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ABSTRACT

The spatial structure of remote plasma regions in rf discharges is analyzed based on a 2D model of free-fall regime dis-
charge maintenance. Since the study is directed towards description of the magnetic filter region in the tandem plasma
sources of negative hydrogen ions, hydrogen discharges are considered, with a weak magnetic field located outside the
region of the rf power deposition. With the formation of different regions in the discharge—the rf power deposition
region, the region with electron magnetization, the transition between them and the region behind the filter—the results
display superimposed effects of nonlocal discharge maintenance without and with a magnetic field. Slight decrease of
the electron temperature accompanied with strong drop of the electron density is the “pure” effect of the plasma expan-
sion in regions without external magnetic field. Strong drop of the electron temperature accompanied with formation of
a maximum of the electron density in the filter region is the “pure” effect of the plasma expansion through a magnetic
field. Based on the results for the spatial distribution of the electron density and temperature obtained with shifting the
position of the magnetic filter, optimization of the source regarding high yield of volume-produced negative ions is
discussed.

Keywords: Remote Plasma Maintenance; Tandem Plasma Sources; Magnetic Filter; Hydrogen Discharges; Free-Fall

Regime

1. Introduction

The construction of the rf sources for plasma processing
technology [1-3] has brought to the fore the nonlocality
of the discharge behavior and the mechanisms of the re-
mote plasma maintenance. Concerning hydrogen dis-
charges, the rf source of negative hydrogen ion beams [4]
developed for the neutral-beam-injection plasma heating
in the international tokamak ITER is a particular case of
such type of a discharge. Since the source is a two-
chamber one with rf power deposition to the first cham-
ber and plasma expansion in the second—bigger size—
chamber, effects of nonlocality, i.e. the fluxes (charged-
particle and electron-energy fluxes), govern its operation
[5]. Moreover, with its design of a tandem source with a
magnetic filter located in the second chamber, the plasma
expanding from the first chamber passes through a region
with a magnetic field. In a way, the description of the
source operation provides a possibility for studying com-
bined effects of nonlocal discharge behavior both without
and with an external magnetic field, as it is done here.
Spatial separation, by a magnetic filter for electron
cooling, of two regions in the discharge with high- and
low-energetic electrons (respectively, with high and low
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electron temperature) is in the basis of the idea for the
tandem source [6] developed, starting in the 80’s of the
last century, initially for dc (filament) sources of negative
hydrogen ions. The idea stems from a conclusion that
such a configuration of the source ensures optimum con-
ditions for the two-step reaction —e+H, - H, (v)+e,
e+H,(v) >H +H —for volume production of the
negative ions (H™) via dissociative attachment of elec-
trons to highly vibrationally excited molecules H,(v):
vibrational excitation of the molecules in the region with
a high electron temperature and negative ion production
in the region with a low electron temperature.

The operation of the magnetic filter as an electron
cooler has been usually stressed on as a result from the
source modeling [7-15], involving transport processes
acting in a combination with collisions. Emphasizing the
role of the transport processes described within the fluid
plasma theory, the 1D-, 2D- and 3D-models in [16] pro-
vide detailed description of the filter operation showing
both lowering of the electron temperature and formation
of a maximum of the electron density in the filter region.
Reduced—by the magnetic field—thermal conductivity,
i.e. suppressed nonlocality in the electron heating, acting
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together with diamagnetic drifts is shown to cause the
drop of the electron temperature in the filter region and
the formation of a groove there. Diffusion and thermal
diffusion acting together appear to be responsible for the
formation of the maximum of the electron density in the
filter region, slightly shifted from the source axis due to
an (EXB) -drift. The main trends in this pattern of the
filter operation have been recently confirmed by both
modeling based on PIC and fluid-plasma-model simula-
tions [17,18] and experiments [19,20] on the electro-
negativity and the concentration of the negative hydrogen
ions. The latter shows that the spatial distribution of the
electron density and temperature, and of the plasma po-
tential, stemming from the nonlocal discharge behavior
determines the conditions for an effective production of
the ions. This initiates the theoretical analysis presented
here on the changes in the spatial distribution of the pla-
sma parameters with changing the position of the mag-
netic filter.

The spatial structure of remote plasmas sustained
without and with an external magnetic field is discussed
in the study. Hydrogen discharges in a free-fall regime
are considered within a 2D fluid-plasma model regarding
description of the magnetic filter region in the rf tandem
plasma sources. The results outline the effects of nonlo-
cality in discharges with a localized rf power deposition
and plasma expansion into a region with an external
magnetic field. The transition between the power-depo-
sition and magnetic-filter regions as well as the region
behind the filter displays the effects of plasma expansion
without magnetic field: slight decrease of the electron
temperature accompanied with strong drop of the elec-
tron density. Strong drop of the electron temperature and
formation of a maximum of the electron density in the
filter region are the characteristics of the plasma expan-
sion through a magnetic field. The results obtained for
the distribution of the electron density and temperature
are discussed regarding optimization of the source with
respect to high yield of volume-produced negative ions.

2. Basis of the Model

The model presented here is an extension of the 2D
model from [16] towards description of the free-fall re-
gime maintenance of hydrogen discharges in an external
magnetic field.

The configuration of the discharge vessel is schemati-
cally shown in Figure 1(a). The rf power deposition ap-
plied for the discharge production is localized (Figure
1(b)), with a half of a super-Gaussian profile in the z-
direction:

P, (z)=Foexp —%(i] (M
O
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where P, isits maximumat z=0 and o, scales its
width. The magnetic field—the field of the magnetic
filter—is also localized, positioned behind the region of
the rf power deposition. Directed along the y-axis, the
field is homogeneous in the x-direction, with a Gaussian
profile in the z-direction centered at z =z :

(2—20)2] )

B(z)=B, exp{ 207
where B, = B(z =z,) and o, scales its width. In the
presentation of the results in the next section, the position
z, has been varied.

The results given further on are for the distribution of
the plasma parameters in the (x-z)-plane (Figure 1(a)),
i.e. perpendicularly to the filter field. The species in the
discharge are electrons, the three types of positive ions
(H",H; and H;) and hydrogen atoms (H) and mole-
cules (H,). The rate coefficients of the elementary
processes are calculated with a Maxwellian velocity dis-
tribution assumed for the electrons. The magnetic field is
weak, so the electrons are magnetized and the ions are
left unmagnetized. The gas pressure is low and the dis-
charge maintenance is in the free-fall regime. The latter
is specified by accounting for the nonlinear inertia term
and for the inelastic collisions for particle production in
the momentum equations of the positive ions. The ele-
mentary processes for production and destruction of
charged particles and hydrogen atoms are listed in Table
1; the references for the corresponding rate coefficients
are also given in the table.

The equations describing the electron component are
the continuity equation and the electron energy balance
equation:

on  v.r =% 3)
ot ot
30(nT;)
_—+V'Je=Pw_Pcoll_ere'Edc (4)
2 Ot

where n,, T, and E, are, respectively, the electron
density and temperature (in energy units) and the dc field
formed in the discharge (E, =-V®); e is the ele-
mentary charge.

The x- and z-components

r

e(x,z) = bLenea(x,z)CD - Dlea

T ne
(x,z)ne - DLe Fa(x,z)Tc
i‘bdcnca(z’

P F Dy0 e ®)

;D}eﬂa(z i

ole

€

of the electron flux I', account for electron mobility,
diffusion and thermal diffusion across the magnetic field
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(respectively, the first three terms in the right-hand side
of (5)), for (ExB)-drift (the fourth term) and for dia-
magnetic drifts due to density and temperature gradients
(the last two terms). The corresponding coefficients are

b=/ 1+(@v) ],
D, =D". :DHe/[H(Qe/ve )2}, by =(Q. /v, )b,. and

Ddc EDch :(QC/VC)DL
Dy, =T,/my, are the mobility and diffusion coeffici-

here b, =¢/mv, and

e

ents along the magnetic field, Q, =eB/m, is the elec-
tron gyrofrequency (with m, being the electron mass)
and v, =v, ,+v, is the frequency of elastic colli-
sions with atoms and molecules. The electron production
and losses are via the processes numbered by “17, “5”
and “6” in Table 1.

The x- and z-components

X,z

_ 5
Je(x,z) = _zLea(x,z)]; + Zdeﬁ(z,x)T;: +57—;Fe( ) (6)

of the electron energy flux J, include the conductive
(the first two terms in the right hand side) and convective
(the last term) fluxes. The corresponding components of
the thermal conductivity tensor are

Zie :;gHe/[l+(Qe/ve)2} and y,, :(Qe/‘/e)ﬂﬁe with

Zie =(5/2)n.D,, . The electron energy losses in colli-
sions P, accounted for are the same as in [16,24]:
atom excitation and ionization, dissociation, ionization,
excitation of vibrational and singlet states of the mole-
cules and elastic collisions of electrons with atoms and
molecules. The last term in the right-hand side of (4)
accounts for electron energy losses for maintenance of
the dc field in the discharge.

The equations describing the ion plasma components
are the continuity equations and the momentum equa-
tions

anj VoI 5nj. e
—4V:l . =—
ot 7 St
my (v, V)V, =eBo (1) )V, ®)

of the three types of positive ions (j = 1, 2, 3, respectively,
for the H'-, H; - and Hj -ions), the latter written in a
stationary form. Here n;,, v, and m; are the corre-
sponding densities, velocities and masses and (57, /5t)
is the ion production and losses in inelastic collisions, as
specified by the processes in Table 1.

Since a free-fall regime of discharge maintenance is
considered the nonlinear inertia terms in the momentum
equations of the ions (the terms in the left-hand side of
(8)) are taken into account as dominating over the diffu-
sion. Also, due to the reduction of the elastic collision
frequency at low gas pressure, the inelastic collisions for
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Table 1. Processes involved in the charged particle balance
and the balance of the hydrogen atoms.

Reaction Process Reference
number

1 e+H,(X'E))>e+H; (v)+e [21]

2 e+H,(X'E)) > e+H(Is)+H(ls) [21]

3 e+H;(v)—>e+H" +H(ls) [21]

4 H!+H, >H +H [22]

5 e+H(ls)>e+H +e [21]

6 e+H; > H+H+H [21]

7 e+H; »>e+H +2H [21]

8 H+H, > H, [23]

ion production (5n5.i) / ot ) are included in (8) via the no-
tation
m, on'”

2
_ J J
MV, = ;/"/1"‘/1 +n_j 5t 9

which combines both elastic collisions with atoms and
molecules (respectively, /=1,2), with reduced masses
u;; and frequencies v, , and inelastic collisions (the
second term in the right-hand side of (9)) for production
of the ions.

The inertia term specifying low gas-pressure dis-
charges, respectively, free-fall regime discharge mainte-
nance, shows evidence in the wall sheath [25] where the
dc potential drops strongly. In general, the inertia term
plays the role of a retarding force that limits the strong
increase of the velocity in the wall sheath. Since in the
wall sheath the dc electric field is almost perpendicular to
the corresponding wall, the parallel—to that wall—
component of the ion velocity can be neglected ([25]
where it is shown that this does not influence the accu-
racy of the solution) and, thus, (8) can be written as:

ov,, oD

mu, a" =—eg—<,u‘/v,)u,x (10a)
ov, oD

mu, sz =—eg—(,ujvj)ujz. (10b)

Further on the collisionless-case energy-conservation
law of the ions

=e(®, ~®) (11)

2
Em jUj(x,z)
can be used for determination of the spatial derivatives of
the velocity components (dv, /ox and Ov, /ox) in
(10); @,, is the maximum value of the potential. This
permits reaching—in an explicit form—solutions for the
ion velocity components.
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0.®
v, = €% (122)
A \/em‘/ aYQD _(lu v )
2 \I(Dm -0 7
v, = LA (12b)

J; \/ c mj aZ(D _ ( v )
2 o -0 MV
needed for completing the ion fluxes I'; in (7). In a
way, the two retarding forces—the inertia term and the
momentum losses in collisions—are combined defining

effective mobilities specified for each direction.
The Poisson equation

3
AD =0 ~Yn, |, (13)
) j=1

the balance of the hydrogen atoms

oN, ~div(D, VN, ) = oN, (14)
ot St

and the expression for the gas pressure
p=xT,(N,+N,) (15)

complete the initial set of equations. In (13)-(15), &, is
the vacuum permittivity, 7, is the gas temperature, &
is the Boltzmann constant, N, and N, are the densi-
ties of the hydrogen atoms and molecules and D, is the
diffusion coefficient of the hydrogen atoms determined
according to [26].

Like in [16], the boundary conditions are for the fluxes
at the walls (the fluxes of the charged particles and the
electron energy flux) and for a zero potential of the dc
electric field (due to the metal walls of the discharge
vessel).

3. Results and Discussions

The results discussed here are for the axial (z) variation
at the discharge axis (x = 0) of the plasma parameters
obtained from the 2D-model description presented in the
previous section. The size of the modeling domain is
L =20cm and L, =10cm (Figure 1). Both the posi-
tion z, of the center of the magnetic filter and the gas
pressure has been varied, respectively, in the ranges z,=
(10 = 20) cm and p :(3.5—10) mTorr. The magnetic
field in its maximumis B, =50G with o, =1.58 cm
and m = 2; the extension in the z-direction of the power
deposition is given by the value of o, =4.73 cm. The
total applied power is 100 W. The value of the gas pres-
sure assumed is 300 K.

3.1. Discharge Structure and Its Changes with
Varying the Position of the Magnetic Field

Figures 2 and 3 present the results for the electron tem-
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(b

Figure 1. Configuration of the plasma volume (a) and illus-
tration of the z-variation of the filter field and of the rf
power input (b).

(b)

Figure 2. Changes in the axial variation (at X = 0) of the
electron temperature (a) and density (b) with varying the
position zy of the maximum of the magnetic field; p = 4
mTorr.

perature 7, and density n, for p=4mTorr and va-
rying z,.
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Figure 3. Comparison of the axial variation (at X = 0) of the
electron temperature (a) and density (b) for different values
of zy, as marked on the figure; p =4 mTorr.

With the extension of the power deposition region of
about Az, #5cm and of the magnetic filter region of
about Az, 4cm, shifting the position z, of the
maximum of the magnetic field between 10 cm and 20
cm displays effects of plasma expansion from the power
deposition region into regions without and with an ex-
ternal magnetic field. The axial profiles of the plasma
parameters (Figures 2 and 3) obtained for z, ~15cm
show the complete pattern of consecutively ordered re-
gions in the discharge: plasma expansion from the power
deposition region first in a region without a magnetic
field followed by plasma expansion through the magnetic
field and ending with expansion again in a region without
a magnetic field. Thus, the nonlocality governing the
operation of the discharge via the electron-energy and
charged-particle fluxes from the power deposition region
is the factor determining the axial variations of the elec-
tron density and temperature.

In the rf power deposition region the electron tem-
perature stays almost constant and the electron density
slightly decreases.

The drastic changes in the axial profiles of 7, and
n, are within the full width Azy ~4cm of the mag-
netic filter: strong drop of T, ie. an effect of electron
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cooling by the magnetic field, and formation of a maxi-
mum of #n, in the region of the electron magnetization.
The physical pattern which stays behind the changes in
the spatial distribution of the plasma parameters in the
filter region has been described in details in [16]. As a
summary it is, as follows.

The strong drop of T, in the filter region is due to
reduced—by the magnetic field—mnonlocality of the elec-
tron heating. With the localized rf power applied, the
plasma existence outside the region of its deposition is
due to the electron energy flux (and charged particle
fluxes) from this region.

The suppression—by the filter field—of the coeffi-
cient y,. of thermal conductivity, reduces the electron
energy flux J, and causes the drop of T,. Figure 4
shows the axial variation of the contributions of the dif-
ferent terms in the stationary form of the electron energy
balance (4): The power input in the magnetic filter region
via J, (in particular, via the conductive flux) is in a
balance with the electron energy losses in collisions
(mainly inelastic collisions); the contributions of the
elastic collisions as well as the energy transfer between
the electrons and the dc electric field (the last term in (4))
are negligible. The formation of a minimum of the elec-
tron temperature in the filter region (Figures 2 and 3)
stems mainly from the thermal (conductive) flux associ-
ated with diamagnetic drifts (Figure 5). According to the
second term in (6), the axial (z-) decrease of 7, leads to
a thermal flux in the x-direction (Figure 5(b)) which is
related to a diamagnetic drift. This causes an increase of
T, in the x-direction. Consequently, the latter determines
a thermal flux related again to a diamagnetic drift, how-
ever, now in the z-direction, that results into electron
heating behind the filter and, thus, into formation of a
groove in the filter region. In addition, the diamagnetic
drift in the electron flux ((5) and Figure 5(a)), also con-
tribute through the convective flux (the last term in (6))

T T T

1.0
0.8
0.6
0.4
0.2
0.0

p = 4 mTorr
B,=50G

P,

- - - divy]

i e

e

,divl,P, P (10, W/m))

o
o

o’ 04 A R B

=
W
S
5
8

z (cm)
Figure 4. Axial variation (at X = 0) of the contributions to

the electron energy balance: P,, (external power deposition),
div J. and =P, +P (electron energy losses in

coll — Lel.coll. inel. coll.
collisions presented separately for elastic (Pe) and inelas-
tic (P) collisions); z,=10cm, p=4mTorr.
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Figure 5. Arrow plot presentation of the electron flux (a)
and of the electron energy flux (b) in the (X-z)-plane;
z,=10cm, p=4mTorr.

to the increase of 7, behind the filter and, thus, to the
formation of the final distribution of the electron tem-
perature. The appearance of the maximum of », in the
filter region is due to diffusion and thermal diffusion
acting together: due to the axial drop of 7, the thermal
diffusion gains in importance forming a forward ther-
mal-diffusion flux. On the other hand, the diffusion flux
is lowered, due to the magnetic field. This results into an
accumulation of electrons in the filter region and a for-
mation of the maximum of n, there. Since only axial
profiles at x = 0 are presented in Figure 2(a) the shift—
due to the (ExB) -drift—of the maximum of », in the
x-direction shown in [16], is not discussed here.

The axial variation of 7, within the full width Az,
of the magnetic filter region includes its drop, the forma-
tion of its minimum and its slight increase further on
(Figure 3). Compared to the structure of the T, -profile,

the structuring of the n, - profile consists of more details.

The increase of 7, in the filter region leads to formation
of a minimum in front of the filter. The formation of the
main maximum of n, in the filter region is preceded by
slight maximum and minimum. The strong drop of n,
after its maximum also starts within the filter region. The
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minimum of 7, and the maximum of n,, being slightly
shifted from the center of the filter, are at the same posi-
tion.

With a magnetic filter located in the vicinity of
z, =15cm, two regions of plasma expansion without
magnetic field show evidence in the axial profiles of n,
and T, (Figures 2 and 3). These are the transition be-
tween the regions of the power deposition and the mag-
netic filter and the region behind the filter. The pure ef-
fects of plasma expansion without magnetic field are: 1)
a very slight decrease of the electron temperature related
to high nonlocality of the electron heating due to the high
value of the thermal conductivity coefficient . with-
out magnetic field (Figures 2(a) and 3(a)), and 2) strong
decrease of the electron density (Figures 2(b) and 3(b)).

With a position of the magnetic filter close to z,= 10
cm, the plasma expansion from the region of the rf power
deposition is directly into the magnetic field, i.e. plasma
expansion without magnetic field shows evidence only
behind the filter. In this case the drop of the electron
temperature in the magnetic field region starts from its
value in the power deposition region.

For a position of the magnetic filter approaching
z, =20 cm, the pattern of plasma expansion without
magnetic field (slight decrease of T, and strong drop of
n,) covers almost completely the total volume of the
discharge.

Shifting the position of the filter field away from the
power deposition region does not influence the axial gra-
dient of 7, (Figure 3(a)). However, the maximum of
n, in the filter region becomes lower (Figure 3(b)),
since the increase of #, in the filter region starts from a
lower value of n,. The latter is due to the larger exten-
sion of the region of plasma expansion outside the power
deposition in front of the filter and, respectively, to the
stronger drop of n, there.

The structuring of the axial profiles of the electron
temperature and density in the filter region as well as
their complete behavior, including the region of plasma
expansion before the filter (expansion outside the power
deposition region) shown in Figures 2 and 3 agrees qua-
litatively very well with the experimental results from
probe diagnostics in [19,20]. Not only the minimum of
T, and the maximum of n, in the filter region have
been experimentally observed. The entire behavior of the
profiles, including their changes with shifting the posi-
tion of the magnetic filter, follows the trends outlined in
Figure 3: 1) lower T, behind the filter and higher
maximum of »n, in the filter region when the filter is
located close to the power deposition region; 2) the same
gradients of 7, in the filter region for different positions
of the filter; 3) a minimum of », preceding its maxi-
mum in the filter region; and 4) the same position of the
minimum of 7, and of the maximum of », in the filter
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region.

As it has been already mentioned, the magnetic filter is
a key component in the design of the sources of negative
hydrogen ions developed for fusion applications. The
role of the filter to cool the electrons, necessary for local
production of the negative ions by electron impact with
vibrationally excited molecules, has been usually stressed
on. However, the results in Figures 2(b) and 3(b) show
that the structuring of the axial profile of the plasma den-
sity can be also employed in the optimization of the
source. Since efficient local production of negative ions
requires not only low T, but also comparatively high
n,, conditions for maximum negative ion production
should be looked for by choosing a proper position of the
magnetic filter with respect to the power deposition re-
gion and the extraction region.

The axial profile of the densities of the positive ions
(Figure 6 where the densities of the molecular H; and
H; ions are given) show the same structure as that of
the electron-density profiles: strong decrease due to
plasma expansion outside the power deposition region
and formation of a maximum in the filter region, fol-
lowed by strong drop after the filter. The structuring in
the axial profile of the density of the Hj -ions is better
pronounced. The value of the maximum of their density
in the filter region is even higher than that in the power
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Figure 6. The same as in Figure 2 but for the densities of the
H; -(a) and H; ~(b) ions.
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deposition region. The changes in the axial profiles with
varying the position of the filter field are also the same as
of the electrons. Since the electron density is compara-
tively low, the concentration of the atomic (H") ions,
not shown here, is lower than that of the molecular ions
(about 5 times lower). In general, the axial profiles of the
ions show that the plasma quasi-neutrality in the different
regions of the discharge is ensured by interplay between
the concentrations of the three types of positive ions.

3.2. Influence of the Gas Pressure

Figure 7 shows results for the influence of the gas pres-
sure variation on the axial discharge structure for a given
position of the magnetic filter (zo =10 cm).

The results for the electron temperature (Figure 7(a))
and density (Figure 7(b)) in the power deposition region
show the basic trends of the changes in the gas discharge
behavior with varying gas pressure: higher electron tem-
perature and lower electron density for lower gas pres-
sure due to the increased charged particle losses via their
fluxes towards the walls. Further on, in the filter region,
this trend is kept: the highest 7, and the lowest n, are
for the lowest value p =4 mTorr of the gas pressure.
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Figure 7. Comparison of the axial variation (at X = O)Of

the electron temperature (a) and density (b) for different
values of the gas pressure p, as marked on the figure; z,=

10 cm.
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Only at the very end of the discharge, in the wall sheath
at the back wall, due to the larger gradients of n, for
higher gas pressure, the electron density drops faster
when the gas pressure is higher.

The more pronounced structuring in the n, (z) -profile
for higher pressure is related to the reduction—with the
pressure increase—of the diffusion coefficient outside
the filter region. The gradient of 7, in the filter region
decreases with the gas pressure increase. The positions of
the minimum of 7, and of the maximum of #, in the
filter region slightly depend on the gas pressure. The
lowest value of T, in the filter region and behind it and
the highest value of n, in the filter are for the highest
value of the gas pressure.

The axial profiles of the densities of the positive ions
follow the trends of the axial profiles of the electron den-
sity (Figure 7(b)). In the entire gas pressure range stud-
ied here, the concentrations of the molecular ions are
higher than that of the atomic ions. Also in the entire
pressure range the structuring of the density profile of the
H; -ions is better pronounced and the maximum of their
concentration in the filter region exceeds the density
value in the power deposition region.

3.3. Axial Profiles of the Potential of the dc
Electric Field in the Discharge

Figure 8(a) shows the axial profiles of the potential of
the dc electric field for different positions z, of the
center of the filter field for p =4 mTorr whereas the
corresponding results obtained for a given value of z,
(z,=10cm) and varying pressure values are in Figure
8(b).

The well pronounced wall sheath at the end of the pro-
files (z approaching z=20cm ), with a strong drop of
the dc potential there, shows discharge behavior in a
free-fall regime and, thus, the necessity of accounting for
the inertia terms in the momentum equations of the posi-
tive ions, as it has been done in Section 2. The minimum
of 7, and the maximum of 7, in the filter region are
accompanied with a change in the gradient of the poten-
tial of the dc field there, i.e. with a change in the dc elec-
tric field.

4. Conclusion

Based on an extension of the 2D fluid-plasma model
from [16] towards description of the free-fall regime
discharge maintenance, developed in the study, results
for the spatial structure of low-pressure hydrogen dis-
charges with localized rf power deposition and an exter-
nal magnetic field positioned outside it are discussed.
The characteristics of the remote plasma maintenance in
regions without and with an external magnetic field, as
determined by the nonlocality of the discharge behavior,

Copyright © 2012 SciRes.

(b)

Figure 8. Axial profiles (at X =0) of the potential @ of
the dc electric field: (a) at a given value of the gas pressure
(p =4 mTorr) and different positions of the center Zz,

of the magnetic filter, and (b) for a given value of the center
of the magnetic filter (Z0 =10 cm) and different values of

the gas pressure.

are outlined. Slight decrease of the electron temperature
accompanied with strong drop of the electron density
characterizes the plasma expansion in regions without
external magnetic field whereas strong drop of the elec-
tron temperature accompanied with formation of a max-
imum of the electron density characterizes the plasma
expansion through an external magnetic field. The analy-
sis of the results could be employed in conclusions for
optimization of the discharge as a source of volume-
produced negative ions regarding use for addional plas-
ma heating in big fusion machines (ITER size tokamaks).
Electron cooling by the magnetic filter is the result usu-
ally stressed on with regards to the requirements for local
production of negative hydrogen ions. In addition, the
formation of the maximum of the electron density in the
filter region can be also used for reaching high density of
the negative ions. For achieving this, a proper position of
the magnetic filter with respect to both the power deposi-
tion region and the extraction region should be chosen.
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