-,
INFN
C

Istilio Mazionale
di Flsica NusChaare

SMALL RF PLASMA GENERATORS FOR AIR

M. Cavenago! and S. Petrenko’?

LINFN — LNL, viale dell’ Universita 2, 1-35020 Legnaro (PD), Italy; 41 TEP, M oscow, Russia

Complex plasma devices asthrustersor ion sources for fusion and their physical models at reduced size, asthe negative ion source NI O1 developed
by Consorzio RFX and INFN-LNL, rely on several accessories, like coil shielding, cesum vaporizers, probes and bias electrodes, which needsto be
separ ately tested , both to avoid delays in the major source schedule and to better under stand features of those accessories. A ssmple plasma
generator can beinstalled on standard pumped vacuum chambers (fig 2-7). Air iIsused as feeding gas for economy; moreover spectr oscopy of
nitrogen allows for a determination of electron temperature T, in much smpler and direct way than in the other gas cases. Simple and direct
diagnostics are described. Even in the present limitation of rf power level, reasonable dense (10'° m-3) and bright plasma can be produced (Fig 7-8),
with alarge degree of inductive coupling and T, about 4 eV (+/-1 €V) according to the still compelling scaling laws from global ionization balance
models. On the other hand, oscillation of the plasma potential (possibly much larger then T,) can be studied as a function of the coll and bias
configuration, and may indicate someresidual capacitive coupling especially between with low power amplifiers. Effect of these fluctuations on
electron and 1on flowsinside plasma isworth investigation. A ssmulation model isalso described (Fig 1, 9, 10).
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Particle conservation laws
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D,(B.) isthe diffusion tensor; for low magnetized plasmas D4 (0) = T./Muy;
Metal wall b.c. n - v, = upg with Bohm velocity ug & (T./M)'/?

Energy flow [9]
—div(K. gradT,) = pj, —nengK;.E;-
K. thermal conductivity, &£ ionization work per pair,

heating power -
P Ph = %3%(]19 Eﬁ)
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Table 1. Results for

plasma; vacuum gives
R,=0.07 ohm

Figure 1. The rf magnetic
flux density amplitude

Fig 2) Some versions of Langmuir
probes used (fixed position near plasma

periphery)

3
:

Langmuir
‘ pm»t@l

plasma generator

ik

.

%
. | el
Las )
i - Vg
L &
s 5 "
)
el

= '_-_‘-i ; * ‘ .

_____
T ')

Flg 3) Photo f thetest-stan

vacuum connections

d: oven and

1solated

Transition between plasma regimes
finally happens (p, = 5 Pa, forward :
power 200, 300 and 350 W §FE

respectively; reflection is low, since §
most power adsorbed in cable, [ =
capacitances, ..) . A true-2-Megapixel
webcam was used; autofocus still on.
Transition

seems related to an

impedance jump
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Fig 8) Some 2016 results (power limited by amplifier)

for the optically

[5,7,8] inferred temperature T 3%

(error +/- 10%). lon density n;, haslarger errors(a
factor 2), since plasma potential fluctuation [1] are
preliminarily estimated over 10 Vpp and compensated

only in part. The small values of n, aredueto afilter

field and the drift distance and power limits; this makes

electrostatic probe analysis even more difficult [2,3]
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Fig 4)Plasma light isfocused inside a fiber
optic by a small telescope, covered by PVC tube
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Fig 5) Plasma generator in the test

stand|6]: vertical section (someline

removed and gas tube displaced for
visibility); dimension in mm.

Fig 6) Thefaraday cage (now taken

away) and the containing 60 mm
diameter glassjar (now replaced by a
clean one)
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FIG 9) Therf heating power P, for 1,=50A and p,
=6 Pa; herew /27m= 214 MHz. Leve linesof rf

fluxr | A, | also shown
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FIG 10) Electron temperature T, In eV.
Level linesof L, = log,, (n/N,) with n;=1
m-3 are also shown.
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