International Online Plasma Seminar (IOPS)

Electron Dynamics in Radio Frequency
Magnetron Argon Discharges

Bocong Zheng

Fraunhofer USA Center Midwest, Michigan State University,
East Lansing, Michigan 48824, USA

Website:
Email: bzheng@fraunhofer.org

Augest 5, 2021

~ Fraunhofer MICHIGAN SYATE
USA UNMIVERSITY

\




Outline

M Background of redio frequency magnetron sputtering
® Modeling and simulation
M Results and discussion

Fundamental plasma parameters

Electron current densities

Electron power absorption

lonization dynamics

L] .
COﬂClUSIOn Bocong Zheng, Yangyang Fu, Keliang Wang, Thomas Schuelke, Qi Hua Fan,

Electron dynamics in radio freqeuncy magnetron sputtering argon discharges with
a dielectric target, Plasma Sources Science and Technology 30, 035019 (2021).

\

~ Fraunhofer MICHIGAN SYATE 2
USA UNMIVERSITY



Radio Frequency Magnetron Sputterlng (RFMS)
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Further reference:
J T Gudmundsson, Physics and technology of magnetron sputtering discharges,
Plasma Sources Science and Technology 29, 113001 (2020).
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Particle-In-Cell/Monte Carlo Collision (PIC/MCC)

MC Collision:
Electron-neutral and
ion-neutral collizions

[

Boundary process:
Particle absorption,
reflection etc.

+

Pushing:
Push particles by the
forces on them

-+

ASTRA code mmm)p

Weighting:
Accumulate particles to
the grid
he preset number of time
steps has been completed,
Y
Field Solving:
Obtain the electnic field
+ on the grid
Diagnosing:
Obtain the plasma
parameters
End
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Simulation region
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Gas pressure 10 mTorr
Gas temperature 300 K
Voltage amplitude 200V Panjan, JAP 125, 203303 (2019).
Lirivang fref:!uency L3a6.MEz Oscillation frequency in
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Electron density

Electron density [10"® m™]
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Abnormal etching profile
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Electric potential [V]
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DC RF

IEDF along the surface of the target
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Electron current density
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Electron current density [Nmz]
(b) t/T = /2 T -
B 0 v
PR 3n/2
' L I | | x direction

Electron flux [1020 m'zs'1]

t=0.0737 ns 2
3.6 T T T T "

r g F 1 !
24p § o
5 L |
12 , e

L —— n
s 1 . -2
%85 2.0

Electron flux [1020 m‘zs’1]
t=0.0737 ns
3.6 g T g T

X [cm]

-1
1 s
4.0 6.0
x [cm]

=
Z Fraunhofer ,
USA ur

y direction 11
IVERSITY



Azimuthal electron current density

Electron current density [kAa"mz]
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Moment analysis of Boltzmann equation
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Further reference:

S. Wilczek, J. Schulze, R. P. Brinkmann, Z. Donko, J.

Trieschmann, T. Mussenbrock, Electron dynamics in low

pressure capacitively coupled radio frequency discharges, 8,06.-'

Journal of Applied Physics 127, 181101 (2020). P()hmic = _Z Uej W ’
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Electron power density
Electron power absorption [kWIms]
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Time-averaged electron power absorption components

Electron power absorption [kW/m®]
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Spatiotemporal electron power absorption components

Electron power absorption at x = 3 cm [kW/m®]

Minea and Bretagne, Simple model

Analytical model

of power deposited into the plasma
bulk of rf planar magnetrons, PSST
12, 97 (2003).
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lonization rate

lonization rate [1 0% m'35'1]
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Influence of secondary electron emission
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C

onclusion

The electron dynamics in a typical electropositive RFMS discharge is studied via a fully kinetic, 2d3v PIC/MCC

electrostatic simulation.

A spatially dependent charging is observed on the dielectric target surface, resulting in spatially dependent ion
energy distribution along the target surface, which in turn may cause an abnormal erosion profile, that the

intensively etched region on a metallic target can be the least eroded on a dielectric target.

The phase difference and amplitude ratio between electron current densities in different directions are primarily
determined by the electron cyclotron angular frequency, the electron momentum transfer collision frequency, and

the RF source frequency.

The dominant electron power absorption mechanism on time- and space-average is the Ohmic power absorption,

mostly contributed from the E X B direction.

The electron power absorption can be primarily decoupled into the positive power absorption in the bulk plasma
region due to collisional dynamics, and the negative power absorption near the target surface due to pressure-

induced effects.

The power absorption and dissipation of electrons in the bulk plasma region are approximately synchronized in time

and space, suggesting a suppression of the nonlocal electron motion in magnetron discharges.

The contribution of secondary electrons is negligible under typical RFMS discharge conditions investigated here.
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