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Abstract: By using partially coherent combining technique, beam combining of a 2x2 all-fiber laser array
was experimentally studied. The laser array consisted of two incoherent laser groups. Each group contained
two all-fiber lasers which were phase-locked by using direct mode mutual injection method through a fiber
Bragg grating with proper reflectivity. The four laser beams were arranged symmetrically. And they were
placed as close as possible by using a four-right-angle prism. In the experiment, two groups of clear
interfere strips with maximum visibility of about 43% and 38% were observed, respectively. The whole

laser array finally generates 925 W output power when the total pump power was 1 624 W. The beam-
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quality value BQ of the combined beam emitting from the laser array was 1.95 when the fill factor of the
laser array was 0.54. This fiber laser combining array was constructed by all-fiber components, thereby was
monolithic with stable performance. During the long time of high power operation, the monolithic fiber laser
array works with excellent stability, no thermal distortion and damage are observed.
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Tab.1 Beam quality BQ °

Item Value

P/W 049 1.01 1.88  2.61 3.14 3.85  4.79
P/W 0.11 0.22 0.42 0.57 0.73 0.84 1.07

BO 1.94. 1.97 1.95 1.97 1.91 1.97 1.95

[1]  Hu Guijun, Shan Chengyu, Deng Xiaoying, et al. Threshold

characteristics of linear cavity Yb’*doped double-clad fiber
Laser 1 Laser 2,Laser 3 Laser 4

12W  8W,
° 824.2W

laser[J]. Optics & Laser Technology, 2005, 37(1): 3-7.
[2] Jeong Y, Sahu J K, Payne D N, et al. Ytterbium-doped

large-core fiber laser with 1.36 kW continuous-wave output



62

41

[4]

[5]

[6]

[7]

[8]

[9]

[10]

power[J]. Optics Express, 2004, 12(25): 6088—-6092.
Guo Wengang, Tu Chenghou, Luo Shaojun, et al. Theoretical
and experimental investigation on transient regime of fiber
laser [J]. Infrared and Laser Engineering, 2009, 38 (6):
1039-1043. (in Chinese)

[J]. , 2009, 38(6): 1039-1043.
Bonati G, Voelckel H, Gabler T, et al. 1.53 kW from a
single Yb-doped photonic crystal fiber laser [C]//Photonics
Conf West 2005 session 5709-2a, 2005.
IPG Photonics. IPG Photonics successfully tests world’s first
10 kw single-mode production laser[EB/OL]. [2009-06-15]
http://www.ipgphotonics.com/newsproduct.htm.
Fan T Y. Laser beam combining for high-power, high-
radiance sources [J]. IEEE Journal of Selected Topics in
Quantum Electronics, 2005, 11(3): 567-577.
Demoustier S, Bellanger C, Brignon A, et al. Coherent beam
combining of 1.5 wm Er/Yb doped fiber amplifiers[J]. Fiber
and Integrated Optics, 2008, 27(5): 392-406.
Cao Jiangiu, Xu Xiaojun, Hou Jing, et al. Coherent
combining technology of fiber laser [J]. Infrared and Laser
Engineering, 2008, 37(3): 456—460. (in Chinese)

[J]. 2008, 37(3): 456—460.

Liu A P, Mead R, Vatter T, et al. Spectral beam combining
of high power fiber lasers[C]//SPIE, 2004, 5335: 81-88.
Huo Yanming, Cheo P K. Analysis of transverse mode

competition and selection in multicore fiber lasers [J]. Journal

of the Optical Society of America A, 2005, 22(11):2345-2349.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Corcoran C J, Durville F. Experimental demonstration of a
phase-locked laser array using a self-Fourier cavity [J].
Applied Physics Letters, 2005, 86(20): 2011181-2011183.
He Bing, Lou Qihong, Wang Wei, et al. Experimental
demonstration of phase locking of a two-dimensional fiber
laser array using a self-imaging resonator[J]. Applied Physics
Letters, 2008, 92(25): 2511157-2511153.
Shirakawa A, Saitou T, Sekigughi T, et al. Coherent addition
of fiber lasers by use of a fiber coupler [J]. Optics Express,
2002, 10(21): 1167-1172.
Lei Bing, Feng Ying. Coherent combining of two fiber lasers
in a Michelson-type coupled cavity[J]. Optics Communications
2008, 281(4): 739-743.
Liu Y, Chen Y, Xu L, et al. Mutual injection-locking of
two individual double-clad fibre lasers [J]. IEEE Journal of
Electronics Letters, 2009, 45(8): 399-400.
Chen Zilun, Hou Jing, Zhou Pu, et al. Mutual injection
locking and coherent combining of three individual fiber
lasers[J]. Optics Communications, 2009, 282(1): 60-63.
Liu Zejin, Zhou Pu, Xu Xiaojun. Study on universal standard
for evaluating high energy beam quality[J]. Chinese Journal
of Lasers, 2009, 36(4): 733-738. (in Chinese)

[J]. , 2009, 36(4): 733-738.
Lv Baida, Kang Xiaoping. Some aspects of laser beam
quality [J]. Infrared and Laser Engineering, 2007, 36(1):
47-51. (in Chinese)

, . [J].

, 2007, 36(1): 47-51.



