our future through science

Diagnostics of the NLC femtosecond laser

H Maat?!, L.R. Botha?, A. du Plessis!, D.E. Roberts?, S. Ombinda-Lemboumba?, A Morit
1CSIR National Laser Centre, PO Box 395, Pretoria, 0001

AbS'[raC'[ Email: hmaat@csir.co.za - www.csir.co.za

The CSIR-NLC femtosecond laser requires various diagnostic tools for characterisation of the Figure 5a shows the pulse train of the
emitted ultra short pulses for day to day use. These diagnostic tools will be described, and a amplifier when continuously triggered at 1
simple characterisation of the laser will be presented. A back-ground free intensity kHz and the laser output power is very stable.
autocorrelation setup is used to measure the widths of the temporal profiles of the ultra short Figure 5b is a measurement of the output
pulses. This setup is also used as a frequency resolved optical gating (FROG) device, to when the laser is externally triggered to
measure the detailed pulse shapes. In this presentation, we demonstrate the capabilities of deliver only 40 laser pulses. The first pulse is
our system in terms of pulse duration measurements, complex pulse generation and various about 90% of the intensity of the following
wavelengths available. We will also look at the technical specifications of the system pulses. An autocorrelator (Figure 6) is an
regarding the spectrum, maximum energy, pulse frequencies and timing. We also describe instrument that measures the temporal
present and future automation of these diagnostic techniques. performance of ultra short laser pulses. It is

based on the temporal overlap of two

Descrlptlon Of the Iaser System duplicated pulses of the same pulse

Our entire femtosecond laser system is from generated in an interferometer with variable
delay of one arm. The two duplicated pulses

are superimposed in a nonlinear crystal,
which generates a signal at twice the
frequency of the incident light wave (second
harmonic generation SHG). The detected
SHG signal, the so-called autocorrelation
trace, serves to compute the actual pulse
duration. In Figure 7ab are intensity
autocorrelator traces of the oscillator and
amplifier pulses measured under ideal
conditions. The following calculation can be
made from the oscillator screen capture to
determine the pulse duration assuming that
the pulse shape is Gaussian.

Width of traceFWHM = 27 s

Velocity of translaton staggv) = 0.01 mm/s

Width of traceFWHM (distance)= 27 micron

Total distancefor this width of trace(tw) = 27 x 2=54micron

Time takenfor light to travelZmicron (tc)= £ 10°

Coherent, Inc. and consists of an oscillator,
regenerative amplifier, pump lasers and an
optical parametric amplifier (OPA). These
components are indicated schematically in
Figure 1 to describe the amplification
process. The Mira oscillator, also called the
seed laser, is itself a mode-locked
Ti:Sapphire  femtosecond laser emitting
pulses of roughly 120fs at a repetition rate of
76MHz as shown in Figure 2a. This laser is
optically pumped by the Verdi pump laser,
which is a 5W continuous wave Nd:YVO4
laser. The seed laser pulse train is sent into
the amplifier, which comprises a pulse
stretcher, regenerative amplifier cavity and
pulse compressor. The seed laser pulses are
stretched from 120fs to about 200ps before
being coupled into the regenerative amplifier
cavity. At this point the pulse is amplified by
the Evolution pump laser. The Evolution
pump laser is a diode-pumped Q-switched
solid state laser delivering about 10mJ per
pulse of 250ns duration at 1 kHz repetition
rate. The amplification of the seed pulse takes
place in a Ti:Sapphire crystal and the
amplification takes place over a number of
round-trips through the cavity as shown in
Figure 2b, before being coupled out by
Pockels cells. The amplified pulse is then
compressed to deliver short pulses of about
120fs with high energy of up to 1mJ per pulse
at a repetition rate of 1kHz, see Tablel. The
tuning range is between 680nm and 1100nm.
The FWHM bandwidth at 795 nm is 11nm.
The OPA is used for frequency conversion of
the 795 nm amplifier output: the output from
this system is continuously tuneable from
525nm (200mW) to 20 m (ImWw).

Amplifier

@800nm Specification | Measured
Power - Osc. |1IW 680mwW
Energy - Osc. [13.19nJ 8.91nJ
Power - Amp. [1W 850mwW
Energy - Amp. |1mJ 0.850mJ
Pulse width O |<200fs 127fs
Pulse width A |>130fs 132fs

Implementation and results

Figure 3a shows a measurement of the
mode-locked oscillator laser pulse train and
Figure 3b shows a similar measurement of
the pulse train when the laser is not ideally
mode-locked due to resonator misalignment.

Figure 4 shows measurements of the
amplifier pulse and its associated pre and
post pulses, using a photodiode with 1 ns rise
time. In this way we can distinguish and
monitor the pre- and post pulses, which are
unwanted  characteristics of  amplified
femtosecond laser pulses. The specified
ratios for a pre pulse to the main pulse is
ideally 1000:1 and for the post pulse 100:1.
This can be optimised by adjusting the timing
of the two Pockels cells and the angle of the
1/4 wave plate by rotation in the regenerative
amplifier cavity. The figures indicate the
various stages of optimisation of the amplified
pulse. In the first two figures the pre- and post
pulses are clearly visible and in the third and
fourth figures the pre- and post pulses have
been reduced.
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The DAZZLER is a system designed to
modify the temporal shape of ultrafast laser
pulses in amplitude as well as in phase. It
allows us to generate arbitrary temporal pulse
shapes, of which the simplest are multiple
pulses. Figure 8a shows an autocorrelator
trace of a double pulse generated with the
Dazzler and Figure 8b  shows an
autocorrelator trace of a multiple-pulse
generated in the same way — in this case a
series of 5 pulses separated by about 500fs
each. The FROG setup was implemented to
address some shortcomings of the SHG
autocorrelator, in particular to measure and
extract more accurately complex pulse
shapes. Firstly Figure 9a is the SHG FROG
measurement of a single pulse. Figure 9b is
a SHG FROG measurement of a complex
pulse shape — in this case a multiple pulse
with decreasing intensity of the trailing pulses,
generated using two beam splitters.

In Figure 10 is the femtosecond laser
laboratory setup. A femtosecond pump probe
spectroscopy setup, a LIBS (Laser induced
breakdown spectroscopy) setup and finally a
micro machining setup forms part of the
Femtosecond Science group.

Conclusion

In conclusion we have presented a discussion of progress made in our laboratory with
regards to femtosecond pulse diagnostics as required for various applied research projects.
Due to this progress we are now in a position to fully characterise our laser output and
optimise this output for various requirements in this laboratory. Our future improvements will
be in further developing the FROG system, with full software extraction and further
automating this system.



