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Abstract: We report a pulsed, fully-fiberised, Yb-doped MOR#&h a maximum average output
power of 100W. Adaptive pulse shaping was incorfgarao reduce the impact of nonlinearities,
delivering 2mJ flat-topped pulses with 20kW pealvpn
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1. Introduction

Pulsed fiber MOPAs have received increasing attardiver the past decade offering potential advasstégterms
of efficiency, compactness, reliability, ease afrthal management and high average power levalSvesto
existing pulsed laser approaches [1]. For practeasons it is highly desirable to work with fufligerized MOPA
systems. However, to date, most previously repgrtésed MOPAS operating at average powers of alféa of
Watts have incorporated free-space, end-couplitheopump radiation.

Here we present an all-fiber, nanosecond pulseddfted MOPA without any free space pumping. Average
output powers as high as 100W were obtained at€6p& efficiency with respect to launched pump poWsing
pulse shaping technology we obtain square shapteditquulses, minimizing the pulse peak power fgiven pulse
duration and energy and thereby limiting the deiets effect of nonlinearity — in particular Stiratéd Raman
Scattering (SRS) [2].

2. System setup and experimental results
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Fig. 1. The layout of the all-fiber Yb-doped MOPA. CMS:a@ting Mode Stripper

A schematic of the all-fiber Yb doped MOPA is iliteged in Fig. 1. The seed is a fiber pigtailedriye®erot laser
diode.The center wavelength of the seed signaltiosL063 nm by an external PM fiber Bragg gratfifige directly
modulated optical output of the seed laser washaped using an electro-optic modulator (EOM) dribvg an
Arbitrary Waveform Generator (AWG) with 4ns resadat The pulse width of the EOM output was setCGiiris at
a repetition rate of 50 kHz.

Around 0.1mW of average output power from the EOdamplified by 60dB using a three-stage amplifier
chain. The first pre-amplifier stage was based oara pumped, YB-doped active fiber (fabricated in-house) with
a core diameter and NA of 6um and 0.12 respectividlg amplifier was bi-directionally pumped with®idm
single-mode laser diodes. A maximum saturated aytpwer of 30mW was obtained from this stage. Titpuat of
the first stage amplifier was coupled into the selcpre-amplifier stage via an in-line optical isola The active
medium of the second-stage amplifier was a doulalé-& b**-doped fiber with a core diameter and NA of 6um and
0.13 respectively. The cladding diameter of the/melr coated, petal-shaped fiber was 130pum with pguiging
NA of 0.45. The gain medium was co-pumped by 915her-pigtailed broad-stripe diode lasers throudb€l)
tapered fiber bundle (TFB). The maximum saturatggut power from this stage was 1.8W.

The power amplifier comprised a 6.7m long Yb-dog&#| proprietary, non-photodarkening, large moeaar
(LMA) GTwave™ [3] fiber. The GTWavdiber facilitates pump coupling to the doped filégthout using its ends.
The amplifier was bi-directionally pumped using 8d0fiber pigtailed broad-stripe laser diodes.



A maximum average output power of 100W was obtaatellaunched pump power of 149W corresponding to
a slope efficiency of 69% as plotted in Fig. 2. Wizesquare input pulse was coupled into the MORanclthe
leading edge of the optical pulse was amplifiedguantially over the trailing edge (shown in Fig, Bading to
distortion of the final output pulse. The instargians power of the leading edge could be severaktimgher than
the rest of the pulse envelope resulting in undb&rSRS generation and limiting the maximum peisergy
extraction from the system before the onset ofinear effects or damage. A square output pulse ferhesirable
to scale-up the pulse energy since it providethfelowest pulse peak power thereby minimizing eieus
nonlinear effects. Fig. 3 shows the square shapgmibpulses obtained while operating the MOP Azaitous
output powers while the inset shows the correspmnidiput pulse profiles. The exponential risingedgm the
leading to the trailing edges of the input pulsesaéased with increasing output powers from thegvamplifier.
The spectra of the shaped signal pulses for vanatgut powers are shown in Fig. 4. It is obseithed the spectral
bandwidth increases with an increase in output palwe to self-phase modulation (SPM), however go sf SRS
was observed even when the MOPA was running ahtdémum average output power of 100W (with a
corresponding peak power of 20kW.) Further scalingutput power and hence the pulse energy wasapitim
limited by the available pump power. No degradatioautput power was observed during the experiaiembrk
which highlights the importance of using non-phatée@ning fiber in the power amplifier stage.

The output beam quality (fylwas varied between 2 to 3 depending on the chditiee beam delivery fiber
spliced to the output fiber. Detailed®vheasurement data will be presented at the corderen
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Fig. 2. Efficiency plot of 1063nm signal Fig. 3. Temporal plots of the optical pulses Fig. 4. Spectra of the signal output

3. Conclusions

We have successfully demonstrated an all-fiberdgped MOPA. A maximum average output power of 1G2W
an overall slope efficiency of 69% was achievednfithe final stage amplifier. Using adaptive pulsapng of the
seed laser we successfully reduced the impactredrdic gain saturation and optical Kerr/Raman neliities
within the MOPA. Pulse energies of 2mJ and peakguswas high as 20kW were achieved in this workh$igh
energy, high peak power pulses can be used foda rainge of applications including rapid prototgpimaterial
processing, cutting and dicing of silicon waferé&cnmmachining and marking to name but a few.
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