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Output characteristics of a high-power ultrashort-pulse
amplifier composed of a compact pulse stretcher and

an Yb doped large-mode-area fiber
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ABSTRACT

Output characteristics of a high-power ultrashort-pulse
amplifier composed of a compact pulse stretcher and

an Yb doped large-mode-area fiber

Jun Yeong Seong
Advisor : Prof. Hyun Su Kim, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

We design and construct a high power ultra-short pulse Yb-doped fiber laser
based on a master oscillator power amplifier(MOPA) for a laser material process.
The designed MOPA system 1s composed of a mode-locked all normal
dispersion(ANDi) fiber oscillator, a compactly designed pulse stretcher, a
pre—amplifier, and a main amplifier with a Yb-doped Large-Mode-Area(LMA) fiber.

The ANDi fiber oscillator designed by our laboratory has the maximum pulse
energy of 7.4-nJ with a pulse-width of 4-ps at a repetition rate of 27.3 MHz. Since
the time interval of the mode-locked output pulses is very shorter than a Yb-doped
fiber fluorescence relaxation time of ~1 ms, we install a pulse-picker to enhance a
amplification efficiency of each amplifier used for a MOPA system by reducing a
repetition rate of the mode-locked laser output the laser oscillator. Using a
pulse—picker, we can reduce the oscillator output repetition rate to one tenth of 27.3
MHz.

For a chirped pulse amplification(CPA) technique used for a high power pulse

amplification, we propose new type of a pulse stretcher composed of a Galilel

_\/_
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telescope and a pair of gratings. The pulse stretcher is compactly designed to be
one third size of a well-known pulse stretcher composed of double symmetric
convex lenses and a pair of gratings. Using the designed pulse stretcher, the pulse
of 4-ps pulse-width is stretched to 400 ps. After a pulse picking and a pulse
stretching process, a laser pulse with 0.1-nJ pulse energy and 400-ps pulse-width is
amplified upto 88-n] pulse energy by a Yb-doped single mode fiber pre-amplifier.

In order to more increase the output pulse energy of a pre-amplifier, we design a
main fiber amplifier utilizing a large mode area(LMA) fiber with a core size of 20 n
m. And we construct a LMA fiber amplifier composed of a LMA fiber, two pump
and signal combiner, and two 10-W pumping LDs. Using the designed LMA
amplifier, a input pulse with 37-n] energy is amplified to 1.7-1J energy at a
repetition rate of 2.73 MHz. This amplified output corresponds to a peak power of
58 kW. If we make a focal spot size of 10 pym by focusing the amplified output
pulse, the peak intensity can be 7.4 GW/cm® at a focal point which is enough
intensity to do laser material processes such as drilling and cutting. Hence we
demonstrate that the designed high-power ultra-short pulse Yb-doped fiber laser

system can have enough peak intensity for a laser material process.
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