The LisbOn KInetics LOKI-GM simulation tool

L. L. Alves!, A. Tejero-del-Caz?, P. Pereira!, M. Lino da Silva!, L. Marques?,
N. Pinhdo?!, C. D. Pintassilgo!#, T. Silval, P. Viegas?!, V. Guerra’
I Instituto de Plasmas e Fusdo Nuclear, Instituto Superior Técnico, Universidade de Lisboa, Lisboa, PORTUGAL

2 Departamento de Fisica, Facultad de Ciencias, Universidad de Cordoba, Cordoba, SPAIN

. Centro de Fisica das Universidades do Minho e do Porto, Universidade do Minho, Braga, Portugal

. Faculdade de Engenharia, Universidade do Porto, Porto, Portugal

Introduction and LoKI-GM description

The LisbOn KInetics LoKI-GM [1] is a simulation tool that embodies the software
implementation of the expertise in plasma chemistry modelling accumulated over many
years by the N-PRIME group in Lisbon [2]. The tool, released during ESCAMPIG 2026 as
open-source software (licensed under the GNU GPL v3.0) [3], solves the global kinetic
model for pure gases and gas mixtures [4], providing a self-consistent chemical and
transport description of charged/neutral species, both in volume and surface phases, for
user-defined working conditions: mixture composition, pressure, dimensions, and excitation
features (glow (DC/HF), post-discharge, pulsed). LoKI-GM handles simulations in any
atomic/molecular gas mixture, considering collisions with any volume/surface target states,
featuring any type of internal degrees of freedom: electronic, vibrational and rotational. The
code has been tested under many different plasma conditions.

LoKI-GM has two modules, that can run self-consistently coupled or as standalone tools:

- LoKI-B: a Boltzmann solver [5,6], which solves the space independent form of the
two-term EBE to calculate the isotropic and the anisotropic parts of the electron distribution
function, and the corresponding electron macroscopic parameters;

- LoKI-C: a Chemical solver [7], which solves the system of zero-dimensional (volume
average) rate balance equations for the most relevant charged and neutral species in the
plasma, and calculates the densities of species, the reaction creation/destruction rates, and
the reduced electric field (and any related quantity, such as the discharge current or the
discharge power-density).

LoKI-GM is implemented using a flexible and extensible object-oriented architecture in
MATLAB® [8], leveraging its matrix-based framework and high-performance ODE solvers.

The supported input/output formats comprise both graphical user interfaces (see figure)
and text-based files in ASCII, JSON and HDF5 formats. In the HDF5 format, all output
data are stored in a single, structured file.
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’ logspace(-3,3,100) ‘ General Kinetics Settings

Reduced Field (Td):

Enable Electron Kinetics

[ linspace(0.03, 5, 100) ‘ EEDF Type: \/boltzmann ¥

Electron Temperature (eV):

Excitation Frequency (Hz): ’ 0 ‘

[ |Gas Pressure (Pa): lonization Operator: | usingSDCS v |

Gas Temperature (K): ’ 300 ‘ Growth Model: \ temporal v |

Wall Temperature (K): [ lInclude e-e Collisions

External Temperature (K):

Cross Sections

Surface Site Density (m”-2):

Nitrogen/N2_LXCat.txt

[ ] Electron Density (m*-3): Nitrogen/N2_rot_LXCat.txt

LXCat Files: Add | | Remove

Chamber Length (m):

Chamber Radius (m):

Total SCCM Inflow (sccm):
Total SCCM Outflow (sccm):
Discharge Current (A):

Discharge Power Density (W/m?3):

[ ]LXCat Extra Files:

[ ] Effective Cross Section Populations:
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Input Graphic User Interface for LoKI-B
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LoKI-GM supports the following types of simulations:
- Steady-state: LoKI-C and LoKI-B run coupled until steady-state is reached;

- Post-discharge: start with a coupled LoKI-C/LoKI-B steady-state calculation, followed by

a standalone LoKI-C simulation at E/N=0 to describe the time-dependent post-discharge;

- Quasi-stationary:, LoKI-C runs as a standalone tool using precomputed lookup tables to
obtain electron swarm parameters, rate coefficients, and power transfer as functions of the
electric field (Local Field Approximation, LFA) or electron mean energy (Local Mean Energy

Approximation, LEA).

LoKI-GM workflow

The self-consistent coupling between LoKI-B and LoKI-C is achieved via an iterative
workflow embedding two (or three) cycles:

(i) Pressure cycle (optional, running within LoKI-C) to ensure calculations at constant
gas-pressure specified by the user;

(ii) Neutrality cycle, to ensure calculations at constant electron density (or any related
quantity, such as the discharge current or discharge power density);

(iii) Global cycle, to converge over the populations of the heavy species considered in the
solution of the EBE.
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Simulations in oxygen DC/HF plasmas

- Simulations for oxygen DC plasmas show that the self-consistent gas temperature
decreases when the contribution of gas-heating mechanisms to the thermal balance is
reduced. Tests were made by varying the fraction of energy (fw) that returns to the
volume after a wall-recombination event, as well as by neglecting the contribution of
vibrational excitation.

- Simulations for oxygen HF plasmas (2.45GHz) adopted the same discharge power-
density obtained for the DC case. Under these conditions, the power coupling occurs
through a lower effective electric field and, consequently, through a lower power
transferred from the electric field to the electrons. As a result, a higher electron density
IS required to sustain the prescribed discharge power-density.
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Simulations in CO>» pulsed plasmas

- Simulations in CO, pulsed plasmas illustrate LoKI-GM's capability to couple electron

and heavy-species kinetics, handle time-dependent excitation (for current pulse), and
incorporate gas flow.

- The concentration of CO(X) increases due to electron-impact dissociation processes and
the subsequent chemical conversion of CO,, whereas the concentration of CO(a)

increases rapidly only once the reduced electric field becomes sufficiently large.
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Microkinetic mesoscopic surface model in N2

- Simulations for a pure mesoscopic microkinetic model in N, yield a wall-
recombination probability y almost in exact agreement with the analytical model of [10].
Note that, at high wall temperatures, where the recombination energy barrier can be more
easily overcome, Eley-Rideal (E-R) recombination becomes dominant with respect to
Langmuir-Hinshelwood (L-H).

- The possibility of E-R and L-H recombination involving physisorbed atoms (E-Rr and L-H{)

have also been exploited. As expected, the contribution of these mechanism becomes
significant as the wall temperature decreases.
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