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Abstract

Tikhonov's repularizAtion method for the 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 range of experimental conditions. The solution of this problem permits to get an
improved measurement accuracy in plasma diagnostics.

1 Introduction
Plasma diagnostic by Laugmuir probes until] *ur d;iys rt-maiuf one of the mo9t used meth-
ods. With the increase, in the last years, of o l d plasma technological applications, Lang-
miur probes have become a common tool. Tl;i« di.^uostu- i* an fasy and accurate way to
make local measurements, in contrast with the theoretical dificulties of data interpretation.
In order to solve this problem some author* U u - proponed methods for the automation of
acquisition data.

In [l] a computer program is proponed, m which the • oir.putHtmn* arc made in base to
the ion theory of the Langnmir probe In onl tt- -jrt t)i< plasma parameters a maxwellian
electron distribution function is supoiwd, wb; b n n!d b< an 'T'or source in some cases. A
more general method would consider the real diKtnbittin/i function

In this paper we describe a method wb:c penuitii t obtain the real plasma particle
distribution function directly from the exprniuenlaly m<•asiired probe characteristic.

We shall asuiume that the dietribut i<>u hm> tion m the :i<>n-perturbed region, is inotropic
and homogeneus. In this case the distribution fun*:ion {.resents only energy dependence,

I\r,v) - ntf

where V is the probe1* poteutml (2]. Using the last ••xpret'siou to obtain the probe's current
density

U * Ue T/J sin U6 £* v «-«»«j / ~ -+ tV J vHv ,
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then
2 ^ | (e_eV)f{t)dtt ( 1 )

fir JtV
here 6 is the angle between the electron's velocity (v) and the inner normal to the probe
surface.

2 Plasma parameters
hi the present section we shall discusae 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 necessary to eliminate
the ion current of the total one, measured in the experiment. The temperature is obtained
from the slope of the plot In [dl/dV) vs. V.

Form Eq.(l) can be calculated the charged particles density (nt) subtracting the ion
current from the total, which can be done extrapoling the saturation ion current, hi some
work* [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.(l) 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

hi this way, the design of an algorithm which permits to solve the Eq.(l) to find /(*),
gives more information about the plasma and siaultaneusly, 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,

i M - A . j f V . W W * (2)
where x = eV, A% = *nj», t = *£• + eV is the total energy for electrons.

Equation (2) is a Volterra equation of the first kind, which can be casted into a Fredbolm
of the first kind,

/(*) = / # V - *)/(«)* (3)
where I(x) = j,jM and a, b determines the energy range to be assessed.

Siuce it is given experimentally by the current-potential characteristics of the probe,
we ouly have an approximation to the real values of >. Let j t be the experimental value
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obtained from the current-potential charact-nstir (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 at 6.

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 < e < SQ be the energy range. Here fo is the electron energy and it may be
determined by the probe potential. Thus we have to solve,

L* (« -«) / (« ) * = /(«). (4)

in this last equation we assume that Vb < X<VT, where Vb and Vr are the initial and final
potentials obtained from the CPC. Using the regulamation method [8], a finite difference
equation with uniform grid step h is obtained,

«/U.) + {VT- Vo) [U - J(Vr - V0)l E " o C*if(*i)h - {VT - V9) [fctfVr + Vo)

where () < «, < e0, 0 < t,- < ^o »nd Vo < x , < Vj-, and the following boundary conditions,

/• = 0 ftt = e0 (6)

where *, = (, = tA, (\ are coefficients employed to compute the jutegrnls by means of the
trapezuid rule.

The regularir.ation parameter a, may be computed by the method proposed in [9] where
a = Ci2, the constant (' > 0 has been determined experimentally.

From Eq. (5) we observe that the original problem for solving the functions /, has been
converted into a set of algebraic equations for the /,. The right hand side of Eq. (5) is
determined from CPC.

4 Conclusions
The Tikhonov'» regularization method permits the ohlamtion of the real electron distribu-
tion function through a set of algebraic equations (see Eq.(5)). which can easily be resolved
with a PC.
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