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The present invention relates to ion sources and more
particularly to high current radio frequency ion sources.

The conventional high current radio frequency ion
source employs a ceramic cylindrical envelope having
a radio frequercy fisld generated therein parallel to the
longitudinal axis thereof. An ancde and cathode are
" positioned in the ends of the envelope and excited with
a D.-C. potential to extract ions formed by the radio
frequency field along an axis parallel thereto. The ion
beam current from this type of source is insufficient to
meet the requirements of particle accelerators which re-
quire higher beam currents. The primary reasons for
the lack of performance in higher beam currents result
from (a) a limitation of the maximum extraction po-
tential to a value of approximately 30 kv., (b) a decrease
in percentage of extractable protons througn recombina-
tion to molecular ions, (c) inability to focus the protons
if the extraction cathode is extended too far through the
plasma, and (d) loss of ionizaticn from secondary elec-
trons due to their random scattering at the anode and
cathode ends of the plasma container.

It is therefore one object of this invention to provide
a device able to produce high proton beam currents.

It is another object of this invention to provide a radio

frequency ion source having ion extraction transverse
o

to the radio frequency field.

It is still another object of this invention to provide a
radio frequency ion source where extraction is effected
from a region with lower recombination of protons to
melecular ions.

It is yet another object of this invention to p10v1de a
radio frequency ion source having an extraction poten-
tial greater than 30 kv. and improved focusing of the ex-
tracted ion current beam.

Other objects will become more apparent as the de-
tailed description proceeds.

In general the preseni invention comprises a Pyrex
cylindrical plasma container having a radio frequency
fisld therein parallel to the longitudinal axis thereof.
Means are provided for the extraction of the jon beam
current transverse to the radio frequency field from an
area midway between the ends of the container about the
longitudinal axis therecf.

More compleLe understanding of the invention will best
be obtained from consideration of the enclosed drawing
in which:

FIG. 1 is a graphical representation of the electron
conceniration in a plasma container along a diameter
A—A.

FIG. 2 is a cross section view of the ion source of
the present invention.

FIG. 3 is a graphical representation showing variations
in extracted beam currenis with distance from the axis
B—®B of the device of FIG. 2.

Reference is made to FIGURE 1 to explain the theory
for the present invention. A cylindrical plasma contain-
er 10 is shown having flat ends 12 and 34, When the
interior of the evacuated container 1§ is supplied with a
gas such as hydrogen at a low pressure and a radio fre-
quency field is generated within the container 19 parallel
to the axis thereof, the hydrcgen gas wiil be ionized into
electrons, protons, and molecular ions. The electrons

10

15

20

30

40

45

50

56

60

65

70

2

are the result of processes of electron production in the
plasma, including secondary emission from the wall sur-
faces of the container 18, and their number “N” is ob-
tained in the steady state when equilibrium between elec-
tron production and losses is established.

The cloud of “N” electrons will oscillate from one end
of container 10 to the other according to the direction
of the oscillating radio frequency field. When the “N”
oscillating electrons hit one of the ends 12 or 14 of cham-
ber 19, they produce “6N” secondary electrons, where
8 is the secondary emission coefficient presumably greater

-than unity. In the collision, the “N” primary electrons

are lost and the “5N” secondary eletcrons are accel-
erated to the other end of the container i¢ by the re-
verse polarity of the radio frequency field. In their
passage, to the other end, some of the “sN” electrons
will collide with gas molecules or wall sides of the con-
tainer 19, since electrons wiil be emitted at all angles
to the emitted surface. The remaining electrons will be
equal to “N” by the time they reach the other end where
they collide and emit another “sN” cloud of electrons.
This process will be continually repeated.

The curve 16 shows the electron demsity distribution
existing in the container 1€ for the equilibrium condi-
tions recited supra. As can be readily seen, the elec-
tron density is a minimum at the walls of the tube and
rises to a maximum at the longitudinal axis of the con-
tainer 0. The shape of the curve 16 exists throughout
the longitudinal length of the container 1. The curve
16 is represented by the equation ny=rnyJy(x), where
m, is the concentration of electrons at a radial distance r
from the longitudinal axis of the container 16, ny is the
concentration of electrons at the longitudinal axis (r=0)
and Jy(x) is a Bessel function of the zero order. The
greatest value that x can have in the Bessel function of
zero order is 2.405 which is when r equals the radius of
the container 18. Greater values of x than this result
in negative values of n which are meaningless.

The distribution of the ion density, that is, proton
and molecular- ion density, necessarily follows that of
the above described electron density.

Turning now to FIGURE 2, a radio frequency ion
source is illustrated which utilizes the above described
analysis. A Pyrex cylindrical container 18 having flat
ends 2¢ and 22 is the plasma container. Midway be-
tween the ends 20 and 22 of the container 18, the wall
of the container 18 is opened and extended outwards to
form an inlet passage 24 into the container 18 for union-
ized gases. A circular nickel anode 26 is mounted and
sealed with epoxy glue in the walls of the passage 24.

Diametrically opposue the inlet passage 24, the wall
of the container 38 is opened and extended outwards to
provide for the insertion of an annular aluminum extrac-
tion cathode 28, having a cylindrical exit canal 3¢. The
cathode 28 is shielded by a Pyrex-shield 32. The shield
32, cathode 28, and the extended walls of the container
18 are sealed to a stainless steel mounting plate 34 to
give a gas tight seal.

A radio frequency coil 36 is wound around the exterior
surface of container 18 along the longitudinal axis B—B
thereof.

For operation of the ion source disclosed in FIGURE
2, an unionized hydrogen gas is fed through the passage
24 from a gas source (not shown). A radio frequency
generator (not shown) applies a signal to coil 36, thereby
causing a radio frequency field tc be generated within the
container 18 along the longitudinal axis B—B thereof.
The radio frequency field ionizes the gas as hereinbe-
fore described for FIGURE 1. A D.-C. generator (not
shown) generates a voltage which is applied across the
anode 26 and cathode 28, whereby the positive ions ex-
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-isting-in-the ionized-gas within container-18-are-extracted
via the exit canal 30 in a direction transverse to the radio
frequency field. )

For determining the- optimum geomefry-and :operating
conditions, notation' must-be- made- fo.the characteristic
Jon-density curve disclosed by the analysis-of FIGURE 1,
since -this- curve -exists - for the -device of “FIGURE "2.

Since the ion-density is- greatest--about. the: longitudinal

-axis ‘B—B- of the container- 18, the extraction-cathode 28
-should : be - mounted: so -that the - exit canal “38:-0f the
cathode 28 and shield 32 is close to the longitudinal: axis
~B—B. FIGURE- 3. illustrates:-the increase -in-extracted
- ion-current. as the. cathode:28 and its-associated shield:32
-is so mounted. :There is a-practical limit to-the distance
-which: the cathode“28 -and: shield:32..may- be .moved fo-
~wards-the -longitudinal -axis -B—B. "If they were'to' be
‘moved so that they. intercepted the -axis, then:disturbance
of the-metion of the electrons: which. oscillate-between
-ends 20 and-22 due tothe radio*frequency field may oc-
cur, thereby causing deviation: from: their theoretical: dis-
-tribution with a resultant-lowering- of the-ionization den-
-sity. "It has-been determined that the.closest 'distance
~which the cathode 28-and.shield 32:may approach-the
-longitudinal axis B-——B. without sericusly: affecting the-be-
havior of the plasma -is: approximately 14¢ ‘the ‘diameter
: of ithe container-18.

‘To extract the optimum -percentage. of protons:in -the
-ion: beam, the cathode 28 and shield-32. is positioned: ap-
- proximately midway between the ends 20 and:22.of the
- container-18. At this- point, -the. region: from- which: the
-beam is extracted is-geometrically furthest: from. the: in-
s terior- surfaces of the container walls- where recombina-
-tion-of protons to molecular-ions:occurs. ‘Thus, the:maxi-

mum ratio of protons to-molecular ions in-the extracted
“beam.is assured, )

It-will also be noted-that in the conventionalion source,
~with extraction parallel to the radio frequency field, the
-radio- frequency- field and: the D.-C. extraction field -are
-additive during a portion of a:cycle of the radio frequency
-field. ‘These two additive fields greatly enhance the pos-

sibility of arcing-between the anode:and-extraction:cath-
-ode-and thereby-limit the -extraction potential to approxi-
-mately 30-kv. In:the-present:invention, the radio!fre-
quency field and the: D:“C. ;extraction-field-are -mutually
sperpendicular and thus nonadditive. :Further, the:radio
: frequency-field tends to distort-and hence “blow” any-arc
-which may -occur-between the -anode-26-and -cathode:28.
“This field -arrangement- allows ‘an-extraction - potential:-of
approximately - 40 kv. to:be applied between ‘the -anode
~26:and cathode’28 without arcing taking place. -The abil-
ity to apply a higher extraction-potential to the ion-source
of FIGURE 2 permits: better- focusing-of  the :extracted
.ion beam than heretofore possible.
When operated at a 30 kv. extraction potential (maxi-
mum,_for the conventional radio frequency ion source),
the ion source of FIGURE 2 gives an ion current beam
-whose. density is 25 to 30% higher than that .of the con-
.ventional source -and.which contains.a proton-percentage
.of 90% -as opposed to.85%- for the conventional source.
Further, as the extraction potential is increased to.40 kv.
- (not - possible without -danger: of -arcing-in ‘the-conven-
tional ion source); the jon current density -increases 25%
over that at 30 kv. with the proton percentage.remain-
.ing the same, :

Persons skilled in the .art will,: of course, readily adapt

-the teachings of the invention to:embodiments: far differ-
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--ent--than- the - embodiment - illustrated. - Accordingly, . the
scope of protection afforded the invention should not be
limited to the particular embodiment thereof illustrated
in the drawings and described above, but shall be deter-

5 mined only in accordance with the. appended claims.

What- is claimed is: _
1.. A radio frequency ion source comprising a cylin-

- drical plasma container, means for injecting .an-unionized
gas into said container, means for generating a radio fre-

10 quency field withinsaid container parallel to the longi-

tudinal axis thereof, said: radio frequency field ionizing
said gas, and means for extracting transverse to said radio
> frequency field the positive ions created by said radio fre-

-.quency field.

15 :2.-A.radio frequency jon source comprising a cylin-
~drical plasma container, means for-injecting . an unionized
»gas into:said container, means for generating a rdadio fre-
: quency - field within :said container parallel to the longi-
studinal axis thereof, .said radio:frequency field ionizing

20 :said gas, and means for extracting transverse to. said radio
:frequency field from ‘an:arca: midway between. the ends
:0f: said container -along the longitudinal. axis thereof the
-ionscreated by.said radio frequency field.

3. A radio frequency ion .source comprising a cylin-

25 . drical . plasma container, means for injecting an union-
-ized gas into.said container, means for generating a radio
frequency field. within said container. parallel to the axis
- thereof, .said radio frequency field jonizing said gas, .an
sanode mounted. midway between the ends of. said con-

30 :tainer and having. access fo the .interior surface. thereof,
-acathode mounted diametrically opposite said anode and
:projecting through the walls of said container to approxi-

mately the longitudinal axis of said container, and means

«for .applying .a D.-C. potential .across .said .anode..and

35 cathode, :said cathode : extracting. the positive ions cre-
-ated by said radio frequency field.

4. -A radio.frequency: ion source .comprising..a Pyrex
cylindrical plasma container,. .a: coil disposed. around: the

-exterior -surface..of said container along the longitudinal

40 -axis thereof, means for -applying a radio frequency signal
«to -said. coil,; means- for injecting an unionized gas into

said container, an anode mounted midway between the

-ends. of+said -container -and having .access. to the interior

-surface thereof:a:cathode mounted diametrically-opposite

45 _said anode and: projecting through the ‘walls. of said con-

tainer fo a maximum of %g¢ the diameter.of said container,

.and- means - for applying a D.-C. potential across said
anode and cathode, said cathode extracting the ions creat-

-ed by said radio frequency field.

50 -5. A radio- frequency ion source comprising a Pyrex
.cylindrical container - having: flat ends, -a coil _disposed
. -around- the -exterior surface- of said container-along. the
Jengitudinal -axis - thereof, -means for - applying a radio
frequency signal to said coil; means for injecting unionized

55 hydrogen gas into said container; an anode mounted mid-
-way: between the ends of said container -and-having. access
-to. the. interior surface thereof, :a- cathode mounted di-

ametrically opposite said anode and projecting’ through

-the walls of said container-a distance .of %¢ the diameter

60 . of .said .container, and means for applying a.40 kv..D.-C.

potential across said ancde and cathode, said cathode

-extracting the ions-created by said radio frequency field.
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