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Introduction

Eagle Harbor Technologies (EHT), Inc. 1s developing a high power helicon
plasma source. The high power nature and pulsed neutral gas make this source
unique compared to traditional helicon source. These properties produce a
plasma flow along the magnetic field lines, and therefore allow the source to be
decoupled from the reaction chamber. Neutral gas can be injected downstream,
which allows for precision control of the 1on-neutral ratio at the surface of the
sample. Although operated at high power, the source has demonstrated very low
impurity production. This source has applications to nanoparticle productions,
surface modification, and 1onized physical vapor deposition.

Plasma Source

The high power helicon plasma source 1s unique from other helicon sources 1n
that the plasma production 1s decoupled with the material science reaction
chamber through the plasma flow generated by the helicon source.

1. The vacuum vessel is maintained at low pressure (10 Torr).

2. The magnets are pulsed on to create an axial DC magnetic field.

3. A small quantity of neutral gas 1s puffed into the region directly under the
antenna.

4. The neutral gas 1s rapidly 1onized with a burst of RF power (1 MW at 1
MHz for 100 ps).

5. The plasma flows downstream from the antenna into the reaction chamber.

Typical argon 10n speed 1s 20 mm/us (hydrogen can exceed 100 mm/us).

6. This can be repeated at high pulse repetition frequency.

Neutral gas can be 1njected into the reaction chamber to charge exchange with
the fast 1on flow. This can be use control the 1on-neutral ratio and 10n neutral
energies at the material surface.

* Plasma density: 2x10"™ m~ (at 90 mm downstream of antenna)
* Magnetic field: 33.3 mT (on axis)
» Magnetic field 1s radially uniform across chamber to within 2%.

CAD drawing of helicon system including magnets and downstream vacuum vessel.
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X-ray Photoelectron Spectroscopy (XPS) Study
Graphite was selected because any | Graphite 0005 1.SPE
impurities plasma would show up 1n
the XPS spectra and experiments have
shown modification of the carbon
bonding when exposed to H plasma.
Natural graphite (right) and crystal | Treated
graphite (below) were exposed for 500
shots and analyzed. The C peak 1s the
dominant feature in both spectra. The

other minor peaks (right) are not found | EE————— Zeoferz:cem S 20'% 100
in the chamber or plasma. The Si peak eineina Enerey (€1

(below) decreased after exposure,

indicating that the surface was cleaned
by the plasma. The high resolution spectra shows no significant impurities
introduced by plasma exposure .
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SEM Images and Future Work

Scanning electron microscope images were taken of the natural graphite after
plasma exposure. Future work will focus on 1dentifying features observed 1n the
SEM 1mages.

Plasma

Comparison of the XPS spectra of exposed
graphite and reference carbon tape.
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SEM 1mages of natural graphite after exposure to H plasma.
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XPS spectra of crystal graphite sample before (green) and after (red) plasma exposure.
The right figure shows a zoomed 1n part of the spectra.

An Al witness plate was exposed to H plasma for 500 shots before being
analyzed with angle-resolved XPS. Comparing the intensity at different incident
angles shows whether a certain element 1s only on the surface (in most cases
surface adsorption such as organic compounds) or deeper in the sample. The Al
peaks are independent of incident angle. The two survey spectra are normalized
to the aluminum peaks. The C peak 1s significantly stronger at 20° incident
angle than 90°, which indicates C 1s only on the surface, most likely from
surface adsorption during plasma exposure or touch by hand etc. We also see S
and S1 peaks have similar intensity difference between the two spectra,
indicating surface richness of such elements. Other elements O, Ca, and Rb
peaks have almost the same intensity at 90° and 20°, just like Al.
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Angle resolved XPS (20° and 90°) spectra of Al plate after exposure to H plasma.



