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Abstract

The behaviour of radio-frequency sheaths in magnetized plasmas has received rela-
tively little attention. Such sheaths occur in certain types of processing plasmas, but
also in magnetically confined fusion plasmas when radio-frequency heating schemes
are employed. In the latter case, the magnetic field commonly intersects the bound-
ary at a grazing angle, so that the field is almost, but not quite, parallel to the surface.
The magnetic field is usually such that the electrons are strongly magnetized, but the
ions much less so, in the sense that the electron cyclotron radius is smaller than the
sheath width, while the ion cyclotron radius is at least comparable with the sheath
size. In this paper, we investigate how far conventional models for unmagnetized
radio-frequency sheaths can describe this situation. To this end, we have a carried
out a programme of particle-in-cell simulation of radio-frequency discharges in the
presence of a grazing angle magnetic field, and we compare these simulation results
with the models. An experiment designed to study these conditions and currently
being constructed at the Institute for Plasma Research, Gandhinagar, India is also
briefly described.

Simulation Method

PIC codes model plasma using computational particles called superparticles which
are used to represent a large number of real particles. These particles move with a
finite time step ∆t, with the fields calculated at the boundaries of finite sized cells of
width ∆x. A new code has been developed [1] that includes the effect of an external
magnetic field in 1 dimension. The simulation parameters represent the conditions
expected in the RF-CCP experiment with the angle between the plates and the mag-
netic field varied between 65 and 80 degrees.

Basic Parameters:

•Distance between plates = 0.02m

•Bmag = 0.04 T

•VRF = 200V

• fRF = 13.56MHz

•Magnetic Field angle = 65-80 degrees
Figure 1: CCP Setup thanks to Huw Leggate

Experimental Method

•The magnetized RF-CCP experimental setup consists of a 100cm x 26cm glass
vacuum chamber with 2 rectangular stainless steel plates of dimension 50cm x
5cm.

•The distance between the plates can be varied from 2-5cm.

•The magnetic field is produced by two electro-magnet coils that can achive a mag-
netic field strength of up to 50 mTesla.

•The RF voltage is driven at a frequency of 13.56MHz.

• For an Argon plasma discharge an electron density of 1010cc above 0.5 Pa is ex-
pected.

Figure 2: Experimental Setup thanks to Shantanu Karkari

Models

•Chodura [2] studied the plasma sheath in the presence of an oblique magnetic field,
neglecting collisions.

•He postulated the existance of a quasi-neutral magnetic presheath that scales with
the ion gyro-radius, in which the ions are accelerated to the Bohm velocity.

•The arrival of the ions at the Bohm velocity signifies the sheath edge.

• For our work, we considered two definitions to define the sheath edge:

– Bohm velocity
– the point where the positive space charge in the sheath exactly compensates the

negative surface charge, and the field is zero.

VB =

√√√√kTe
mi

(1)
∫ sheathedge

electrode
n+(x)dx = −σ (2)

Simulation Results
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Figure 3: 1D PIC simulation results for magnetic field angles 65 and 80 degrees

θ =65◦ θ=67.5◦ θ=70◦ θ=75◦ θ=78.75◦ θ=80◦

RF current amplitude (A / m2) 11.2 11.3 11.4 11.9 12.2 12.2
Ion current (A / m2) 0.6 0.7 0.9 1.2 1.7 2.0

Mean sheath voltage (V) 98.5 96.9 95.2 95.3 92.2 98.6
Max sheath voltage (V) 97.6 96.3 94.8 92.0 98.4 91.7

Max sheath width (C.C) (m) 0.0073 0.0062 0.0055 0.0044 0.0037 0.0032
Mean sheath width (C.C) ( m ) 0.0044 0.0039 0.0036 0.0030 0.0026 0.0024

kTe in the midplane ( J ) 3.330×10−19 3.709×10−19 3.755×10−19 3.740×10−19 3.828×10−19 3.95×10−19

ni at sheath edge (C.C) 2.037×1015 2.359×1015 2.654×1015 3.267×1015 3.708×1015 3.85×1015

Max sheath width (B.C) ( m ) 0.0056 0.0052 0.0048 0.0041 0.0036 0.0033
ni at sheath edge (B.C) 1.005×1015 1.463×1015 1.822×1015 2.631×1015 3.587×1015 4.030×1015

ni at sheath edge (ion current) ( m ) 1.547×1015 9.564×1025 2.293×1015 3.266×1015 4.354×1015 5.197×1015

Figure 4: Data obtained from 1D PIC simulations
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Figure 5: Sheath width Vs Magnetic field Angle
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Figure 6: Sheath Voltage Vs H

Discussion and Future Work

The simulations showed that in the conditions described no plasma is sustained at
magnetic field angles less than 65 degrees. At angles greater than this the sheath
width λsh decreases with increasing angle. Simulations with 0.04 cm electrode spac-
ing and constant current 40 A/m2 were also performed. Figure 6 shows the magnetic
field goes to 0 as H goes to 0, H is the dimensionless parameter in the Lieberman
sheath model [3]. The solid lines are the predictions of the Turner-Chabert [4] sheath
model. Under these conditions, we conclude that the sheath model is entirely ade-
quate, the magnetic field has made no appreciable difference. Extension of the code
into 2 dimensions is planned, as well as simulation of more extreme plasma condi-
tions and comparison with results obtained from the RF-CCP experiment.
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