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Intelligent control of mode-locked
femtosecond pulses by time-stretch-assisted
spectral analysis

February 19 2020
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The intelligent mode-locking fiber laser with an embedded time-stretch-assisted
real-time pulse controller (TSRPC). The electric polarization controller (EPC)
and the polarizer together produce artificially saturated absorption in nonlinear
polarization evolution (NPE)-based mode locking. Part of the output power is
sent to the measurement system for characterization, and the rest is used for
feedback. The TSRPC consists of a dispersion compensation fiber (DCF) to
complete the temporal-spectral mapping, a photodiode (PD), and a genetic
algorithm-based intelligent real-time optimizer. Credit: by Guoqing Pu, Lilin Yi,
Li Zhang, Chao Luo, Zhaohui Li and Weisheng Hu
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Researchers in China led by Lilin Y1 at Shanghai Jiao Tong University
developed apparatus and software algorithms allowing automatic
'intelligent control' over the femtosecond pulses generated by mode-
locked fiber lasers. The system can manipulate key aspects of the
wavelength range and composition of the pulses—technically their
'spectral width' and 'spectral shape'—more effectively than previously
possible. The procedure also yields new technical insights into the
factors determining the nature of femtosecond pulses generation.

Because pulse trains achieve excellent performance with a simple laser
setup, passively mode-locked fiber lasers (MLFLs) based on nonlinear
polarization evolution (NPE) have numerous applications. However,
NPE-based MLFLs are difficult to operate in the desired pulsation
regime via manual polarization tuning and are prone to detaching from
the desired regime due to polarization drift from environmental
disturbances. To address these challenges, automatic or intelligent mode-
locking techniques using adaptive algorithms and electric polarization
controllers (EPCs) have emerged in recent years. Several automatic
mode-locking lasers use temporal information to help identify the mode-
locking regimes. Combined with automatic optimization algorithms,
such lasers can successfully reach the mode-locking regimes, but their
pulse width and spectral shape are unpredictable. Thus, automatic mode-
locking techniques based on a temporal discrimination alone cannot
achieve mode-locking with the possible shortest pulse width and desired
spectral distribution. Even though optical spectral information can be
utilized in automatic mode-locking using an optical spectrum analyser
(OSA), such bulky and slow equipment only obtains integrated spectral
information and therefore cannot be used for real-time mode-locking.
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a, b, Spectral full width at half maximum (FWHM) programming from 10 nm to
40 nm with intervals of 5 nm including the spectra (a) and autocorrelation traces
(b) for a fundamental repetition rate of ~3.78 MHz. c, d, Spectral FWHM
programming from 10 nm to 20 nm with equal intervals of 5 nm, including the
spectra (¢) and autocorrelation traces (d) for a fundamental repetition rate of
~8.6 MHz. e, Repeatability test of searching for the maximum spectral FWHM.
f, The mode-locking results without the TSRPC. Credit: by Guoqing Pu, Lilin
Yi*, Li Zhang, Chao Luo, Zhaohui Li and Weisheng Hu

In a new paper published in Light: Science & Application, scientists from
the State Key Lab of Advanced Communication Systems and Networks,
Shanghai Institute for Advanced Communication and Data Science,
Shanghai Jiao Tong University, Shanghai, China, for the first time,
proposed using time stretch dispersive Fourier transformation (TS-
DFT)-based fast spectral analysis as the discrimination criterion to
achieve rich mode-locking regimes. By simply inserting a dispersion
medium into the real-time feedback loop of an automatic mode-locking
laser and combining this method with an intelligent polarization search
using a genetic algorithm (GA), they can manipulate the spectral width
and shape of the mode-locked femtosecond pulses in real time. The
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technique is termed as the time-stretch-assisted real-time pulse controller
(TSRPC). With the TSRPC, the spectral width of the mode-locked
femtosecond pulses can be tuned from 10 nm to 40 nm with a resolution
of ~1.47 nm, and the spectral shape can be programmed to be hyperbolic
secant or triangular. Benefitting from the TS-DFT and the real-time GA
optimizer, the TSRPC overcomes the considerable slowness, cost, and
bulkiness of traditional OSAs used in previous automatic mode-locking
lasers. The TSRPC can be made even more portable by replacing the
DCEF with a small optical grating, and its spectral programming
resolution can be improved by using an ADC with a higher sampling rate
or a medium with large dispersion. Furthermore, with real-time control
of the spectral width and shape of the mode-locking pulses, they
revealed the complex and repeatable transition dynamics from the
narrow-spectrum mode-locking regime to the wide-spectrum mode-
locking regime, including five middle phases: a relaxation oscillation,
single soliton state, multi-soliton state, triangle-spectrum transition, and
chaotic transition, providing deep insight into the ultrashort pulse
formation that cannot be observed with traditional mode-locked lasers.
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a, The entire transition from the narrow-spectrum regime to the wide-spectrum
regime, showing complex dynamics. b, The relaxation oscillation (RO) state
induced by the polarization assignment of the EPC. ¢, The multi-soliton state
with three solitons in a single roundtrip and the noisy wide-spectrum transition at
the 15201th roundtrip, where a noisy pulse appears on the right, adding noise to
the short-wavelength range of the real-time spectrum. d, The dynamics from the
triangular-spectrum transition to the chaotic transition where an abrupt change in
the soliton position, a vanishing soliton, and a soliton position shift appear.
Comparing one stripe from the triangular-spectrum regime and one stripe that
resembles a mixture of the triangular-spectrum transition and the Q-switched
mode-locking (QML) oscillations from the chaotic transition, the latter stripe has
a lower modulation depth and comprises wider and noisy pulses, blurring the
sparkles. e, QML oscillations weaken during the conversion to the noisy wide-
spectrum transition due to power reallocation. Credit: by Guoqing Pu, Lilin Yi,
Li Zhang, Chao Luo, Zhaohui Li and Weisheng Hu
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More information: Guoging Pu et al, Intelligent control of mode-
locked femtosecond pulses by time-stretch-assisted real-time spectral
analysis, Light: Science & Applications (2020). DOL:
10.1038/s41377-020-0251-x
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