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Fig. 1. (color online) Experimental setup: AL, as-
pheric lens; DM, dichroic mirror; PBS, polarization
beam splitter; HWP, half-wave plate; GR, grating;
HR, high-reflectivity mirror; SL, slit.
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Fig. 2. Output power as a function of pump power.
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Fig. 3. (color online) (a) Autocorrelations and (b)
power spectra at different pump power, (c) spectra on

log scale corresponding to max output pulse energy.
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Fig. 4. (color online) (a) Measured pulse train and (b) its radio frequency spectrum under

pump power of 12.76 W.
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Fig. 5. The numerical simulated results: the evolution of (a) the M parameter and (b) pulse chirp in the
cavity (SA, saturable absorber; OC, output coupler; DDL, dispersion delay line; SF, spectrum filter); the

simulated pulse intensity (c) at the output and (b) after filter.
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Abstract

Ultrashort pulse laser with a repetition rate of below 10 MHz is suitable for a variety of micromachining applica-
tions to avoid plasma shielding effects. Besides, the parabolic pulse possesses clean wings, short pulse duration, and
large peak power because only the linear chirp is accumulated during the propagation. Based on these two points, a
similariton oscillator with a repetition rate of below 10 MHz is a most perfect seed source of an amplification system
for micromachining. In this paper, an amplifier similariton oscillator with dispersion map based on a piece of 10 m
Yb-doped large-mode-area single-polarization photonic crystal fiber is demonstrated. The semiconductor saturable ab-
sorber mirror is employed in the linear cavity as an end mirror to initiate and maintain the mode-locking operation. An
adjustable slit is adopted between the end mirror and grating pair in another arm, as a central wavelength adjuster and
the spectral filter to ensure the laser operational wavelength in accordance with the working wavelength of semiconductor
saturable absorber mirror and the stability of mode-locking operation. The stable single-pulse mode-locking operation
can be achieved by adjusting the intracavity dispersion and the operating wavelength. With the net cavity dispersion
of —0.89 ps?, a spectrum with steep and smooth edges is obtained, which means that the laser does not operate in the
soliton regime but in the dispersion-mapped amplifier similariton regime. A highest output power of 820 mW is obtained
with a pulse duration of 6.2 ps and spectral width of 3.84 nm under a pump power of 12.8 W. The repetition rate is
8.6 MHz, corresponding to a pulse energy of 95 nJ. It is the first time that the similariton with a repetition rate of lower
than 10 MHz and a highest pulse energy of 95 nJ from a similariton laser has been achieved, to the best of our knowledge.
Numerical simulation results confirm that the self-similar evolution is achieved in the gain fiber, and the parabolic- and

gauss-shaped pulse can be emitted at the zero-order reflection of the grating and after the slit, respectively.

Keywords: large-mode-area photonic crystal fiber, self-similar evolution, amplifier similariton,

dispersion-map
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