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Abstract: Based on 3D printing technology, multi-core doped silica optical fibre has been
fabricated. The demonstration heralds a new fibre manufacturing milestone one that enables
the design of fibres not previously feasible. ©2020TheAut
h
o
r
(
s
)
1. Introduction
3D printing technology has significant advantages over traditional manufacturing methods. It increases design
freedom for the allowance of complicated 3D geometries, faster prototyping, lower processing costs for small
production volumes, more efficient material usage, the capability to manufacture parts from functionally graded
materials and more. It has become a disruptive technology that is revolutionizing many areas from
manufacturing, science and engineering to medicine and the arts. In optical fibre work, air-structured and step
index polymer optical fibres have been produced using 3D printing [1,2]. Recently, a team in Germany reported
the use of direct light projection to print small 3D glass objects with silica ink [3]. Such 3D silica lithography
was proposed for future optical fibre manufacture [4]. On this basis, the world's first 3D printed single-mode
and multimode silica fibres have recently been demonstrated [5]. Here, the design and fabrication of multi-core
doped silica optical fibres by 3D printing using direct projection lithography (DLP) is evaluated.
2. Fabrication of 3D Printed Silica Optical Fibres
The fabrication process of 3D printing step index silica preform and fibre has been schemed in Fig. 1. AutoCAD
software was used to design the preform. Given to the design freedom of 3D printing, arbitrary preform designs
can be created that cannot be done by traditional fabrication means. Standard designs are also possible for
structured optical fibres such as 2, 3 and more ring-microstructured preforms and hollow core preform [6, 7].
For our work, 3D printing ink consisting of silica nanoparticles Aerosil OX50 (Evonik) and photocurable
organic supports (monomer, cross-linker and, photoinitiators from Sigma Aldrich) was prepared. A 3D
lithography commercial UV printer was used to build the cladding preform layer by layer. Subsequently, the
preform core was doped with GeO2 and TiO2 and thermally consolidated in the oven. In this step, active dopants,
like Er2O3, Yb2O3, Bi2O3, ErCl3, etc. can also be introduced to extend the functionality of the fibre. One example
is the Bi/Er co-doped optical fibre drawn from 3D printed silica preform, which gives out the typical emission at
 = 1430 nm for bismuth active centres and 1530 nm for the Er3+ ions [7, 8]. After preform consolidation, the
organic carrier has been removed by thermal treatment of five stages in a furnace. This produces a sintered
porous 3D printed silica preform. The sintered preform is inserted into a Heraeus F300 quartz tube, ready for the
fibre drawing. The tube was sealed at the bottom end to allow pressure control during fibre drawing.

Fig. 1. Schematic flowchart of the fabrication of 3D printed optical fibre.

The 3D printed preform was mounted on the feeder of the fibre draw tower where the top end was
connected with vacuum pump via a buffer tank. The pressure inside the tube was maintained P ~ 50 mbar. To
get rid of the humidity adsorbed by the materials, the drying process was performed at T = 820 ºC at P ~ 50
mbar for several cycles. The temperature was increased to Td = 1860 ºC to melt the preform and start the
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drawing automatically. When the fibre is thinner to the requirement, the UV coating was applied to protect the
bare fibre. By further adjusting drawing temperature Td, preform feeding rate vf, and fibre drawing rate vd, a
series of the 3D printed silica fibres have been drawn with a maximum drawing length L ∼ 2.3 km.
Fig. 2 show the cross-section images of three 3D printed silica fibres drawn with different conditions. Seen
from Fig. 2, the dimensions varied with the drawing conditions. All the fibre cores display a similar oval shape
with good guidance property. By comparing the location along the drawn fibre, the 3D printed optical fibre is
found to have very good consistency up to L > 500 m. In addition, the transmission of 633 nm light in 2 m of 3D
printed fibre is shown in Fig. 2(d). It indicates good quality waveguide structure of this 3D printed optical fibre.

Fig. 2. The cross-section images of three 3D printed silica fibres drawn with different conditions (L - m, Td - ºC, vf mm/min, vd - mm/min): (a) 0, 1854, 0.50, 11.0; (b) 358, 1890, 0.61, 19.0; (c) 553, 1885, 0.55, 19.1. The scale is 20 μm.
(d) The output pattern of 633 nm light transmitted through 2 m 3D printed fibre.

Preforms with two and seven cores were fabricated as well. The fibre cores have the dopants of bismuth and
erbium. Through similar processes described in Fig. 1, 3D printed optical fibres with doped single, two and
seven cores are fabricated, as demonstrated by the output pattern of 532 nm transmission in Fig. 3. There is
shape variation arising from too high a drawing temperature.

Fig. 3. The output pattern of 3D printed silica fibres with single (a), two (b) and seven (c) cores, transmitting 532 nm light.

3. Conclusion
The fabrication of silica preforms and fibres with doped single and multiple cores by 3D printing has been
demonstrated. Given to the never-before-possible fibre design and flexible functionality by doping, 3D printing
fibre fabrication will undoubtedly be a “game changer” in the history of optical fibres, greatly reducing the cost
in terms of design, labor, fabrication and materials.
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