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Whatis plasma? Natural

. Most common medium found in the observable universe
*  Widely regarded as the fourth state of matter
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Solid Liquid G

Potter, Simeon and Ehlers, Ernest G.. "phase". Encyclopedia Britannica, 29 Mar. 2024

www.wikipedia.org
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Whatis plasma? Man-made

. Most common medium found in the observable universe
*  Widely regarded as the fourth state of matter

OOOOOOO www.newscientist.com
COOOOOO
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Solid Liquid Gas Plasma
Potter, Simeon and Ehlers, Ernest G.. "phase". Encyclopedia Britannica, 29 Mar. 2024 PLASMA ACTUATOR OFF
TURBULENT BOUNDARY LAYER SEPARATION SEEN
Prince Ghosh (www.youtube.com)
Rigorous definition: —
itis a quasineutral gas of charged and neutral —
particles which exhibits collective behaviour it

(+ CH,or
H,0 or...)

www.uantwerpen.be/en/research-groups/plasmant
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Dielectric Barrier Discharge (DBD)
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Subedi, D.P., et al., Dielectric Barrier Discharge (DBD) Plasmas and Their Applications. Plasma Science and Technology for Emerging
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Visualisation of a Townsend Avalanche
Anode
U{%&M)\J +
\,[ K [ KJ DC Voltage
Electric \} k/ Source
field \/ -
l‘\ Original ionisation event
Cathode
Key

www.wikipedia.org

Paschen curves for different gases
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Time=0s Surface: Electric potential (v) Streamline: Electric field Time=0s Surface: Electron density (1/m?) Streamline: Conservative electron flux

lonic wind
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Driving force behind new plasma applications and technologies

| New Plasma Science & Technology '

J. Gary Eden and Kazuo Terashima, New plasma sources and regimes, 2017 Plasma Roadmap
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Miniaturized ring-type SDBDs Motivation

Exposed Electrode Induced flow
direction

* Induce Perpendicular lonic Flow
* Eliminate edge effects and fringing fields
* Local effects -> Global w.r.t. dimensions

Dielectric
Layer

Embedded
Electrode

Rodrigues, F., Pascoa, J., pages 1-33.02 2023
------ Unscreened
Screened

V(F}T

*uy
LI
Tag,

Dielectric Dielectric Electrode Electrode Diameters
material thickness material thickness

Zirconia 150pum Titanium 550nm 0.4-2 mm
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Q-V plots (Lissajous figure)
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Q-V plots (Lissajous figure)
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Self-consistent description of a plasma

Lorentz force
E,B— E

=

Newton’s equation

F — 7,7
dZF' B
ml dtzl — ‘Fl

F = i(EF0 45 x B 1) \

Maxwell’s equations

p.j— E,B
V-E=E
V-B=0 _
VxE=-2%
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Fluid drift-diffusion approach
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Model

Parameters Geometry Chemistry set
. Argo n environment ‘ . C O M S O |_ Reaction Formula Type (2\6/-) Fozg\;fst“tca};f:ate
. Vo =500V 210'4 [ IEEEE ' 1«10 (m? /s - mol)

_ HH é: 1 ] 1 e+ Ar — e+ Ar Elastic 0 Cross-section
* fO =1kHz 351 ¥ {16 2 e+ Ar — e+ Ars Excitation 115 Cross-section

— 30| HH 4 | 3 e+ Ars —» e+ Ar Superelastic -11.5 Cross-section
* Er 5 s 14 4 e+ Ar — 2e+ Ar" Direct ionization 15.8 Cross-section
° t=100 um 25F o 1 12 5 e+ Ars — 2e + Art Stepwise ionization 4.427 Cross-section

0 T 6 Ars+ Ars = e+ Ar+ Art Penning ionization - 3.734 % 108
* Tg = 400K 201 g i 10 7 Ars + Ar — Ar + Ar Metastable quenching - 1807
15} 1 8
* po=1atm
0
1 101 1 6 Reaction  Formula Sticking Secondary emission Mean energy of
* U N,=4-1 024 I — 4 coefficient coefficient secondary electron
elVn Vemes st . &)
i 2
* Maxwellian of 1 1 Art — Ar 1 0.01 25
(') . 0'02 . 2 Ars — Ar 1 0 0
. m
Initial and boundary conditions
. S . . . g =4 =4 _ dpS - - - -
urface charge accumulation along dielectric surface 1+ (Dy —Dg) = p — =7 +7-]
g ° dt ‘
. Zero charge along outer boundary —n-D=0

. Wall condition along surface
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Conclusion

Rich Information in Electrical Signals

Innovative Applications and Technologies

* Advanced Plasma Diagnostics

* Miniaturized ion sources

* Vertical scaling and heterogeneous integration at the chip-level
Future work:

* Perform simulations in air

* Pressure and gas dependent experiments

* Different dielectric materials with modified surface properties

* Correlate with other measurement techniques
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Thank you! Questions?
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