystal fiber is studied experimentally and using a multipole computer model. The 
implications on grating writing in PCFs are discussed. 
©2007 Optical Society of America. 
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Photonic crystal fibers (PCFs) are of significant interest in the field of photonics. Often it is desirable to combine the 
unique modal and propagation properties of these fibers with grating structures to increase their functionality[1]. 
There are several reports of UV written Bragg grating structures [2, 3] having been inscribed in such fibers. 
Fabricating these optically induced gratings in PCF presents a unique challenge in that the microstructured region 
serves to scatter the light incident on the fiber reducing the intensity in the (often weakly photosensitive) fused silica 
core. Consequently writing gratings in PCF requires long exposure times or complex steps such as tapering the fiber 
to collapse the air holes. We have investigated the effect of fiber rotation on side coupling UV laser light into the 
core of a PCF with the aim of reducing grating writing times. By studying the photoluminescence (PL) from the 
fiber core in a grating writing geometry it is clear that there exist preferred angles of approach to the hexagonal 
holey lattice. Computer modeling of the scattering within the holey fiber lattice closely replicates these findings and 
demonstrates that selecting the correct PCF rotational angle is critical for enhancing the coupling of light to the fiber 
core. 

Measurements of side coupling to the fiber core under conditions of changing rotational incidence angle were 
achieved though the use of two fiber optic chucks that had a short piece of ESM-12-01 PCF (Crystal Fibre) threaded 
through them. This allowed the fiber to be rotated from one end and observed at the other without linear movement. 
The red 1.9 eV PL band observed when fused silica is exposed to ultrafast UV laser light [4] was used as the metric 
of side coupling and the PL signal generated by the UV light coupled into the core was measured using a 
microscope objective based CCD beam profiling system. Frequency tripled (267 nm) light from a 800 nm 120 fs 
laser was cylindrically focused into the fiber core using the system described in [3] with the phase mask removed. 
The measured PL signal was measured at 5° intervals and was observed to have the expected 60° repeating cycle 
with a reflection about the midpoint. These data are presented over a reduced interval of 180° in Fig. 1 alongside the 
numerical model data, both sets of data are field intensity averaged over the whole of the core region. 
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Fig. 1. PCF core photoluminescence intensity and multipole model core field intensity as a function of PCF axial angle. 

The model used in this study is based on the foundations of a multipole method developed [5, 6] for the 
calculation of leaky modes in microstructured optical fibers (MOFs). The implementation of a 2D in-plane multipole 
model allowed calculation on the fine grid that is required due to the large structure and short wavelength properties 
of the problem and where conventional tools based on finite element or finite difference methods would be 
prohibitively cumbersome and slow. The model considers a cladding containing air holes arranged in an arbitrary 
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pattern outside which there exists a source located in an infinite medium. Inside the cladding, the field is expressed 
in a Wijngaard expansion  
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the first term of which represents outgoing waves sourced on each cylinder l  centered at lr , and the second of 
which represents the standing wave field that is sourced at the cladding boundary and which is incident on each of 
the cylinders. In the near vicinity of cylinder l , the field is represented in a local expansion which comprises 
outgoing waves from that cylinder (given by the l’th term of first expression in (1)) and the regular part of the local 
field which is written in the form ( ) ( )arg linl

n n ln
A J k e −−∑ r rr r . This regular part is sourced by radiation that is 

outgoing from all other cylinders and incoming from the cladding boundary, a construct that leads to the field 
equation. Combining all of the equations in a matrix notation and denoting by A  a partitioned vector of multipole 
coefficients lA , and similarly for B , A  can be expressed as 0 0L= +A HB J A , in which H  and 0LJ  perform the 
necessary changes of basis. The outgoing fields at each cylinder B  are regarded as reflections of the incoming fields 
Α , i.e. =B RA , while the field sourced at the interior boundary 0 0'= +Α R B TQ , i.e. a reflection of the sum of all 

outgoing fields within the cladding ( 0 0L=B J B ) and a transmission of the exterior sources, which immediately 
exterior to the cladding boundary is expressed by the multipole expansion ( ) ( )arg lin

n n ln
Q J k e −−∑ r rr r . In the case 

considered here, we model the source by a Gaussian beam and then express this in the global coordinate system to 
obtain the source coefficients Q . This approach renders a system of linear equations for the multipole coefficients  

 ( ) 10 0 0'L L L−
= − −B I RH RJ R J RJ TQ  (2) 

from which the field can be reconstructed everywhere. In the examples considered in this paper, there are up to 
9,000 unknowns since the short wavelength requires the use of large numbers of terms in the multipole series. 
Example field intensity plots from the model are shown at two PCF angles in Fig. 2; integration of the intensity over 
the core region when incident at a range of angles yields the data presented in Fig. 1. 

 
 (a) (b) 

Fig. 2. Intensity plots calculated at an angle (a) that poorly couples to the fiber core, (b) that exhibits near optimal coupling to the fiber core 

The use of a multipole model to verify experimental observations of preferred core coupling PCF rotation 
angles illustrates the importance of correctly selecting the angle of incidence in a PCF grating writing geometry. The 
PL signal from the core of the PCF provides a suitable metric to optimize this angle and reduce grating writing times 
in cylindrical focusing geometries. 
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