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Fig. 1. Loss of the fundamental mode as a function of fiber bend diameter for the given fiber.

FEUCEEAE |, ASCEER X NA 43518 0.044 0.03 A1 0.02 RIFT BRHT S O£ IF
JERESE, BB BOlE KB 6L 5 H T a D R B0 L0t S a R, m#E
BOGL O — By 1060nm B, Bk, ASCHABEK A 1060nm 548
B, ST T NA B BRI 5 S AP B R I (2
3.1 NANO0.04HE4

E AR NA N 0.04 (0 G R TT, 38 1 A 3 oil4h B T2 oo T
LB TEAS « S LF A A HHE LA S R A5 THI AR ) R ) o 306 HL 35 B ) 2«
LPy B AL S PN R, BILPy o MILPy 1, 1 TN 2 ER A 23 A AN [
2 it T AR R AR (ILFR 1D, RS d B FE A B X ) (LK 3D,
HH T~ LPy 1 155 25 A HE AR X BE /N3, R, R ZELP, | o I FE B8 14 B H0 I 223K
JUILPy 1 o B AR TT AV R A 5K, IO L Py o B T LA 78 43 i



R 1 G EAN 40um. NA 4 0.04 FOCE 15 1P A5 B AR il ~E 42 (EDEET. 35em.
25cm 1 15cm) AR LT it 2 S5 201
Table. 1. Mode field distribution of the 40-um-core fiber with NA of 0.04 as a function of effective
bend radius (straight, 35cm, 25¢m, and 15¢m), together with the corresponding equivalent

refractive-index profiles.
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Fig. 2. Mode field distribution of the 20-um-core fiber with NA of 0.04 as a function of effective
bend radius.
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Fig. 5. Bending losses of LPy; and LP;; modes and effective areas of LP,; for the fibers with
20-,30-,40-, and 60-pm-core diameters and core NA of 0.03.
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Fig. 8. Mode field distribution of the 40-um-core fiber with NA of 0.02 as a function of effective
bend radius.
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Abstract

Low-numerical-aperture (NA) step-index ultra-large-mode-area fibers
are of considerable interest for high-power fiber lasers because lowering
NA enlarges the effective area of the fundamental mode and suppresses
nonlinear effects. However, it also increases bending sensitivity and thus
limits the applicability of bend-induced mode control. In this work, a
systematic numerical investigation is carried out on step-index fibers with
low NA values of 0.04, 0.03, and 0.02. The bending losses of LPy; and
LP;; modes for different core diameters are calculated by using the finite-
element method combined with the equivalent refractive-index model, and
the variation of the effective area of the fundamental mode is analyzed.
The results show that, corresponding to the wavelength of 1060 nm, for

fibers with NA of 0.04 and 0.03, bend-induced mode control is feasible

within appropriate core-diameter ranges. For core diameters no larger than
30um and 35um, respectively, LP,; mode can be effectively suppressed
with a bending loss of not less than 10 dB/m, while the effective area can
reach 561um? and 873 um? respectively. When the core diameter is up to
50um, only LP;;. mode can be suppressed by bending, and the
corresponding effective area is approximately 778um? and 1176pum?

respectively. Further reducing NA to 0.02 enlarges the effective area, but
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the sharply increased bending losses make bend-induced mode control
impractical. In this case, straight-fiber single-mode design is more suitable
for exploiting the mode-area advantage brought by low NA. These results
reveal the trade-off between mode-area scaling and bending sensitivity,
and can provide theoretical guidance for the design of low-NA large-

mode-area doped fibers.
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