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Abstract satisfied by proper placement of the probe holder,
Plasma potential measurements by use of a Langm@esitioning of the probe into the edge region & BCR

probe (LP) and an emissive probe (EP) were Comp'aredplasma, an.dlllmltatlon of the .Injected m|Cr'0W3V$VBDtO

the ORNL CAPRICE electron cyclotron resonance (ECRyalues sufficiently low to avoid self-emission betprobe.

ion source. It is shown that, for normal ECR imurge The probe was inserted in a location where the fillbe

operating conditions, the large population of élettrons intercepted by the probe has no direct conneciitereto

may make the emissive floating point method faiida the ECR zone where the electrons are heated, dtetq
may cause the values deduced using the LP methbel to€Xtraction region where high energy backstreaming
in error by more than 10%. In addition, the gasingx €lectrons may be present (see Figure 1). During the
effect was studied by comparison ofi-situ probe Present measurements, careful shielding of the eprob
measurements and measurements of the extracted {8ads in the extraction vacuum chamber assured that
beam charge state distribution (CSD). An explamatié Operation of thein-situ probe when the source was
the effect in terms of a change in plasma potential hot operated at high voltage resulted in no detectable

electron temperature is proposed_ perturbation of the extracted beam currents.
The probe could be operated in both LP and EP modes
INTRODUCTION and was formed from 0.058 mm tungsten wire, which

] ) ] extended toward the source axis from two small alam
Recently Langmuir probe diagnostics have beefypes, forming a small loop of approximately 3 nength.
attempted for the first time in ECR ion sources. [1]The electron and ion Larmor radii at the probe tmsi
Motivation for these attempts was an independeRere estimated to be of the order of 0.01 mm afdion,
determination of the internal ECR plasma parameiBts yegpectively. Consequently, the plasma electrons ar
their dynamics. In general, plasma parameters ®th nagnetized while the ions are unmagnetized. Fyrther
electron density, temperature, and plasma poterdialbe  prope operates in the collisional nonlocal reginoe f
obtained from LP measurements if they are properiyjectrons and the collisionless thick sheath regonéons.
carr_ied out. In an ideal (i.e., unmagnetlzed, sihless, The probe design, high voltage isolation and data
stationary, and purely Maxwellian) plasma, LP ded® 5cquisition via a wireless connection, and autothata

be easily analyzed to provide precise values optasma  gnaysis are described in greater detail elsewddre
potential (M). However, due to the geometrically

complex, magnetized, and non-Maxwellian nature of

ECR plasmas, and its large population of fast edest RESULTS
determination of Y from LP data can be problematic[2], P|asma Potential measurements
and should be confirmed using another diagnostb s

the EP. The plasma potential determined from LP data, is

usually taken in the ideal case as the maximumevalu

In this article LP plasma potential determinatiovere ) L .
: : Lo the first derivative '(V,) of the probe current with respect
experimentally checked by using an EP. Having is thto the probe bias (Y. In reality, the plasma state, the

manner _ determined  the ~magnitude  of pOSSiblerobe analysis operating regime, and a range oéroth
uncertainties of the deduced potentials, the gasnmi P y P g regime, 9

. . ; effects can result in deviations from this ideatecaThe
effect [3] was remvesngat'ed by comparison of pralata most reliable value in principle is found by fiigirio the
and extracted beam CSD'’s.

appropriate theoretical model [2]. However, such an
approach is not amenable to real-time measuremhbnts.
EXPERIMENTAL SETUP the present measurements, since real-time morgtafn
In order to operate a plasma probe (LP or ERhe plasma potential is a central focus, and sietaive
successfully, the probe must be small in comparisdhe changes, not absolute values, in the plasma patere
plasma length scale in order not to perturb théaglstate of interest, the peak value df\V,) is assumed to give the
of the plasma, and at the same time be able tostaitd plasma potential.
the heat load from the plasma without damage. drcdse In order to delineate better the conditions undkiciv
of an ECR plasma, it is difficult to satisfy thesethis assumption holds, and the magnitude of ther ehat
requirements because of its small plasma lengtle scal results when it fails, measurements were performitol
the high heat flux from its large population of hotthe probe operated in the EP mode at a sourceuypeest
electrons. 4E-7 Torr, a microwave power level of 28 W, andighh
In the present measurements both requirements werenfining axial magnetic field, which are all conalis
*Work supported by OBES and OFES of the U. S. Dtepent of Energy

under contract DE-AC05-000R22725 with UT-BattelleC.
“factorial@ihanyang.ac.kr, supported by the KOSE€rirship program.




Iron Chamber Resonant Zone Top view of
Puller e
1+ Plasma electrode [ B-field lines on the probe

./ |
~

[

§

Probe Mid blane Enlarged mid plane

Figure 1: The probe positioning relative to theiahlbss cones of the magnetic structure of CAPREIERIS.

favorable for the generation of highly charged jomsd plasmas were investigated: a pure Ar plasma, ahléAr/
thus hot electrons. The result is shown in Figyre/idich plasma, and two Ar/© mixtures. In the first Ar/@
displays both |-V and’(Vy) curves at different filament mixture and the Ar/He mixture, the Ar leak rate vkept
heating currents. The plasma potential was detemnby at the rate determined for the pure Ar case to gne
monitoring the (V,) maximum as a function of heating maximum AP* current, while the mix gas flow rate was
current and extrapolating the result to zero etectr adjusted to further optimize the %rcurrent. For the
emission, as illustrated by the solid line in tlgufe. This second Ar/Q mixture, both gas flow rates were optimized
value, denoted by ¥ is expected to be the most accuratéor maximum AP* current. For all 4 mixtures, slight
[5,6]. Two observations are noted. First, the flujt adjustments of rf power and axial magnetic fiel@sgjth
potential, V , is significantly different from V. even were also made. After each optimization, a nunabéP
under maximum achievable electron emission cormitio measurements were made and recorded. The expesiment
Second, the'(Vy) maximum in LP mode, denoted by.V parameters for each mixture are summarized in Table
and the dotted line in the figure, differs from Vh this and the corresponding CSD’s are shown in Figurg &(c
case by 10%. For other plasma conditions, diffezeraf is important to recall that the rf power levels disgere
up to 30% were observed. These features suggedbtha limited by probe lifetime issues and do not repmése
typical ECR source conditions, the presence of fasklues for fully optimized external CSD’s. It istad that
electrons can lead to erroneous plasma potentiabsan when closing the He gas valve, the plasma parametet
both the emissive floating potential method anthemLP CSD immediately returned to their original valugsirge

approach. Ar case), while a much longer time interval (~0dur)
40 3 was required after closing the, @nix gas, suggesting
@28 W, 4E-7 Torr significant surface sticking for this gas.
/ Table 1: Experimental conditions for gas mixingdés
|7
Otoa 15 rf Power | Source Pressure Vg
. |20 A/// ~sv =31V g (W) (xE-7 Torr) (V)
< V.80V < Ar 30 1.8 27+0.4
= 2.1 ”s | Vse: 7oy ;E). Ar+He 30 2.0 23+1.2
. : sc™ '
a0l N\ AR=10% . i Ar+0, | 31 20.0 18+1.5
2.1A i © Ar+QO,ll 34 12.0 10+0.5
2.2
/ﬁ The LP I(V,) curves are shown in Figure 3(a), and the
80 W , , peak positions, assumed to correspond to the velati
60 40 20 0 20 40 60 plasma potential, are summarized in the final colurh

v, (V) the Table 1. Prior to these measurements the plasma
potential dependence on the power, pressure, aiad ax
magnetic field was more extensively mapped in & gur

The gas mixing effect plasma. Typical trends found were that the plasma
potential increases by less than 5 V as the sqnessure
goes from 2E-7 to 10E-7 Torr and as the rf power
increases from 10 to 50 W, and that there is onlyeak
dependence on B-field. Therefore the small vaniestiof

Re pressure, magnetic field, and rf power in tlas g
rrnixing measurements are not believed to contribute

Figure 2: Plasma potential measurement by an EP.

Some gas-mixing-effect studies were carried owrals
The measurements used the LP method to obtaintheth
plasma potential, ¥ and fast electron temperaturey, T
and were focused on the correlation of these plas
parameters with external Ar CSD’s modified by aiahit
of helium and oxygen mix gases. Four different A
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Figure 3: Langmuir probe measurements of (a) plapotantials, and (b) fast electron temperaturesd; (ah
corresponding external beam charge distributiof®X6) for pure Ar, He gas mixed and @as mixed plasmas.

significantly to the observed differences of plasmaonditions. From the much larger change (factd.@j of
potential. the plasma potential found in going from the purreté

In addition to the plasma potentials, fast electrothe Ar+G; Il case, the earlier noted lack of sensitivity of
temperatures (f) are obtained from the LP data. FigureVs to source conditions, and the greatly differenDGS
3(b) shows I-V curves () drawn on a semi-logarithmic for these two cases, it would appear that a deerebthe
scale, normalized by dividing by the electron saion plasma potential and the corresponding increasmrnn
current taken at the maximum of(M,). T can be confinement time is the dominant mechanism respdmsi
extracted by fitting only the linear part of therees (see for the gas mixing effect. Similar conclusions hdeen
values in parentheses in Figure 3(b)). This diféiitg is reached by other groups [9,10].
possible only when the fast electron contribution
dominates, and when their temperature is suffibient
different from that of the cold electrons, as is ttase in [1]
the present plasma. Based on other investigations b]
magnetized plasmas, this fitting approach cah
overestimate the fast electron temperature by upOfh [3]
[2]. It is noted that, unlike the plasma potentiBl; was [4]
found to be very sensitive to small changes of méas [5]
conditions, particularly the rf power level.

[6]
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