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Study on optical power alignment technique during the
splice of large mode area double-cladding fiber
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Abstract: In order to improve the splicing quality of large mode area double-cladding fiber, an optical power alignment
system was designed by using NUFERN 20/400 wm double-cladding fiber. The cladding light in the cladding layer and the basic-
mode light in the core were verified. The relationship between core dislocation and coupling efficiency was analyzed theoretically
and verified experimentally. The existence of the cladding light or the higher-order mode in the core reduced the sensitivity of
coupling efficiency to core dislocation. After stripping the cladding light and the higher-order mode, the coupling efficiency varies
with core dislocation as Gaussian shape. A double-ended pumping fiber laser system with kW level output power was built by
using the optical power alignment system, with the maximum output power of 1170W, optical-to-optical conversion efficiency of
about 73% and beam quality factor of around 1.22. Quasi-single-mode output of kW level was gotten. The results show that
accurate alignment of double-caldding fiber can be achieved with optical power alignment technique. The study is important for
the improvement of output performance of high power fiber lasers.
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Fig. 1 Optical power alignment system for large-mode-field double-cladding
fiber
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Fig.2 Influential factors on fiber splicing

a—core dislocation d and end-face interval z b—fiber angle
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Fig. 3 Power distribution in fiber cross-section
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Fig.4 Relationship between core dislocation and fiber coupling efficiency of

SM and HM
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Fig.5 Relationship between core dislocation and fiber coupling efficiency

with different coiling diameter D
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Fig. 8 Setup of high power fiber laser system

t@m
inner-cladding outer-cladding

outer-cladding - jnper-ladding

a core

Fig.9 Structure of large mode double-cladding fiber
a—cross-section of the circular inner-cladding b—cross-section of the oc-

tagonal inner-cladding



B4 % 3 I WP N ) s AR eI E SRl i N 341

14, 40 9a Fr7R o HEAREE RN EIZ /AL E
(62T ( Nufern LMA-YDF 20/400-M) , H2F 5 HAS N
20wm, WALJZE NV AR 400 wm, 41 Ob Br7R . X
TIVPICET A FOCLT W, WA 8 Hp e 4 5 2
LI HE T 3, R R B A G2 X HETT U5, Mtk
PRV MR AT AW R B £ 88507, Q] 10a iR . iX
EEIE M TREOCE N /N IE , I AR B AR
45k o RADEIFI LRI EARBOCL NP
AR R AR AT 2 B R AN P 10b B, X Je Ao 4
EEBEL

Fig. 10  Splice images with different alignment methods

a—splice image with automatic alignment b—splice image with optical
P- g g P g P

power alignment
Bl 11a SRR YR 0 R 0 T B T %
JCEF B R G iz - TR L. W AhE R
1500W i, 75 155 K i TR 2 1170W, H 66
BUERL T3% o FH G AR 5T a0 5 YOG e 7 B K i
DRt e i, M 25 L an & 11b iR, B
B RFL00 1,22, U 6 T 3Rk i A B R
) T T R R A A AR
1200
1000
800 1
600
400
200

a

output power/W

0 400 800 1200 1600
pump power/W

b T Y s R G
A

%
77

s
A

TR
i

D

Fig. 11 Output performance of high power fiber laser at 11kW
a—output power at different pumped powers b—beam quality of output la-
ser at 1. 17kW

4 &

S RISLIRIF 5T T KA WAL 2 G4 B2 i T oK
XFHERA 25 HE R A2 SERER 0 o i B 1) 77 A
FEARCR X ] A% A8 AL BB EE FRAI, A T 6t
RS L o SRS H ARG 8 T T LR i2
O R G, i AHIEE S 1500W 15, 75 31 5 K TR
1170W , J6I 64530 24 T3% |, 5 iy T 2R ) 1 6 B
2R 1. 22 52 T T U s . R
FOET AR AR GRS S BUREIA G T IR 6 6, e il
B RTF BRI CLE A TR CEF k42, X
IR P ERE M SR R S

2 % X #

[1] JEONG Y C, BOYLAND A J, SAHU J K, et al. Multi-kilowatt sin-
¢gle-mode ytterbium-doped large-core fiber laser[ J]. Journal of the
Optical Society of Korea, 2009, 13(4) : 416-422.

[2] XIAO H, LENG J Y, ZHANG H W, et al. A 2. 14kW tandem
pumped fiber amplifier[ J]. High Power Laser and Particle Beams,
2015, 27(1) ; 27010103 (in Chinese).

[3] RICHARDSON D J, NILSSON J, CLARKSON W A. High power fi-
ber lasers: current status and future perspectives invited[ J]. Journal
of the Optical Society of America, 2010, B27(11) : B63-B92.

[4] ZHANG X X, GE T W, TAN Q R, et al. Research of Yb-doped all
fibre lasers[ J]. Acta Photonica Sinica, 2015, 44(10) ;: 1014002 (in
Chinese) .

[5] ZHANG H, YANG CH P, LI W, et al. Characteristics of high-power
all-fiber laser[ J]. High Power Laser and Particle Beams, 2012, 24
(6): 1287-1289 (in Chinese) .

[6] WANG Y Sh, KEW W, SUN Y H, et al. Effect of core dislocation
on performance of high power fiber laser[ J]. High Power Laser and
Particle Beams, 2014, 26(12) : 26121001 (in Chinese) .

[7] WANG B Q. Research of reducing the fiber fusion splicer splice loss
[D]. Fuzhou:Fujian Normal University, 2012:15-20(in Chinese).

[8] PENG J Zh. The research of alignment system to the laser injection
and optical power detection in the fiber fusion splicer[ D]. Fuzhou:
Fujian Normal University, 2014 :3-21 (in Chinese).

[9] YIN Sh P, YANP, GONG M L, et al. Fusion splicing of double-clad
specialty fiber using active alignment technology[ J]. Chinese Optics
Letters, 2011, 9(2) . 020601.

[10] ZHANG J H. Study on high power ytterbium-doped fiber lasers and
key components[ D]. Wuhan; Huazhong University of Science and
Technology, 2012 :11-14(in Chinese).

[11] HUANG Ch. Investigation of high power ytterbium-doped double-
clad fiber lasers [ D]. Wuhan: Huazhong University of Science and
Technology, 2008 :10-20(in Chinese) .

[12] MARCUSE D. Loss analysis of single-mode fiber splices[ J]. Bell
System Technical Journal, 1977, 56(5) . 703-718.

[13] HUANG Sh L, SHI W J. Research of the connection loss of the sin-
gle-mode fiber[ J]. Acta Photonica Sinica, 1994, 23(2); 127-133
(in Chinese) .

[14] OU P. The Simulation of the advanced optics ( MATLAB) [M]. 2nd
ed. Beijing: Beihang University Press, 2014:204-216(in Chinese).

[15] LIANG Q T. Physical optics [ M]. 3th ed. Beijing: Publishing
House of Electronics Industry, 2008 :75-96 (in Chinese) .





