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Abstract

A Duoplasmatron Ion Source to be used in the external injection
system of the University of Manitoba cyclotron has been develoned,
Special efforts were made to cool internsal narts of the ion source
to improve performance. The encouraging vreliminary results show
that, for positive hydrogen ions, up to 100 miA of current can be
obtained when using an expansion eup of 3/4" dismeter. The effects
of gas pressure and source magnetic field on the nositive ion current

were investigated.

The direct extraction of negative hydrogen ions from the
duoplasmatron ion source has also been investigated.//It was found
that 150 4HLA of Hi can be obtained by extracting off éxis. The effect
of the source magnetic field, the arc current, and the gas »ressure

on the negative hydrogen ion beam were investigated.
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Section I

INTRODUCTION

I-1. The present ion source:

To improve the beam extraction from the University of Manitobs
cyclotron, acceleration of negative ions has been used (1,2).
After acceleration, the negative ions (H:) are cauvsed to deflect
in the opposite direction and become self-extracting by stripning
the two electrons from the accelerated negative hydrogen ions.

This is accomplished by locating a thin foil st the outeriiost radius
of the cyclotron. The beam energy can be varied by changing the
radial location of the stripping foil. The use of this relatively
sihple method of beam extraction from the cyclotron has intensified
efforts in d eveloning negative ion sources for use in cyclotrons.

At present, the University of lianitoba cyclotron has a con-
ventional ion source similar to that develoved at Befkaley. Such a
source employs a (PIG) discharge mechanism. Eiectrons fromAa hot
cathode are accelerated across the median pnlane to an anticathode.
Jornization takss place in the space between the cathode and anti-'
cathode and the resulting ions are accelerated in the conventional
manner. This kind of ion source gives low ion current and high
beam emittance.

The requirement of accelerating all the ions extracted from
the ion source is:

E < A,
where E is the beam emittance and

A is the cyclotron accentance,



(2)

This condition does not exist at »resent. Also, for negative ion
acceleration, high gas flow and low nressure are needed (3), a
condition.gifficult to obtain with the present configuration.

The disadvantages of the presenﬁ ion s ource limit its use for
cvclotrons because there are increasing demands for higher ion
current for nuclear physics experiments.,

Because of the asbove-mnentioned disadvantages of the »resent
type of ion sdurce, axial injection was suggested at the UCLA-
cyclotron conference in 1962 (4). At the University of Manitoba,
it has been decided to build an axial injection system for the
cyclotron, using a negative hydrogen ion beam directly extracted

from a duoplasmatron ion source.



I-2, Negative ion beans:

In »rinciple, a2 negative ion beam can be produced by either

a charge exchange process or direct extraction from an arc,

(a) Charge exchange vrocesses:

Negative ions may be obtained from radio frequency ion Qources
" as well as duonlasmatron ion sources by charge changing collisions.
In a conventional, vnositive radio freguency ion source, ions are
extracted from the discharge through a canal which restricts the
gas flow from the source obut allows sufficient current to be drawn
from the plasma. Protcns, extracted from the discharge, undergo
charge exchanging collisions with the neutral gas atoms in the csnal.
When t he product of the cansal length and the mean gas pressure is
high enough, a large number of the protons becoime neutral atoms.,
However, & small but significant number of orotons pick un further
electrons to become negative ions. A gas target thickness of

100 micron-cm. (5) is reqguired to obtain a full yielé’of H{ ions.

A current of 104UA has been obtained (5) by using this technique.

The cross sections for the charge exchange »rocesses of

interest are shown in the following table (5).

Cross section Values calculated (cm?/atom)
Electron capture o7, 4.32 + 0.11 x 10-16
Electron loss % 0.440 + 0.0Lk x 10-16
Electron attachment G5 0.120 £ 0.012 x 10710

Electron detachment v 5.75 + 0.41 x lO_'16

~jo
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A duoplasuatron ion source (6) has also been used as the source
of positive ions for use in the »roduction of H by charge exchange.
Thin foils or gases can serve as the electron donating matter.
Because only a small vercentage of the incident nositive ions is
converted to H ions, it is necessary to use an intense current of
positive ions. This can be obtained from the duonlasmatron ion
source. For an 80 mA, 30 KeV positive ion beam and a hydrogen
target thickness of 180 cum, it is possible to get 700 UA of H~
beam with an emittance of 0.0065 rad. cm. MeV% (7).

However, the emittance of the negative ion beam obtained by
this process is degraded from that of the initial nroton beam by
space charge forces, by scattering collisions, and by the
kinematics of the attachient »nrocess., Furthermore, it is necessary
to have a highly intense positive proton beam to get a reasonable
H™ beam. Therefore, the charge exchange »nrocess for producing an
H™ beam cannot be used in conncction with the cyclotron injector.

ye

(b) Direct extraction of H™ from the duonlasmatron:

Moak (8) noticed that negative ions (H™) accompanied by}a
considerable number of electrons can be extracted directly from a
duoplasmatron ion sovrce by reversing the polarity of the extractor
power supply.

Later, an attempt was made (7) to increase the yield of directly
extracted negative hydrogen beam by variations in the geownetry of
the duoplasmatren ion source. Two parameters of the source were

shown to have a marked effect upon the outnut beam intensity.
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These parameters were the svacing between the intermediate electrode
and the anode, and the source pressure,

The optimum distance between the intefmediate electrode and
the anode was found to be .9 inches, with the gas flow ~ 200 atmos.cc/hr
for the configuration used. A current of 7044 of H™ ions at 20 KeV
was obtained under these conditions. Since the negative ion beam
was extracted from the centre of the arc, the electron load was too
high. Electron loads of about 1 mA per# A of H™ were renorted (7,8,9).

Collins (10) has shown that the efficiency of direct extraction
of negative hydrogen ions from a duonlasmatron source can be
increased by extracting the ions from the outer regions of the arc.
Ion currents of 8e#A have bsen obtained with total source load of -
only 2 to 4L mA. The energy soread of the negative ions was found
to be small. The reduction in the electron beam accompanying the
the negative ions is due to the effect of the magnetic field in
the extraction gap which affects the trajectories. The distortion
of the field caused by the d isnlacement of the internediate electrode
with respect to the anode and extractor assists indeflecting the
electrons into the extractor electrcde.

The duoplasmatron arc is s highly ionized »nlasma with electron
density of 1014 o 1015 ner cubic centimeter under an onerating
pressure of lO'l Torr (10). Near the edge of the arc, the electron
density is smaller and, conséquently, the density of the gas is
greater. Gas entering the arc olasma suffers manv c ollisions with
the electrons, resulting in many nrocesses, soue of which are listed

in the following table.



Atomic process

Hy + e— Htlite
Hp + e—Hp + 2e
Hy + e— H +H+2e
Hp + e —H +H +3e
H, + e—H + H

-
Hp + e—H +H +e

Schultz (15) studied the

H™ ions by electron impact in

H formation as a function of
fig. (1). The cross section below 13.6 eV is associated »nrimarily
with the reaction Hy +
reaction Hp + e—>H + H
of H™ and H" can occur
The reaction rate
énergy diétribution of
of the cross section.
electron energy distribution in the duonlasmatron arc, but it is
estimated that the mean energv is between 6 and 8 eV.

the reaction Hp + e—» H™+ H is thought to be important in the duo-

plasmatron arc.

molecular hydrogen, conditions in the outer region of the arc should

be suitable.

¥Min.
(eV)

8.5

15.4

1800

L6

6.0

17.2

Max.cross_section

.6 x 10
1.1 x 10-16

5 x 10719

3.5 x 10~20

hydrogen gas.

predouiinates,

avove 17.2 eV,

o’

12

30

120

120

14.2

Increasing
at 38 eV

cross section for the nroduction of
The cross section for

electron energy is shown (15) in

e —>H + H, while above that energy the

The simultaneous nroduction

for a particular orocess denends on the

the plasma electrons and the energy dependence

There is little information known about the

Therefore,

Since this reaction requires the n»nresence of

max ensrgy

Ref,

12

13

14

15

16
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I-3. The duoplasmatron ion source:

Among the different types of intense ion sources, the duoplasma-
tron features high ionization efficiency, high current density and
the possibility of yielding a beam with a reasonably good quality due
- to the focusing orovnerties of its extractioﬁ systewm, Since the first
type of duonlasmnatron was introduced by Von Ardenne (16), subsequent
‘developments have concentrated mainly on the extraction systen,
which is the most critical in ion source design. However, for the
extracted beam to contain a high current density, it is also essential
that the plasma be sufficiently ionized so that 1t can supnly the ion
emitting surface with the reqﬁired current density. The mechanism by
which intense ionization is produced within the arc chamber of the
duoplasmatron makes it unique in satisfying such requiremnents.

In the basic duoplasmatron configuration (fig. 2), a low »ressure
arc is produced between a cathode and an-anode. A conical
intermediate electrode causes mechanical constriction of the plasma, .
while a strong magnetic wmirror between the intermediate electrode
and the anode csuses magnetic constriction of the »nlasma. Thus a
very dense plasma is created in the vicinity of the extraction aperture.
Plasma penetration through the anode aperture peruits a large area
of plasma boundary to emit an ion beam unon apolication of a high
potential to the extractor.

| The normal arc discharge (one without constrictions) consists

of three regions (17), the first of which is the '"cathode drop”,
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where there is a vnotential difference apnroximately equal to the
first ionization potential of the gas. It includes a strong positive
charge near the cathode. The positive column, or n»nlasua, exists at
a short distance from the anode and is characterized by a small
potential gradient and by charge neutrality. The third region is the
"anode drop", near the anode, which contains an intense negative
charge. The cathode electrons acquire enough energy to nroduce
ionization in the positive column. After different collisions, they
are scattered randomly but, due to their higher mobility, the electron f
temperature is higher than the ion temperature,

- For a LMaxwellian distribution'of the plasma electrons in a
Langmuir plasma, it was found that a stable ion sheath couid be
formed only when the ions reach the sheath with an energy at least

equal to half the electron temperature (13).
Imivi = eVy 7 3KT, eees (1)

where m4+ is the mass of the vositive ions, .

v, is the velocity of the positive ions,

K 1is the Boltzman constant, and

Te is the electron temperature.
The ion density in the sheath is then:

J+=n+eV+ =n+e ’:K:_f; 000 (2)
U
The ion sheath protects the vplasma from the walls or electrodes.

Thus, the electric gerdient due to the extrection notential is
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supported by the sheath and not by the nlasma.
With the presence of a strong magnetic field B, the oplasma

will be confined by a magnetic pressure (19).

Such confinement will naturally reduce the diffusion losses of
ions and electrons.

In a magnetic field, the diffusion coefficient is given by:

D= Do '

<5,

1+ (weC)*

where Dy is the ordinary diffusion coefficient,

T is the mean free time of particles, &and

W, is the cyclotron frequency.
The mechanical constriction and the magnetic field shaving forces
the electrons into the central region of the pnlasma. Frequent
collisions occur with the ions and the ion temverature av»roaches
the electron t emperature. The formation of a hot, dense vnlasma
in the anode baffle space causes thermal ionization of any neutral

""" particles which escape from the source. This process increases the

gas ionization efficiency to a high value. With these mechanisms,
we have a spherical luminous surface similar to a fire ball on the
cathode side of the constriction (20). Two space charge limited
fldws exist; one for ions in the cathode direction, and one for
electrons in the opposite direction (double layer ). The double

layer acts as a quasi cathode to supply the necessarv extra electrons
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to produce the anode current. A notential drop exists in the double
layer rendering ionization in a cathode nlasma due both to Tovnsend
ionization and thermal ionization. Flectrons oscillate up and down
this potential hill. The energy needed for such plasma oscillation

is absorbed from cathode fast electrons. The beam plasma interaction
could yield electrons with up to 1000 eV energy and vpositive notential
differences greater than 100 V. It has been .shown (1G) that the
discharge ovressure, p, and potential drop over the double layer are

related by the equation:

; N%p = constant

Thus, the heating effect of the "fire ball" is greater for lower
pressure until we reach the limit ( 10-2torr ), when the size bf the
‘plasma increases and it touches the walls, causing a sharp reduction
of plasma temperature. This loss can be c ompensated for by increasing
the filament current, but the efficiency in this case will be lower.

The second important »nrocedure in the ion source, after the
production of high density plasma, is the extraction of the nlasma
ions in the form of a beam of given energy and having the highest
possible ratio of ion flux to atom flux.

For a beam of positive ions, extraction is from the nositive
ion sheath surrounding the vnlasma. This sheath is formed between
the plasma boundary in t he anode cup and the extraction electrode.
By applying the »roper polarity of high voltage on the extraction

electrode, which is in the form of a Pierce electrode (21), an ion



(13)

beam is extracted.

Cne can cause the H™ ions formed in the sheath to be extracted
by reversing the polarity of the potential applied to the extraction
electrode and by adjusting the intermediate electrode position.

The plasma boundary is an elastic electrode, its shape and position
being determined by the magnitude and shape of the electric field
between it and the extraction electrode.

When maximum current is extracted from the plasma boundary, the
beam ‘should be space charge limited. The current density is then

given by the Langmuir equation (for protons).

J = 5.45 xlO'S__VBEX/z A/em? ceees (3)
MZg2

where Vgx is the extraction voltage,
M is the molecular weight of the ions, and
d is the distance between the extraction electrode and the
plasma boundary. v
The total theoretical ion current is.equal to the current density, J,
multiplied by the area of the plasma boundary (cm?).

It should be noted that eguation (3) was derived for »rotons
only but, in praétice, the ion beam contains monatomic ions, diatomic
ions, etc. Thus, for a hydrogen nlasma, & nositive beam would have
H{,-Hg, and H§ aﬁd a negative beam would have electrons Hy, H,, etc,

Then equation (3) should be modified to read:

+
J =J1+J2+J3 oo 000 (l&)
where Jl y J5 , and J3 are the current densities of Hy , H} , and

HY respectively.
3
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v - 2 .
Then d = 5.45 x 10 8 K1 + Ko + K3‘> viﬁ ) A/cm? cesco (5)

ml m2 H13

Where oy, my, and m3 are the masses of Hi R H; and H§ resnectively, and
+ o+ +
Ky, Ky, and K3 are the concentrations of Hy, Hy, and H3

respectively.

When extracting negative ions, electrons are also extracted.

So, equations (L) and (5) are modified to:

J =JHi+Je 0000 (6)
= -8 k7 K -6 -
= 5,45 x 10 1l + %e 2,335x10 oo (7)
my Mg
where J, - and Je are the current densities of H™ ions and electrons

H1
respectively, and

Ky , and K, are the concentrations of negative ions and electrons.

The principle of the expanded plasma was first introduced by
Gebovich. The plasma passes through_a small anerture in the anode
which restricts the gas flow from‘the source to the extraction region,
and leads to a big plasma boundary which results in a large ion current,
~This method has the advantage of giving ion beam with low divergence (23).
By assuming that the ion current is space charge limited, the electric

field near the extraction electrode is
1 1
E=5x10 s 2vE, I V/em ceeee  (8)

where I is the total extracted current, and

s is the area of the expanded plasma boundary {(22).



(15)

Equation (8) indicates that the electric field can be decreased by
increasing the area of the plasma boundary. This improves the design
of ion sources with expanded vlasma, since the extraction voltage will
be small for the required ion current. This helps to reduce break-
down in the extraction region which occurs at higher extraction voltage.

The same principle should hold for direct extraction of negative
ions from the source, provided a sufficient number of H ions can be
produced in the ion s heath.

The obje&t of this project was to determine the conditions

necessary to produce the required intensity of negative hydrogen ions,
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Section II

THE EXPERIMENTAL APPARATUS

I1-1. The vresent duoplasmatron ion source:

A diagram of the duoplasmatron ion source used throughout this
investigation is shown in figure (3). This ion source was designed
and built in the Physics department at the University of Manitoba.

The intermediate anode, constructed of mild steel, has a canal
11 mm., in length and 5 mm. in diameter at its end. Since the nlasma
density in the canal is relatively high, cooling is »rovided from the
circulation of freon in grooves cut directly in the electrode. The
magnet is housed inside a stainless steel can with freon running
through it. This housing is designed so that a space is left between
it and the intermediate electrode for additional cooling with freon.
This helps in cooling the intermediate anode, the filament flange, and
the magnet. p

The anode was designed so that expansion cups of different
shapes and materials could be installed. These exnansion cups are
also cooled by freon. The distance between the anode and the
intefmediate electrode is 3 mm. The electrodes are insulated from
‘each other by a pyrex ring, while the screws used to fasten the parts
together are insulated by teflon sleeves.,

The extraction electrode, made of stainless steel, has been
shaped so that, cowbined with the expahsion cup, it forms a Pierce

electrode system. The extraction gap can be varied by outting svacers
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under the extraction electrode.,

Alignment of the intermediate electrode canal, the anode hole,
and the extraction electrode is accompnlished using two alignment screws.

Since the majority of negative ions are found off centre, the
intermediate electrode can be moved slightly in two directions with
respect to the anode. This is done by four screws through a block
fastened to the'anode and insulated from the intermediate anode by
teflon sleeves.

An Ortec heat exchanger which uses freon as a coolant has been
incorporated. The cooling lines are shown in the figure, while the
direction of freon flow is indicated by the arrows in the figure.

Some experiments with the extraction system will be discussed

later.
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II-2. The experimental arrangement.

The ion source is fastened horizontally to a vacuum chamber.,

The system is evacuated by a 6" oil diffusion pump (2400 liters/sec.)
which is backed by a 17.7 CFiM mechanical oump. The base »nressure in
the vacuum chamber is 6 x 10°7 mm Hg.

The electrons which are extracted along with the negative ions
are deflected by a transverse magnetic field of lOO Gauss »nroduced
by a magnet immediately following the extraction electrode. The ion
beam is measured bya cooled Faraday cupe.

4 block diagram of the electrical circuit used in the exvneriment
is shown in figure (4). All power supplies are isolated using a
30 KV isolating transformer. The power supplies are in a high voltage
chassis which is isolated from the earth. The specifications of
the power supplies are as follows: filament supply, 100 Amneres,
20V d.c.; magnet supply, 20 Amperes, 30 V d.c.; arc suonly, a regulated
current supply, 20 Amperes, 300 V. The rectifiers and transistors
of the power supplies are cooled using deionized water.

The filament is an important vart of the ion source due to the
requirement of its having a long life. The filament used for the
present ion source is an oxide coated type. Such a filament consists
of a base metal coated with a mixture of metal carbonates. The
carbonates are converted to oxides, and then to the pure metals
by heating in order to produce good electron emitting materials.
Filaments such as these have long lives and need little power for

heating.
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The base metal used for the filament is pure nickel in the form
of a minimesh with .005 cm. wire thickness and 0.005% transnarency.
The minimesh must be very clean since any small amount of imnurities
affects the activity of the filament and, accordingly, its life.

The emissive material consists of a mixture of 70 gm. cobalt-free
Ni powder, 17.15 gm. SrC0; (pro analisi), and 12.35 gm. BaCOj (pro
analisi). The powders are mixed for six hours in a porcelain container
with 100 ml. amylacetate. fter mixing, the amylacetate is allowed
to evaporate until a pasty consistency is obtained. The mixture is
then ready for use.

The filament consists of two layers of the nickel mesh 10 cm.
in length and 1 cm. wide, with the edges spot welded together.
Using a brush, the mesh is coated with a very thin layer of the
carbonate mixture. The thickness of the laYer should be such that
the grid structure is just obscured. The filament is dried slowly,
using a hair dryer. At this stage, the coating is extremely fragile.
The filament is put in the source under vacuum for activation,

During the activation process, the carbonates are converted to
oxides, and the oxides to pure metals., It is found that the degree
of filament activity depends upon the care taken in this »nrocess.
The activation process is started by slowly heating the filament in
steps while keeping the pressure less than 10-% Torr, until there is
no further degassing. Then all the carbonates are presumably c onverted
to oxides. At this stage, several 10 second flashes were made, then
hydrogen ws introduced and.arc voltage avvlied. The arc was established,
and a filament which showed an arc voltage greater than 80 V was

considered to be good.



No definite lifetime for the filament is known, but it can be

mentioned that the lifetime is approximately a few hundred hours if

the filament is not exposed to air for a long time. If it has been

exposed to air for a short time, it canbte used again satisfactorily

by cementing the cracks with a susnension of the mixture of carbonates

in amylacetate,



II-3., The beam emittance:

The beam emittance is defined in the standard manner, based on
Liouville’s theorem. This states that if a grouv of narticles is moving
under the action of forces derivable from a Hamiltonian, the locai
density of the reoresentative points in phase svace remains everywhere
constant. Then the hypervolume of the region containing all the points

alsn remains constant. That is,

0

Q.
I.J-
<
=

i

and fhvn = const.

where n is the local density of points in the nhase space, and

dVp is an n-dimensional nhase space element,

For simplicity, it can be assumed that the three comnonents of
motion in phase space are confined to three nlanes, (x,pyx), (v,py),

and (z,p,), so that the integrals

I = | axdpy,
Iy =§?dydpy, and
I, =[dzdpz

remain constant according to Liouville's theorem. The emittance of
the beam is then proportional to this area. The emittance is conserved
in any linear or nonlinear transport system.

it is convenient to use the normnalized emittance (23) which is

defined by

E = Area of the two d imensional nhase snace = £ B ¥ cm-mrad.
Tr
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where B = v , and
c

Because the extraction voltage is only 17 kV, ¥ can be neglected.-

The simplest method of measuring the beam emittance is shown
in figure K5). A thin plate with a2 series of pinholes in it is nlaced
in the beam. The beam passing through each pinhole is received,
after a suitable drift distance, on a photosensitive surface which
produces a visible image after exvosure to the beam. Almost any surface
will produce sowme sort of image, but a clear image can be nroduced in
a reasonable time by using copy paper of the type intended for
copying machines. Negative vaper is used because it is insensitive
to visible light.

At first, two perpendicular rows of vpinholes are used. Each row
has six pinholes with a diameter of 13.5 thousandths of an inch and
5 mm, apart.

The technique of calculating the beam emittance is illustrated
in figure (6). By plotting the distance between 81, 8 against the

positions of the pinholes, an emittance curve can be obtained.
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Section IIT

EXPERIMENTAL RESULTS

IIT-1. Preliminary results:

During the early stage of testing the ion source, it was
useful to start by extracting nositive ions. The following
preliminary results were taken by using a:copper exnansion cuvo
0.7 inches in diameter and 1 inch in length, pnlaced 3 inches behind
the extraction electrode. The diameter of the anode hole is 1 mm.,
and the extraction gap is 0.25 inches (see figure 3). The pressure
was measured at the vacuum chamber and was not corrected for hydrogen.

Figures (7) and (8) show the relation between the extracted
positive ion current and the extraction voltage at different nressures
and discharge currents. The magnetic field was varied to get
maximum current. Although 100 mA of nositive ion current was obtained,
the beam was quite divergent. P

Figure (9) shows a family of curves demonstrating the relationship
between the extracting ion current and the magnetic-field strength at
different extraction voltages. The discharge current and the oressure
were kept constant. There is an ontimum magnetic field for each
setting of the extraction voltage. Increasing the magnetic field
beyond its optimum value results in arcing in the extraction ga»n.

This is probably due to the fact that the »nenetration of the magnetic

field into the expansion cup deforms the shape of the »nlasma boundary.
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Figure (10) shows the relation of the ion current to the gas
pressure. There are two peaks in the curve. The peak at the high
pressure is probably due to the formation of multi-hydrogen ions,

( H) and H} ).
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III-2. Results with a small expansion cup:

To avoid the large electron current extracted from the ion
source when working with negative ions, a small ex»ansion cup was
installed. Also, an ZTinzel lens was used to nsroverly focus the
ion beam. The Einzel lens consists of three elements, with the
extraction electrode used as the first element. This lens was
designed so that its focal point is constant at different beam
energies since the Einzel lens potential is the same as the extraction
voltage.

Emittance measurements were taken for nositive ions by using the
above technique. For these measurements, a current of 3 m&A of nositive
ions was extracted from an anode hole of ,020 inches. The distance
between the disc carrying the pinholes and the photographic paner was
47.4 mm. The holes were placed 5 inches from the Finzel lens. The
size of the images of the pinholes on the photogranhic Déper was
measured using a travelling microscove, and the angles ©1and B, given

below (24) were computed using the following equations,

ol

e = tan“l_ 8y‘+ w) - (x + 3d)} /L
-1

6, = tan [(y - zw) - (x - %d)J /L

where d is the hole diameter,
w is the image width,
x 1is the distance between the axis and the hole centre, and
¥y is the distance between the axis and the image centre.
Figure (11) contsins an emittance diagram of 1 mA beam current

at l7fﬂ/be§m energy. A normalized beam emittance of 0.2 mm-mrad. has

been obtained.
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III-3. Negative ion extraction using the small exnansion cuo:

During this study, it was found that the extracted electron
beam ioniZed the residual gas immediately following the extraction
electrode, causing breakdown in the region of the Zinzel lens.,

Thus the work was done without benefit of this lens.

A further difficulty encountered concerned the emission of
sécondary electrons from the Faraday cup. If It is the true current
hitting the Faraday cup, Ie the secondary electron current, and I is

the measured current, then:

I = ¥ I coves (9)

I =1Ip + ¥Iip cesss (10)

Ip = 1 ceses (11)
1+ J

where ¥ is the secondary electron emission coefficient, which depends
on the beam energy and the target conditions. 7

Equation (11) was derived assuming that all secondary electrons
escape from the cup. It reflects the fact that the current measured
is wmuch less than the actual extracted ion current. Many of the
secondary electrons travel back to the ion source, causing breakdown,
This fact explains why breakdown occurred in the extraction gav when

alignment was not good or when the extraction gap was not at its

proper value,



(35)

Jon Current = 1 mA
Extraction Voltage = 17 KV

FIG.1Z .EMYTTANCE PLOT OF THE POSTTIVE ION BEAM.
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ﬁue to the above difficulties, the Faraday cup was redesigned
(figure 12). A ring has been placed in front of the Faraday cup and
biased negatively to repel electrons from both directions. The
entire system has been placed inside a shielding cylinder which is
grounded. This collects electrons after deflection by the sweening
magnet located 2 inches downstream from the Einzel lens. When this
design was used, ionization of the residual gas disapneared. However,
some of the secondary electrons emitted from the shield still reached
the Einzel lens, causing breakdown. By placing the sweeping magnet
further from the Einzel lens (see fig. 13), these electrons were
deflected through 30° and removed from the system, thus avoiding
breakdown. To rid the system of o0il vapour coming from the diffusion
pump, a coil of copper tubing through which cooling water is nassed
has been placed on the top of the diffusion pump to act as a baffle.
This cooling system helps but it is not as effective as is desired,

and it is intended to replace it by a baffle of better design. ¥With

‘the modifications mentioned, the behaviour of the Einzel lens was

. Ve
much improved.

To investigate-the negative ion current from the ion source,
it is essential to extract off axis to get the maximum number of
negative ions while minimizing unwénted electron current. Arbitrary
units have been used for measuring the displacement of the inter=-
mediate electrode. However, it should be mentioned that the
distance of this movement is critical and that the alignment

mechanism could be improved. Centre is defined by the location of
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the alignment vpins. This is not necessarily the nosition where the
anode hole is in best alignment with the intermediate electrode.
Evidence for this misalignment is the fact that the discoloration on
the anode disc is off centre, and that low vpositive ion beams are
extracted .when alignment is defined by these nins,

Figure (1L) shows the effect of deflecting the electrons. The
intermediate electrode was ?ositioned for maximum negative ion nro-
ducsion. The parameters which were kept constant during the
experiment are listed on the diagram. The magnet current was set
at 3.5 A (plateau) during all the following exneriments.

Figure (15) shows the relation between the negative hydrogen:
ion and electron currents and the distance off centre of the
intermediate electrode. It was found that the negative ion current
has a peak as the electron current drops.

The effect of the source magnetic field, arc current, and gas
pressure on the extracted negative ion current were investigsted,
and the results are shown in figures 16,17, and 18. _The naraaeters
which were kept constant for each experiment are shown in the figures.
At high magnetic field ( 3A exciting current), H] current svpears
to increase slowly, while it increases with increasing arc current.
No attempt was made to extract negative ions at high arc current
because of the dangers of high electron loading. The negative ion
current has a peak at 1.9 x 10-% mn. Hg oressure measured at the

“vacuum chamber. ‘
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Summary

The present development and investigation of the University
of Manitoﬁa Juoplasmatron Ion Source has given encouraging results.

In designing the ion source, special attention was given to the
cooling of internal parts, such as the intermediate anode and t he
anode{ As a result, there have not been any heating »nroblems. The
filament life is fairly long, which is of interest as far as the
cyclotron operation is concerned. Tantalum was originally used for
the anodebdisc. However, due to rapid deterioration, the tantalum
disc was replaced by a copner one which was found to be more satisfactory.

The ion source was tested by first nroducing a vositive hydrogen
beam. 100 mA of positive beam can be obtained when using an expansion
cup of 0.7™ diameter and 0.8" length. The anode hole is 0.05". The
effects of gas pressure and source magnetic field on the nositive
hydrogen c urrent were investigated.,

The ion source was then tested for the nroduction of negative
hydrogen beam (Hi )« It was essential to use a small exovansion cupn
with a small anode hole (0.020" in diameter). By disvplacing the
the intermediate electrode off centre, un to 150 L A of negative
hydrdgen beam was obtained. The figure for the ion current may be
10%- 20% less than the actual current due to secondary electrons
emnitted from the Faraday cup.

The effects of changes in the arc current and gas oressure were
also investigated. Hi current appeared to increase with increasing
arc current, and it increased slowly by increasing the source magnet
" current above 3 A. It was noticed that the beawu spot on a quartz
plate was distorted if the source magnet current was increased above

approximately 1 A. However, it is still possible to get 150 AL A of



Hi beam by adjusting the gas pressure and the arc current, and leaving
the magnet current below 1 A,
The results seem to be in reasonable agreement with those of

other investigators.
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