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Characteristics of minimum mode-field diameter in tapered fiber
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(College of Opto-Electric Science and Engineering, National University of
Defense Technology, Changsha 410073, China)
Abstract: Mode-field diameter (MFD) is a characteristic parameter of fundamental mode in fi-
ber-optics waveguide. Power density in single-mode fiber is inversely proportional to the MFD.
As the single-mode output power of fiber laser increasing, the power density in the fiber in-
creases intensely. Much higher power density can cause optical damage and thermal damage of
fiber waveguide. Based on the approximate mode-field distribution model, a character was
found that the minimum MFDs in tapered fibers with different original fiber parameters corre-
sponded to an invariable fiber normalized frequency. The relations between the core diameters
and MFDs were simulated by the finite difference beam propagation method (FD-BPM) in dif-
ferent wavelengths and in different core numerical apertures (NA). The results demonstrated
the supposition presented above and indicated that the minimum MFDs corresponded to the
normalized frequency 1. 8 nearly, without direct relations with the wavelength and fiber para-
meters. The results provide theoretical reference for the quick determination of the point of
maximum power density in fiber, especially in high power case, as well as add new content to
the fiber optics theories.
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Fig. 1 Schematic of fused-tapered fiber coupler
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Fig. 2 Geometrical configuration of individual
fiber within a coupler
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Table 1 5 fiber parameters
ST i = A B no n NA Vs
1 1. 460 0 0.054 0 1.2814
2 1.459 5 0.066 2 1.569 3
3 4 pm 62.5 pm 1. 461 1.459 0 0.076 4 1.8119
4 1.458 5 0.085 4 2.025 6
5 1.458 0 0.093 6 2.218 8
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frequency in taper region
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Table 2 Minimum MFDs corresponding normalized

frequencies
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