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Abstract: We have demonstrated an Yb-fiber laser system pacating a CFBG stretcher,
bandwidth optimised amplifiers and dielectric gngtcompressor. The system produced 135 W
average power with pulse energy of 13.5 pJ. Themecessed pulse duration was 360 fs.
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1. Introduction

Applications requiring femtosecond pulses with bathh average powers and high pulse energies rfanige
industrial materials processing to high-harmonid plasma-based x-ray generation. Fiber systembealinde-
pumped, high gain, compact and robust, and atpuglers they typically suffer less from thermo-oatigroblems
when compared to bulk crystal and glass laser ssuttowever, nonlinear effects in the fiber ampigiare a key
limitation for pulsed fiber systems and furthertieglogical developments are therefore requirede Mex report an
Yb-fiber femto-second chirped pulse amplificati@P@) system incorporating several novel technokgibich
produces high-quality, high-energy pulses, at laigkrage power.

Critical components of our system are a chirpedrfBragg-grating (CFBG) stretcher designed withit
and 3° order dispersion compensation matched to the cesapr [1], an Yb-fiber amplifier chain with bandid
optimized using modelling tools [2], and a dielecgrating based compressor which has the advantEdagh
power handling compared to gold gratings withoetglze constraints associated with fused siliggstrassion
gratings. The system produced 135 W after the ifiempdhain at 10 MHz pulse repetition rate (1R.5pulse
energy) and the recompressed pulse duration was36Ib our knowledge this is the highest combiaeerage
power and pulse energy when compared to eitheraighage power systems with lower pulse energiesidigh
pulse energy systems with lower average powers [4].

2. Experimental setup
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Fig. 1. Fiber CPA system schematic

The schematic of our Yb fiber CPA system is showhig. 1. The passively mode-locked diode-pumpedilyér
seed laser provided < 150 fs pulses with ~20 nna\ith centred at 1055 nm [2]. An Electro-Optic didator
with >40 dB extinction ratio was used to reducephkse repetition rate from 50 MHz to 10 MHz. Thdsgs were
then coupled into a CFBG using a fiberised cirarlaind were stretched to ~2 ns duration. Core-pdmpe-
amplifiers increased the power to ~0.1 W beforadhing the pulses into the high power cladding-pedhp
amplifiers (core diameter 20 pm, NA 0.06; inneddiag diameter 200 um, NA 0.5). Isolators, waveegdand
accousto-optic modulators were incorporated betwieeamplifiers to prevent ASE build-up. The fimahplifier
used 5 m of fiber and was pumped by a 975 nm, 338séf diode. A dielectric grating was then used to
recompress the pulses at the output.

3. Results

We first characterised the CFBG stretcher and fiigth power Yb fiber amplifier. The performancetioé CFBG
in the orientation used in the CPA system is shiowiig.2.a). The reflected spectrum has ~12 nm Wwaitt, only
~2.5 dB reflectivity variation and minimal spectrgdple (0.01 nm resolution). The measured dispersias
obtained using the phase delay measurement teehwiitju a tunable laser source, and it is very ctosbe



specification. Fig. 2.b) shows the output poweerdfte final amplifier. The maximum power of 135 W
corresponds to a slope efficiency of 77 % with essfpo the launched pump power.
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Fig. 2. a) Experimentally measured CFBG characteristi¢$Output power characterization of the final Yb-filzanplifier in the CPA system

The temporal and spectral characteristics of theeglare shown in Fig.3. Fig.3.a) shows the auteladion
traces at different pulse energies. The autoatiosl width remained constant at 510 fs, correspaith a pulse
width of 360 fs assuming a Gaussian sh@p#\{~0.6). Due to SPM in the final amplifier, the pedésvas
observed to increase at a pulse energy of [L.B.But the majority of the energy remained in thietial peak.
Measurements at reduced repetition rates showee severe pulse distortions at a pulse energy pfz@nd
stimulated Raman scatting at a pulse energy of0420D The measured compressor transmission effigief 52%
indicates a maximum compressed output pulse erdrgylJ with average power of 70 W. Fig.3.b) shtved the
12 nm bandwidth after the CFBG stretcher is manegithough the amplifier chain. There is no spédistortion
at 135 W output power and the signal remains 2@iB/e the ASE level. The compressed pulse spettasha
bandwidth of 6.2 nm, limited by size of some of thierors, and we are currently working to improke t

compressor performance.
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Fig. 3. Output characteristics of fiber CPA systea).autocorrelation traces at low and high pulse éasrh) spectra of the pulses before and
after the grating compressor at 135 W output power.

4. Condusion

We have demonstrated an Yb-fiber chirped pulse ificgilon system incorporating a CFBG stretchetimjsed
bandwidth amplifiers and a dielectric grating coegsor. The system produced 135 W average powepuitie
energy of 13.5 pJ. The recompressed pulse duratisr860 fs. We believe that this demonstrationigi pulse
energies at high average powers will further broatie applications of femto-second fiber-based Gipstems.
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