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Fig. 1. Schematic of the multi-wavelength femtosecond laser generation based on single-mode fiber as nonlinear medium
and high power all-polarization-maintaining femtosecond fiber laser as pump source (AC, autocorrelator; OSA, optical
spectrum analyzer; BP filter, bandpass filter; SBF, single-mode spectral broadening fiber; GLP, Glan laser polarizer;
ISO, isolator; A\/4, quarter-wave plate; A\/2, half-wave plate).
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Fig. 2. Experimental test results: (a) Reliability test of the SESAM mode-locked all-polarization-maintaining fiber laser

oscillator with temperature variations from 10 °C to 40 °C; (b) power stability measurement over 168 h at 23 °C.
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Fig. 3. Autocorrelation trace of the output pulse corresponding to the different amplified compressed output
power assuming a Gauss fitting: (a) 3.15 W/295 fs; (b) 4.12 W/277 fs; (c) 4.97 W/274 fs; (d) 5.83 W/264 fs;

(e) 6.66 W /259 fs; (f) 7.45 W /257 fs.
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Fig. 4. Broadened output spectra corresponding to the different coupled pump laser power in nonlinear fiber.
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Generation of multi-wavelength femtosecond laser pulse
based on nonlinear propagation of high peak power
ultrashort laser pulse in single-mode fiber and
spectral selectivity technology”

Lii Zhi-Guo! Yang Zhi* Li Feng Li Qiang-Long Wang Yi-Shan Yang Xiao-Jun

(State Key Laboratory of Transient Optics and Photonics, Xi’an Institute of Optics and Precision Mechanics,
Chinese Academy of Sciences, Xi’an 710119, China)
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Abstract

Highly-integrated high-reliability widely-tunable femtosecond laser sources have important application values in
various research and application fields, such as ultrafast spectroscopy, quantum optics, remote sensing and bio-imaging.
In multi-photon excited fluorescence microscopy, femtosecond laser sources with moderate pulse energy and wide wave-
length tunable range can not only meet the application requirements of the different tissue structures for the peak power
and excitation wavelength, but also improve the nonlinear fluorescence efficiency and imaging resolution of the sample,
and thus enhancing the penetration depth. Considering the extensive application prospect and important scientific re-
search significance of the widely tunable femtosecond laser, in this paper we conduct an experimental research of the
high repetition rate multi-wavelength femtosecond laser generation in compact sized and low-cost configuration based
on the nonlinear propagation scheme of the high peak power femtosecond laser pulses in single-mode fiber.

In experiment, we first construct a highly-integrated reliable all-polarization-maintaining fiber femtosecond laser
amplifier, which mainly consists of an environmentally stable all-polarization-maintaining fiber mode-locked laser oscilla-
tor, single-mode fiber stretcher, a single-mode power pre-amplifier, a dual-cladding Yb-fiber amplifier, and transmission
grating-pair compressor. Self-starting mode-locked operation is assured with a semiconductor saturable absorber mirror,
and intra-cavity dispersion compensation is realized by a chirped fiber Bragg grating in the mode-locked oscillator. The
mode-locked oscillator, which delivers laser pulses with center wavelength peaked at 1035 nm, is robust operation as
temperature changes from 10 °C to 40 °C and the measured power fluctuation is less than 1% RMS over 168 hours
at 23 °C. The amplified high repetition rate laser pulses are compressed in a double-pass 1000 lines/mm transmission
grating-pair compressor. After compression, laser pulses with 5.83 W average power and 264 fs pulse duration at 34 MHz
repetition rate can be obtained. Simultaneously, we also study the dependence of the compressed pulse duration on the
amplified output power.

Employing a home-made high reliable compact sized all-polarization-maintaining fiber femtosecond laser as a pump
source and low-cost single-mode fiber as a nonlinear medium, the generation technology of the widely tunable femtosecond
laser in only fiber format is also studied based on the self-phase modulation nonlinear spectral broadening mechanism.

Simultaneously, in order to reduce the effect of the dispersion on the spectral broadening as much as possible, an
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National Natural Science Foundation of China (Grant No. 61690222).
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80-mm-long fiber is used in experiment. The used single-mode spectral broadening fiber has a 6-pm-diameter core and
20 fs? /mm dispersion coefficient. By coupling the femtosecond pump laser pulses into the 6-um-diameter fiber core, the
output spectrum presents a significant nonlinear broadening. The coupled pump power can be continuously adjusted
by a combination of a half-wave plate and a Glan laser polarizer. After bandpass filtering the leftmost and rightmost
spectral lobes in self-phase modulation and self-steeping induced broadened spectrum with bandpass filters centered at
980, 1000, 1050, 1070 and 1100 nm, the laser pulses with 203, 195, 196, 187, and 194 fs pulse duration can be obtained
at the corresponding center wavelengths.

The experimental scheme presented in this paper, which is based on the nonlinear spectral broadening of the high-
reliability femtosecond laser pulse in single-mode fiber and the spectral selectivity technology, provides a new research
approach to the realization of the highly-compacted reliable widely-tunable femtosecond laser sources and has important

research significance.

Keywords: single-mode fiber, nonlinearity, widely tunable, femtosecond laser
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