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Fig. 1. Spectrograms at 200, 400 and 600 m of HNLF with different input peak powers when the noise is ignored.
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Fig. 2. Spectrograms at 200, 400 m and 600 m of HNLF without noise (row 1) and with noise (row 2), when the peak power and

pulse width are 30 W and 1.5 ps.
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Fig. 3. Spectrograms with different third-order dispersion coefficients and with/without SRS at 600 m of HNLF when peak power is

50 W.
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Fig. 4. Spectrograms of CW and pulse light propagating in HNLF.
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Abstract

Supercontinuum generated in normal dispersion region of highly nonlinear fiber (HNLF) is widely used in
signal processing and communication benefiting from its good flatness and high coherence. Because of the
normal dispersion, optical wave breaking (OWB) occurs when non-frequency shift components and frequency
shift components caused by self-phase modulation (SPM) overlap in time domain, and ends when non-frequency
shift components disappear. The evolution of non-frequency shift components at the front and rear edge of
optical pulse play an essential role in the supercontinuum generation process. In this paper, the evolution of
non-frequency shift components in normal dispersion region is numerically calculated and analyzed based on
generalized nonlinear Schrédinger equation. The results demonstrate that non-frequency shift components
shrink gradually as the pulse propagates in the normal dispersion region. Cross-phase modulation (XPM) and
stimulated Raman scattering (SRS) play a major role in this process, while the third-order dispersion imposes
little effect on it. Because of XPM, non-frequency shift components at the front and rear edge shrink gradually,
and keep red shifting and blue-shifting respectively. The influence of XPM on the non-frequency shift
components at both edges is symmetrical. However, the influence of SRS on the evolution of non-frequency-shift
components at both edges is asymmetric. At the front edge, SRS transfers the energy from non-frequency shift
component to frequency shift component, which is opposite to that at the rear edge. At the front edge, SRS
accelerates the shrinking process of the non-frequency shift component, while it slows down the shrinking
process at the rear edge. And this asymmetric effect is more obvious when the peak power of the pulse is higher
and SRS is more efficient. The evolution of the non-frequency shift components of chirped pulses propagating in
the normal dispersion region is studied. Comparing with the unchirped pulse, the non-frequency shift
components at the front and rear edge of the chirped pulse have different wavelengths. For the negative chirped
pulse, the wavelength spacing between the overlapped frequency-shift components and non-frequency shift
components is larger, which is easier to satisfy the SRS gain range. Therefore, the evolution of non-frequency-
shift components at the front and rear edge of the negative chirped pulse are more asymmetric due to the
higher SRS efficiency. For positive chirped pulses, the wavelength spacing between the overlapped components
is difficult to satisfy the SRS gain range. The evolution of non-frequency-shift components in the positive
chirped pulses is more symmetrical due to the lower SRS efficiency.

Keywords: supercontinuum, nonlinear fiber optics, stimulated Raman scattering, cross-phase modulation
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