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External Cavity Spectral Beam Combining of Fiber Lasers
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Abstract  External cavity feedback spectral beam combining (SBC) of two fiber lasers is investigated
experimentally. A transmission grating is employed as the beam combining element and the SBC of a 1060 nm laser
and a 1080 nm laser is achieved. The beam quality of 1.328 in SBC direction is obtained, while the beam quality in
the other direction is 1.257. The output power of the SBC system is 57.3 W with a combining efficiency of 91.7% .
Based on the configuration in this experiment, the requirement on the bandwidth of a single laser participating in the

SBC can be significantly relieved. The experiment results verify the feasibility of multi-channel SBC. The SBC

output power can be improved by the increase of the channels of the SBC system.
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Fig. 5 Beam quality measurement of the SBC. (a) Horizontal direction; (b) vertical direction
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F 10 (a) 1080 nm ¥4t B Mz LG ;

60k @ free drive laser power : 160 &=
g N " =
5 50 N 450 °§
B S
A
RN e lag 8
% 30 ;/:/ SBC output power 30 g
2 = .
C 20t ¥ 20 5
& A 8

10+ y A 10 £

n’, 0

0 2 4 6 8 10 12
Current /A

B1T Cad St L U th SR AR £T WOLAS A iz B 2 2 B v R 78

() "

.
Stim 20l RHIC.
T o Z'

1080 nm ¥ EIE K
Fig. 10 Spectra of 1080 nm laser (a) on free running and (b) after SBC

(b Gk ARG

94 ®

N
927 / \'/'\"l\lq—-

Combination efficiency /%

0 2 4 6 8 10 12
Current /A

SAG L 5 (b) ST 20 B A 20 HRZ803 B v T Y 2 1

Fig. 11 (a) SBC output power and free running laser power as a function of current; (b) combination efficiency

of the SBC as a function of current

WG AR O 2Ot i 4 Ao i B TR o 57.3 W,
R E N 91.7 % K 11(b) i, £ TR/ R
LR G- ERCRE T 90% .

4 gk S

SLHG RS T W G LT HOG R AR R B R s A
LT 1060 nm E K5 1080 nm P K HOEHI A
H L RIS RS O A A A Ay 1 OKF D
JEHRJTT B 1,328 AR Ty ] (88 5 ) G PR T i
9 1.257, 1060 nm P FHRFIELTE #0.178 nm,
1080 nm K FHRIEE LT R 0.121 nm., HF G
PR G T i 5 B T O R BT AR . KB
WA 12 AR AR SO 2 SO TR

57.3 W, BEFBOL A g5 ) 62.5 W, 4l )
R 91.7% . fE TAEHR ISR N, otk m |
90% . BLAAHREEM T IENT Z F RO S 541
% Féﬂ%aﬁ 110 2 B R SO, F — 25 i 4 o

2 % X #

[1] Zervas M N, Codemard C A. High power fiber
lasers: a review[J]. IEEE Journal of Selected Topics
in Quantum Electronics, 2014, 20(5): 219-241.

[2] Dawson ] W, Messerly M J, Beach R J, et al.
Analysis of the scalability of diffraction-limited fiber
lasers and amplifiers to high average power []J].
Optics Express, 2008, 16(17): 13240-13266.

0801009-5



h | W bl

[3] Ciapurin I V, Glebov L B, Glebova L N, et al. efficiency [J]. Journal of the Optical Society of
Incoherent combining of 100-W Yb-fiber laser beams America B, 2007, 24(8): 1716-1720.
by PTR Bragg grating [J], Proceedings of SPIE, [14] Thomas H L. High power spectrally beam combined
2003, 4974: 209-220. fiber laser with near-diffraction limited beam quality

[4] Madasamy P, Thomas A, Loftus T, et al. [J]. Proceedings of SPIE, 2007, 6453: 645308S.
Comparison of spectral beam combining approaches [15] Wirth C, Schmidt O, Tsybin I, et al. High average
for high power fiber laser systems[C] // Frontiers in power spectral beam combining of four fiber
Optics 2008/Laser Science XXIV/Plasmonics and amplifiers to 8.2 kW [J]. Optics Letters, 2011, 36
Metamaterials/Optical Fabrication and Testing, (16): 3118-3120.

2008: FTuJ3. [16] Honea E, Afzal R S, Savage-leuchs M, et al.

[5] Feng Y, Jiang H W, Zhang L. Advances in high Advances in fiber laser spectral beam combining for
power Raman fiber laser technology [J]. Chinese power scaling[J]. Proceedings of SPIE, 2016, 9730:
Journal of Lasers, 2017, 44(2): 0201005. 97300Y.

A, ZAET, KEFE. SRS L O B AR [17] Ma Y, Yan H, Peng W G, et al. 9.6 kW common
sEdbE(T]. P EBEOE, 2017, 44(2): 0201005. aperture spectral beam combination system based on

[6] Bao HN, Shang J Y, Li Y, et al. The research of multi-channel narrow-linewidth fiber lasers [J].
fuzzy control technology on laser guided vehicle[J]. Chinese Journal of Lasers, 2016, 43(9): 0901009.
Navigation and Control, 2017, 16(1): 17-22. O3, B, SN, . BRTEZEAEXRROLE O
BT, MR, BIE, . BOLS T B 19,6 kW AL #2061 oG IR (1], b E#OL,
AW, SHSHEH, 2017, 16(1): 17-22. 2016, 43(9): 0901009.

[7] Loftus T H, Thomas A M, Hoffman P R, et al. [18] Zheng Y, Yang Y F, Wang J H, et al. 10.8 kW
Spectrally beam-combined fiber lasers for high- spectral beam combination of eight all-fiber
average-power applications [ J]. IEEE Journal of superfluorescent  sources and their dispersion
Selected Topics in Quantum Electronics, 2007, 13 compensation[J|. Optics Express, 2016, 24 (11):
(3): 487-497. 12063-12071.

[8] Afzal R'S, Honea E, Savage-Lueschs M. Spectrally [19] Roser F, Klingebiel S, Liem A, et al. Spectral beam
beam combined fiber lasers for high power, efficiency combining of fiber lasers[J]. Proceedings of SPIE,
and brightness [ J]. Proceedings of SPIE, 2012, 2006, 6102: 61020T.

8547 : 854706. [20] Augst S J, Goyal A K, Aggarwal R L, er al.

[9] Zhang D Y, Hao J P, Zhu C, et al. Review on Wavelength beam combining of ytterbium fiber lasers
spectral beam combining of fiber lasers[]]. Laser & [J]. Optics Letters, 2003, 28(5): 331-333.
Infrared, 2016, 46(5): 517-521. [21] Clausnitzer T, Kampfe T, Kley E B, ez a/. Highly-
KRE, e, KR, &, oLt sws dispersive dielectric transmission gratings with 100 %
KRR [T]. Mot 524h, 2016, 46(5): 517-521. diffraction efficiency [J]. Optics Express, 2008, 16

[10] Charles X Y, Shatrovoy O, Fan T Y. All-glass fiber (8): 5577-5584.
amplifier pumped by ultra-high brightness pumps[J]. [22] Liu XX, Wang X F, Kan B X, et al. Research on
Proceedings of SPIE, 2016, 9728: 972806. external cavity feedback applied to spectral beam

[11] Liu A, Mead R, Vatter T, et al. Spectral beam combining of fiber lasers[J/OL]. Laser Technology,
combining of high power fiber lasers[J]. Proceedings 2017-12-13 [2018-01-157. http: // kns. cnki. net/
of SPIE, 2004, 5335: 81-89. kems/detail/51. 1125. TN. 20171213. 0920. 002.

[12] Cook CC, Fan T Y. Spectral beam combining of Yb- html.
doped fiber lasers in an external cavity[C]. Advanced XI/NE, 2, WEE, 5. 1 TIOR3t otis
Solid State Lasers, 1999, 26: 163-166. A S R BFFT [J/OL] . Wok$R, 2017-12-13

[13] Klingebiel S, Réser F, Ortac B, et al. Spectral beam [2018-01-15]. http: // kns. cnki. net/kems/detail/51.

lasers with high

combining of Yb-doped fiber

0801009-6

1125.TN.20171213.0920.002. html.



