Assembling plasma chemistry sets using
QDB
Sebastian Mohr
25.11.2020

Potential issues which can be addressed
with simulations
plasma configuration
Limited conformality in high
aspect ratio structures
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"Conformality in atomic layer deposition: Current status overview of analysis and modelling featured."
V.Cremers, R.L. Puurunen and J.Dendooven, Applied Physics Reviews 6, 021302 (2019)

Higher radical densities lead to higher radical fluxes deeper in the trench, enhancing the conformality

Problem statement
Every plasma simulation consists of two parts:
Physical Model:

Chemical Model:

Describes particle transport, electromagnetic
fields etc.
Should be chosen to according to parameter
space and specific balance of speed and
accuracy:

Describes the chemical reactions in a plasma via a
set of species :
- Neutrals
- Excited states
- Positive and negative ions
- Electrons

PIC, Fluid, DSMC, Hybrid

And reactions:

Global, 1D, 2D, 3D

-

Electron impact collisions
Heavy particle collisions

Overview of Electron impact collisions
-

Elastic collision/momentum transfer: electron transport, gas heating
Excitation: Determines density of excited states.
Dissociation: Determines density of dissociation products.
Dissociative Attachment: Determines electronegativity
Electron detachment: Determines electronegativity
Ionization: Determines ionization rate
Recombination: Determines recombination rate
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Plasma density is highly influenced by excitation and dissociation rates:

At typical electron temperatures (2-5 eV) ϵcoll is dominated by excitation and dissociation.

Overview of Electron impact collisions

Excitation processes have a larger influence on electron density than the actual ionization processes.
→ If the electron density looks off, turn your attention to excitation and dissociation reactions!
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Electron temperature is highly influenced by ionization and attachment rates:

As the electron density cancels out, the electron temperature depends on the rates for
ionization, wall losses, and attachment.

Overview of Electron impact collisions

Only ionization processes significantly affect the electron temperature in a simple argon model.

Overview of Electron impact collisions

The presence of negative ions generally increases the electron temperature.
→ If the electron temperature looks off, turn your attention to electron production and losses!

Overview of Heavy Particle Collisions
-

Ion-Ion Recombination
Symmetric Charge Exchange
Asymmetric Charge Exchange
Neutral conversion
Electron detachment
Penning Ionization

A+ + B - → A + B
AB+ + C- → A + B + C
Vital for electronegative plasmas.
Typically represents the only efficient loss channel
for negative ions.
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Symmetric charge exchange does not change the
densities directly. However, it is an important gas
heating mechanism.
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Asymmetric charge exchange affect the relative
ion densities apart from heating neutrals.
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A+ B → C + D
A + B + M → AB + M
Neutral conversion changes the chemical
composition of the plasma. This can lead to
entirely new species:
CF2 + O → COF + F
Recombination reactions are usually only efficient
at higher pressures.
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Ion-Ion Recombination
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A* + B * → A + B + + e
A* + B → A + B + + e
Penning ionization can be an important electron
source for high densities of excited states.
Examples: high-pressure discharges, afterglow

Overview of Heavy Particle Collisions
-

Ion-Ion Recombination
Symmetric Charge Exchange
Asymmetric Charge Exchange
Penning Ionization
Neutral conversion
Electron detachment

A + B- → A + B + e
A* + B - → A + B + e
Electron detachment can significantly influence the
electronegativity of a plasma.

Approaches to chemistry set design
All-In
Simply collect all reactions and species found
relevant for process parameters

Step-by-Step
Start with one feed gas and add reactions. Identify
“new” species, e.g. ions, excited states, dissociation
products and reactions one by one.
Repeat for other feed gases.

Pro: Fast
Contra: Hard to identify problematic reactions, e.g.
missing ones, duplicates etc.

Well suited for established sets with sufficient
available data

Add cross-reactions and reactions for resulting
species.
Pro: More control, easy to identify missing reactions
etc.
Contra: Needs more time
Suited for sets with “new” gases or data gaps.

