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What is plasma?
• Most common medium found in the observable universe
• Widely regarded as the fourth state of matter

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

www.wikipedia.org

Natural 
plasmas
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What is plasma?
• Most common medium found in the observable universe
• Widely regarded as the fourth state of matter

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

Rigorous definition:
it is a quasineutral gas of charged and neutral 
particles which exhibits collective behaviour

Man-made 
plasmas

https://www.physik.uni-konstanz.de/
www.newscientist.com

www.uantwerpen.be/en/research-groups/plasmant

Prince Ghosh (www.youtube.com)
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Dielectric Barrier Discharge (DBD)

www.wikipedia.org

Subedi, D.P., et al., Dielectric Barrier Discharge (DBD) Plasmas and Their Applications. Plasma Science and Technology for Emerging 
Economies (2017)

Volumetric
(VDBD)

Surface
(SDBD)

Abdurrahman Musazay
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Ionic wind
𝜕𝜌

𝜕𝑡
+ ∇ ∙ 𝜌 Ԧ𝑣 = 0

𝜌
𝜕 Ԧ𝑣

𝜕𝑡
+ 𝜌 Ԧ𝑣 ∙ ∇ Ԧ𝑣 = −∇𝑝 + 𝜇∇2 Ԧ𝑣 + Ԧ𝑓𝐸𝐻𝐷

= 𝑒 𝑛𝑖 − 𝑛𝑛 − 𝑛𝑒 𝐸

With plasmaWithout plasma
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J. Gary Eden and Kazuo Terashima, New plasma sources and regimes, 2017 Plasma Roadmap 

Driving force behind new plasma applications and technologies 

Geometry
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Miniaturized ring-type SDBDs

Rodrigues, F., Páscoa, J., pages 1–33. 02 2023

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

Motivation

Dielectric 
material

Dielectric 
thickness

Electrode 
material

Electrode 
thickness

Diameters

Zirconia 150μm Titanium 550nm 0.4-2 mm



August 30, 2024Abdurrahman Musazay S. 9

Spectrometer Power supplyScope

Transformer ManipulatorSample

PC

Camera

Optical fibre

Focusing lens
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Q-V plots (Lissajous figure)

𝐶𝑒𝑓𝑓. 𝑡 =
𝜀𝑟𝜀0𝐿 ∙ 𝑊𝑒𝑓𝑓. (𝑡)

𝑑
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Q-V plots (Lissajous figure)

𝑃 𝑡 = 𝑉 𝑡 ∙ 𝑖 𝑡
= 𝑉 𝑡 ∙

𝐶𝑝
𝑑𝑉𝑝 𝑡

𝑑𝑡𝑃𝑎𝑣𝑔. =
1

𝑇
ර𝑉(𝑡) ∙ 𝐶𝑝

𝑑𝑉𝑝 𝑡

𝑑𝑡
𝑑𝑡

=
1

𝑇
ර𝑉 𝑡 𝑑𝑄(𝑡)
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Self-consistent description of a plasma
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𝑅𝑒 =
𝜕𝑛𝑒
𝜕𝑡

+ ∇ ∙ ԦΓ𝑒 =෍

𝑗=1

𝑀

𝑥𝑗𝑘𝑗𝑁𝑛𝑛𝑒 𝑆𝜖 =
𝜕𝑛𝜖
𝜕𝑡

+ ∇ ∙ ԦΓ𝜖 =෍

𝑗=1

𝑃

𝑥𝑗𝑘𝑗𝑁𝑛𝑛𝑒∆𝜖

𝑘𝑗 =
2𝑒

𝑚𝑒
න
0

∞

𝜖𝜎𝑗 𝜖 𝑓 𝜖 𝑑𝜖

Fluid drift-diffusion approach

−∇2𝑉 =
𝜌𝑐
𝜀𝑟𝜀0

𝜌𝑐 = 𝑒 ෍

𝑘=1

𝑁

𝑍𝑘𝑛𝑘 − 𝑛𝑒

Rate of electron 
creation and 
annihilation

Energy source term Energy loss/gain

Molar fractions

Rate constant

Electron density

Neutral atom density Energy density
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Model

GeometryParameters

• Argon environment
• 𝑉0 = 500 𝑉
• 𝑓0 = 1 𝑘Hz
• 𝜀𝑟 = 5
• 𝑡 = 100 𝜇𝑚
• 𝑇𝑔 = 400𝐾

• 𝑝0 = 1 𝑎𝑡𝑚

• 𝜇𝑒𝑁𝑛 = 4 ∙ 1024
1

𝑉∙𝑚∙𝑠

• Maxwellian

Chemistry set

Initial and boundary conditions

• Surface charge accumulation along dielectric surface

• Zero charge along outer boundary

• Wall condition along surface

−𝑛 ∙ 𝐷𝑔 − 𝐷𝑑 = 𝜌𝑠
𝑑𝜌𝑠
𝑑𝑡

= 𝑛 ∙ Ԧ𝑗𝑖 + 𝑛 ∙ Ԧ𝑗𝑒

−𝑛 ∙ 𝐷 = 0
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• 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

Conclusion



Thank you! Questions?
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