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STUDY ON SBS SELF-Q-SWITCHED ERBIUM-DOPED
FIBER LASER WITH WEAK FEEDBACK CAVITY

ABSTRACT

The rapid development of science and technology has driven the
rapid progress of laser manufacturing technology, especially in the design
and application of lasers, which has made remarkable progress. Q-
modulated fiber lasers with high beam quality, high efficiency, low noise,
small size and light weight have been widely used in the fields of
communication, medical treatment, LIDAR, material processing and so on.
Stimulated Brillouin Scattering (SBS)-based Q-tuned fiber lasers have a
simple structure, high output laser power, and narrow spectral linewidth,
and have gradually become a hot spot for research. However, due to the
randomness in the SBS generation process, the high stability of the tuned
Q pulse output has become an important challenge in these lasers. The aim
of this paper is to study in depth the key issues of pulse output stability of
SBS modulated Q fiber lasers, optimize the design of the laser structure,
and improve the output pulse stability. The main research includes the
following aspects:

First, the stability of the output pulse of the Q-tuned laser is

improved by introducing a feedback mechanism in the laser resonant cavity
11



to weaken the randomness of the SBS generation process. The resonant
cavity structure used in conventional SBS-tuned Q lasers: one end is
provided with strong feedback by a fiber Bragg grating (FBG), and the
other end relies on the SBS effect caused by distributed noise from
Rayleigh scattering to provide reflection. In this case, the number of
inverted particles continues to accumulate, but the laser output often fails
to form a stable pulse due to the lack of an adequate feedback mechanism.
To solve this problem, we design a weak feedback cavity that introduces a
certain amount of reflection to the Stokes light of each order, which
effectively removes the randomness of the laser pulse in the cavity while
lowering the threshold of the Q-modulated laser.

Secondly, in order to fully understand the operation mechanism
of SBS Q-switched laser and obtain the ideal pulse output results, a
comprehensive numerical simulation model is established. The model is a
coupled wave equation set including SBS process, Q-switched fiber laser
rate equation and fiber loss. The output characteristics of SBS self-Q-
switching can be simulated by using the characteristic line method to
numerically solve the coupled wave equations. The structural parameters
of the laser are optimized, and a stable output pulse sequence is obtained.

Finally, the experimental study of SBS self-tuned Q erbium-
doped fiber laser was carried out. In the experiments, a 4m-long
domestically produced erbium-doped fiber was used as the gain medium,
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a 20m single-mode fiber was used to generate SBS, and a broadband FBG
was used as a high-reflection cavity mirror at one end of the linear laser
cavity, while a weak FP cavity was used as an output mirror at the other
end to provide weak feedback. A modulated Q laser pulse output with a
pulse width of 23 us and a repetition frequency of 8.06kHz was obtained at
a pump power of 400mW. Due to the introduction of the feedback
mechanism, a well-stabilized laser pulse train was obtained with a
fluctuation of 3.61% in the peak pulse power.

Miao Yutong (Electronic information)

Supervised by Professor Zhu Xuehua

KEY WORDS: Q-switched, fiber laser, feedback management, erbium-

doped fiber, stimulated Brillouin scattering
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