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2.5 kW Linearly Polarized Narrow Linewidth All-Fiber Laser

ZHANG Liming, ZHANG Kun, ZHANG Xuexia, XIONG Wenhao, SUN Rufeng, LONG Runze, GAO Ping,
DENG Yu, ZHAO Hong, ZHOU Shouhuan
(Science and Technology on Solid-State Laser Laboratory, The 11th Research Institute of China Electronics Technology
Group Corporation, Beijing 100015, China)

[ABSTRACT] High-power linearly polarized narrow linewidth fiber lasers hold broad application prospects in
wavelength beam combining, coherent detection, and other fields. In such lasers, transverse mode instability (TMI) is
one of the main factors limiting their power scaling. In this paper, the influence of the TMI effect on the output power of
high-power linearly polarized narrow linewidth fiber lasers is analyzed, and a TMI suppression method is proposed. The
experiment employs multi-wavelength pumping technology, using 100 mW single-frequency laser as the seed source. The
linewidth of the seed source is broadened to 23 GHz via a phase modulator, and after three-stage amplification, a linearly
polarized narrow linewidth laser output is finally achieved with the following parameters: power of 2.54 kW, linewidth of
23 GHz, central wavelength of 1064 nm, extinction ratio of 98%, and beam quality factors M, =1.21 and Mf= 1.23. The
influence of pump wavelength on the TMI effect is further analyzed. Due to the small core diameter of the fiber (20 pum)
and the high absorption coefficient of the gain fiber for pump light (1.8 dB/m@976 nm), the core temperature increases
significantly. Additionally, the heat introduced by the pump photon quantum defect causes a variation in the refractive index
of the fiber core, leading to the occurrence of TMI at relatively low power levels. When the pump wavelength is shifted to
longer wavelengths, both the quantum defect of the pump light and the pump absorption coefficient decrease, resulting in
reduced heat distribution across the entire fiber length as well as per unit length. This thus increases the TMI threshold and

effectively improves the output power of the linearly polarized narrow linewidth fiber laser.

92 WisshiEHEA - 20254E 568 S 1910]



eI
RESEARCH Hltﬂtex

Keywords: Fiber laser; High power; Linear polarization; Narrow linewidth; Mode instability

IR DG HO LA (RS0 BRSO
et o2k 58 <0.1 nm, 26.5 GHz GEFE0ER ) B
A HEHAR AR R AT SRR AH TR m AR MR
SR TR, T2 N A AR AR A4 1

2017 4F, E B RHE K24 Su 45 P S0BE 2.43 kW 1
LR TELRIRBO I T, 2580 68 GHz, 2018 4F,
S IPG ARSI T 2 kW AR AL T iR ot
L ZR 580 30 GHz, R it 1 M? 290 1.1, (BT %
P AR ST 25 32 BR T3 TR F2 € ( Transverse mode
instability, TMI) 2L ', 2019 4F, v T R4 BRRF5E e
;L F2#HF52 T Chang 45 ™ SR FH P Wt ARS7 30T i 45 A
TET 15 kW LA R mIREo R, 258 13 GHz,
M? 2509 1.14 (B YR ARSEARTH 2 IR T A ko S 52 34
i HL M HS) ( Stimulated Brillouin scattering, SBS ) AU .
2020 4F, k30 B A BRI G SR s 1 BRI 1 e
LR SEAE L it ), O A8 R FH U 583 =, AT LA
T TMI R, 382k el 3 s v A G B (A A
sy, NI HDCIE v, AT 3 kW %
LTEHOtH GRS 0.20 nm (53 GHz ), Yo s
M= 14, fRIRIHIEHH 94%.

S EL v T 3R e G AR T G AR OGS R B
2 lE R HZ B RO T T EOLE G . Ik
X ERANIEOG A A B AR T B e K, R AE PR UE i
JEHR BT AT T, AW m DA — R R
T F 4% %% T K (Master oscillator power amplifier,
MOPA ) AR T SR IETH LA HOLAR 1 i, A
&, B BOCTPR AW T, BOGES T2 I A AEA A
il ( Self-phase modulation, SPM )", P4 3 J& 4 ( Four-
wave mixing, FWM )™ 5Z#h7 & #uit (SRS )T, SBS®

@+1)x1
B

Jo TMI SRt P

TE R R EARIRAE L SOLLHOEAR , TMI R 2
T AHIRET R FERNRZ —. HATE AT E X
JCEFHOLAS H Y TMI S5O K HA ] 7 ik R IT R, 2
TR E AT AR R TR0 T IR
{772 B CLF B S R AT i Se A2 52 b
Mg LI = TMI (. SRR 78 2 SOLEF BOE a
I EERZALREXT TMI R0 ke 2 Jay AR AE . AH
Fez &, DA SR T 2O R R 1 22 K SR
AR Al SEELXE TMI O A 28] 2 1 2§ T i D)
AR L SO A 2D

1 HBRRAE

Jii 1) 229 4 F I 2R M PR 7% 28 B YT IO 7 1) JE PR
WE 1R BEOEHR RN =25 K MOPA
Z5K, FEROREEFR AT 976 nm 1 981 nm Y 2K I 1) 22
W Forp, AR R A D%k 100 mW, s
BN 1064 nm, £ 5i /N T 20 kHz [ BN CEF 0L

% R B R FARCR AT 96 10 GHz 2R PR 3 V1K)
FABLVEE 2, SR I 55 10 GHz I 0 dBm AT Z Ik IE
T URAE AR TE RS 5 IR SR P SR A XA
AT SRR

— R A B3 25 AT R K 5 m SRS ELAR 10
um )2 AR 125 um 1948 YOO U2 R OGET (107125
PM-YDF ), iZGEF X 976 nm %2 1 G 19 W i 2255 3.9
dB/m. FEWIERA 1 S K IR R o W, Pk &K
976 nm AYIEOL T HAE (9 W R LD ), Hk i B4
EA£HR 105 pm 1 125 pm, FEHARA R (2+1) x 1 &
HPE A LA 105 um Fi1 125 pm, L AN

=Y 260 \2976 nm
7KLD

= 8™

20/400 PM-YDF

(18+1)x1
B

44~
260 W 981 nm
ZIHLD

1 BEEZEKRERRREL T LAHLRN TIERE

Fig.1 Operation principle of backward multi-wavelength pumped linearly polarized narrow linewidth fiber lasers
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Fig.2 Variation of laser power with pump power
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