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In this work, power scaling for solid-state lasers and pulse shortening of ytterbium (Yb)-doped fiber
lasers were pursued. In addition, a new amplification scheme, spatiotemporally dispersed pulse
amplification (STDPA) of an ultrashort laser pulse, was implemented in a diode-pumped Nd:glass laser
system.

First, a new approach in producing further increases in laser output was examined. Beam combining
using optical parametric amplification (OPA), which may enable the genmeration of exawatt peak power in
future, was demonstrated. Regardless of the phase state of the pump beams, it was demonstrated that the
beam quality of the amplified signal beam was kept to be nmearly diffraction limited.

Second, the potential of further shortening of the pulse duration obtained from an Yb-fiber oscillator
was investigated. To extend the available spectral range froman Yb-fiber oscillator, laser diodes emitting
at 915 nm were implemented as a pump source. Spectral ranges as broad as 140 nm, spanning from 950 nm
to 1090 nm, was successfully generated and compressed in time domain to a 21.6-fs pulse duration. This
result showed the shortest pulse duration and the broadest spectrum ever achieved by an Yb-fiber
oscillator.

Third, and last, a successful demonstration of multi-pass STDPA was performed using a diode-pumped
Nd:glass zigzag slab amplifier. The input pulses, spatially dispersed by a first grating, were amplified
and the output pulses were synthesized by a second grating. As a result, a 0.32-pJ energy pulse of 520-fs
pulse duration was obtained. This scheme modified to adopt OPA instead of solid-state laser amplifiers

showed the potential of further increase of peak power of ultrashort laser pulses.
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