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PDCl is a one dimensional (radial), electrostatic particls simulation code with the plasma
bounded by two concentric cylinders. These electrodes can be coupled to an external circuit as
shown in Figure 1. Only spatial variations in r are considered. The principles applied in this
code are the same as those used in the planar model code PDW1, widely used since 1983 [1].
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Figure 1. Cylindrical plasma device with an external RLC circuit.

PDCl is very flexible and runs in the WinGraphics environment [2]. It is being applied, for
example, to RF discharges, in which die RF powered electrode and the grounded electrode have
different areas, and to Plasma Immersion Ion Implantation. For convenience, the inner cylinder
is considered powered and the outer cylinder is grounded. In addition, in 1D-3V (r,vr, Vg, v,)
with an applied axial magnetic field, 3^, many magnetized non-neutral plasma problems may
be addressed, with or without the center cylinder.

We obtain the finite difference equations for fields (£) and potential (<J>) related to density (p),
on a spatial grid, using Gauss' law, in order to guarantee conservation of flux. The particles are
considered to be cylindrical shells, uniform along z. The grid quantities are indexed by;. The

grid points are spaced uniformly in r, Ar s -TEST*, where NC is the number of cells, and r0 and

are the inner and outer cylinder radius. The charge weighting guarantees charge conserva-
tion.
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Applied to the cylindrical surface at j +5, Gauss' law produces the radial electric field from the

charges as in Birdsall and Langdon [3]:

— = 2KT ,£ ,-27cr ,£ , where r , s ~ - — - and ; > 0 (1)

For j = 0 we have:

(2)
I I

In order to obtain an equation in <J>, we use single cell differencing: •

£ Jj+i-*i w h e r e ^ xSr x_r ( 3 )

>*i Ar + , ; • ; /*i i"

The charge density is obtained from p; = 7, where Vy a K(AT )̂  with:

^V 2 , ;>0 (4)

rf-r0
2 (5)

Using (3M5) in (1) and (2) we obtain a three-point finite difference form of Poisson's equation:

2 ^ 5)<t.>+1 ; > 0 (6)

In (6) Tj were normalized by Ar, and to derive (7), we assume £ 0=f. where o is the charge

surface density at the inner cylinder. Equation (7) is one of the boundary conditions used to
solve the Poisson equation. The second boundary condition is obtained assuming that the outer
electrode is at the reference po^ntial, ^ = 0.

Equations (6)-(7) provide a tridiagonal matrix which is solved to find the potentials fy. Then the

electric fields are obtained using:

^ fOT 7-1A-.JVC-1

The electric field at the first grid point is obtained from (2); for the last grid point we use a
similar equation for E^.



In order to solve equations (6)-(7) for the potentials, the charge density must be known on the
same grid. The weighting used to accumulate charge is similar to linear weighting. We use the
area of rings to weight the charges ([3]; without variations in 8).

The weighting of the electric field to the particles is done in the same manner. The charge accu-

mulated on the grid point at the boundary is some fraction (in PDW1, exactly -, [1]) of that

which would be accumulated at the grid point which is not at a boundary if the physical charge
density were the same at the two points. To compensate for this we use a volume corresponding
to half a cell (see eq.(5)) when we define charge density at the last grid points (j~0, j-NO-

In order to load the system at t~0 with a uniform density, we assume a constant density in r

equal to ,-•H •• where N is the total number of particles to load the system. Since the density
tV" fJSr^

is uniform in r, at each position r we have:

r» ri~\

where rlM is the position of the previous particle. The algorithm (8) is used to determine the
positions of the particles at t=0.

The cylindrical plasma device with an external circuit RLC is showed in Figure 1. In order to
solve the circuit equation we use the 2nd order backward Euler method and we treat four differ-
ent cases (as in PDW1 [4]):

a) C=0, open circuit;
b) current source;
c) R - L = 0 and C -» <», short circuit;
d) general case: RLC circuit with voltage source.

It is important to consider carefully the relation between 0 and $0 in order to specify the correct
boundary condition for solving Poisson's equation.

Cylindrical computer experiments were performed many years ago with ID models in order to
ascertain the possibility of electrostatic inertial confinement [5] and the dynamics of limiting
charge and current [6].

The following plots illustrate a run of PDC1 for an RF discharge driven by a current source
displaying the velocity phase space (velocity versus position for each particle), the potential
across the bounded region as a function of position, and the time history of the potential at the
inner electrode.
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