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Fig. 1. Diagram of experimental setup(SG-signal generator;

LD-semiconductor light source; WDM-wavelength division
multiplexer; PC-polarization controller; OC-90:10 optical
coupler; PDG-polarization-dependent grating; PI-ISO-polari-
zation-independent isolator; DCF-dispersion compensation
fiber; PD-photodetector; OSA-optical spectrum analyzer;
OSC-oscilloscope).
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Fig. 2. Performance characterization of modulated pump: (a) Input pump pulse waveform and carrier signal waveform at 2, 5, and

10 kHz modulation frequencies; (b) plot of modulation level versus pump power.
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Fig. 3. DFT accuracy verification and pulse trains during pulse state switching process: (a) Spectra recorded with OSA (dashed

line) and single spectra extracted from DFT measurements (solid line); (b) pulse sequence corresponding to the switching process;

(c), (d) detailed enlargements of the soliton before and after its annihilation.
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Fig. 4. Experimental real-time data for stable mode-locking and soliton annihilation switching processes: (a) DFT spectral evolution

diagram; (b) detailed enlargement of the soliton before its annihilation; (c) corresponding field autocorrelation trace evolution;

(d) spectrograms of the widest and narrowest pulse widths in one breathing period; (e) detailed zoom in on the reconstruction of the

soliton; (f) corresponding field autocorrelation trace evolution; (g) spectra of the @-switched instability state versus the stable mode-

locked state.
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Fig. 5. Pulse trains and DFT spectra of the switching process at different duty ratios and modulation frequencies: (a), (b) 30% duty

ratio for low-level modulation; (c), (d) 70% duty ratio for low-level modulation; (e), (f) 5 kHz modulation frequency; (g), (h) 10 kHz

modulation frequency.
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Controlled pulse generation and annihilation dynamics
in ultrafast fiber lasers”
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Abstract

In this paper, the mode-locked pulse generation and annihilation dynamics in ultrafast fiber lasers based on
pump intensity modulation are investigated by using real-time Fourier transform spectral probing. The results
show that the laser outputs stable mode-locked pulses when the pump modulation voltage is at a high level. As
the modulation voltage jumps to a low level, the intensity of the mode-locked pulse decreases, and then
undergoes a period of decaying oscillation before annihilation occurs, and after ~5 ps the soliton is
reconstructed from the noise, accompanied by the generation of the @-modulation instability. In the low-level
phase, the annihilation process in the laser cavity occurs continuously with a period of ~55 ps. By changing the
duty cycle of the modulation pump, it is possible to control the the number of times solitons continuously
annihilate under low-level modulation. Further, the continuous switching process of mode-locking and soliton
annihilation is related to the modulation frequency of the pump, and the increase of the modulation frequency
can effectively shorten the duration of the two states, thus reducing the number of soliton annihilations. In
addition, by reducing the value of the low level, the gain in the laser cavity can be reduced, resulting in a
shorter period of successive soliton annihilation. The results of the study are conducive to an in-depth
understanding of the formation and annihilation dynamics of solitons, and provide new perspectives for
developing various operation mechanisms of ultrafast lasers.

Keywords: pump intensity modulation, soliton annihilation, pulse state switching, dispersive Fourier

transform
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