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RF driven type H™ source is used as an injector of
LINACA4. In the LINAC4 H source, the plasma is
heated by a 100 kW, 2 MHz, 10% bandwidth RF
system. It is required to match the load impedance Z,
(see Fig. 1), which includes H source, to that of final
amplifier Ry in order to maximize the power supplied
to the plasma inside the source chamber. In spite of
that, it is difficult to keep good matching condition
since the impedance Z, changes widely due to plasma
formation. In Ref. 1, the system frequency control has
been proved to be useful for the matching problem. In
this paper, we propose the analytic model of RF
plasma as circuit elements aiming the prediction of the
plasma impedance. This work allows us to calculate
frequency characteristics of the circuit as well as its
dependence on the plasma condition, which is to be
investigated for improvement of the frequency control.

The source chamber that contains plasma is
surrounded by RF coil. The geometric features of the
system are as follows: radius of chamberr, =24mm,
the coil length/ =28.5mm, the number of turns of the
coil N=55. The plasma inside the chamber is
described as a uniform medium whose permittivity e,
is complex value:
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where n., w and v., are the number density of
electrons, the angular frequency of RF system and the
collision frequency of electron, respectively (see Ref. 2
for more detailed explanation). The collision process
with neutrals is assumed to be dominant for ve,. since
the neutral gas pressure for LINAC4 operation is
relatively high (3 Pa). As seen in Fig. 1, the plasma is
modeled as series circuit composed of resistance Rpiasma
and inductance Lyasma. On the basis of the transformer
model?, these are defined as follows:
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where J, and k=k0\/; are Bessel function of n-th

p
order and the wave number of the plasma, respectively.
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Fig. 1 Configuration of the matching circuit
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Fig. 2 Reflection coefficient as a function of the electron
density for various frequencies.

The values of Rpiasma and Lyjasma can be given from
Egs. (1), (2) and (3) with two variables, i.e., frequency
of the RF system f and electron density n.. Note that
the electron temperature, which determines the
collision frequency v, is assumed to be 10 eV. From
the calculation results of Rpjasma and Lpiasma, voOltage
reflection coefficient I', of the matching circuit has also

been calculated whose definition is
_Ry-Z2,

R +Z,
The value of each component of the matching circuit is

provided in Ref 1. The calculation result of voltage
reflection coefficientI', has been shown in Fig. 2. The
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detailed comparison between the calculation results
and experimental results will be provided in the poster
session.
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