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Theoretical and Experimental Study on Mode Controlling of
a Large-Mode-Area Fiber Laser with Fiber Tapering
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Abstract With the use of large-mode-area (LMA) double clad fiber, output powers of a single fiber laser increase
dramatically. However, it makes the laser operate with high-order modes and the beam quality degrades at the same
time. In this paper, fiber tapering is introduced to control high order modes of a LMA fiber laser, which has a 43 pm
core with 0.08 NA. And a 20 mm length tapered zone is employed, 10 mm in front of the output end. And the
minimum of the core diameter of the tapered zone is 9 ym. When the launched pump power is 119.1 W, 56.4 W
single mode output can be obtained. On the basis of the experiment, thermodynamic characteristics of the tapered
fiber laser are calculated theoretically. The experimental results are in agreement with the calculated results. And it

offers a reference for achieving higher single mode fiber laser and its cooling scheme.
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Fig. 1 Experimental configuration of a tapered fiber laser
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Fig. 2 Beam profiles of the fiber laser without tapered

section (a) and with tapered section (b)
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Fig. 3 Output powers versus incident pump powers

of the fiber laser
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Fig. 4 Schematic drawing of double cladding fiber laser
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Table 1 Parameters of the fiber employed in the experiment

Parameter Value Parameter Value
I, 0. 0046 as 0.005 cm ™!
I 0.9 Ap 975 nm
. (A,) 2.5X107* m? As 1090 nm
. (A,) 2.5X10" % m® T 0. 84 ms
6. (1) 1.4X1077 m? R, 0. 004
0. (A,) 2X107% m? R, 0. 004
N 4X10* m™* Ry 0.98
a, 0.006 cm ™! Ry, 0. 04
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Fig. 5 Axial distribution curve of pump power density of
the single end-pumped tapered fiber laser
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Fig. 6 Geometry model of temperature distribution of

double cladding fiber
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Table 2 Parameters used for core temperature calculating

of the tapered fiber laser

Parameter Value
a /pm 21.5
b /pm 325
¢ /pm 350
C,/[W/(em-K)] 1.38X107*
C,/[W/(cm « K)] 1.38X10*
C;/[W/(cm - K)] 2.0X107°
h /[W/(cm® « K) ] 5.0X10°°
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Fig. 7 Temperature distribution of center of the fiber core

of the single end-pumped tapered fiber laser
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