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Abstract  Optical fiber constitutes the backbone network of communication in today's world, and has become the
underlying framework of human activities. In recent years, the demand for optical fiber transmission bandwidth for the
internet of things has increased dramatically, and the function of optical fiber has expanded from a single information
transmission to the integration of information transmission and perception. Special silica optical fiber is an important part of
achieving this goal. Its research and development have become hot spot. The complex structure and multi-component of
specialty fibers pose challenges for their efficient fabrication. This paper summarizes the difficulties, exploration and
progress of additive manufacturing technology in the efficient preparation of special silica optical fibers. First, it focuses on
how to overcome the ceramicization and collapse of large-scale silica additive manufacturing under the additive
manufacturing technology route based on UV curing, and develop suitable additive technology for the preparation of special
silica fiber preforms, so that the required special fibers can be drawn. Then, the recent progress in the fabrication of silica
fiber preforms using different additive technologies such as direct ink writing and selective laser melting is introduced.
Finally, the existing problems and future development trends of additive manufacturing in the manufacture of silica optical
fibers are briefly discussed and prospected.
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Table 1 Additive manufacturing of the silica glasses

Component

Year - Method Size /mm Resolution Ref.
Glass Dopant Monomer
2015 Si0, — — FDM ~100 millimeters [22]
2017 SiO, Cr/V/Au HEMA DLP 1-10 tens of microns [24]
2017 Si0, — Tetraglyme DIW 10-20 ~100 pm [29]
2018 Si0, — TEOS DLP 10-20 hundreds of microns [30]
2018 Si0, Ti TEOS DIW 10-20 tens of microns [31]
2018 Si0, Eu/Tb/Ce HEMA SLA 1-10 tens of microns [26]
2020 Si0, YAG:Ce HEMA SLA 20-90 tens of microns [27]
2020 Si0, P/B UA DLP 20-90 tens of microns [28]
2020 Si0, GeQO, TEOS DIW 1-10 microns [32]
2021 Si0, — HEMA TPP 20-90 microns [33]
2021 Si0, — PVB M 10-20 tens of microns [34]
2022 SiO, — TMPETA CAL 1-10 tens of microns [35]
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Fig. 1

Optimization scheme of additive manufacturing technology. (a)—(e) Process of Fabrication of the step-index silica optical fiber

using DLP additive manufacturing technology; (f) refractive index distribution of sintered preform; (g) loss spectrum of the

multimode optical fiber"”
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Fig. 2 Additive manufacturing of BEDF. (a) Structure of silica fiber preform; (b) temperature settings for debinding and pre-sintering;
(c) temperature variation during fiber drawing; (d) cross section of BEDF; (e) end face of BEDF and its element distribution;
() - (g) refractive index distribution of single-core BEDF and seven-core BEDF; (h) loss spectrum of single-core BEDF and

seven-core BEDF; (i) emission spectrum of single-core BEDF; (j)=(1) mode analysis of the single-core BEDF"
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Table 2 Additive manufacturing of the silica optical fibers

Preform Fiber
Year Printing _ , Cladding Core Ref.
Structure Size /mm Type Size /pm i ) Loss
method material material
13. 4@532
_ D=25, d=131, _ . .
2019 DLP solid single mode sio, Si0,-GeO,-TiO, 13. 9@660 [17]
L=50-100 d =4
114@1550
_ D=25, _ d=242, _ , _ 11@1300
2019 DLP solid multi-mode Si0, Si0,-GeO,-TiO, i [17]
L=50-100 d—14 5. 8@1550
. . . . 23@800
2019  SLS solid D=12 multi-mode  d=200 SiO, SiO, [20]
28@1100
2019 SLS  microstructure D=40 — — — — — [20]
, D=2 , d=100, , , 63@980
2020 DIW solid multi-mode fluoride SiO,:Er [19]
L=7 d,. =40 1521535
. d=150, . . i 8. 32(@800
2020 SLS solid D=18 — sio, Si0,-GeO, [21]
d=11 24@1100
2020  SLS  microstructure D=38 — — — — — [21]
) D=12, . . 11@800
2021 DLP  microstructure — d=110 Si0, Si02:Yb [40]
L= 20 14@1100
, pD=22, d= 80, , Si0,-GeO,-TiO,: 9. 6@1300
2022 DLP solid single mode SiO, ] [18]
L=40-100 d=3.5 Al/Bi/Er 6@1550
, D=22, d=150, B Si0,-GeO,-TiO,:
2022 DLP solid seven-cores SiO, ] 10. 7@633 [18]
L=40-100 d=3-11 Al/Bi/Er
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