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Plasma transport in magnetized plasmas is notoriously difficult to diagnose because interaction length scales are quite small and the presence of the magnetic field makes more conventional
current-voltage based probe diagnostics challenging to interpret. Therefore, a collaborative study
was conducted that examined plasma distribution and transport to a magnetized anode utilizing
laser-diagnostic capabilities developed through PSC support.[1] Our primary objective was to
quantify the leak width of the electrons to a magnetized cusp and compare the measured widths to
the hybrid gyroradius, commonly used to describe the leak width.[2],[3] Applications include negative ion sources for fusion neutral beam injectors and plasma thrusters for spacecraft.
A magnetized, segmented electrode
assembly was designed by the University
of Michigan group to both confine and
quantify the confinement of the plasma
electrons. Permanent magnet rings were
placed in alternating polarities to generate
a cusped magnetic field topology. The
magnetic field was mapped above the
electrode with an automated Hall probe.
The segmented anode was used to generFigure 1 – Setup used to quantify plasma confinement. ate a plasma and laser-collision induced
Arrows indicate the distribution and direction of the fluorescence (LCIF) was used to map the
magnetic field. The color contours indicate the electron spatial distribution of electrons that
formed around the immersed electrode for
density in a He plasma measured by LCIF.
a plasma in helium. The setup and meas10 mTorr
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ured properties are presented in Fig. 1.
Utilizing measurements of the magnetic field and electron temperatures, the
ion, electron and hybrid gyroradii were
calculated and compared to leak widths
measured with the LCIF diagnostic. As
demonstrated in Fig. 2, the leak widths
scale well with the hybrid gyroradius.
Figure 2 – Comparison of measured widths of electron
The scaling factor increases with presfluxes to the anode through cusps (blue symbols) to
calculated leak widths based ion (purple), electron sure, as collisions will contribute to the
(green) and hybrid (red) gyroradii as function of height broadening of the leak width.
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TRANSPORT IN MAGNETIZED PLASMAS
INTERROGATED BY LCIF
 Plasma transport magnetized low temperature plasmas is important to
understand but challenging to diagnose. The plasma leak width through cusps
at anodes contributes to loss of plasma.
 Collaborative study to address fundamental issues about electron loss
 Segmented, magnetized electrode to establish and quantify plasma
confinement (A. Hubble and J. Foster, U. Michigan).
 Laser Collisional Induced Fluorescence (LCIF) to interrogate plasma
distribution (E. Barnat and B. Weatherford, SNL).
4

 Measured Electron densities by LCIF and
magnetic fields above magnetized electrode
assembly
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 Electron loss widths compared to computed ion,
electron and hybrid gyroradii.
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Silicon nanoparticles synthesized in low-pressure nonthermal plasmas find numerous applications in a variety of electronic and optoelectronic devices including light emitting diodes and
solar cells.[1,2] However, some of the fundamental processes involved in their synthesis are not
very well understood. Accordingly, the goal of this research is to understand, at a fundamental
level, nucleation, growth and movement of silicon nanoparticles in a silane-argon plasma and to
elucidate their effects on the plasma properties such as the electron energy distribution. In a newly
constructed experiment, laser light scattering is used to detect silicon nanoparticles in the plasma as
they nucleate, grow and move around the reactor. In this experiment, the plasma is maintained
between two parallel plate electrodes using radio frequency power at 13.56 MHz. Both electrodes
are perforated with numerous holes in a repeating square pattern and resemble a showerhead. The
gases are fed into the plasma from the top electrode and are pumped out through the lower electrode. The space between the electrodes is illuminated with a sheet of laser light produced by expanding a circular laser beam through a cylindrical lens. The laser light scattered from the nanoparticles produced between the electrodes is detected using a CCD camera with 25 ms time resolution. During these experiments, we discovered a periodic phenomenon. Nanoparticles nucleate,
grow and become trapped in between the electrodes. More specifically, they are trapped above the
lower electrode at the plasma-sheath edge and in between the holes in the electrode. With time, the
nanoparticles drift towards the holes on the electrode and are eventually swept away with flow.
These events are periodic and repeat with a period of about 1 minute under the conditions of the
experiments, as shown in Fig. 1. The mechanism behind this phenomenon is under investigation
with a combination of experiments and theoretical modeling.

Fig. 1 – Laser light scattering intensity from silicon nanoparticles synthesized in a silane-argon plasma. Intensity is the highest at locations where the nanoparticles tend to concentrate.
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LASER LIGHT SCATTERING DURING PLASMA
SYNTHESIS OF SILICON NANOPARTICLES
 Using a newly constructed plasma reactor and laser light scattering
experiment, nucleation, growth and movement of silicon nanoparticles in a
silane-argon plasma are being studied.
 Periodic laser light scattering is observed from the nanoparticles as they
nucleate, grow, become trapped above the electrode, and are finally swept out
of the reactor with flow. The entire cycle repeats.
 The mechanism of this phenomena is being studied by combining experiments
with theoretical modeling.
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