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Influence of Refractive Index Perturbation on Mode Extinction
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Abstract According to the time-domain perturbation wave equation, we derived the mode-coupled equation with the
refractive index perturbation in the few-mode fibers. Then, the equation was used to analyze the mode coupling
characteristics and their influence on the mode extinction ratio of signals in the case of few-mode fiber connection.
Taking a two-mode fiber as an example, we investigated the relationship between the maximum mode coupling
efficiency and the connection loss coefficient of perturbative/non-perturbative fibers. It is found that the maximum
mode coupling efficiency is about 4 times the connection loss coefficient when the inter-mode coupling is very small.
Furthermore, we put forward a formula of mode extinction ratio in the presence of refractive index perturbation in
few-mode fibers. The calculation results show that the mode extinction ratio of the signals can be higher than 20 dB
when the ratio of the effective phase mismatch factor to the mode coupling coefficient is greater than 10 or the
product of mode coupling coefficient and length is less than 0.2.
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Fig. 1 Cases with the refractive index perturbation independent of the propagation direction.

(a) Core misalignment; (b) structure mismatching
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Fig. 2 Optical power evolution of two modes for the single mode input. (a) y=0; (b) y=2
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Fig. 3 Effect of refractive index perturbation on modal

extinction ratio
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Table 1 Parameters of few-mode fiber with the refractive

index perturbation

Parameter Value
Refractive index of fiber core n, 1.4468
Refractive index of cladding #, 1.4378
Radius of fiber core r /pm 7
Refractive index perturbation én” /10~ ° 5.06
Wavelength of signal light A,/nm 1550
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Fig. 4 Mode extinction ratio of mode combination C,, , in

the multimode fiber at different lengths, in which

C,. . represents the pattern combination of

patterns m and n
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