All PM, 14 W, 2.8 GHz intra-burst repetition rate Yb-doped fiber laser
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Ultrafast fiber lasers operating in burst mode enable new possibilities in laser-material processing, especially in high-precision thermal-damage-free ablation [1]. The Burst of ultra-fast pulses draws attention as a new technique for ablation-cooled material removal [2]. Ultrafast pulse trains in the burst are used to ablate the target material diverging from the processing region before the residual heat is delivered by the previous pulses [3].
We present the development of an all polarization maintaining (PM), high-power, ultra-high repetition rate, burst-mode Yb-doped fiber laser system with an average power of 14 W to achieve ablation-cooled material processing. We first developed the mode-locked oscillator, which generates about two ps-long pulses at an 89 MHz repetition rate. We used a cascade of 50/50 couplers and generated pulses at a 2.89 GHz repetition rate. Using three amplifier stages, all consisting of double-clad 10/125 fibers, we achieved 14 W output average power. We employed an acousto-optic modulator (AOM) after the first amplifier to generate a burst. The developed laser can be operated in both uniform and burst modes. Using a pair of 1200 line/mm compressor grating and after decompressing the pulses, we achieved about 760 fs long pulses at approximately 140 nJ pulse energy. We then investigated the micromachining of silicon and metals at different pulse energies and the number of pulses.
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Figure 1. (a) Schematic setup of the developed laser system, (b) Intra-burst repetition rate at 2.8 GHz, (c) Output optical spectrum at full power (inset: FWHM changing by power), (d) Measured autocorrelation of the compressed pulses at 140 nJ individual pulse energy.
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