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Sometimes the simplest idea can have the biggest impact. Recently, researchers led by Professor Simon Fleming at the University of Sydney within the Australian Photonics Cooperative Research Centre had the idea to simply make the recently discovered ‘crystal’ or ‘holey’ fibers from polymer, rather than the glass that the pioneers in this new field had used previously.

So what are the benefits from making holey fibers out of polymer? Before we can answer that we should first discuss holey fiber technology itself. Holey fibers guide light in manner very different to traditional optical fibers. There are at least two means of light guiding in holey fibers – one where the refractive index profile is defined by the microstructure (the refractive index is simply the average of the fiber material and the local micro-holes), and the other, in which a true photonic bandgap is formed along the length of the fiber, which essentially traps light in the core. 
Standard optical fibers work by guiding light within the core of an optical fiber. This core is made of a material with higher refractive index than the surrounding cladding material. By these means light with sufficiently low angle of penetration is ‘reflected’ at the core-cladding interface, and hence guided in the core.
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Figure: A standard step-index optical fiber.

Microstructured Optical Fibers are constructed in a different manner to standard optical fibers. Instead of two materials in an optical fiber, the fiber is constructed from one material, interspersed with holes running contiguously along the length of the fiber. The changes in refractive index required to guide light are created by the differences between the refractive index of air in the holes and the material used to construct the fiber.
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Figure: A conceptual depiction of a simple microstructured optical fiber.

In microstructured optical fibers there are two recognised modes of operation. In the simplest form, the light in the optical fibers ‘sees’ the holes in the fiber simply as a modification to the average refractive index. Hence, the holes are so placed that, when averaged with the surrounding material, create the required refractive index profile. In these fibers the core of the fiber must have a high refractive index, and hence must contain no holes.

In a more complex Photonic Bandgap fiber, the hole structure is so designed so as to create a Photonic Bandgap. This is a material in which light cannot penetrate; physics tells us that in a bandgap structure there is no solution for the equations that define the existence of light waves. By creating a bandgap structure in the outer regions of an optical fiber, light is essentially trapped in the inner regions. Hence the core of the fiber can optionally be an air hole, which has the advantage of having very low optical loss.
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Figure: A typical design for a photonic bandgap optical fiber made from silica glass.
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An early example of a Polymer Microstructured Optical Fiber™
Since its invention by Philip Russell and colleagues, holey fiber has been widely touted as the future of optical communications. However, in the years since the original invention none have yet been deployed in commercial applications. The reason for this is that this is a very new technology, that is extremely difficult to make, and is being targeted at an industry of engineers who, being responsible for making Telecom systems that must last 20 years, are rightly sceptical of new technology.

However, as we said above, it has been difficult to manufacture glass holey fibers. Glass holey fibers are typically made by stacking bunches of high purity silica tubes together, and then drawing down this stack into a fiber. Since the processing temperature of glass is a relatively high 1800 C, this process is difficult to control. It has also limited the type of structures that can be made, since tubes of glass can only be stacked in a few ways.

That said, the potential of holey fibers is so great that it is destined to find mainstream and niche applications in Telecom systems, in both transmission and fiber-component applications. One of the main reasons for this is that in the long haul segment of Telco networks there is a move towards 40 Gbps data transmission rates. We expect that data rates will continue past this to 160 Gbps by the end of this decade. These high data rates provide technical challenges for today’s transmission fiber and fiber components, that can only be addressed by novel technology, and particularly microstructured optical fibers.
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A PMOF™ pre-form

So back to Polymer Microstructured Optical Fibers™ (PMOF™). The breakthrough was in realising that the advantage of holey fibers was the optical design, and that making them in glass was limiting these designs, simply by restrictions resulting from the manufacturing process. However, the processing of polymers into holey fibers can be achieved by a number of proprietary & novel routes that allows the production of virtually any hole structure, with any distribution of holes, and with holes that are not necessarily circular. This immediately paves the way for a huge number of new applications (described below).

It doesn’t stop there. As it turned out polymers are ideal for the manufacture of holey fibers. Apart the from the ease of using polymer to make pre-forms with holes in them, it turns out that polymers are ideal for drawing into fibers, whilst maintaining the hole structure. This should not come as a surprise, since polymers are known for their advanced processing properties in industries as diverse as textiles, membranes and high tensile specialty fibers for composite materials. 

Fortunately, standard optical fibers are also made in polymer, so a range of useful polymers for PMOF™ was readily available, e.g. poly(methylmethacrylate). These polymers have been fine-tuned for optical applications over the last three decades, and have low attenuation of light, whilst maintaining good physical properties.
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A pre-form with multiple fiber cores containing ring-structures.

We now also realize that making holey fibers out of polymer has opened up a new chapter in polymer materials for optical fibers. The basic set of properties for polymers in optical fibers is that they be optically clear, tough and durable. With the new freedom of making fibers from a single polymer material (a material profile is not required in Polymer Microstructured Optical Fibers™), we can make polymer optical fibers with additions of any atoms, molecules or dispersed phases – this leads to a lot of opportunity.

For Polymer Microstructured Optical Fibers™, immediate opportunities exist in transmission of light and fiber components, where fibers with micro-holes along the length may replace standard optical fiber that is used today.

An example is short-haul transmission (sub-300 m). At very high data rates copper needs regeneration over these distances and optical fiber technology is required. Today’s optical solution is multi-mode graded-index glass or polymer fiber. Multi-mode fiber provides the high data rates, together with large cores, which enable low installation costs (ease of connectivity). In order to get the high data rates these multi-mode fibers must be graded-index, and it is this fact that makes these fibers relatively expensive in both glass and, especially, in polymer. We believe that effective graded index multi-mode fiber can be manufactured in Polymer Microstructured Optical Fibers™ as simply and cheaply as a step-index polymer optical fiber, whilst maintaining all the superior attributes of polymer optical fiber compared to glass optical fiber (rugged, low cost installation, low cost visible light sources and receivers).

One of the more exciting possibilities is an air core for access networks, where the light is trapped in the air core of the fiber by the hole structure and transmitted through this air core. Fibers made like this would have incredibly low attenuation, even at high optical power. The potential impact on the deployment cost of optical networks is immense, since it allows the transmission of much more light down a single fiber, with little dispersion and many fewer repeaters and regenerators. With an air-core it is much simpler to upgrade the capacity of an existing optical fiber network, i.e. add wavelengths and increase the optical power being sent down an optical fiber. These activities are normally extremely curtailed by material properties.

There have also been suggestions of a range of potential applications in fiber optic components. These devices are involved in the transmission, switching, receiving and grooming of light signals in optical networks.  One immediate possibility is dispersion compensation fiber. This fiber effectively corrects for the wavelength-dependent spread of velocities of light. By doing so it stops bits spreading out into neighbouring bits, and hence enables receivers to operate at higher bit rates. The fundamental property of dispersion compensating fiber is that is has different material structure and effective area than transmission fiber, such that, with respect to the velocity at each wavelength, it has the opposite effect on light as transmission fiber.

As networks progress towards 40 Gbps and beyond, the need for dispersion compensation accelerates. Various solutions are being explored, such as Bragg gratings. However, dispersion compensating fiber remains the solution of choice. 

PMOF™ offer a potential solution not available by any other means, and that is the ability to create complex and high contrast refractive index profiles. This enables the production of fibers with very high dispersion slopes, large affective areas and small bend radii (required for the placement of fiber in small footprint modules). PMOF™ also allows the use of polymers with a wide variety of dispersion slopes. PMOF™ also offers the possibility of low cost dispersion compensating modules with tune-ability, by mechanical or thermal means.

Outside of telecommunications, we have identified many opportunities in PMOF in markets as diverse as illumination, defence, medical and sensor applications. 

Contact Address:

Dr Ian Maxwell

Suite 212 National Innovation Center

Australian Technology Park 

Eveleigh NSW 1430

Australia







