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Self-assembly is a promising technique for fabricating three-dimensional photonic crystals due to the relative simplicity
of the fabrication process and the ability of the finished structure to possess a full photonic bandgap [1]. Self-assembly
involves taking a sample of uniformly sized microspheres and providing conditions in which they will arrange
themselves periodically. Self-assembled photonic crystals are often called opals due to their similarities to the natural
gemstone.

It has been shown that self-assembled photonic crystals can be grown around curved surfaces, provided that the
curvature of the surface is much larger than that of the spheres [2]. In [2], Kitaev et al. were able to grow an opal
structure around a silica optical fibre and show a uniform bandgap at all radial angles with respect to the core. This was
proposed as being a prelude for new type photonic bandgap fibre, though the paper did not include any demonstration
of this effect. For the first time, we have demonstrated bandgap guiding in the cladding of an opal encapsulated fibre,
proving that the concept can be realised.

A scanning electron microscope image of the opal clad fibre we fabricated (using 240nm polystyrene microspheres) is
shown in Figure 1(a).The spectrum in Figure 1 (b) shows the transmission of a white light source through the opal clad
fibre. The transmission has been normalised to the case in which the voids of the opal have been filled with a liquid,
destroying the index contrast and hence the bandgap effect. An increase in transmission is observed for wavelengths
between 420nm and 520nm. We have shown that this corresponds to the position of the photonic bandgap for the angles
at which the light is able to interact with the photonic crystal (i.e. at or above the local critical angle). This demonstrates
that the opal is able to increase the confinement of light in the fibre at wavelengths within the bandgap, while having no
effect on other wavelengths.
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Figure 1: (a) SEM image of a polystyrene opal grown around a single mode optical fibre (SMF-28). Sample shows
good uniformity with approximately 10 layers. (b) Relative transmission spectrum of a white light source down the

fibre. We can see an increase in transmission for wavelengths corresponding to the opal bandgap.

References
1. K. Busch and S. John, "Photonic band gap formation in certain self-organizing systems", Physical Review E

58(3), p. 3896-3908 (1998).
2. V. Kitaev et al, "Colloidal photonic crystal cladded optical fibers: Towards a new type of photonic band gap

fiber", Optics Express 13(17), p. 6454-6459 (2005).

IO


