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Similarity law

(a) Similarity law (SL) scaling (G

Base case (k= 1)

(x1,11) = k4G (. 1)

k: scaling factor
o: similarity factor
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n.. electron density
J.: electron current density
E: electric field

p: pressure

B: magnetic field

f: frequency

V. electric potential
&.. electron energy
u.: electron velocity
X: position

t: time

d: gap distance
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Particle-In-Cell/Monte Carlo Collision (PIC/MCC)

MC Collision:
Electron-neuvtral and
1on-neutral collisions

A

Boundary process:
Particle absorption,
reflection etc.

e preset number of time
steps has been completed
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Accumulate particles to
the prid

4 ¥
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forces on them h 4 on the grid
Diagnosing:
Obtain the plasma
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(a) Similarity law (SL) scaling

Basecase (k=1)

ASTRA code
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(b) Magnetic field distribution
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Spatiotemporal profiles of electron densities
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Influence of pressure and magnetic field

(@) [10 mTorr, 3 cm, 240 G]

Nemax = 1.3x 10" [m™)

(b) [3 mTorr, 3 cm, 240 G] (c) [ mTorr, 3 cm, 480 G]

Nemax = 5.5x10" [m™)] Nemax = 6.7x 10" [m™]
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Time-averaged results
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Transition of electron heating mechanism
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Conclusion

B We verify the similarity law (SL) in magnetron discharges via particle-in-
cell/Monte Carlo collision (PIC/MCC) simulations, and observe the scale-

invariant breathing oscillations.
B The plasma oscillations are induced by increasing the similarity invariant B/p.

B Reducing B/p or pd, the breathing oscillations are suppressed due to the

increase in wavelength or the decrease in characteristic scale of discharge.

® With the onset and development of breathing oscillations, the electron
energization mechanism shifts from sheath energization to Ohmic heating in

the ionization region.

B The breathing oscillations and electron energization mechanism remains

unchanged under similar conditions.
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Thank you

B The slides can be downloaded at
bczheng.com/talks/Zheng21 ICOPS.pdf

BEmails: bzheng@fraunhofer.org;
bcong.zheng@gmail.com

B\Website: bczheng.com
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