POS-4-120

Spatial and Temporal Investigation of Atomic Oxygen Generation from ns-
Pulsed Plasma using TAPLIF
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Abstract: Imaging of atomic oxygen has been performed on a pin-to-pin electrode, high
voltage ns plasma in pure oxygen, using a two-photon laser excitation scheme. Spatial
distributions and temporal dynamics are studied by delaying the laser excitation relative to
the plasma. Single-shot imaging capabilities are shown and the lifetime of both plasma
emission and atomic oxygen distribution are estimated. Furthermore, a new strategy for

supressing plasma emission is demonstrated.
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1.Introduction

Atomic oxygen (O) is a highly reactive species and plays
a central part in many chemical processes, including
plasma-assisted processes [1,2,3]. As such, it is of vital
interest for both experimentalists and modellers when
trying to predict the behaviour of plasma-based systems
and experimental models. Despite this interest, the
available information on the temporal dynamics and spatial
distribution of O is very sparse, mainly due to the inherent
difficulty of such measurements.

So far, 0D (point) and 1D (line) measurements have been
performed [4]. However, due to the very low excitation
probability in the currently used excitation scheme, no
single-shot 2D imaging of O has been achieved until now.

Furthermore, a challenge that often affect such
measurements is the inherently strong plasma emission,
that limits how early in the plasma formation process laser-
induced information can be detected [5].

Hence, this work focuses on developing a method to
distinguish between laser-induced light and plasma
emission to carry out single-shot Two-photon Atomic
Planar Laser-Induced Fluorescence (TAPLIF).

2. Experimental Setup and Method

A schematic of the setup, including the plasma
generation and the optical diagnostics measurement, is
displayed in Figure 1.

Oxygen gas is provided through a grounded porous plug
with a diameter of 60 mm. A pin electrode is situated in the
middle of the porous plug. A second pin electrode, located
30 mm above the porous plug, is connected to an ns-pulse
high-voltage generator. The power supply is capable of
generating pulses up to 200 kV, with a pulse duration of 4-
6 ns. This configuration yields a ns plasma discharge in
oxygen.

In the current work, the plasma generator is run at 30 kV
and 1 Hz, to guarantee that consecutive events are
independent.
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Figure 1: A schematic of the setup. Laser pulses are formed into
a 2D sheet that transects the plasma volume in the oxygen flow.
The induced fluorescence is detected by a gated ICMOS camera
sensitive in the near infrared (NIR), while the plasma emission is
obtained in the visible range by another ICMOS camera sensitive
in the visible range (VIS).
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O is detected TAPLIF and the excitation scheme is
displayed in Figure 2. Laser pulses, with a duration of 40
fs, wavelength of 226 nm and pulse energy of 200 pJ, are
generated using an Ekspla UltraFlux FT405-LLC. These
pulses are formed into 2D sheets using a cylindrical lens
(fused silica, f = 500 mm) The excited oxygen atoms emit
fluorescence at 845 nm.

Since the laser pulses are formed into a 2D sheet, the
fluorescence yields spatial information on the distribution
of oxygen atoms in a cross-section through the volume of
the discharge. The time delay between plasma and laser
pulses is varied between 0 and 200 ps, in order to study the
temporal dynamics of the oxygen atom distribution in the
discharge.

To disqualify events where no plasma channel is formed
between the pins, the plasma is also imaged using a camera
with optimized spectral sensitivity in the visible range. For
all cases, the gate width is set to 3 ns for both cameras.
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Figure 2: The two-photon excitation scheme used to excite and
detect O.

A Diffractive Optical Element (DOE) is introduced in
the beam path, to induce a spatial intensity modulation in
the laser. The experimental arrangement for achieving
structured illumination is illustrated in the new schematic
in Figure 3. The DOE splits the laser beam into two
diverging components. These components are then
overlapped at a slight angle in the plasma volume, using a
cylindrical lens. As the two beam components interfere in
the probe volume, the resulting laser sheet is intensity-
modulated in the vertical direction

Consequently, the laser-induced fluorescence signal
from the O will take on a similar intensity modulation. The
plasma emission will, however, lack this modulation, since
it is unaffected by the laser light. This allows for the
distinction between, and separation of, plasma emission
and laser-induced fluorescence. The separation of signals
is achieved by performing Fourier domain filtering around
the first order Fourier component that arises from this
striped pattern, as described in [6]. This post-filtering data
is henceforth referred to as Fourier-filtered data.
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Figure 3: A side-view of the measurement setup altered for
reduction of plasma emission detection. A DOE and another
cylindrical lens give rise to a periodic pattern in the probe volume,
allowing the distinction between oxygen signal and plasma
emission.

3. Results

In Figure 4, the top row displays the single-shot data
from the NIR camera for delays of 0-5 ps, with 1 ps
increments. The bottom row shows the oxygen signal
isolated in the method described earlier under each
corresponding raw data image. Each pair of images is

individually normalized. Note the different color bar
magnitudes between the rows ([0 1] vs. [0 0.2]).

Figure 4: Single-shot images for delays between 0 and 5 us. The
top row shows raw data and the bottom row shows Fourier
filtered data. Note the different color bar magnitudes.

Comparing the raw data and the Fourier-filtered data, it
is clear that the Fourier filtering increases signal-to-noise
ratio. Despite being single-shot, the contrast is high enough
to distinguish signal-of-interest from the background noise,
even for images with a longer delay (and thus lower signal
strength). It also successfully distinguishes oxygen signal
from plasma emission.

Furthermore, by fitting exponential functions to the
means of the data in each image, lifetimes t (the time at
which the signal has decreased to 1/e of the initial signal)
is found to be 1.05 £ 0.3 ps for the plasma emission and 45
+ 5 us for the O distributions.

Figure 5 displays the images at delays between 30 and
130 ps, after applying the Fourier filtering. Each image is
the sum of 100 measurements. It can be observed that the
O fluorescence is clearly distinguishable from noise until

after 110 ps after the plasma.
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Figure 5: Each image is a sum of 100 images of the Fourier
filtered data at delays between 30 and 130 us. Even with the sum
of 100 images, the signal is barely distinguishable from

background after 130 us.

4. Conclusion

In this work we have successfully recorded 2D single-
shot images of the O distributions that arises from a ns-
duration high voltage plasma, generated in a pin-to-pin



electrode configuration. Additionally, a novel method for
suppressing both background and plasma emission for
TAPLIF, using structured illumination and Fourier-domain
filtering, is proposed, to significantly improve
measurement accuracy, as well as signal-to-noise ratio.

Moreover, this data can be used to estimate the lifetimes
of both the plasma emission and the O distributions.
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