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Abstract

Neutralization of helium ion beam extracted from a sta-
ti(,‘narﬂy operated cduoplasmatron is studied. It was confirmed
that the neutralization of ion space charge occured mainly at the
deceleration stage of the einzel lens, not in the downstream of
the neutralizer. The magnetic field and arc current in the
duoplasmatron affected substantially the beam divergence,

The energy spectrum of the extracted ions was measured
with an energy analyzing system consisting of a pre-decelerator
and an electrostatic energy analyzer with 90° deflection. The
encrgy spectrum of ions in the synthesized plasma was essentially
defined by the operating conditions of the ion source; gas pressure,
magnetic field and arc current in the arc discharge,

A small difference between the space potential and the
potential of the emitter changed the characteristics of the synthe-

sized plasma,



INTRODUCTION

An intensc ion beam with a relatively low energy di-
verges by the self-space charge, especially in case of a
heavy ion beam, 1, 2) Neutralization of the space charge
with‘electrons is an effective method to avoid the divergence
of the beam, which has been used in a mass-separator suc-
cessfully. 3) In electric propulsion for a space flight, charge
neutralization is essential to avoid charge up of a vehicle,
otherwise ions as properant cannot be removed away to in-
finite space. In addition to such a practical use, a neutral-
ized ion beam is an interesting medium suitable for studies
of kinetic instability and energy relaxation of particles in a
plasma, The medium is called "synthesized plasma' by
plasma researchers. A synthesized plasma is produced by
mixing ions and electrons generated separately. Accordingly,
plasma parameters such as temperature of each component
and drift velocity between both components can be varied
separately. Moreover a precise measurement of the velocity
distribution function of the ions is possible because the ions
flow with a drift velocity and the whole ions are analyzed
without any disturbance to the plasma,

The equipment described in this paper was constructed

for an aim to study stability of an ion beam-plasma medium



and mechanism of energy relaxation of fast ion through an
interaction with a plasma, which is impotant for plasma
he::ting by neutral beam injection,

According to the theory of two stream instability, 4, 5,
6) stability criterion is determined by the ratio of electron-
to ion temperatures and drift velocity between both components,
toughly speaking, a plasma becomes unstable when the drift
velocity between ions and clectrons exceeds the thermal
velocity of electrons., Energy of ion beam ff‘om 1 to 20 keV
was dealt with in this experiment. The drift velocity for
singly charged helium ions in this energy range corresponds
to the thermal velocity of electrons with temperature from
0.1to 3 ¢V, llence this equipment is suitable to an experi-
mental study of the two stream instability in a commonly used
laboratory plasma with a few eV in electron temperature,
In order to measurc the energy spread of fast ions caused by
such an interaction, an energy analyzer is required with a
better resolution than a few eV, It is not realistic to obtain a
few ¢V ol resolution around a mean beam energy of 10 keV by
a direct measurement, We have successtully employed a pre-
deceleration method in which a fast ion was declerated to
some hundreds ¢V and then differentially analyzed by a usual

energy analyzer of electrostatic deflection type. In the next
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section, we describe the whole experimental equipment and
energy analyzing system. In @ 3, ion source and lens system
are described. In § 4, results of energy analysis and some
discussion about the dependence of ion energy spread on the
opefating conditions of the ion source are described. In§ 5,
probe characteristics under the existence of an energitic ion
beam and effects of a neutralizer to beam focussing and

parameters of a produced synthesized plasma are dealt with,



EXPERIMENTAL EQUIPMENT

The schematic figure of the experimental equipment is
:;hc;wn in Fig, 1. An ion beam extracted from an ion source
of duoplasmatron type is focussed by a lens system with four
electrodes and then neutralized with thermionic electrons
from a neutralizer located inside the last electrode of the
lens system. The neutralized ion beam, namely the synthe-
sized plasma flows to a drift chamber through an orifice of
15 mm in diameter and into a target of copper disc of 40 mm
in diameter, A part of the beam flows through a hole of 5 mm
in diameter at the center of the target into an ion energy
analyzer, The ion source and the lens system will be de-
scribed in the next section. The neutralizer consists of two
strips of Lhor’iated tungsten ribbon of 0,02 x 0, 75 mm2,

30 mm long and shaped to the figure X. The filaments are
heated by direct current up to 7 A. The drift chamber is
made of a stainless steel tube of 10 cm in diameter and

100 ¢cm long, and a uniform magnetic field with the intensity
up to 2, 0 KG is applied over 90 cm long. An orifice is
located at an entrance of the uniform region of the magnetic
field in order to cut off the halo of the ion beam and to define

the boundary of the produced synthesized plasma, It also
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forms a barrier of neutral gas flow for differential pumping.
Neutral gas from the ion source is evacuated by a 6 inch oil
diffusion pump and another 4 inch diffusion pump is used to
prépare a low base pressure in the drift chamber by differn-
tial pumping. Typically, when the ion source is operated with
operating gas pressure of 0. 15 Torr in the arc chamber, the
gas pressure is 1,5 x 1079 Torr at the lens system and lower
than 1.0 x 102 Tors in the drift chamber, The mean free
path for charge transfer collision of He% ion with energy
from 1 to 10 keV is about 100 m at neutral gas pressure of
1 x 10=° Torr, Considering the difference between the transit
time of the fast ions and the staying time of slow ions produced
by the charge transfer collisions, a considerable quantity of
slow ions exist in the drift chamber, The beam current is
absolutely measured with a calorimetric method in which the
‘tcmperature rise of cooling water of the target is accurately
measured with a thermocouple,

An eclectrostatic energy analyser with 90° deflection
was employed te measure the encrgy spread of the beam ions,
The mean radius of curvature and spacing of the deflectionelec-
rodes are 100 mm and 10 mm, respectively., A pair of slits of
1 mm in width are located at the focus points, 53.1 mm from

the end planes of the deflection electrodes. Since the resolution
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of the electrostatic energy analyzer is, even in an ideal case,
given by the ratio of a slit width to the mean radius of curva-
ture of the deflection electrodes, it is impossible to detect
the energy spread of a few eV from the mean energy of some
10 keV by directly injecting the beam into the deflector. In
order to obtain high resolution, the ions through the target
were retarded down to 100 eV in the mean energy by a pre-
decelerator., The decelerator was composed of eight plane

electrodes, 30 mm in inner diameter, 3 mm in thickness and

,
7 mm in spacing of adjacent electrodes. A collimating elec-
trode with a knife~edged hole of 5 mm in diameter was placed
in front of the deccleruting electrodes in order to avoid ion
bombardment on the decelerating electrodes. The retarding
potential was supplied through a floating battery in series
connection with the high voltage power supply for ion accele=
ration so that cnergy fluetuation of ions due to A, C, ripple
contained in the uccelerating voltage could be cancelled out,
The c¢lectrical connection of the energy analyzer system is
shown in Fig. 2, 'The residual energy of retarded ions wuas
adjusted by the terminal voltage of the battery. 'I'he plots of
energy spread versus the residual energy of decelerated jons
showed that the encrgy resolution of 1 eV or better could be

olanined,



ION SOURCE AND LENS SYSTEM

A duoplasmatron ion source used in this experiment is
traced in Fig, 3. A barium oxide cathode of 30 mm in diam-
eter was used with a power consumption of 150 W, Operating
gas pressure in the arc discharge chamber was normally
from 0.1 to 0. 15 Torr. Ielium gas was used throughout this
experiment, The anode and the intermediate electrode were
water-cooled., A molybdenum tip was mounted at the center
of the anode for stationary operation. The tip has a single hole
of 1,0 mm in diameter for ion extraction. A small expansion
cup made of iron was attached. Although various expansion
cups of cylindrical and conical shape with different opening
angles and made of iron and copper were employed, no
appreciable change in perviance and beam focussing was
.observed in contradiction to other reports. 8) Arc current
and magnetizing coil current were supplied with SCR- and
transistor-controlled constant current power sources,
respectively.

The geometrical arrangement ard electrical circuitry
for measureing the characteristic of the ion source and the
lens system are shown in Fig., 4, Currents I; into each

J

electrode j, contains current due to secondary electrons as
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well as incident ior;s. Secondary electron yield by ion
bombardment depends on the ion energy and the potential
configuration of the lens changes the distribution of the
secondary electron current. However, it was assumed that
the.contribution of the sccondary electron current to total
current to each electrode was insensitive to the accelerating
voltage and lens potential so far as the polarity of applied
potential is not changed.

| In the first place ion extraction by a single gap was
performed. Ion beam tends to converge as the extraction
voltage increases, For a given accelerating voltage there
exists an optimum density of the plasma in the expansion cup.
Total ion current extracted from the souce increased with
the arc current but the beam current into the target is not
proportional to the total current. Exceeding the optimum
‘density brings on undersirable change of a plasma boundary
in the expansion cup and makes the beam diverge. Both the
simple acceleration-deceleration lens and the einzel lens
with an accelerating potential were insufficient in beam
focusing, and much higher lens voltage than accelerating one
was required. The einzel lens with a decelerating potential
showed a remarkable lens action, but beam current was su

in low energy region and the back=-streaming of electrons frc
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the neutralizer heated the middle electrode and brought about
undersirable loading on the lens power supply. The combi-
nation of the acceleration-deceleration lens and the einzel
iens with a decelerating potential was examined. The charac-
teristis is shown in Fig. 5. Although it showed complex
behaviors, a fairly high intensity of beam current was obtained
over a wide range of beam energy., In this figure, k=1 means
that the second electrode which is the middle one of the einzel
lens is equipotential with the expansion cup, but the length of
the electrode is short in comparison with the diameter and so
the potential at the center is lower than at the plasma boundary
in the expansion cup. In this system a deep negative potential
applied to the third electrode suppressed effectively the back=
streaming of electrons and wasteful loading of the high voltage

power supply.



- 10 -

JION ENERGY ANALYSIS WITHOUT OPERATING THE
NEUTRALIZER

In the first place we have investigated the dependence
of energy spread A E and the most probable energy E | of
an ion bezur-1 extracted from the duoplasmatron upon various
experimental parameters. Schematic diagram of the energy
analyzing system is shown in Fig., 2. The residual energy,
ILyeg with which the ions produced in the region equipotential
to the anode of the ion source enter into the electrostatic
energy analyzer after passing through the pre-decelerator,
was typically 110 eV, With this circuitry it was assured by
monitoring the collector current of the analyzer on an oscil-
loscope that the A, C, ripple contained in the accelerating
high voltage is perfectly cancelled out.

It was preliminally examined that the energy spread
A I and the most probable energy E,, were primarily
determined by the ion source parameters; arc current I4,
source magnet current I, and operating gas pressure in the
arc chamber P, The two measured parameters of the
encrgy spectrum were scarecely affected by lens condition,
gas pressure in the drift chamber and intensity of'the uni-
form guiding magnetic field although those affected the

absolute value of the collector current, Therefore for
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¢liminating the effect of the stray magnetic field in the
extraction region we did not apply the magnetic field in the
drift space. For simplifying the operating conditicn, all the
electrodes of the lens system were commonly grouanded.
Typical examples of the energy spectra are shown in Fig,
6 where (a) and (b) show the dependences of energy spectrum
upon intensity of the source magnetic field and operating gas
pressure in the arc chamber, respectively, Fig, 6 (a) shows
that the most probable energy increases appreciably as the
energy spectrum have broader shape. This correlation
between the most probable energy and half width of the energy
spectrum is discusscd later in this section. The values of
Fy, and A E are plotted versus Iy, Im and Py in Fig, 7,
where Ii,, is measured on the basis of the accelerating voltage
V.c and A E denotes the half width. It should be noted that
ﬁn; exceeds Ve by nearly 8 eV and the increment corresponds
to the increase of encergy spread A E, Our energy analysis of
ions from the duoplasmatron source shows that the encrgy
spectrum usually has a single peak and exceptionally has
double humps as shown in Fig, 6 (b) at low arc current, low
intensity of the source magnetic field and low vperuting gas
pressure in the arc chamber, typically at I3=1,0 A, I1,,=0.2

A, and Py=0.04 - 0,08 Torr. The latter profile of the
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energy spectrum is similar to that measured by G, Gautherin
et al, 10)

The existunce of ions with a higher energy than the
clcc'elerating polential and the double humps in the spectral
shape are explained in connection with the formation of a
negative anode fall, that is,a positive potential hill which has
been studicd by G. Gautherin et al. 10) The formation of the
potential hill in front of the anode of the duoplasmatron source
is attributable to the negative anode fall of space potential in
a low pressure arc discharge, 11) The increase of arc current
and/or source magnetic ficld intensity gives rise to the in-
crease of ionization rate and suppression of the removal of
ions by diffusion and recombination on the chamber wall,
Theretore ion concentration surpasses electron concentration
at a position with strongest magnetic ficld in the vicinity of
the anode, thus forming a local potential hill,

The existence of ions with a higher energy than the
acceleration voltage and the correlation between the energy
spread and the most probable energy are explained as follows.
Aor convenience of later description the typical axial distri-
buiion of plasma space potential in the duoplasmatron arc
discharge is depicted in Fig, 8. In case of negative anode

fall ions produced at any point between the location P and A
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arc accelerated toward the extraction electrode immediately
after they are produced since the electric field is directed
toward the extraction electrode. The increase of Iy and/or
I raises the height of the potential hill, Hence the increase
of h(‘\‘ight of the potential hill causes the corresponding in-
crease of energy spread of ions produced at the slope of the
hill, The fact that the difference between the most probable
energy of ions and Epeg (equivalently the accelerating voltage)
is nearly half the energy spread A E is consistent with the
above explanation.

As shown in Fig, 7 (c), both E, and A E decrease with
a rise of operating gas pressure P, in the arc chamber,
This behavior is explained as follows: The mean free path
of charge transfer collision for Hel of several eV is very
small and estimated to be typically 1 mm or less at Iy gas
pressure of 0.1 Tor‘r._ Most of the ions produced in the arc
discharge, therefore, would suffer charge transfer collisions
with the increased ncutral atoms in the Vicinity of the anode
and the e«pansion cup when the operating gas pressure is
raised. Then, the ions extracted into the lens system are to
be produced by the charge transfer collision in the anode hole
and the expansion cup. There is no large potential gradient

in the region with high neutral density, surrounded by the
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anode and expansion cup. Therefore the mean energy of the
extracted ions are nearly equal to the acceleration potential
and have smaller half width in the energy spectra,

Next we investigated the relationship between the
energy spectrum of extracted ions with low frequency oscil-
lation in the arc discharge. Fluctuations in discharge voltage
of the arc was observed with a spectrum analyzer. The
maximum amplitude of t“he oscillation and the corresponding
frequency are plotted versus operating gas pressure Pg in
Fig, 9. The low frequency oscillation in the arc discharge
was detected only at low operating pressure lower than 0. 08
Torr, and did not appear a;c normal operating pressure
Pp=0, 15 Torr, Therefore we cannot attribute the above
behavior of the ion energy spectrum to the low frequency

oscillation in the arc discharge in contradiction to the result

reported by Orsay group, 12)
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EFFECTS OF NEUTRALIZER AND PRODUCED SYNTHE-
SIZIED PLASMA

Synthesized plasma is produced by attaching thermionic
eiectrons from a neutralizer. Plasma parameters such as
clectron density ne, electron temperature T, and space
potential Vg were measured by a l.angmuir probe. A pro-
duced synthesized plasma consists of fast ions, attached
thermionic electrons and slow ions which are produced
through charge exchange between fast ions and residual neu-
tral atoms, In probe measurement, energitic ions streaming
onto the probe surface produce secondary electrons from the
surface, The effect of the secondary electrons emission may
appreciablly change a probe characteristics from a case in a
usual plasma. Sccondary electron yield is supposed to be
from 2 to 4 for a 10 keV He™" jon incident upon a tungsten
probe and energy distfibution of the secondary electrons is
assumed to be a maxwellian with a mean energy lower than
10 ¢V. 13) The probe characteristics under the existence of
energitic ions is schematically shown in Fig, 10. The probe
current in the ion beam-plasma medium is composed of
following four components denoted by (A) to (D). The motion
of enerygitic ions are scarcely affected by the probe potential

Vp lower ithan 100 V in absolute valuc. Hence a constant
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current due to fast ions flows (A). The probe current due
to the»secondary electrons produced by fast ion impact is
cogstant for Vp < VS and decays for Vp > Vg according to the
energy distribution (B). The current due to cold ions flows
for Vi, { Vg (C). Upon these currents, usual plasma electron
current is superposed (D), A resultant probe current (E) has
apparéntly a large ion saturation current. Typical examples
of real probe characteristics are shown in Fig. 11. From
the above consideration, we can obtain the informations about
electron density ng, electron temperature Ty and plasma
space potential Vg by a usual treatment for a single probe
from the probe characteristics in the region Vp< Vg, which
is convex downward.

A cylindrical pr‘obe of tungsten Wi’fh 1,2 mm in diameter
and 6 mm in length w‘as set at the position of 20 cm in front of
the target, During the measurement of parameters of the
synthesized plasma, the ion source and lens system are
typ’i'cally operated under the condition; (with notations de-
scribed in Fig, 4) V,,=10 kV, V9=7 kV, V3=1kV, I4=3 A,
Iym=1 A and Py=0.15 Torr. In Fig. 11, we show probe
characteristics for various heating currents of the r‘leutral-
izer, Ion-aﬁd électron-satura‘cion currents increase with the

electron emission from the neutralizer. The beam profiles
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in the drift chamber for the various heating currents are
shown in Fig. 12, which were measured by ion saturation
current of the Langmuir probe biased to -100 V, It is noticed
again that the electron emission from the neutralizer in-
creases the beam current. In order to check whether the
increase of the beam current by electron emission from the
neutralizer is brought about due to the suppression of beam
expansion caused by ion self space charge, we estimate the
radial electric field by ion space charge. Assuming that the
radial concentration of beam ions is Gaussian and there is no

electron, space potential is determined by Poisson's equation,

L d de  mee 2
Vartdr T T exp (- 42)

that is, the maximum radial electric field is given by

(éﬂ) _

L e
——0,33”6 X Yy =1120

dr

Using {ypical parameters r10=108 cm-3 and - = 5 mm (total
ion current amounts to 1, 0 mA for 10 keV He?1), the maximum
electric field becomes 30 V cm'l, Considering the ion space
charge is partially necutralized by the secondary electron
from the target, this clectric field is not so large for the fast

ions to diverge due to the radial force excuted by the radial

clectric field. This has been confirmed by the facts that
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there is no appreciable change in the beam profiles as shown
in Fig, 12, and measured radial distribution of the space
potential was within some volts independent of the heating
power of the neutralizer. We must ask for other originsg as a
cause of thie increuse of the beam current. An einzel lens
with a retarding potential at the middle electrode slow down
accelerated ions. In our case, the retarding potential was
needed up to 70% of the cxtraction potential for sufficient
focussing. The retardation of the ions raises the ion density
and lengthens the staying time in the region where the axial
velocity is small., The retarded ions, therefore, expand
radially due to the radial electric field induced by the self
space charge, The increase of the beum current caused by
heating the neutralizer is explained by the suppression of the
beam divergence ot the stage of deceleration in the cinzel
iens systeni. This is confirmed by ¢xumining the effect of
the neutralizer for various voltages of Vi in the configuration
of T1;; 5. PFor sufficiently negative potential of Vy, the beam
current becomes insensitive to the heating power of the
neutralizes, This neutralization is generally useful for the
supperssion of beam divergence occuring in commonly used
einzel lens system with retarding potential.
the

The dependences of the electron temperatare T,



- 19 -
space potential Vg and the lon saturation current Ig; of the
probe upon the neutralizer potential V. are shown in Fig. 13,
where the neutralizer was heated sufficiently to emit thermi-
onic electrons., The space potential shown in this figure was
determined through a usual data-handling process of probe
characteristics. There is, however, a large ambiguity in
the determination of space potential. It is difficult to distin-
guish the existence of a negative a space potential from the
existence of an electron stream from a probe characteristics
except for an ideal plane probe 14) Our probe characteristics
in case of negative Vj, has suggested the existence of two
groups of electrons with drifted maxwellian velocity distri-
butions. The two drift velocities are defined by the potential
of the neutralizer and the target, respectively. The electron
temperature shown in Fig, 13 for V,, < 0 is of the component
.whose drift velocity is.determined by the neutralizer potential.
It 13 impossible to determine the electron temperature of the
other component with a smaller drift velocity from the probe
characteristics because the probe characteristics is smeared
by the electron saturation current of the fast component.
Fmissivity of the neutralizer lowered appreciably the
clectron temperature as shown in Fig, 11, This behavior is

explained by the fact that sufficient emission of thermionic
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electrons neutralizes ion space charge and causes the fall of
space potential, The electron temperature was influenced
mﬁch more by the bias voltage of the neutralizer as shown in
I'ip. 13. In case of the positive bias, the space potential is
determined by the target .potential. The target can emit
2 - 3 electrons per incident He ion of 10 keV, These electrons
diffuse into the whole drift chamber along the guiding magnetic
field. Thermionic electrons from the neutralizer cannot
immerse into the plasma becuse of the potential barrier V.
Thus the electron temperature is mainly determined by
secondary electrons cmitted from the target. In case of the
negative bias, the spuace potential is a few volt lower than the
neutralizer potential, Electrons emitted from the neutralizer
can stream into the ambient plasma with mean energy 2 - 3
eV. Secondary electrons from the target cannot immerse
into thie plasma because of the negative space potential,

Hence the clectron temperature is mainly determined by the
energy distribution of thermionic electrons from the neu-
tralizer, The temperature seems to be det. rmined by the
terminal voltage of heating power supply of the neutralizer,
As secen from Fig, 13, the electron temperature increases
up to 4.5 eV at V=0 corresponding to the increase of the ion

saturation current. Since the energy relaxation time through
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collision is estimated to be 500 M sec for typical plasma
parameters; n=108 ¢cm and To=3 eV, the temperature rise is
ndt considered due to energy relaxation through classical
collisions of both groups of electrons from the target and the
neutralizer., The origion of the temperature rise should be
asked in the two stream instability between the thermionic
electrons from the neutralizer and the fast ions, but the detail
could not be clarified.

Energy spectrums of ions in a synthesized plasma is
measured with the method described in § 4. All the lens
electrode were commonly grounded as in the case without
operating the neutralizer in § 3. The bias voltage of the
neutralizer was fixed nearly at the ground potential, The
energy spread and the most probable energy were insensitive
to heating current of the neutralizer and equal to the values
in the case without heating the neutralizer. 'The stability
analysis 2) for the longitudinal wave in a synthesized plasma
showed that plasma is stable unless the drift velocity of ions
is larger than nearly twice the electron thermal velocity. In
our typicul operating condition the drift velocity of helium ion
is 6 x 107 em/sce at an accelerating voltuge 8 kV and nearly
half the value of the clectron thermal velocity determined by

the probe measurement, Therefore the above stability
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criterion is satisfied and any collective interaction between
the ion beum and neut‘ralizing electrons would not occur.

The dependence of the energy spectrum of ions on the
l;ias voltage of the neutralizer is shown in Fig, 14, When the
bias‘ voltage is positive, energy spectrum is insensitive to
Vp and is equal to the value at V=0, When the polarity of
the bias voltage is reversed, and lowered down to V= -20 V,
the energy spread amounts to nearly twice the value at V=0,
We have some reasons to state that the streaming ions are
scatterd ''stochastically' by the fluctuating wave field arising
from two stream instability since the presence of streaming
electrons with sufficient drift velocity to cause two stream
instability is indicated by the probe mesurement. The
interpretation is consistent with the behavior of T shown in
Fig. 13.
| By relating the experimental results obtained by the
probe measurement with those of the ion energy analysis, it
is known that the bias voltage of the neutralizer is most
suitable at a few volt negative concerning the beam focussing

and energy spread.
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CONCLUSION

An ion beam extracted from a stationarily operated
duoplasmatron was neutralized with thermionic electrons
from a hot filament immersed in the beam. The neutrali-
zation was effective in suppressing the divergence of the ion
beam and increased the beam current measured at a target
placed at 100 cm from the ion source, It was confirmed that
the neutralization of ion space charge occured mainly under
the deceleration electrode of the einzel lens, not in the down-
stream of the neutralizer, Under the optimum source con-
dition beam current amounted to 8 mA at 15 keV in beam
energy and effective beam diameter was about 2 cm, The
radial electric field due to ion space charge was very small,

The magnetic field and arc current in the duoplasmatron
affected substantially the beam divergence. An increase of
the magnetic field and/or arc current brought about the
incréase of the total beam current extracted from the ion
source, but the effective beam current arriving at the target
was not necessarily increased, There was an optimum value
of the magnetic field and arc current for a given extraction
high voltage.

An ion energy analyzing system consisting of an electro-

static deflection analyzer and a pre-decelerator was successfully
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employed to meas'ur.e an energy spread of a few eV among
10 keV in mean energy. The energy spectrum of the
extracted ions was substantiallyaffected by the operating
,cor;dition of the ion source; gas pressure, magnetic field,
and arc current, A high plasma density in the arc chamber
resulted in a large energy spread. This behavior can be ex-
plained by the formation of a potential hill {or a negative
anode fall) in front of the anode,

The behavior of thermionic electrons from the neutralizer
were affected by the potential of the emitter, A small differen-
ce between the space potential and the potential of the emitter
changed characteristics of the synthesized plasma, since the
drift velocity of thermionic electrons is comparable with the
ion drift velocity. From the point of view of beam focussing
and energy spread, the bias voltage of the neutralizer was
‘optimum at a few volt negative. Under this condition, the
space potential was slightly lower than the bias voltage of the
neutralizer and the electron temperature amounted to 3 eV,

In order to produce a synthesized plasma sufficient for
utilizing the features with controllable parameters of each com-
ponents, it is desirable to employ a powerful ion source with
higher perviance and a vacuum system with a larger

evacuation capacity.
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Fig. 12

Fig. 13

Fig, 14

Im =14, B,=1000 G, V, =0, and P, = C, 15 Torr,

Radial beam profiles measured by ion saturation
current of the Langmuir probe biased negatively to

-100 V,

Vac = 10kV, VI =6kV, Vge=1kV, Ig=3A

2

H

Im = 1A, By =1000G, V,=-100V, Vn =0, and

0. 15 Torr.

il

Po

Variation of plasma space potential, electron tempera-
ture and ion saturation current versus bias voltage of
the neutralizer, V,,=10kV, V=7 kV, Vgc=
kVae=1kV, 1g=3 A, I;y=1 A, I5=7.5 A, and B,=1000 G,
The Iens configuration adopted was that shown in

Fig. 7.

Variation of energy spectra half-width versus bias volt-

age of the neutralizer,

Vac=5kv' Ig=2A, Im=0.7A, Py = 0.13 Torr,

Ereg =90eV, In=7.5A, and By = 400 G,
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Fig. 5
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