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Fig. 1 Cross-section of radiation-resistant Er-Yb

co-doped fiber
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Fig. 2 Absorption spectra of radiation-resistant Er-Yb co-doped fiber before and after irradiation and corresponding RIA

spectra. (a) Cladding absorption spectra in pumping band; (b) core absorption spectra in signal band
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Fig. 3 Schematic of radiation-resistant Er-Yb co-doped fiber gain test system. (a) Schematic of test system; (b) output

spectra of test system before and after irradiation
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Fig. 4 Gain of radiation-resistant Er-Yb co-doped fiber (pump power during test is 7.3 W). (a) Gain versus pump power at

1550 nm before and after irradiation of radiation-resistant Er-Yb co-doped fiber; (b) gain of radiation-resistant Er-Yb

co-doped fiber with different lengths before and after irradiation
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Table 1 Comparison of radiation resistance of our and other Er-Yb co-doped fibers
Er-Yb co-doped fiber Dose /Gy Dose rate /(Gy+s ") RIGV /dB

This work 1000 0.2 0.7 (at 1550 nm)

This work 300 0.2 0.2 (at 1550 nm)

iXblue 1000 <2 (at 1560 nm)

Literature'""” 900 0.003 1.5 (at 1545 nm)

Literature™ 200 0.4 10 (at 1550 nm)
AR SR AH BT RR EALBEZEAT T 20 4. £ EYDF |(25 ______________ ':
o B RSB Bl LB E SR R YD ) Ex | |
OB P AR AR 5 AL L4 oK T 7 69 | o Slectzon
SRR R R 4 B 7 B R RS 2k P | N —— A
P,.P, M1 H F P-OHC (P-OHC™ #1 P-OHC®) {4 0>, | |
P, (0 W IO B 0. 79 eV B I 1 L L
WU R T 1570 nm Ab L WEHCH Y4 2258 0. 29 eV, o ,

JEH P, TEHIR T REAFAAE. ZE0 P& AL
EYDF 7E 1550 nm 3§ 4 Bff 35 B9 i K2 RE . B B9 HAtb
0 1R IR IRCHT Y0 F 1T IO Fn 58 A B L I L Py s
B2 AT g J& 1550 nm Fff i RIA LR F 2 2
—. Py BTk s R g R A 5 ) i
TN o AR TR R A SR FH A B G £ b SR 4B il 1 O 7R Sk 4R T

I (b) . |
| _— > |
| y-ray exposition

Bl 5 Py Al Ce' AR T AL MGE R . (P, @l () Ce'”
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Abstract

Objective  Nowadays, rare-earth ion-doped fiber lasers and amplifiers are widely used in optical communication,
industrial processing, military, and medical applications. Among them, the Er-Yb co-doped fiber amplifiers (EYDFA) with
high power, low noise, and small size have a great potential for long-range space communication applications. However,
rare-earth-doped fibers produce many color centers when exposed to various types of cosmic radiation such as X-rays, 7-
rays, etc. Some of the color centers generated during irradiation originate from co-dopant elements like aluminum and
phosphorus in rare-earth-doped fibers, whereas others originate from precursors formed during fiber fabrication. The
absorption bands of these color centers are mainly located in the UV and NIR bands, which can cause radiation-induced
absorption (RIA) in the pump and signal bands of the Er-Yb-doped fiber (EYDF), resulting in a severe degradation of the
performance of the fiber amplifier. Therefore, it is crucial to improve the radiation resistance of the EYDF.

Methods A radiation-resistant Er-Yb co-doped fiber (RREYDF) was prepared via modified chemical vapor deposition
(MCVD), and the concentration and ratio of doping components such as erbium, ytterbium, phosphorus, and cerium were
adjusted to enhance the radiation tolerance of the fibers. The Er, Yb, and P doping ratio was 1:22:536, and the core and
cladding dimensions were 10.5 pm and 130 pm, respectively. The irradiation doses for current space missions range from
300 Gy to 1000 Gy, so those values are chosen to test the RIA and radiation-induced gain variation (RIGV) of RREYDF.
The RIA and RIGV were tested using Photon Kinetics 2500 and a typical EYDFA, respectively.

Results and Discussions Radiation-induced absorption (RIA) was 0.10 dB/m and 0.19 dB/m (300 Gy) at 940 nm, and
0.46 dB/m and 0.37 dB/m (1000 Gy) at 1550 nm. For gain testing, an Er-Yb co-doped fiber amplifier (EYDFA) was
built, and the radiation-induced gain variation (RIGV) was 0.2 dB (300 Gy) at 1550 nm and 0.7 dB (1000 Gy) at a pump
power of 7.3 W. The mechanisms of the relevant irradiation resistance studies were analyzed. Cerium co-doping was used
in Er-Yb fibers to enhance the radiation resistance, taking advantage of the coexistence of Ce®" and Ce'’ in silicates,
where Ce®” can trap the holes created during radiation. Therefore, the latter competes with the precursor P,0, and
reduces the formation of P, color centers, thus improving the radiation resistance of the fibers.

Conclusions In summary, the RIA of the radiation-resistant Er-Yb co-doped fibers prepared by MCVD were 0.10 dB/m
and 0.19 dB/m (300 Gy), and 0.46 dB/m and 0.37 dB/m (1000 Gy) at 940 nm and 1550 nm, respectively, after
irradiation at 300 Gy and 1000 Gy and 0.2 Gy/s average dose rate. The RIGV was tested by a typical EYDFA, and the
results showed that the RIGV was 0.2 dB (300 Gy) at 1550 nm and 0.7 dB (1000 Gy) at a pump power of 7.3 W. In
addition, the radiation-resistance mechanism of the fibers was analyzed. This Er-Yb co-doped optical fiber has excellent
radiation performance and extensive applications in the fields such as long-range space communication, remote sensing,
and space navigation.

Key words fiber optics; Er-Yb co-doped fiber design and fabrication; radiation-resistant property; fiber optics
communication; Er-Yb co-doped fiber amplifier
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