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Pressure regime

® . Sheath
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low pressure
stochastic heating
interaction with the sheath

gap size smaller than the mean
free path of electrons

bounce resonance effect’

'Liu et al., Phys. Rev. Lett. 107, 055002 (2011)
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high pressure

ohmic heating

electron-neutral collision
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Trajectory of fast electrons E
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Impingement phase of fast electrons

= expanding sheaths? Spatio-temporal distribution of fast electrons in m™ (15.76eV)
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2J. Schulze et al., J. Phys. D: Appl. Phys. 41, 042003 (2008)
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PIC/MCC Simulation

serial Particle-In-Cell code yapic

explicit 1d3v code, electrostatic approximation
benchmarked against different PIC implementations®
Monte-Carlo method with a null-collision scheme

no reflection of particles at the electrodes and no secondary electrons

Weight fields to

d particle positions h

Ve AN
4 \

Calculate electric Calculate new particle
potential and field positions and velocities
I I
I I
Weight particle MCC: Create or remove

charges to grid particles, adjust velocities

SM.M. Turner et. al, Phys. Plasmas 20, 013507 (2013)
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Gap size variation

150V
S50MHz

15 - 70mm
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Averaged electron density over the gap size
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Averaged electron density over the gap size
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Spatio-temporal distribution of fast electrons in m—3
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Frequency variation (different pressures)

150V
40 - 80MHz

A

15mm
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Averaged electron density over the driving frequency (1Pa) E
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Pressure variation
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abrupt transition disappears for higher pressures

low pressure effect
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Averaged electron density over the driving frequency E
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abrupt transition by changing the frequency from 59MHz to 60MHz

compare the plasma characteristics of 55MHz (lower density mode) and 65MHz
(higher density mode)
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Phase-averaged electron and ion density
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quasineutrality is not satisfied (on
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Spatio-temporal distribution of electrons in m™3 E
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= 55 MHz (lower density mode) = 65 MHz (higher density mode)
= fast sheath expansion = slow sheath expansion

= bend during the expanding and = sinusoidal sheath movement

collapsing phase
= uniform distribution
= non-uniform distribution of electrons

in the center of the discharge
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Electron Energy Distribution Function (EEDF) E
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more highly energetic electrons (<60eV) for 55MHz

accelerated by the large plasma sheath

Sebastian Wilczek | WELTPP 2013 |22. November 2013 16 / 26



Spatio-temporal distribution of fast electrons in m—3
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= 55 MHz (lower density mode)
= two-beam structures

= electron energy lost at the
electrodes: 29eV
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= 65 MHz (higher density mode)

= just one-beam structure

= electron energy lost at the
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Spatio-temporal distribution of the charge density in A3 E
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= 35 MHz (lower density mode) = 65 MHz (higher density mode)
= No quasi neutrality = quasi neutrality

= high electric fields in the bulk

= displacement current
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Spatio-temporal distribution of the total current in =;

150

100

Time in ns
Time in ns

-50

5

-100

20
‘ 0
-20

—
0 N——-—

-150
0 2 4 6 8 10 12 14

Length |n mm Length in mm

55 MHz (lower density mode) 65 MHz (higher density mode)

total current is homogeneous over space

conduction current: j. =e(’; - T',)

displacement current: j; = g%

total current: j, = j. + j4
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Spatio-temporal distribution of the conduction current in 2 E
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= 55 MHz (lower density mode)
= 65 MHz (higher density mode)
= modulated by the 2 electron beams
_ = uniformly distributed
= no conduction current between the
beam formation and in the plasma = no cunduction current in the plasma

sheath sheath
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Spatio-temporal distribution of the displacement current in m#M
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= 55 MHz (lower density mode) = 65 MHz (higher density mode)

= displacement current in the center of ~ ® classical behaviour

the discharge = displacement current in the plasma

= interplay between the displacement sheath

and conduction current = conduction current in the plasma bulk
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Parallel resonance
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Excitation of local resonances (local plasmafrequency)
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non-uniform plasma model*

infinite number of elementary cells
each one constituted by an inductor
an a capacitor in parallel

consider a local plasmafrequency

2
wpe(x) — \/ n,ijzs

“Victor P.T. Ku et al., J. Appl. Phys. 84, 6536 (1998) Plasma-sheath resonances and energy absorption in ccrf plasmas

Sebastian Wilczek | WELTPP 2013 |22. November 2013

23 / 26



Conclusion E

with decreasing gap size or frequency the impingement phase of fast electrons
is changing from the expanding to the collapsing phase

abrupt transition between the impingement of the collapsing and expanding
phase

appearance of a two-beam structure

excitation of local resonances, which could be responsible for the second beam
formation

Outlook
more information about resonance effects
transition is complimented by the appearance of a hysteresis

beam formation in large-area ccps in conjunction to electromagnetic effects
(2d Darwin-PIC)
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Outlook: Hysteresis
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Outlook: Currents (55MHz) with FT of the discharge center
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