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This invention relates to duoplasmatron-type ion sources 
and in particular to a novel magnetic circuit for such an 
ion source. 

In the conventional duoplasmatron-type ion source the 
magnetic circuit includes the magnetic “grid” and the 
grounded anode, both of which are of ferromagnetic ma 
terial, but does not extend beyond the grounded anode. 
The di?iculty with this arrangement is that at high ion 
beam currents space charge in the ion beam causes beam 
blow-up between the grounded anode and the extractor 
electrode with the result that the extractor electrodes have 
been ruined by ion bombardment. In accordance with the 
invention, the grounded anode is made of aluminum, 
stainless steel, copper or other paramagnetic material or 
non-magnetic material, and the extractor electrode is 
made of magnetic material such as iron, so that the mag 
netic circuit does not run through the grounded anode 
but instead runs across it and through the extractor elec 
trode. Previously the extractor electrode had been made 
of stainless steel or other non-magnetic material. The 
result of the invention is to provide a magnetic ?eld for 
con?ning the beam as it is extracted between the grounded 
anode and the extractor electrode. 
The invention may best be understood from the follow 

ing detailed description thereof, having reference to the 
accompanying drawing in which: 

FIG. 1 is a diagrammatic view of a conventional duo 
plasmatron-type ion source; and 

FIG. 2 is a diagrammatic view of an ion source em 
bodying the invention. 
The conventional duoplasmatron ion source is more 

fully described in the following material: Manfred von 
Ardenne, Tabellen der Elektronenphysik Ionenphysik und 
Ubermikroskopie (Deutscher Verlag der Wissenschafton, 
Berlin, 1956), page 544; The Review of Scienti?c Instru 
ments, Volume 30, pages 694 to 699, August 1959; Pro 
ceedings of the IRE, Volume 40, page 645, June 1952; 
British Patent 680,347; British Patent 680,350. 

Referring to FIG. 1 of the drawing, in the conventional 
duoplasmatron type ion source there are two concentrated 
regions of plasma, shown in FIG. 1 at 1 and 2.. One 
such region, shown at 1 in FIG. 1, is produced by pro 
viding a restricted aperture in the vicinity of the anode 
between the cathode and the anode and the other of which 
is produced by means of an inhomogeoneous magnetic 
?eld of a pole face lens. Electrons produced at a cathode 
3 are accelerated towards an anode 4 by the electric ?eld 
which is produced by impressing a potential di?erence of, 
say, 500 volts therebetween by means of a voltage source 
5. The anode 4 is provided with an emission aperture 
6 through which ions are emitted. A ?rst magnetic pole 
face 7 is provided between the cathode 3 and the anode 
4 in the vicinity of the anode 4 and acts as an intermediate 
electrode. This magnet pole face 7 has a capillary 8 
through it which may have a diameter, for example, of 
about 5 millimeters. The small aperture of this inter 
mediate electrode 7, which is maintained at about —70 
to —180 volts by the potential divider 9, serves to con 
?ne the discharge, and in the vicinity of the anode 4, the 
plasma takes the form of a bubble 1 which is bounded 
by an electrical double layer. The length of the capillary 
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8 must be so measured that the discharge mechanism in 
the region 1 of the double layer bubble is not disturbed by 
the fringing magnetic ?eld of the pole face lens 7, which 
is maintained at about —70 to — 180 volts by the potential 
divider 9. In this double layer the electrons of the thinner 
plasma on the side of the cathode 3 are accelerated and 
in the geometry shown are focused exactly on the region 
in front of the capillary 8. As a result, a particularly 
thick plasma is produced in the region 1 in front of the 
capillary 8 in the intermediate electrode 7. This effect 
is that of the unoplasmatron which is described in the 
book by von Ardenne referred to above at page 543 and 
also in British Patent No. 795,766. 

Additional improvement is provided by the inhomoge~ 
neous ?eld of the pole face lens comprised by the mag 
netic pole face 7 and the anode 4 which acts as a second 
magnetic pole face, a tungsten insert 10 being provided 
at the center of the anode 4 because of ion bombard 
ment. The eifect of the inhomogeneous magnetic ?eld is 
described on pages 124 and 125 of the book by von Ar 
denne referred to above, and the effect has been described 
as the production of a magnetic mirror ?eld which acts to 
re?ux the electrons so that escape is possible only very 
near to the axis. An extraction electrode 11 is main 
tained at a potential of ~50 to —70 kilovolts; the ex 
tracting ?eld does not operate on the plasma itself, but 
only on those ions which have escape from the plasma 
through the anode emission aperture 6. 
The magnetic circuit in the device of FIG. 1 includes 

the intermediate electrode 7 and the anode 4 and is com 
pleted by an appropriate return path such as return path 
12 of FIG. 2. These three members are therefore made 
of magnetic material and the necessary magnetic flux may 
be furnished either through the use of permanent mag 
nets or by providing a winding as shown at 13 in FIG. 2 
which may, for example, surround the intermediate elec— 
trode 7. The magnetic flux is therefore con?ned to the 
magnetic material with the exception of the gap between 
the intermediate electrode 7 and the anode 4 and con 
sequently there is no magnetic ?ux between the anode 4 
and the extractor electrode 11. Space charge in the ion 
beam in this latter region causes the cross section of the 
ion beam to increase as it approaches the extractor elec 
trode 11 with resultant hazard that the outermost ions 
in the ion beam will strike the extractor electrode 11 there 
by causing damage. 

Referring now to FIG. 2, the ion source therein shown 
is essentially the same as that shown in FIG. 1, except 
that the anode 4' instead of being made of magnetic ma 
terial is now made of non-magnetic or para-magnetic ma 
terial such as aluminum, stainless steel, copper, and the 
extractor electrode 11' is made of magnetic material such 
as iron. As a result, the magnetic circuit now includes 
the intermediate electrode 7, the extractor electrode 11', 
and the magnetic return path 12 and 12'. There is now 
an axial magnetic ?eld not only in the region between 
the intermediate electrode 7 and the anode 4', but also 
between the anode 4' and the extractor electrode 11' so 
that the ion beam is subjected to a con?ning action until 
it has reached and passed through the aperture in the 
extraction electrode 11'. 

In the embodiment of the invention shown in FIG. 2, 
additional reluctance has been introduced into the mag 
netic circuit by virtue of the gap between the two halves 
of the return path 12 and 12'. However, the area of this 
gap is relatively large so that the additional reluctance in 
troduced thereby is not objectionable. 
As hereinbefore stated, the invention provides an axial 

magnetic ?eld beyond the anode and thus con?nes the ions 
on their trajectory from the anode to the extractor elec~ 
trode. 
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Having thus described the principles of the invention, 
together with an illustrative embodiment thereof, it is to 
be understood that although speci?c terms are employed, 
they are used in a generic and descriptive sense and not 
for purposes of limitation, the scope of the invention being 5 
set forth in the following claims: 
We claim: 
An ion source comprising in combination an electron 

emitting cathode, an apertured intermediate electrode, a 
non-magnetic apertured anode, and an apertured extrac 
tion electrode serially arranged in axial alignment, means 
for producing an axial magnetic ?eld, a magnetic circuit 
including said apertured intermediate electrode, said 
apertured extraction electrode and a magnetic return path 
between said intermediate electrode and said extraction 15 
electrode in spaced relationship from the apertures there 
of, said magnetic return path including a gap between 
said intermediate electrode and said extraction electrode 

4 
in which said axial magnetic ?eld extends on both sides 
of said anode, means for impressing a potential dilference 
between said anode and said cathode of su?icient magni 
tude to maintain a plasma in the region therebetween, and 
means for impressing a potential difference between said 
anode and said extraction electrode of su?icient magni 
tude to remove ions from the region of the aperture in 
said anode, said ions being therefore focused by said axial 
magnetic ?eld not only in the plasma region but also in 

10 the extraction region. 
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