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Mode Instability Mitigation by Counter-Pumped Scheme in
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Abstract Mode instability has become the major limitation for power scaling of fiber lasers with nearly diffraction-
limited beam quality. Based on mode coupling theory, we establish a semianalytical model to simulate mode
instability effect. Compared with co-pumped fiber laser. counter-pumped and bi-pumped fiber lasers reveal mode
instability threshold enhancement in our theoretical model. Compared with that of the co-pumped scheme, the
experimental mode instability threshold of the counter-pumped fiber laser is enhanced by at least 50% . Morcover ,
we demonstrate a 2 kW high power narrow-linewidth counter-pumped fiber laser with high beam quality.
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Table 1 Calculation results of mode instability threshold
Fiber Length /m Co-pump /W Counter-pump /W Bir-pump /W
20 pm/400 pm 15 1853 4716 3195
25 pm/400 pm 12 1402 3285 2440
30 um/400 pm 8 1185 2356
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Fig. 1 Experimental setup diagram
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Fig. 2 M variation of co-pumped and counter-pumped lasers with output power

0801010-3



F # ot

B0 I 1A A B 18 ik Az D6 £ SO AR B9 TRUTT L SE 560 WA L OO . B3 BT il DR
2 kW IRFIE 1) A 1) il 32 EOC HDGE . OGO BRI AT 1064 nm, IE R 12 FOG A BOEOLOEIE A9 14
Fe o 0. 68 nm, B |al iz FOC AR OGS 19 18 250 0. 12 nm. PUJECIR AN A AL 51 E T2 08 (19 56 15 J
S, 2 V5T IR T AR . 3 AT, O rh) iz T 3 0 B A P Y U L T R 1) il i (O — S e
i HL B ey fihis B MU EEAR . S5 4h aE 1 dhia T .2 kW B i OG i i9 i & 0 55 g AR 25 17 dB.L ke iz T
(9 L 2 J ) BT 3k 37 dB. SEB L R g ffis DG LR RO AR 104 & ] He e s 20 dB. P 3 HPE 1) AR 1) 4k
18T WO B A HOR B R ARS8 DCSRE S T B A 9 i B AR L AN 1 A A A R T
B B4y 1 Ak 5P B R0 1 T FE T WG 25 E H T expB. M P AERMERUN SR E S B By IE AR G I 1A
iz T B B EE SN AR PERON S5 . IR, 5 0E (el s S5 R A L B2 1) iz 2 Al T LA AL ) I g TR
WA IV 1 52 R & HICE 00

B tay iz e T EOE AR L BOLHOR P AR B iz ) FR AR I 4 Bras . B4 T EOE RO St B
BORIKF) 8600, 1B UE S I DGLT HOGAS (e g P TAE OGS A W D) S IE 47 1 h, ) 5 B i 1] 114 728 £
WP A FEE BT R . SERERY RO s G O S RERUE B AT R AN T 200 TS M A S 0L
o 1 B OG0 5 PRIE 2R A AR G QK v B K IR R AL . L. 1 2 kW Bz 1) il iz DG 2T JO6 28 T LUK I AR

EIBAT .

|
—
(=]

o

=

— co-pump
90k — counter-pump
E L5F  slope efficiency=86%
=) =
g :
—_ 0
g a L0 = 19 o
£ = <18 power
& 8, fuctuation<2%
205 .
=] £ 16
520 40 s
0 1 1 Time /min
1020 1040 1060 1080 1100 1120 1140 0 0.5 1.0 1.5 2.0 2.5
Wavelength /nm Pump power /kW
3 i HhER Ay 2 kW I OE 1] R 1] A2 WO A 09 1k 4 K fhis WO R OGRS iE DR R &R
Fig. 3 Spectra of co-pumped and counter-pumped G R 1 he P B ) 28 i st 1) B A fb R 28D
lasers with the output power of 2 kW Fig. 4 Relationship between the laser amplification power

and the pump power of the counter-pumped laser
(the inset shows variation of output power

with time within one hour)

5 ik

BTG, g TR E R BT, 3l X e Nufern ()2 400 pm RFDGEF
FEIE 0] B 1) BB ) il iz T PSS XS B2 BRI, & 9 ) RS Jm) 32 ADOGEFBOG A B s g . SEgerh
K 20 pum/400 pm JE [m) AR () 432 G R OGP TSR UE L 45 T R W L R 1) Hl2 G AR OB 9 LA R e 9
{EZ /D L s G54 5020, X S B 45 SRAHAY . SCBe 45 SR ik — 25 R W, I 1a) 8 25 0 mT 90 4 0 ik TR A
SN N 27 SRR WU RO TR B S AR R O . TR rhE TR 2 IR L 2 kW ) s G AR Ok
A A SO TR BB AK SR G 5 B0 TIE , L1 il iz 25 0 6P AE =B i Ml A B IR A8 il . SC0#8 a1 2 kW
A5 2 B T G R RO AF OGRS LB U 0. 12 nm (9T AT SR BRBEOG L OGRS BE S AR E B 1L Ik
I )il iz G 2R oG AR A R T OGIE G o DL SE ST i T 4 0 S AR UK

Z % X #

[1] Xiao Q. Yan P, Li D.et al. Bidirectional pumped high power Raman fiber laser[J ]. Optics Express, 2016, 24(6):
6758-6768.

[2] YuH, Zhang H, Lii H,etal. 3.15 kW direct diode-pumped near diffraction-limited all-fiber-integrated fiber laser[] ].

08010104



F # ot

(6]

7]

(8]

(9]

[10]

[11]

Applied Optics, 2015, 54(14): 4556-4560.

Huang Z. Liang X, Li C .t al. Spectral broadening in high-power Yb-doped fiber lasers employing narrow-linewidth
multilongitudinal-mode oscillators[ ] ]. Applied Optics, 2016, 55(2): 297-302.

Stiles E. New developments in IPG fiber laser technology[ C]. 5" International Workshop on Fiber Lasers, 2009.

Ma Yi, Yan Hong, Peng Wanjing, etal. 9.6 kW common aperture spectral beam combination system based on multi
channel narrow-linewidth fiber lasers[] |. Chinese J Lasers, 2016, 43(9). 0901009.

B, B R, ZIIEG L BT 2T O 9.6 kW LU OB IR T . RO, 2016, 43
(9): 0901009.

Wang Xiaolin, Zhang Hanwei, Tao Rumao , et al. Laser diode pumped 4.1 kW all-{iber laser with master oscillator
power amplification configuration[ J ]. Chinese J Lasers, 2016, 43(5): 0502002.

FA, KBS, PR, . LD HiE RGN 4.1 kW 26 2F 0t [0 ] P E#OL, 2016, 43(5):
0502002.

Tiinnermann A, Jauregui C, Wirth C, ez al. Experimental observations of the threshold-like onset of mode instabilities
in high power f{iber amplifiers[J ]. Optics Express., 2011, 19(14). 13218-13224.

Smith A V, Smith J J. Mode instability in high power fiber amplifiers[J ]. Optics Express, 2011, 19 (11). 10180~
10192.

Hansen K R, Alkeskjold T T, Broeng J ,et al. Thermally induced mode coupling in rare-earth doped fiber amplifiers
[J ] Optics Letters, 2012, 37(12). 2382-2384.

Jauregui C, Otto H. Stutzki F ,er al. Passive mitigation strategies for mode instabilities in high-power f[iber laser
systems[ ] ]. Optics Express, 2013, 21(16); 19375-19386.

LiZ B, Huang Z H, Lin H H .et a/. Linecar inner cladding f{iber amplifier suppressing mode instability[ C ]. SPIE,
2016, 10016 100160T.

0801010-5



