
Scaling of Short- and Long-Wave Parametric Frequency Conversion
via Pulse Burst Recombination

Edgar Kaksis, Ignas Astrauskas, Tobias Flöry, Giedrius Andriukaitis, Pavel Malevich, Tadas Balčiūnas,
Audrius Pugžlys, Andrius Baltuška

Photonics Institute, TU Wien, Gusshausstrasse 27-387, A-1040 Vienna, Austria

Energy extraction from laser amplifiers is often limited by pulse intensity and, therefore, restricts the use of direct
picosecond pulse amplification, chirped pulse amplification (CPA)[1], and similar techniques relying on spatial
transformations (beam expansion, spatial chirping, pulse front tilting). Divided pulse amplification (DPA) [2],
corresponding to amplification of a burst of pulses separated in time, can be used to lower pulse intensity in the
amplifier beyond the capacity of dispersive pulse stretching. In this contribution, we present a technique for pulse
burst generation directly inside a solid state-amplifier and present new methods for combining the burst energy in
a single laser pulse via parametric frequency up- and down-conversion.

Pulse burst generation has important applications in material processing [3], seeding of free electron lasers [4] and
coherent pulse stacking [5]. In particular, coherent pulse stacking technique allows further scaling of fiber and
solid-state amplifiers by splitting the seed pulse into multiple replicas and stacking them into a single dominant
pulse after the amplification. For this task, a pulse burst consisting of 4-90 pulses, with fully controllable ampli-
tudes and phases is required. A pulse can be easily split into multiple replicas using a combination of interferom-
eters [6]. Although simple, this approach is associated with high loss and requires active stabilization of multiple
interferometer loops for each pulse replica. Alternatively, pulse burst formation from a GHz repetition rate oscil-
lator allows a much simpler pulse burst formation [5], however, the time delay between the pulses is >1 ns.

Here we demonstrate a novel approach for pulse burst generation via the Vernier effect by use of two appropriately
adjusted oscillator and regenerative amplifier (RA) cavities. A three-state (off, partially closed and closed) electro-
optic switch (Pockels cell) allows injecting a controllable number of pulses into the RA cavity and then amplifying
them, as shown schematically in Fig. 1. Such pulse burst generation method allows achieving a very high repetition
rate burst, much higher than the fundamental oscillator or even harmonic repetition frequency and permitting gen-
eration of tunable-frequency THz pulses via optical rectification of the RA output.

To convert the energy of the amplified pulse train into a single dominant pulse withouth the use of interferometri-
cally stable techniques we developed two approaches based on parametric frequency conversion. In the first
method, primarily aimed at the generation of high-intensity UV pulses for GaN manufacturing processes and HHG
driving [7], the energy of N pulses at the fundamental frequency of  w0 is  converted  into  a  single  pulse  at  the
frequency of Nw0. In the second method, the amplified pulse train is converted into a spatially- and frequency-
demultiplexed set of pulses that can be further applied as a single multicolor pump pulse for high-energy long-
wave OP(CP)A schemes. In this approach, we implement simultaneous noncollinear phase matching first to de-
multiplex the pulses, as shown in Fig. 2, and subsequently to drive the parametric amplifier stage. This approach
offers the solution to a two-decade-old problem of multi-beam OPA pumping because it is free from the parasitic
effect of spatial grating induced by single-color intersecting pump beams.
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Fig. 1. Experimental scheme of the pulse burst generation using the
Vernier effect. (a) experiment layout. PC –Pockels cell. (b) Timing
diagram of the regenerative amplifier for pulse burst formation and
amplification. Fig. 2. Layout of multi-beam multi-color pumping for LWIR amplifi-

cation in ZGP driven by a non-collinear KTA OPA that provides
multicolor pump pulses.


