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1. Introduction: The airrent-voltage daraderistic (1V-tracg of an eledrode in a plasma de-
pends (i) on nonlinea spacecharge structures (NSCS) formed in front of it and (ii), on a @on-
tamination of the dedrode surfacewith plasma and residual gas particles. In the I nnsbruck Q-
madine (IQ) an investigation has been performed on such phenomena in a potassum plasma
of adensity of 10" - 10° cm™®, produced by a tungsten hot plate (HP) with 6 cm diameter. The
eledron and ion temperatures are T, O T; J 0.2 eV, respedively. The magnetic field strength is
0.1 - 0.25T. The tantalum end plate was radially segmented, into a collecor (CO) of 10 mm
diameter and a surrounding ring of 10.5 mm inner diameter and an outer one of 70 mm, re-
spedively [1,2,3]. When both eledrodes were mnneded, the end plate aded as a wnventional
cold plate (CP). Also an indiredly heaed probe with a plane tungsten colledor was used. By
shifting the CP, the length of the plasma wlumn was varied between 15 and 65cm.

2. Nonlinear spaces charges in front of the electrode: The nonlinea behaviour of a plasma
system is often manifested by unusua fegures of its IV-trace such as sudden current jumps
and hysteresis [4,5]. In discharge plasmas sich phenomena ae well-known and clealy con-
neded with eledron impad excitation and ionisation readions. Recently, aso in a so-cdled
colli sonless Q-macdhine plasma, various sidden jumps in the dedron current branch of the I'V-
traceof the CP have been observed [1]. Also the IV-traceof the CO aone showed such a jump
[2]. Espedaly at densities around 10 cm® these dfeds bemme very pronounced. Fig. 1
shows an I V-traceof the CP for such a cae, and we discern even three arrent jumps up and
down (termed | —111), ead with hysteresis. Hitherto, at most one downward current jump was
found [6], and it was ascribed to the sudden onset of the potential relaxation instability (PRI).
However, from the related oscill ation spedra (seeFig. 2), it is clea that the first two current
jumps (I, 11) are not asociated with an instability, but PRI-like oscill ations gart only at the
third current jump (111). We have found argumentsthat | and I can be explained by invoking a
medhanism that takes into acount inelastic dedron collisions with neutral K-atoms in front of
the CP [1]. Although a Q-madine plasmais traditionally considered colli sonless often there is
a onsiderable partial presaure of neutral alkaline vapour, i.e., K-atoms that have not been ion-
ised on the HP. We estimate the neutral K presaire to be 5x10* mbar at 400K. This gives a
number density of n« O 10" cm™. With a maximum ionisation crosssedion for K of o, O
8x10'®cn’ [7], the mean free path for eledron impad ionisation is Ay, 0 125cm, which is
just about eight times the system length. So there can be asignificant number of inelastic oolli-
sions of plasma dedrons with K-atoms. As on as the kinetic energy of those dedrons,
which are accéerated towards the positively biased CP or CO, at a cetain position exceels
first various excitation levels of K, these interadions cause the dedrons to lose their energy
and to acaimulate, forming a NSCS in front of the CP or the CO and a first small potential
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barrier for the following eledrons. This gives rise to a further reduction of the arrent and to
the initiation of the first of the observed current jump |. Similar arguments apply for the cae
when the kinetic dedron energy surpasses the ionisation energy V; of K, since now also ions
(and more dedrons) are aeded. This leads to the spontaneous formation of a double layer
(DL) with a potential drop that exceals Vi, and so this DL ads as a source of new charged

particles
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Fig. L Current-voltage
characteristic of the CP at
low density, showing three
hysteretic jumps of the ar-
rent (I — I11). PRI-like os-
cill ations appear not before
jump 111, and the real PRI
has its onset for even
higher values of Vcp,
namely at 1V (which in this
figure is outside the range
of the Vp-scale).

Fig. 2 (a-f): Spedra o
the fluctuations super-
impased onthe CP cur-
rent lcp, taken a the in-
dicated values of Vgp
(partly outside the range
of the Vep-axis). We em-
phasise that the typical
PRI is e orly in (e)
and (f), whereas (c) anc
(d) are only incoherent
PRI-like oscill ations
which nevetheless
cause the aurrent jump
[I.
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3. Contamination of the electrode surface: The IV-traceof an eledrode can also be strongly
modified by a mntamination of the dedrode surfacewith plasma ions and residual gas parti-
cles. For Langmuir probes, this can lea to large erors in the determination of the plasma pa-
rameters. In the Innsbruck Q-madine the behaviour of various indiredly heaed plane probes
with a tungsten colledor has been investigated [8]. In this case the badkground presaure was
p 010° mbar (corresponding to a particle flux of Zg 03x10" cm’s™) and the plasma density
ny 010 cm™ (corresponding to an ion flux of Zx 06x10" cms™).

Residual gases like O, or N, form covalent bonds with the probe surface ad cause anin-
crease of the work function W. On the other hand, a cverage by akali atoms alone leads to
the formation of chemisorbed complexes and reduces W. The danges AW of W appea as
shifts of the I'V-trace éong the V-axis (see Fig. 3). However, a mntinuous heding of a Lang-
muir probe in an akali plasma, up to at least T [1 550K, leads to a sufficient cleaning of the
probe surface ad enables a reliable determination of the dhange of the plasma potential and of
the asolute values of the plasma density and the dedron temperature. As the difference Wy —
W iswell known, the asolute value of the plasma potential can be estimated from an IV-trace
of a probe cmpletely covered by potassum. With increasing probe temperature, the deaning
of the probe surfacestarts by the evaporation of potassum and then proceeds with desorption
readions of K with loosely bound adsorbed resdual gas atoms. Typicd readions are (AH; =
enthapy of formation): K + 20 - KO,, AH; = -293eV and particularly K + OH - KOH,
AH; = -4,41 V. However, the very first monolayer cannot be removed completely because of
the high binding energies, and this leads to a permanent shift of the work function of about
AW [1+1,5 eV, which has to be taken into acount in the measurements. The dange of AW
stops for T > 600K, which indicaes grongly bound residual gas atoms on the surface that
could only be removed by heding it white red. Fig. 3 shows threetypicd 1V-traces of an indi-
redly heaable probe isolated with a glasstube with and without heding [9].

T Fig. 3. Typical 1V- traces of a
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. T <§_ line - 13 min &fter heating has
1.5 min off ——=* 40 — been switched off and aresis
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Since any contamination of the probe surfaceshows itself by a horizontal shift of the I'V-
trace the calculated plasma potential ®y . is an excdlent indicator for the deanliness of the
surface So, Fig. 4 elucidates the dfed of heding for a ceamic-isolated probe (open circles,
dotted line) and a glassisolated probe (solid squares, solid line) by showing the temporal evo-
lution of @, ¢: At first the probe is heaed and thus clean so that ®, . [1-13 V which is area-
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istic value for our conditions. At t = 2 min the heaing is svitched off and ® . starts to drop.
This is a sign that the work function W of the probe surfacedrops becaise of a thin coating
with K. For t 0 7 min, ®, ¢ starts to increase strongly, for t [ 8 min also the glass probe fol-
lows. Now the IV-traces become increasingly distorted due an inhomogeneous contamination
by O, and N, and their compounds with K. This leads on one side to an increase of W and on
the other side to a stretching of the I'V-trace (Fig. 3, dotted line). For t = 9.3 min for the &
ramic probe, and for t = 13.3 min for the glass probe, the heding is turned on again, and the
contaminants dart to desorb from the probe surface After about 2 min for the ceamic probe,
and after about 3 min for the glasstube, the original values for the plasma potential are dmost
readed again. For these thermal processes the dass tube lags behind becaise of the much
lower hed conductivity of glass Therefore is heas up more slowly, but needs also more time
to cool down.

Fig. 4. Temporal ewlution
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