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Table 1 Research development of linearly polarized Yb-doped fiber lasers

Power /

Year Institution Structure Wavelength /nm W 3dB linewidth ~ PER /dB M Ref
2017 CAEP FOL-MOPA 1064 1.09 0.024 nm 14.5 1.1 [8]
2017 NUDT FOL-MOPA 1064 1.02 0.3 nm 14 1.24 [9]
2017 NUDT SFL-MOPA 1064 2.43 0. 255 nm 18.3 / [10]
2018 1IPG SFL-MOPA 1064 2 0.113 nm =20 <1.1 [11]
2018 NUDT FOL-MOPA 1064 1.1 0.177 nm 13.8 1.25 [12]
2019 CAEP SFL-MOPA 1064 2.62 0.121 nm 14.2 <1.3 [13]
2019 CAEP SFL-MOPA 1064 1.5 0. 049 nm >13 1.14 [14]
2020 CAEP FOL-MOPA 1064 3.08 0.2 nm >11.6 1.45 [15]
2020 NUDT SFL-MOPA 1064 0.3 <20. 035 pm =>10.6 1. 26 [16]
2020 CAEP SFL-MOPA 1064 2.5 0.121 nm 14 1.3 [17]
2020 U-Bordeaux SFL-MOPA 1064 0. 365 0.05nm 17 <1.1 [18]
2021 CAEP SFL-MOPA 1064 3.25 ~0.075 nm 15 1.22 [19]
2022 NUDT SFL-MOPA 1064 3. 96 0.62 nm 13.9 1.41 [20]
2022 CAEP SFL-MOPA 1064 4.45 0. 08 nm 17.7 1.28 [21]
2022 NUDT SFL-MOPA 1064 4.5 0. 33 nm 10. 3 1.55 [22]
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PC: polarizer controller;  Lx: lens °x";  Pol x:
polarizer ‘x’; HWP: half-wave-plate;  LPG:
long-period grating; BS: beam-splitter;

Coiling diameter = 60 cm
PER,=12.2dB
PER, = 12.0dB

Coiling diameter = 40 cm
PER, = 10.5 dB
PER, = 9.95 dB
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Coiling diameter = 20 cm
PER, =82 dB
PER, = 7.1 dB
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Fig. 4 Polarization choosing of super large mode area PM fiber by coiling"™”
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Fig. 6 Realizing linearly polarized fiber laser output by active polarization control method"
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Fig. 7 Realizing single frequency linearly polarized fiber laser output by combining PBS and single mode fiber™”

2003 4F, Jin A4 & MK = 19 BT 5 AT BA XS RE A D' £F
T o JE P Bl S, e B e R Y 5 3 A A g R R
TIHETT 18, AT AR RE IR PR AR R i 31 25 S8 AT A A
AL JZ AR, DR e 0P B T L T i
DB, LA LR CR bR A% 52 IS E T IR S O DEBR

2011 4F, B [ 58 0y 80 5 56 4 30 ok >R FH > O 7 A
L/4 W BEAT AR Ab B2, SE BT oA B2 B0 O O D't £F =5
I EARA 7, R AT LI o 30 20 P i B £ AR AR
WOCRGEH W A I IROR , 1] T — Se 5 AR IR
i 1% 2 1 9 75 5%

BR T D IR 42 1 T Be A, Bt XU 5 60 O i o't 25
WEAR & PER BRI AT 7 5 2 — o LR HOL i B B
A AE 5 BRI 5 R BOF A REAUR B 0

a
¢ )1.45
3
1.449}
2 LPos
S 1.448f LP1ta
2
]
S I
§ 1.447 AT
[
_E 1.446 LP21a LPu
o
& 1.445}
w LPg, “~_
— T —
1.444
153 154 155 156 157

Wavelength [pm]

— BB L BR TN B T 1 A Ly, i B B A ST S
W e AR A L A AR A KT B RS T 6 AR Rk
B 55 %) i B B 5 T A PR S AN, R — SRR IR
o B — SRR RO T R ST EE AR AR TR e T
AT REIR T

2018 4F , A Bk 4 K =7 X BE A L /D 5L L i o't £F 11
s 45 4 R e 1 B AT TN X BEAN ADE AR B LT S
B AT A IS G h A5 380 28 1 O iR AR 1% A5 [ 7 S5
MR 22 A FIVEE S 26 M A IR AR 19 WLT 5 O IR F 1 X
104, BB RGRE S I A RS RS o SCIR T 40 m K Y
IG5 AR AT SR iy, AR AR — R 4N 1
BRI AR R W B9 LPy L LPy,  LPy, LP,, #E R0
PER7E 20 dB PA b 343 2 0 S 800 1# 8 fir s o

4
b) o~
el ! |LP11px-LP11ny| |
2551 |LPotx-LPoyl
2.5} —
e
*® a5} <
. LPailPryl  |-PoxtPonl
24} 21bx~LP21by| and i
235} i
|LP11ax-LP11ay|
23— : : :
153 154 155 156  1.57

Wavelength [pm]

P8 RN G £F 45 AR I A RT3 5 B BT B R () A AT 4T 35 () WU 4T R 4

Fig. 8 Effective refractive index and birefringence of all the PM fiber modes"™. (a) Effective refractive index; (b) birefringence
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Fig. 9 Specialty polarization maintaining photonic crystal fiber"”
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Fig. 10 Asymmetric core polarization maintaining fiber™”
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Abstract

Significance Compared with conventional optical fiber lasers, linearly polarized fiber lasers are widely used in coherent
detection, coherent combination, polarization combination, and nonlinear frequency transformation. Therefore, linearly
polarized fiber lasers have received special attention in recent years. Although the power of linearly polarized fiber lasers
has been significantly improved in recent years, its power level is still far from that of randomly polarized fiber lasers.
Because of the polarization characteristics of the linearly polarized fiber laser, its nonlinear effect and thermal effect are
different from those of conventional lasers, and polarization deterioration needs to be considered additionally. Therefore,
the spectrum, polarization, and beam quality of the output laser need to be strictly controlled in the process of boosting
power. In recent years, the power boosting process of linearly polarized fiber lasers mainly includes two types of system
structures. One based on an oscillator stage and amplifier stage is called FOL-MOPA, and the other based on a phase-
modulated single-frequency laser and amplifier stage is called SFL-MOPA. The output power of these two configurations
has reached more than 3 kW and even more than 4 kW for SFL-MOPA. In the process of power breakthrough, a series of
problems that will lead to the deterioration of output parameters should be dealt with. In recent years, various research

teams have accumulated many effective methods.

Progress Firstly, in terms of spectral control and spectral linewidth control, stimulated Brillouin scattering (SBS)
suppression and stimulated Raman scattering (SRS) suppression are mainly considered in linearly polarized fiber lasers.
According to the difference in system structures, the nonlinear problems in SFL.-MOPA and FOL-MOPA structures are
different. Because there is no phase control in the FOL-MOPA structure, the spectral linewidth in the amplifier stage will
be naturally broadened by self-phase modulation (SPM), cross-phase modulation (XPM), and four-wave mixing (FWM),
so the SBS effect will hardly occur unless the linewidth is too narrow. Since the SBS effect is weakened, and SRS gain has
obvious polarization-dependent characteristics, the SRS effect is particularly prominent in the FOL-MOPA structure. To
solve this problem, various teams have explored methods such as controlling seed source structure to suppress Raman
noise, utilizing Raman filtering instruments, adopting a backward pumping scheme, and designing gain fiber, which can
suppress the SRS effect to some extent. In addition, the SFLL-MOPA structure suppresses the linewidth broadening of the
amplifier stage through phase modulation, which results in a serious SBS process. In order to suppress this process,
designing seed source modulation signals, adjusting the number of modulation stages, injecting composite signals, and
inventing special optical fibers can be effective.

Secondly, in view of the polarization deterioration in the amplification process of linearly polarized fiber lasers, there
have been intermittent studies since the invention of polarization-maintaining fibers. Although polarization-maintaining
fibers have natural high birefringence, they are limited by fabrication and environment. Under the interference of internal
and external factors such as temperature, external force, and nonlinearity, a decline in polarization-maintaining ability is

inevitable. In addition, its fast axis and slow axis can both support the operation of linearly polarized lasers, so polarization
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mode selection 1s needed. Linearly polarized fiber laser seed source is the basis for realizing high-power linearly polarized

fiber lasers. For the FOL-MOPA structure, the main schemes include winding gain fiber to select modes in slow axis and
vertical splicing of gain fiber and fiber grating. For the SFL-MOPA structure, the technology of realizing an mW-level
seed source with high polarization extinction ratio (PER) is mature at present. In fact, the focus of polarization control is on
the amplifier stage. Because of the large heat generated by the amplifier stage, the birefringence of polarization-maintaining
fibers will decrease, resulting in intensified mode coupling, so reducing heat generation is a major control method. In
addition, bending mode selection, active polarization control, fiber polarizers, or special polarization-maintaining fibers are
also proposed to deal with polarization deterioration.

Finally, linearly polarized fiber lasers will suffer from more serious mode deterioration and transverse mode instability
(TMI) effects. The suppression methods are the same as that of conventional fiber lasers in both system configurations.
The main methods include increasing high-order mode loss, using a bidirectional pumping scheme to disperse heat,
improving seed power with high beam quality, using a special pumping source, etc. However, the research on the TMI

effect is still controversial at present, so the related theoretical and experimental research needs to be improved.

Conclusions and Prospects Apart from polarization control, the spectral control and mode control schemes of linearly
polarized fiber lasers are similar to those of conventional fiber lasers. In fact, all the methods mentioned in this paper are
used in conventional fiber lasers, but not all the technologies used in conventional fiber lasers are applied to linearly
polarized fiber lasers, so linearly polarized fiber lasers have a broad exploration space. In terms of polarization control, the
current research is mainly limited by fiber structure and fiber control. If the research idea can be extended to the optical

fiber device and system structure, more discoveries can be made.

Key words linearly polarized fiber lasers; polarization extinction ratio; Yb-doped fiber; spectrum control; beam quality
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