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Table 1.  Parameters of the exploited YDF.

A Hufe ZH Hufe
R /pm 20/400 X;l(”fff ff 4.95
FUBEALR 0.06 f;ﬁfﬁz% 5.82
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Fig. 1. Setup for the irradiation and photo-bleaching experiments of Yb-doped fiber lasers (LD, laser diode; PC, pump combiner;
HR FBG, highly-reflective fiber Bragg grating; PR FBG, partially-reflective fiber Bragg grating; YDF, Yb-doped fiber; CPS, clad-

ding pump striper; QBH, quasi-Brewster head).
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Fig. 2. Output characteristics of Yb-doped fiber lasers be-
fore and after radiation and photo-bleaching: (a) Output

power evolution; (b) output power vs. pump power.
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Fig. 3. Recorded power information under 1550 nm bleach-
ing: (a) 55 mW; (b) 120 mW.
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Fig. 4. Backward scattering signal of Yb-doped fiber before

and after 1550 nm bleaching.
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Fig. 5. Schematic diagram for 915 nm/976 nm bleaching
tests (EDFL, Er-doped fiber laser; OC, output coupler; PM,

power-meter).
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Fig. 6. Recorded power information under 915 nm/976 nm
bleaching: (a) 915 nm; (b) 976 nm.
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Fig. 7. Backward scattering signal of Yb-doped fiber before
and after 915 nm/976 nm bleaching.
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Fig. 8. Recorded power information under 1070 nm bleach-

ing power of 500 mW.
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Fig. 9. Backward scattering signal of Yb-doped fiber before
and after 1070 nm bleaching.

214205-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 21 (2025) 214205

AT 1070 nm OB, SR RS 98
BOLLF AT 8.5 h KEHEITE A, IR1F T A FE A L)
R BREOCL N ERR BN FE L th 4k, anlEl 10
Fis. B 10(a) 451 T E A R B RO A i
FIE S TR AR g B &) 10(b) W2 H T3S
FMBEOCA R EIFER G O, & 10 AT I,
£ 1070 nm ST AR, BRI imlE 5ok
DR B ARG EE T, It TAauE; X,
BECLT R B FE L 2 15 BTG IR, I i
Lot TRUE. EEAYPREE, BEOLL RS
FE T B 3RPT850 1 8 2 B 174 0 509 A A,
K. Z SIS 5 S0k [40,41) O T I AL T R
S

1.0

(2)

0.9-/,///"""’"—"

—

0.8

—— 4 W bleaching
---6 W bleaching
--—-10 W bleaching

Normalized signal power/W

0.7 . .
100 200 300 400 500
Time/min
0.5
(b) — 4 W bleaching
—— 6 W bleaching
.04 —— 10 W bleaching
A | Stretched exponential fit
g
A 03
I
<
—
= 0.2}
0‘1 1 1 1 1 1
0 100 200 300 400 500

Time/min

10 1070 nm O T 45 5800 £F P A 4R B RE L
(a) i 1o ) (b) 6 S e

Fig. 10. Radiation induced attenuation parameters of Yb-
doped fiber under 1070 nm bleaching: (a) Recorded signal

power; (b) radiation induced attenuation.
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Fig. 11. Radiation induced attenuation parameters of Yb-

doped fiber under 1070 nm bleaching: (a) Time constant;

(b) radiation induced attenuation at equilibrium state.
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Fig. 12. Simulation results under 1070 nm bleaching:
(a) Radiation induced attenuation inside the YDF; (b) out-
put power evolution of the YDFL.
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Abstract

In radiation environments, the radiation induced attenuation (RIA) of the active optical fiber can lead to a
significant decline in the performance of fiber laser system. An effective way to solve this problem is to bleach

the active fiber using pumps at certain wavelengths, namely photo-bleaching. Experiments have shown that
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output power of irradiated Yb-doped fiber laser experiences remarkable recovery under 976-nm pump. However,
under 976-nm pump, signals at both 976 nm and 1070 nm co-exist in Yb-doped fiber. Moreover, it is difficult to
distinguish which wavelength is responsible for the photo-bleaching process. Herein, a one-hundred-watt level
Yb-doped fiber laser is irradiated with gamma-ray radiation. In the radiation process, a significant output
decline from 129 W at 0 Gy to 81 W at 100 Gy is observed. Then, self-bleaching test is conducted with 976-nm
pump. After 2-h bleaching, the output power is restored to 111 W, corresponding to a recovery ratio of about
37.0%. To verify the specific wavelength responsible for the performance recovery, photo-bleaching
characteristics of Yb-doped fiber lasers are investigated under different pump wavelengths including 915, 976,
1070 and 1550 nm. Experiments show that laser signal at 1 pm waveband is the primary cause for the bleaching
of Yb-doped fibers, while, the pump at 915, 976 and 1550 nm can hardly bleach the irradiated Yb-doped fiber.
The RIA recovery curves of Yb-doped fibers are measured under different 1070-nm bleaching powers. And,
related evolution parameters are obtained through curve fitting. With these parameters, the RIA evolution of
the Yb-doped fiber and the corresponding output power evolution of the Yb-doped fiber laser in the radiation
and bleaching process are simulated. Comparisons show that the numerical results are consistent with the
measurements qualitatively, demonstrating the reliability of the model. This work has guiding significance for
predicting the performance of fiber laser systems in radiation and bleaching environments.
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