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Use of Langmuir probesin high density plasmas
Francis F. Chen* and John D. Evans**
University of California, Los Angeles, CA, USA

In this paper, exising caculations of saturation ion currents | to Langmuir probes a
potentid V, are digitized and parametrized so that || — V, curves for given plasma density n,
electron temperature T, and space potentid Vs can be reproduced in dimendond units rgp-
idly on persond computers.  Secondly, an iteration technique is used to separate the ion and
eectron currents in their overlap region near the floating potentia.  Probe messurements in
an inductively coupled plasma (ICP) of the type usad in semiconductor etching, were made in
argon a various dengties, pressures RF powers, and probe redii Ry and in one series n was
messured aso by microwave interferometry.  Results show that the collisonless theories do
not agree a large vaues of the parameter x ° Ryl p (I p = Debye length) and given vaues of
n bracketing the red vdue. The discrepancy is thought to be due to charge-exchange colli-
sonsin the presheath.

The man theories of ion collection are (8 the origind orbital motion limited (OML)
theory of Langmuir, the Allen-Boyd-Reynolds (ABR) theory [1], and the Berngen-
Rabinowitz theory [2] as extended to Maxwellian ions by Laframboise [3] (BRL). OML a-
counts for ion angular momentum but neglects the formation of thin shesths. ABR includes
sheaths but neglects orbiting. BRL accounts for both, but computed Ii— V,, curves exist only
for a few vaues of x and are hard to reproduce. Furthermore, the curves are in dimensonless
units which depend on the vaues of n, Te, and Vs that one wants to determine.  These curves

can be generated from the function
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and the parameters ABCD are functions of Xx. These functions are then further parametrized
by fitting them to the following forms.

A=a+— - 1 B,D=a+bexp(-dx"); C=a+hx°, @

bx¢ diIn(x/f)
where different coefficients abcdef apply to each parameter ABCD, as given in Table 1.

These coefficients can reproduce the Laframboise curves to within 5%.

To separate the ion and dectron currents, first guess the vaues of n, Te, and Vs and
compute the theoreticd ion curve using Egs. (1) and (2). Then make a least-squares fit with
thedataby varying n and Te. Fig. 1 isan example of such an 12— V plot. In generd, the data



Tablel

a b c d f

A 112 .00034 6.87 0145 110
B 050 0.008 150 0.180 0.80
C 107 09 1.01 — —
D 005 154 030 1135 0.370
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Fig. 1. Saturationion current measured in a 2MHz ICP at 200Win 20 mTorr of A, with a probe 0.15 mmin
diamand 1 cmlong. Thelower curveistheoretical, computed from BRL for T; = 0.

will follow a linear 1;> — V relation more closdly than the BRL theory. Using this vaue of n,
one can then plot the eectron current semilogarithmicaly, assuming a Maxwellian:

le = neAy (KTe/ 2pm)M 2 exple(v, - VE)/KT], ®
where V¢ is, unfortunately, different from the vaue of Vs used to fit the ions. This Straight
line is shown in Fg. 2 together with the raw daa and le with the theoretical ion current
subtracted. It is seen that the modified data follow a sraighter line. The vaues of Teand Ve
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Fig. 2. Semilog plot of I, vsV for the case of Fig. 1.
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are then adjusted for the best fit. Using the new value of T the ion curve can be recomputed
and n readjusted. If the modified le is then subtracted from the ion data the following Ii—V
curve results (Fig. 3):
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Fig. 3, Fit of |—V curve after iteration.

The points at the right beyond Vs appear because different values for Vs had to be usad to fit |
and le This is an unresolved problem. The theory for 1i near Vs is subject to uncertainty, and
the vdue of Vg is sendtive to the curvaure there.  This points out the danger in computing the
eectron energy digtribution function fromthel — V' curve near the floating potentia.

Since the ABR theory yidds || — V curve doser in shape to the data, this theory was
d0 double-parametrized in a dmilar manner, usng the computations of ABR theory by
Chen [4] for cylindrica probes. The OML theory has the following smple form for T; = O:
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The software for the ESPion” probe of Hiden Andyticd, Ltd. usess OML theory. We have
andyzed a large number of | — V curves usng these three theories. Examples for four vaues
of x ae shown in Fg. 4. The resulting vaues of T, are insendtive to the theory used, but the
n vaues differ widdy. OML fits the shgpe of the curves best, but it should not be vaid for x

> 3 and requires an unreasonably high vdue of Vs. The ABR theay gives too low a vaue of
n, and the BRL theory shows more saturetion than is observed.

The dissgreement in dendties found from different theories increeses with X, as
shown in Fig. 5, and reaches factors of 3 or more. In Fig. 6, BRL and ABR dengties are
compared with microwave interferometry measurements for increesng RF power. It is seen
that ABR yields too low a dengty, as expected snce orbiting is neglected and therefore too
high an |; is predicted. BRL yidds too high a densty. We bdieve tha this is because
obiting to over-emphaszed. In patidly ionized plasmas, incoming ions can lose ther
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angular momentum and be drawn in radidly in their find trgectory.  Curioudy, the

geometric mean of the BRL and ABR densities seems to agree with the microwave results.
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Hiden | OML | BRL | ABR Hiden| oML | BRL | ABR Hiden| OML | BRL | ABR Hiden [ OML | BRL | ABR
n11| 0.89 | 0.87 | 0.99 | 0.36 n11| 034 | 037 | 0.37 | 0.06 ni1| 0.92 | 092 | 320 | 1.00 ni1| 4.80 | 5.13 | 8.91 | 2.96
Te | 2.80 | 3.67 | 3.63 | 343 Te | 250 | 2.80 | 2.92 | 3.04 Te [1.81] 184 | 183 | 177 Te | 237 | 245 | 233 | 232
x=11 x=31 X=46 x=91

Fig. 4. Values of T, (points) and n (bars) obtained from different theories.
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Fig. 5. Ratio of n obtained from BRL (upper curve) and ABR (lower curve) theories, normalized to that from
OML theory. The points (*) lying off the BRL curve result if thewrong value of R, is used

Fig. 6. Comparison of BRL (O) and ABR (y) densities with microwave measurements (8). The (*) pointsare
the geometric mean between the BRL and ABR dengities.

Until a ample collisond theory is avalable for such plasmes, it is best to use smdl

Rp at low n, so that OML can be used, and large R, a high n, so thet orbiting does not occur.
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