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Abstract An all polarization-maintaining fiber femtosecond laser amplification system, using Yb-doped large-mode-
area double-cladding fiber (LMA-DCF) as gain medium and adopting the chirped pulse amplification technology,
was constructed. Benefiting from the all polarization-maintaining fiber construction, the amplification system
showed high -integration and long-term stability. Furthermore, the quality and duration of the pulses after
compression were optimized by controlling the length of the stretcher fiber, which made it possible to compensate
the third-order- dispersion accumulated in the system by introducing nonlinear chirp in the amplifier. Meanwhile,
we analyzed the impact on amplified pulses caused by periodic spectral modulation. Through optimizing artisan
craftsmanship of polarization-maintaining fiber (2-+1) X 1 combiner, the issue of periodic spectral modulation was
solved. Finally, the high-quality ultrashort laser pulses with an average power of 9 W and a pulse duration of 260 fs
at the repetition rate of 111 MHz after compression, corresponding to single pulse energy up to 81 nJ and pulse
polarization ratio of 13 dB, were generated.
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Fig. 1 Experimental setup. (a) Spectrum of pulses from the oscillator after passing through the filter, whose 3 dB

bandwidth is 12.3 nm; (b) beam profile when average power of dechirped pulses is 9 W
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Table 1 Fiber stretcher and Yb-doped fiber amplifier parameters used in the simulation

Parameters Value
Spectrum of signal pulses (measured) Output spectrum of oscillator
Repetition rate of signal pulses (measured) 111 MHz
Average power of signal pulses (measured) 62 mw
Pump wavelength in amplifier 976 nm
Third order dispersion 4.1X107° ps*/m
Group velocity disperion 0.023 ps*/m
nolinear index coefficient 2.3X107%* m?/W
Core diameter of stretcher fiber 6 pm
Cladding diameter of stretcher fiber 125 pm
Core diameter of gain fiber 20 pm
Cladding diameter of gain fiber 130 pm
Doping concentration of gain fiber 5.5X10% m*
Signal/pump overlap factor 0.85

Intensity /arb. unit
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Fig. 2 (a) Simulation result about pulse spectrum from the amplifier and (b) simulation curves of dechirped pulse

autocorrelation traces with different stretcher fiber lengths when average power is 9.5 W
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Fig. 3 (a) Spectrum comparison between pulses directly output from different combiners; (b) autocorrelation trace
comparison between dechirped pulses directly output from different combiners; (c¢) autocorrelation trace comparison
between dechirped pulses from amplifiers with different combiners, when output power is 9 W and stretcher fiber is 30 m

long (combiner 1 is not optimized, and combiner 2 is optimized)
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Fig. 4 (a) Experimental curves of pulse spectra from the amplifier and (b) experimental curves of the dechirped pulse

autocorrelation traces under different stretcher lengths and signal power of 9 W
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