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Abstract

space laser radar

Hangzhou, Zhejiang 310024, China

University of Chinese Academy of Sciences,
First

Owing to their reduced weight, size, and high electronic-optic conversion efficiency, rare earth (RE)
doped active fiber lasers or amplifiers are crucial in space-based applications, such as space laser communication,
and space waste disposal and military. However

(RE-doped) fibers is approximately 1000 times larger than that of passive (RE-free) fibers under the same radiation
this study briefly introduces the space radiation environment
silica-based optical fibers in space

condition, which poses a severe challenge to the long-term stability of active fiber lasers or amplifiers in space

VEOLHE

the radiation-induced attenuation of the active
, the application requirements and challenges of
Second, the latest research progress in the field of radiation-resistant active
fibers, both in China and elsewhere, are systematically introduced from three aspects: 1) the mechanism of
radiation-induced darkening of active fibers; 2) the primary factors influencing the radiation resistance of active
fibers; 3) the methods to improve the radiation resistance of active fibers. Finally, the potential issues that require
further investigation are suggested.
Key words laser optics; active fiber; radiation resistance; color center; radiation induced attenuation; space
application
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Fig. 1 Schematic of LEO, MEO, and GSO™
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Table 1  Altitudes, radiation environments, and uses of the three orbits of satellites in space-*™

Orbital Dose rate / Radiation
Altitude/km Radiation zone Orbital use
name (rad*min ') dose /krad
LEO <2000 <0.027 5-10 South Atlantic anomaly Earth observation satellite
MEO 2000—36000 <0.272 10-100 Van Allen belts Navigation system satellite
GSO 36000 ~0.135 ~50 Galactic cosmic rays Communication satellite
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Table 2 Characteristic parameters of five different types of optical fibers and their applications and challenges in space

Core/cladding
Fiber type ) Core NA Application Challenge Reference
size /pm
Temperature, .
Loss increase,
Sensing/communication humidity,
<10/125 <<0.17 Bragg wavelength shift, [8-11]
single mode optical fiber pressure sensing, o
o reflectivity decrease
data transmission
Temperature, .
Loss increase,
Sensing/communication humidity, .
. ) . 50~62.5/125 0.18-0.23 ) Bragg wavelength shift, [8-11]
ultimode optical fiber pressure sensing o
o reflectivity decrease
data transmission
Polarization
<C10/125 0.12-0.22 Fiber optic gyroscope Loss increase [12]
maintaining fiber
Large-mode-area, )
. . o . Loss increase
Microstructure fiber <20/125 <{0.06 infinite cut-off single mode, [13-14]
super radiation resistance
Fiber optic gyroscope,
laser communication, i
Loss increase,
. . . laser radar, )
Active optical fiber <10/125 ) gain decrease,
0.06—0.22 laser remote sensing, o [15-16]
(Yb/Er/Tm, etc.) <(25/400 efficiency decrease,

laser weapon,

noise figure increase

space waste disposal,

etc.
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Fig. 2 Effect of radiation on the properties of silica-based fibers
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Fig. 4 Interaction between ion radiation and silica glass. (a) Model of Si—O-—Si network in silica glass

destroyed by ion irradiation; (b) RIA spectrum of aluminum single-doped silica glass
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spectra of SiO, and Yb:SiO, samples after 193 nm laser irradiation for 100 min
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Table 3 Structural models, characteristic values in optical and CW-EPR spectra of common point defects in silica glass

Optical spectra

CW-EPR spectra

Structural ) . Hyperfine coupling
Defect Absorption Absorption PL Lande factor Reference
model constant (A, A,,
peak /eV  FWHM /eV  peak /eV (g1 g0 g3)
Az /G
ODC (D =Si—Si= 7.6 0.5 2.7/4.4 None None [81-83]
Si-E' =Si - 5.8 0.8 None (2.0018, 2.0006, 2.0003) Not observed [63-64, 83]
ODC (ID =Si - Si= 4.95-5.05 0.3 2.7 /4.4 None None [81-83]
NBOHC =Si—0- 4.8/2.0 1.05/0.18 1.85-1.95  (1.9999,2.0095,2.078)  Not observed  [63-64,83]
POR =Si—0—0- 4.8/1.97 0.8/0.175 None (2.0018,2.0078,2.067)  Not observed [63-64,83]
POL =Si—0—0—Si= 3.8 Not reported None None None [63,83]

Cl, Cl—Cl 3.8 0.7 None None None [83]
STH =Si—0°—Si= 2.6/2.16 1.5/1.2 None (2.0054,2.0078,2.0125) Not observed [ 63-65,83]

O, 0=0 1.62/0.97  0.012/0.011 0.97 None None [83]
Al-ODC =Al- « Si= 4.96 0.47 2.6/3.4 None None [49]

ALE' =Al- 4.1 1.02 None 2.0023 50 [49,84-85]
Al-F-OHC =Al—0¢ 3.2/2.3 1.0/0.9 None (2.0402,2.017,2.0039) (4.7,10.3,12.7) [49,85-86]

P4 —Pe— 4.8 0.41 None (2.0014,1.9989,1.9989) 300 [67]

P2 =P.= 4.5 1.27 None (2.002,1.999,1.999) 800-1600 [67]
I-POHC =P—0- 3.1 0.73 None (2.0039,2.0027,2.0026)  (50,41,48) [67]
r-POHC = (01 2.2,2.5 0.35,0.63 None (2.0179,2.0097,2.0075)  (54,52,48) [67]

P1 =P. 0.79 0.29 None (2.002,1.999,1.999) 910 [67]
GLPC = Ge 5.15 0.42 4.3 None None [25,87]
Ge(1) =Ge = 4.4 1.2 None (2.0006,2.0000,1.9930) Not observed [25,88]
GeE' =Ge * 6.2 0.7 None (2.0012,1.9951,1.9941) Not observed [87-88]
Ge(2) =Ge » —Ge= 5.8 0.7 None (2.0010,1.9989,1.9867) Not observed [87-88]

Ge-OHC =Ge—0Or 2.1 1 1.85 Not reported Not reported [25]
Ge-STH Not clear 0.54 0.5 None Not reported Not reported [25]
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10Ca) FIEL 10 (b)) 43 ) 2 57 B 45 1 05 3% 35 v 6 AL
SRR B W2 UG 3 1 CW-EPR 3%, & 11 (a) F1 &
11Ch) J3 591 2 ol B 45 0 0 3 358 v o DL A5 ke 3 1) T i
JEiE A CW-EPR % . & 12Ca) FE 12(h) 43 Bl 2 5
FIB A 5 5 bR DL BRI Y IR O 1S T CW-
EPR i,

42 AEEXATERFENZWESER

P13 YL T 82 WA AT PO 2T i 48 S e B =R
FERNR OCL S HL IS B NS 8 R S
WA R B . H OB AT 2 8O B W AT TR 2T T 48 A
b i EE N R EQ LT I8 )2 Kk
JE ISy DEET R LT SR BOLET il & T2 =
D7 . FRIE S A R SR 0 2K | R A )
AR REGIE = AT NS B Rl
S50 R B A YR DL R DG D
5T . PUR 2R 5 ik = A5 N R HE AT 4
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Fig. 9 Spectra of point defects in pure silica glass™ . (a) Absorption spectra; (b) CW-EPR spectra
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Fig. 10 Spectra of point defects in Al-doped silica glass™ . (a) Absorption spectra; (b) CW-EPR spectra
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Fig. 11 Spectra of point defects in P-doped silica glass™ . (a) Absorption spectra; (b) CW-EPR spectra
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Fig. 12 Spectra of point defects in Ge-doped silica glass® . (a) Absorption spectra; (b) CW-EPR spectra
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Fig. 14 Variation of RIA intensity with radiation dose at
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Effects of elements in fiber on RIA spectra of double clad fibers.
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[48]

(a)(c) Pristine preform; (b)(e) loading H, pretreated preform; (c¢)(f) loading D, pretreated preform
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