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Abstract

Tikhonov's regularization method for tie solution of the integral equation of the
Laugmuir probe current is discussed. The application of this method in plasma mea-
surement experiments allows to restore the real electron distribution function in a
wide rauge of experimental conditions. The solution of this problem permits to get an
improved nieasurement accaracy in plasma diagnostics.

1 Introduction

Plasma diagnostic by Langmuir probes untili i days remains one of the most used meth-
vds. With the increase, in the last years, of cold pinsma techmolegical applications, Lang-
muir probes have become a common tonl. This diagpostic 12 an easy and accurate way to
make local measnrements, in contrast with the theoretical dificulties of data interpretation.
I order to solve this problem some author Liav proposed methods for the automation of
acquisition data.

In [1] & computer program is proposed. 1w which the < ompnrations are made in base to
the ion theory of the Langmuir probe. In ordi to vrt ihe plasma parameters s maxwellian
electron distribution function is supossed, wh:-li ccaild be an error source in some cases. A
more geueral method would consider the real ditrihition fanction

In this paper we describe a method whici perunts t- obtain the real plasma particle
distribution function directly from the exprrimentaly measured probe characteristic.

We shall asumme that the distribution function in the non-perturbed region, is isotropic
and homogeneus. In this case the distributios func:ion presents obly energy dependence,

z
fir.o) = net (75 +cV) ,
where V is the probe’s potential [2]. Using the last expre:sion to obtain the probe’s current
density
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then orem. (%
o= gt [t - V) f(eMe, 1)

here & is the angle between the elcctron’s velocity (v) and the inner normal to the probe
surface.

2 Plasma parameters

In the present section we shall discusse the way, in which is possible to determine the
plasma parameters, after solving equation (1} to get f(e).

For obtainning the electron temperature it uses the discribed method in 2], which
consists in derivating the characteristic respect to the probe potential neceseary to eliminate
the ion current of the total one, measured in the experiment. The temperature is obtained
from the slope of the plot In (dI/dV )vs. V.

Form Eq.{1) can be calculated the charged particles density (n) substracting the ion
current from the total, which can be done extrapoling the saturation ion current. In some
works [3-5] has been proposed an exponential dependence of current to obtain the electron
current. When the electron current density is calculated, then f(e) is substituted into
Eq.(1) and by this way the density is computed

Plasma potential can be computed using the proposed method in {6}, through floating
potential using the next expression

1/2
V,= v,+"T' "T‘ln( ) .

I this way, the design of an algorithm which permits to solve the Eq.(1) to find f(e).

gives more information about the plasma and simultaneusly, a better precision in the
plasma parameter measurements, particularly in that relative to the density.

3 Numerical Algorithm

The electronic current for a repulsive field is,

jolz) = Ag ]‘”(e-:)f(e)dc (2)

where z =¢V, Ay = l{- + eV is the total energy for electrons.
Equatiou (2) is a v:{tem equation of the first kind, which can be casted mtoahedholm
of the first kind,

s
1) = [ (e - 2)fle)ee 3
where I(z) = j,/Ae and 6, b determines the energy range to be assessed.
Siuce j, is given experimentally by the current-potential characteristics of the probe,
we only have an approximation to the real values of 5. Let j, be the experimental value
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obtained from the current-potential charact-nstic (CPC), and assume the difference with
respect to the exact value is of the order of the whole sum for all the measurement errors,
which we labeled as §.

Since we wish to determine f(e), we are dealing with an ill-posed problem, accord-
ingly with J. Hadamard {7]. To handle this sort of problems, some procedures have been
proposed. In this work we use the one proposed by A. N. Tikhonov [8].

Let 0 < € < &g be the energy range. Here ¢¢ is the electron energy and it may be
determined by the probe potential. Thus we have to solve,

L “(e - 2)f(e)de = I(z). (4)

in this last equation we assume that Vy < z < Vg, where V and V7 are the initial and final
potentials obtained from the CPC. Using the regularization method [8]. a finite difference
equation with uniform grid step h is obtained,

afit;) + (Vr - Vo) [t.‘ - %(VT - V) E{Lo Ciaif(si)h - (Vr - Vp) [%t.'(VT + Vo)
- HVE+ ViV + V,,’)] Lo Cif(si)h=h {t.‘ Y Cil(zi) - T, (7.'2.'1(2;)}

where () < ;< £y, 0 < t; < g9 and Vy < z, < V7, and the following bouudary conditions,

(5)

Jo=0 Jn=¢€ (6)

where a, = t; = 1A, €, are coeflicients employed to compute the integrals by means of the
trapezuid rule.

The regularization parameter a, may be computed by the method proposed in [9] where
a = C42, the coustant > 0 has been determined cxperimentally.

From Eq. (5) we observe that the original problem for solviug the fuuctions f; has been
converted into a set of algebraic equations for the f;. The night hand side of Eq. (5) is
determined from CPC.

4 Conclusions

The Tikhonov's regularization method permits the obtaintion of the real clectron distribu-
tion fuuction through a set of algebraic equations (sce Eq.(5)). which can easily be resolved
with » PC.
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