Techniquefor fabricating complex structured fibers by
rolling of glass preforms

Zheng Gang Lian*, John A. Tucknott, Nicholas White, Limin Xiao, Xian Feng, David N Payne
and We H. Loh
Optodectronics Research Centre, University of Southampton, Southampton SO17 1BJ, United Kingdom
*Corresponding authozl4e09@orc.soton.ac.uk

Abstract: We propose a new technique for making opticalrfipeeforms in order to realize
complex structured optical fibers. The preforms falwicated by rolling up custom-patterned flat

glass sheets, and the resulting cylindrical streatiiawn into optical fibers.
OCIS Codes (060.2280) Fiber design and fabrication; (060.400&Erostructured fibers

1. Introduction

The last decade has seen a surge of intense initetbe design and application of complex optidatr structures
extending beyond conventional core-clad fibers. l&/much of this has been driven by the advent aftqtic
crystal fibers [1], developments in the realizatafBragg fibers [2] and optoelectronic fibers 8o highlight the
rich potential that can be unlocked from considgraomplex fiber designs. The emergence of thesasfibhas
already given rise to a range of new applicatimugh as efficient broadband (supercontinuum) géonar§d] of
light with spectral widths spanning overp2n, and high power infrared transmission [2]. Thesmcommon
technique for fabricating microstructured opticédefs is the stack-and-raw method, namely, assembbrge
number of hollow glass tubes (or capillaries) tbgetto form the preform, and then draw the combistedicture
into a fiber. However, the need to prepare andksdadarge number of tubes together can be very-tiomsuming to
properly assemble in order to achieve the desiptidal characteristic, due to the sensitivity ofj.ehe dispersion,
on the relative position of the holes. Alternatehtéques used to realize microstructured fibertu@ee drilling the
holes in a solid glass preform [5], or extrudingssl [6] through an appropriately machined die. dlth drilling
appears straightforward, the drilling of deep hateglass is also a time-consuming operation. Géasision is a
promising but complex technique; it requires veopd control of the glass temperature and pressuobtain the
needed uniformly throughout the extrusion procass, currently takes several hours to extrude a higtlity piece
30 cm or longer.

We present here a new method for fabricating coxmplass fiber structures that has some potentiediyy
interesting advantages. The approach can enalite fedpication of quite general microstructuredefib as well as
Bragg and optoelectronic fiber structures; moragaotng, it will be able to incorporate additiorfaktures into the
preform which are difficult to accomplish by prew® methods, such as helical and/or longitudinallyying
features in the preform. This new technique isdiljig up pre-patterned glass sheets into fibefopnes.

2. Concept

The basic concept behind the glass rolling technique is quite simple. By creating a pattern on a planar glass
sheet and then rolling the sheet up into a cylinder (not dissimilar to that of a Swiss roll), we would arrive at a
structured glass preform. As planar fabrication techniques are already well developed, our approach thus
relies on relatively mature fabrication processes except one — the glass rolling step, which is what we
demonstrate in this work. Compared with previously mentioned techniques, this approach could be fast, with
the ability to produce high quality features. Thus, for example, the patterning could be accomplished directly
with precision glass dicing saws - already used to mechanically create ridge waveguides in LiNbO3 [7] - to cut
grooves in the glass sheet in a matter of minutes.

Fig. 1 shows schematically the approach to falieamicrostructured fiber preform from a glass sHad~ig. 1(a),
a rectangular glass sheet is ready for cuttingraltidg. Grooves are cut using dicing saws on tigedurface of the
sheet (Fig. 1(b)). The depth and spacing betwegghiner grooves can be varied. The width of the gesacan also
be variable, depending e.g. on the thickness o$&laeblade. After the grooves are cut, the glasstsk heated and
rolled as shown in Fig. 1(c) and (d) to form awgkr. It is clear that the grooves in the origifta glass sheet are
now located at different layers within the cylindand act as air holes in the rolled fiber prefofne entire rolling
process typically takes no more than a few mintitesomplete, which could make this approach pédetity
attractive as a rapid prototyping technique fotimgsnovel microstructured fiber designs.



(d)

Fig. 1 Schematic diagrams of the glass sheet rolling podar making fiber preforms. (a) A flat glass ghéke)
grooves were cut on the surface of the sheethécit glass sheet is heated and rolled to forghirader and (d) the
rolled structured preform is obtained, with the grdoves forming as holes located between the tdgess.

3. Experiment and results

The glass we used to develop the process is bicaisil(Borofloat®33). Although the optical loss1&50nm of the
Borofloat glass is quite high (12dB/m), it is afoadable commercial glass and readily availableemsonable sized
sheets. Typical dimensions of the Borofloat gldssets used for rolling were 200mmx90mmx1.1mm. Gesov
were cut in the surface of the Borofloat glass shéth a dicing saw. The thickness of the saw blads 1mm; the
grooves are therefore 1mm wide as shown in Fig. &td (b). The spacing between adjacent grooves2wam
(centre to centre), which will yield a pitch of 2mimstructured preform. The depth of the grooves loa varied,
with deeper cuts resulting in larger holes in tinalffiber structure. The depth of the grooves harployed was
0.45 +0.05 mm.

Fig. 2 (a) Top view of grooves cut on the surface of tlhedoat sheet. The width of the grooves was 1mohtae
spacing between neighbor grooves was 2mm; (b) B&le of grooves on the Borofloat sheet; (c) crosstisnal
view of the rolled Borofloat preform; (d) SEM imaggthe cross section of the fiber drawn from thiéed preform.
The fiber diameter is 150n.

The glass sheet rolling process was carried oat iiasistance furnace. A pyrophyllite sheet wasallest at the
bottom of the furnace, upon which the Borofloatsglaheet was placed, with the grooves facing umvadmm
diameter ‘rolling pin’ made from glass sealing gllwas used as a mandrel for rolling the glass slidass sealing
alloy was chosen here because it has a thermahsigpacoefficient (4.81xI8K™ at 20-200°C) close to that of the
Borofloat glass (3.25x1% ™ at 20-300°C)[8]. The optimum temperature we found the rolling was 740°C,



which is lower than the Borofloat glass softeniegperature of 820°C [8]. The rolling process itsebik just 5
minutes. After rolling, the temperature was deaedas 525°C (the Jof Borofloat®33) for annealing (1 hour) and
then brought down to room temperature. Fig. 2(onshthe cross-sectional view of the rolled prefofime mandrel
has been removed, accounting for the 6mm holednctintre. The outer diameter of the preform is 16. fihe
grooves on the surface of the glass sheet showigi@(a) and (b) were well maintained in the cytiodl structure.
More layers to the preform can be obtained fromgi8inger glass sheets or stacking multiple glassts.

The rolled preform was pulled into fiber with diféat diameters, from @@n to 20Qum. A vacuum was applied to
the central hole during the fiber drawing to codlapt, to form a solid core. Fig. 2(d) is a Scagnilectron
Microscope (SEM) image of the cross section of @ s diameter fiber drawn from the rolled preform. THuid
core was slightly oval because the central hol¢ha preform did not symmetrically collapse durifg tfiber
drawing in this case. We note, however, that therfaces between the rolled layers have sealedalipleaving the
grooves to form holes in the fiber structure asrided.

Although the result described above was for a limgktglass sheet, we have investigated the rofiracess for
sheet thicknesses from 0.7mm to 2mm, and all tisbsets have also been rolled successfully intmdwyéal
structures. It is not difficult to see that forigell sheet length, a different glass thickness rgdult in a change to
the diameter of, and the size of the holes achieviabthe resulting preform.

4. Conclusion

A glass sheet rolling technique has been demoadtriatr fabricating structured fiber preforms. Mistwctured
fibers were drawn from the preform, with the desimmicrostructures maintained in the fiber. Althoutjte

demonstration here is with grooves cut into thesglsheet in the direction perpendicular to thectdae of the

rolling to show a ‘conventional’ microstructuredeform, it should be evident that more unusual $tires can be
obtained with this technique, e.g. with the groosesat an angle to the rolling direction, a spgtalcture will be
encapsulated in the cylindrical preform. In effettte rolling process can be viewed as a mapping feo 2-

dimensional (planar) structure to a 3-dimensiotralcture. As arbitrary planar patterns can be péaiiricated on a
glass sheet, e.g. through standard lithography etnld processes, these results should be of intéseghe

fabrication of a wide range of complex glass fis#ructures, including photonic crystal fibers, Byafipers,

optoelectronic fibers, nonperiodic fiber structydesgitudinally varying fibers, etc.
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