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Space radiation applicability of pure silicon—core optical fibers

Jia Xiao, Zhu Hengjing, Zhang Hongqi, Mao Xiping, Wang Zheng, Jia Qiuyang
(China Academy of Space Technology, Beijing 100094, China)

Abstract: The mechanism of the radiation—induced loss in optical fibers was researched in this paper.
Firstly, the structure characteristics of the pure silicon core optical fibers and traditional doped silica—
core optical fibers were systematically analyzed. According to their structure characteristics, the
difference of the resistance to radiation between the pure silicon core optical fibers and traditional doped
silica—core optical fibers was studied. Secondly, the experimental conditions of anti—radiation standards
at home and abroad were investigated. The experimental conditions including the dose rate and total
dose used as anti—radiation standards had been compared. The effect of different radiation dose rates on
the radiation experiments of optical fibers was analyzed. The selection principle of gamma radiation
experimental conditions used in space radiation environments for fibers was given. Finally, the anti—
radiation properties of a domestic pure silicon—core optical fiber with the dose rate of 0.1 rad(Si)/s
were estimated, and the fiber loss after the radiation with the total dose of 20 k rad(Si) was 1.934 dB/
km. The assessment results of the space radiation performances satisfied the needs of space environments
for the aerospace model in the project, and the conclusion of the radiation assessment was available.
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Tab.1 Standards and conditions of radiation
experiment of optical fibers both

at home and abroad

Standard number Dose rate Total dose
GJB1427 0.5 Gy(Si)/s 100 Gy(Si)
GJB915 background radiation <0.2 Gy(Si)/h >1 Gy(Si)
GJB915 harmful i t
a.nn'u ' environmen 0.05-2.5 Gy(Si)/s /
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EIA/TIA455-64 back; d
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Tab.2 Total dose and radiation induced loss
of one of the domestic pure silicon—

core optical fiber

Sample Length/ Radiation time/h  Induced loss/  Increasing
number km  (Total dose rad(Si)) dB-km™ induced loss/dB
0 0.295 0
27.8(10k) 1.036 0.741
55.6(20 k) 1.862 0.826
1 10.3
83.4(30k) 2.277 0.415
111.2(40 k) 2.602 0.325
138.9(50 k) 2.927 0.325
0 0.323 0
27.8(10k) 1.000 0.677
55.6(20 k) 1.737 0.737
2 10
83.4(30k) 2.190 0.453
111.2(40 k) 2.576 0.386
138.9(50 k) 2.973 0.397
0 0.326 0
27.8(10k) 1.112 0.786
55.6(20 k) 1.841 0.729
3 10
83.4(30 k) 2.332 0.491
111.2(40 k) 2.744 0.412
138.9(50 k) 3.184 0.44
0 0.325 0
27.8(10k) 0.988 0.663
55.6(20 k) 1.600 0.612
4 10
83.4(30 k) 2.011 0.411
111.2(40 k) 2.373 0.362
138.9(50 k) 2.739 0.366
0 0.319 0
27.8(10k) 1.168 0.849
55.6(20 k) 1.934 0.766
5 9.2
83.4(30 k) 2.550 0.616
111.2(40 k) 3.095 0.545
138.9(50 k) 3.663 0.568
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Fig.1 Curve of radiation induced loss of one of the domestic

pure silicon core optical fiber sample
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