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Abstract The electron Boltzmann equation
The electron kinetics in low-temperature plasmas is commonly described by the electron
Boltzmann equation (EBE), incorporating either Ohmic (collisional) or non-local df(Fu 0fGFu 0 f (7, u) 0 f (7, u) L oL . N (1)
(stochastic/collisionless) heating terms, depending on whether the plasma operates at = = —= + — + — Z(r,u) - Z(u— (r)) = n IACY
. . ot ot ot ot 0
high or low pressure, respectively. heat surf coll o
] fwVudu =1
At low pressures (~Pa), typical of ICPs, the electron energy relaxation length exceeds Volume average EBE 0
the characteristic system s_lze_. In_such regl_mes, the electron population can be described 7 1 d(Gey () + Gop () 7 1 ngdge G (1) ngdge . S
by a non-local (global) distribution function that depends solely on the total energy. e N T N2 NG @) AND uUu—P)(u—-—D)f(u)+Su)=0 I = _ -
Furthermore, when energy transfer from the external field is confined to a small portion e v e v Awan - 2L/R+1
of the plasma volume, variations in the electron distribution function due to the plasma
potential can be neglected, as the latter primarily affects the electron density. Electron surface losses Electron collisional losses
Under these conditions, the electron kinetics can be modeled by an isotropic, non-local Volume average of the electron - part'CIe. qu_x Isotropic component of the classical two-
| distribution f _ EEDF). obtained b " He EBE with: across the reactor walls (for electrons with kinetic term  development of the electron
e. ectron energy. istribution function (. ), obtained by so V|.ng.t e with: energies above the sheath potential ¢ = V.) distribution function
(i) an energy gain term due to the action of an external electric field, and
(ii) energy loss terms due to collisions and transport to the reactor walls.
Volume average ion particle-balance equation Volume average electron particle-balance equation

The energy gain term is described by a Fokker-Planck-type heating operator [1], which . - 1 5 oa . 3
unifies the treatment of non-local stochastic heating, resulting from the spatial ngdge 2e 1 jw( O)f (W) foo 2e Sw)d Vion VL Vi - Iid°r = VLne(r)Viond r
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In this work, we present initial results from the numerical implementation of this
approach in the LisbOn Kinetics Boltzmann and Chemistry solver (LoKI-B+C) [2]. We

apply the description to a low-pressure argon ICP (p=0.2-1.5 Pa, n.,~1016 m-3), FOkker'PIaan heating Operator (FPHO)

assuming an exponential decay of the electric field away from the antenna (13.56 MHz).

The self-consistent solution provides the EEDF, the densities of the main argon species, Fokker-Planck approach [1]

the reduced electric-field intensity, the sheath potential, the skin depth, and the power e Markov processes (no memory effects) * Expansion considering a velocity-dependent
coupled to the plasma. Simulation results are compared with experimental - resulting from interactions of electrons with collision frequency
measurements of the EEDF obtained using electrostatic probes. the electric field

- yielding continuous changes in the electron e Averaging over the solid angle in velocity space
velocities (energies) vanishing of the drift term; preservation of the

EXCitatiOI‘l COnditionS (typical Of RF ICPS) - described at kinetic level using distribution diffusion term

functions e Solution of the Langevin equation
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Numerical implementation in LoKI-B+C Results for argon @ R = 0.25m, L = 0.5m
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