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Plasma Engineering LLC: Consulting and Education in

Plasmas and Plasma Applications
André Anders, Plasma Engineering LLC, EI Cerrito, CA

Plasma Engineering LLC is a start-up consulting company registered in California. Founder/CEO is André Anders, who has worked in the field
of plasmas, plasma diagnostics and plasma-based coatings for over 30 years. André’s work has been recognized by SVC’s Mentor Award
(2011) and the Nathaniel Sugerman Memorial Award (2016), among other awards. Plasma Engineering LLC serves two related markets in
plasma and ion beam processing of materials: (1) customized consulting and (2) customized educational workshops designed to empower
companies’ employees. Given the growing needs within the US and world-wide, especially in the field of plasma-based semiconductor
manufacturing, Plasma Engineering LLC offers workshop / short courses for continuing education. The two fields, direct consulting and
continuing education, are not exclusive but can be synergistic. Based on André’s expertise in experimental physics and teaching experience as
Professor of Applied Physics, consulting topics include, but are not limited to, (reactive) magnetron sputtering, HiPIMS, cathodic arc deposition,
plasma and process diagnostics, plasma and ion source developments, plasma-based deposition, ion sources, ion beam deposition and
etching. An overview can be found at https://plasmaengineering.com/. Due to the company’s start-up phase, now is a good time to secure
short- and long-term relationships.

https://www.svc.org DOI: https://doi.org/10.14332/svc25.proc.0033



Plasma Engineering LLC:
Consulting and Education in Plasmas and Plasma Applications

Andre Anders

andre.anders@plasmaengineering.com
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PLASMA ENGINEERING LLC

Plasma processing:
Developing solutions.

https://plasmaengineering.com/

Based on customer needs, Plasma Engineering engages in
the development of plasma and ion beam systems for
surface engineering, materials synthesis, and electric

| | I | ' ’ ’ ". propulsion. In addition, through customized workshops,
Plasma Engineering helps companies enhance their
employees’ knowledge of plasmas and plasma/ion beam
processing, guiding development strategies and reducing

time to solutions.




Markets served

« Scientific/Technical Consultations « Custom Educational Workshops

Plasma Engineering LLC




Expertise incl. Plasma- and lon-Beam-Based Processing
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cathodic arc deposition

plasma transport and filtering dielectric barrier discharges

Plasma Engineering LLC




Expertise incl. Plasma- and lon-Beam-Based Processing
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Z-.étlulrolishing Journal of Applied Physics Editor-in-Chief 2014-2024

HOME BROWSE v COLLECTIONS v+ PUBLISHWITHUS v ABOUT v+

CURRENT ISSUE Focus and Coverage
Volume 137, Issue 18, Journal of Applied Physics is an influential international journal publishing

of strak-and dof e 14 May 2025 significant new experimental and theoretical results of applied physics research.

xial CaCuo, film:
The journal also publishes perspectives, tutorials, methods and special collections

focusing on research of particular current or emerging interest.

Read more about the journal

Editor-in-Chief Free Open Access in
2025!

The journal will remain open

Julia R. Greer

View Full Editorial Board
access in 2025 at no charge to

authors as part of AIP Publishing's
Subscribe to Open pilot.

Plasma Engineering LLC




£ pubiising  Physics of Fluids interim Editor-in-Chief until Sept. 2025

HOME BROWSE v COLLECTIONS v PUBLISHWITHUS v ABOUT v

e B CURRENTISSUE Topical Strengths

Fluids -
VOI ume 37, Issue 43 Physics of Fluids features intriguing original theoretical, computational, and

April 2025 experimental publications to deepen our understanding of the dynamics of gases,

‘ VIEW THIS ISSUE ‘ liquids, or complex fluids.

Read more about the journal

Editor-in-Chief RSS feed

Andre Anders (Interim) Current Issue

View Full Editorial Board Open Issues

Plasma Engineering LLC




Timing is good!

Now is a good time to engage
- Plasma Engineering is not yet fully booked (as of the time of this writing)
later: there may be limitations later due to NDAs / non-compete clauses

https://plasmaengineering.com/

info@plasmaengineering.com Comolty

Plasma Engineering LLC




A very brief overview over
Surface Engineering with Plasmas and lons
(incl. selected slides from the Keynote)

Plasma Engineering LLC




Processing of materials - sorted by typical ion energies
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Plasmas in Deposition Techniques

filtered cathodic arc

unfiltered cathodic arc
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Evaporation
Pulsed laser deposition
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lon plating
lon beam sputter deposition
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adapted from: C. Bundesmann and H. Neumann, J. Appl. Phys. 124 (2018) 231102
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A generalized structure zone diagram including the effects of plasma assistance
on microstructure of films

derived from Thornton’s diagram, 1974 gy, "eCystallized grain structure T* = normalized temperature
columnar grains and potential energy

t* = normalized film thickness zone T
v fine-grained,
region not At zone 1 . A I/ / nanocrystalline,
accessible ) with preferred

orientation

0.1

~N

l
\ "Ll!“m

porous, | Wik 'I i
’ S
tapered crystallites 10 \u
separated by voids, 1
tensile stress

densly packed
fibrous grains

transition from tensile (low E*) to

compressive stress (high E*) line separating

net deposition

region of possible region not E* and net etching
low-temperature i . q .
. Si— ST _ E* = normalized kinetic energy
. . . low-energy ion-assisted densaflim
A. Anders, Thin Solid Films epitaxial growth GHISETH,

reduction of deposition by sputtering

518 (2010) 4087



Wide range of plasmas in surface engineering (examples)

Coatings by sputtering Coatings by cathodic arc Coatings by ion plating Etching with ions

dc magnetron Cu
Nb in Ar .

plasma emission is
gas-dominated

Plasma Immersion lon
Implantation and
HiPIMS Deposition

magnet Nb in Ar

plasma emission is
metal-dominated )

Pernagidis 2023 Mattox, 1963




Sheath determines ion and
plasma sheath secondary electron energies

kinetic ion energy upon impact on surface

l

E =Ey+0e(V, 1 ~Visce )

L Y J
V

sheath

Secondary electrons are energized
by crossing the sheath

E SE ~e ( Vplasma B I/surface )

L Y J
V

sheath

leading to ionizing collisions, sustaining
the plasma (Penning, Thornton)

Plasma Engineering LLC



Extended Current-Voltage Characteristics
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A. Anders, Appl. Phys. Rev. 11 (2024) 031310.
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Extended Current Density-Voltage Characteristics
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A. Anders, Appl. Phys. Rev. 11 (2024) 031310.



Mode Nomenclature

A. Anders, Appl. Phys. Rev.
11 (2024) 031310.

plasma discharges
with electrodes

]

e

glow discharges

arc discharges

Ohmic discharges

AN

N

normal abnormal cathodic || thermionic
glow glow arcs arcs
cathodicarcs diffuse or spotless
in gases thermionic arcs
P — thermionic arcs
with cathode spot
f\
with spot type 1 | | with spot type 2
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Beyond electron sheath energization: Ohmic heating

- Penning-Thornton paradigm: secondary electrons are energized in the sheath E¢, =eV, .

- However, electron current in the presheath is much greater and than in the sheath while
voltage drop is still substantial 2 electron heating and energy dissipation and can be

greatest in the presheath
Anode plasma, AP $

o~ - ~- some of the voltage
\

;7 Buk
7 plasma, BP

e

drops here, in the
magnetic presheath

/
B
,4 ey \ global model of the ionization region:
‘ lonization M.A. Raadu, et al., Plasma Sources Sci.
Sheath, \\ Region,IR Up Technol. 20 (2011) 065007.
SH . / electron heating in presheath:

C. Huo, et al., Plasma Sources Sci.
r (mm) Technol. 22 (2013) 045005.



Magnetron discharges are partial Ohmic discharges
Much power dissipation occurs in a structured presheath

* global model averages over
azimuthal coordinate, but
394 nm ohmic heating of electron
occurs in spokes, locations of
space charge double layers

All, from 3.14 eV

—> spectroscopic images can be
interpreted as images of
electric potential, electron

630 nm heating, and power dissipation

Al ll, from 15.06 eV

target

Spectroscopic imaging, side
view in the light of Ar 11 436
nm; 7.5 cm Al target, Ar,
current at the time of this
image was 100 A

Spectroscopic imaging in light of
Al atom and ions

J. Andersson, et al., Appl. Phys. Lett. 103 (2013) 054104. 20



Summary, Take-aways

1. Main Activities of Plasma Engineering LLC:
* Consulting in the fields of plasma-assisted processing
* Educational services (like custom workshops for staff)

2. Range of plasma processes is very wide (think: materials,
process power, pressure, mode of operation etc.)

3. Plasma Engineering can serve as a bridge to academia and also
engage in proprietary works under a mutual NDA.

Plasma Engineering LLC




