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[57] ABSTRACT

An ion source having an extremely high beam current
density at low gas flow rates and therefore, low system
pressures. The ion source includes an electrode system
which consists of a cathode of, for example, spherical
or cylindrical configuration which cathode encloses an
anode having a pair of screen electrodes symmetri-
cally disposed about and parallel to the plane of the
anode, the anode and screen electrodes each having
apertures formed therein. A gas inlet is formed in the
cathode wall, preferably between the screen elec-
trodes, and an ion beam outlet aperture of substan-
tially the same size as the anode aperture is provided
in the cathode. Upon application of suitable potentials
to the anode, cathode and screen electrodes, the latter
preferably being at a potential substantially equal to
cathode potential, gas introduced through the gas sup-
ply inlet is ionised and the positive ions created are ac-
celerated towards the cathode and emerge in a beam
through the ion beam outlet aperture.

17 Claims, 8 Drawing Figures
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HOLLOW CATHODE TYPE ION SOURCE SYSTEM
INCLUDING ANODE SCREEN ELECTRODES

The present invention relates to ion sources and has
patticular reference to charged particle oscillators of
the kind described in the specifications of British Let-
ters Pat. No. 1 158 782 and U.S. Pat. No. 3 784 858.

Ion sources of this kind generally comprise a cylindri-
cal cathode encompassing two anode rods symmetri-
cally disposed about the axis of the cylinder. An elec-
tron starting from rest within a specified region follows
a long oscillatory path between the. anode rods, thus
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creating ions in the residual gas before being captured
15

by one or the other of the anode rods. The discharge
extends along part of the length of the cylinder but
terminates before reaching the ends of the cylinder,
because here the field must be directed largely parallel
to the axis instead of radially, in order to prevent elec-
trons from drifting out of the cylinder. The cylinder is
provided with end caps at cathode potential to prevent
such drifting. The ends cannot however be maintained
totally at cathode potential as there must be provision
for the anode rods to pass through the end caps.

Ions emerge from an aperture in the cathode cylin-
der, where the plane of the discharge intersects the
cathode wall. The gas to be ionised may be introduced
into the vacuum chamber housing the cathode cylinder
and will then enter the ion source through the cathode
aperture. Alternatively, the gas may be introduced
directly into the source through a tube in the cylinder
wall or end caps, in which case the output of the source
is enhanced and the physical size of the source can be
reduced.

The cylindrical source, by reason of its geometry,
produces an ion beam which is symmetrical about a
plane containing the axis of the cylinder and normal to
the plane containing the anodes.

The cylindrical source is especially useful for irradi-
ating long specimens or large areas. The ion beam
emerges along the length of the cathode cylinder and
diverges radially from the source but does not widen
appreciably in the axial direction.

For many purposes, an axially symmetrical beam
would be preferable and this may be achieved, for
example, with a source comprising a spherical cathode
and an annular anode with its centre coinciding with
the centre of the sphere. The jon beam will tend to be
disposed symmetrically about the axis through the cen-
tre of the sphere normal to the annulus. Asymmetry
will, however, be introduced by the electrical connec-
tion to the annulus which must pass through the wall of
the sphere.

Such a spherical source, in which the cathode is of
spherical configuration and encloses an anode which
may conveniently be of annular configuration, pro-
duces an intense fine beam with little energy spread.
The spherical source which can be compatible with
ultra high vacuum equipment is suitable for etching,
thinning and machining applications, being particularly
suitable for preparing specimens for transmission elec-
tron microscopy.

The present invention has for an object the provision
of an ion source in which the electrical connection to
the anode which passes through the cathode does not
introduce any significant perturbation of the field i.e.
asymmetrical field on the operating part of the cath-
ode. Coen
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2

According to the invention there is provided an ion
source having an electrode system comprising a cath-
ode and, mounted therein, an anode having an aperture
formed therethrough and a pair of screen electrodes
symmetrically disposed about and parallel to the an- -
ode, said screen electrodes having apertures therein
larger than and concentric with the aperture in the
anode.

The screen electrodes ensure that the field in the
operating part of the source remains axially symmetri-
cal and is undisturbed by electrical lead outs.

The cathode may be of cylindrical or spherical con-
figuration and the anode and screen electrodes may be
in the form of plates or may be of annular or cylindrical
configuration.

Means may be provided for connecting the anode to
a source of a positive potential and for connecting the
screen electrodes to a source of potential substantially
equal to that of the cathode potential.

The ion source may also comprise a gas inlet suitably
extending through the cathode and preferably posi-
tioned between the screen electrodes and an ion beam
outlet aperture.

The aperture in the anode may be made substantially
the same size as that of the ion beam aperture in the
cathode.

Other features of the invention will be described
hereinafter and referred to in the appended claims.

The invention will now be described with reference
to embodiments of the invention shown, by way of
example, in the accompanying drawings, in which:

FIG. 1 shows a view of one embodiment of an elec-
trode system according to the invention;

FIG. 2 shows a cross-section view of an ion source
including the electrode system of FIG. 1;

FIG. 3 shows a view of another embodiment of an
electrode system according to the invention;

FIG. 4 shows a plan view of a further embodiment of
an anode for use in the invention; and,

FIG. 5 is a cross-sectional view of another ion source
according to the invention.

FIG. 6 is an oblique partially broken view of a further
ion source according to the invention employing

- straight tubular screen electrodes.

FIGS. 7 and 8 are oblique views of further electrode
systems according to the invention employing conical
screen electrodes. '

Referring to FIGS. 1 and 2, there is shown an elec-
trode structure 10 forming part of a spherical source
and adapted to be enclosed within a cathode 18 (FIG.
2) the electrode structure comprising an anode 12
having a central aperture 12a disposed between two
further screen electrodes 14, 16 at a potential substan-
tially equal to cathode potential, the two screen elec-
trodes having apertures 14a, 16a respectively, corre-
sponding to the anode aperture 12a. As shown in FIGS.
1 and 2 the anode and screen electrodes are in the form
of discs but they may be of cylindrical or dished annu-
lar configuration. The connection 17 through an insula-
tor 19 in the cathode wall 18 to the anode 12 is made
between the screen electrodes 14, 16 so that no asym-
metric field is introduced. A gas inlet 20 is conveniently
positioned between the screen electrodes and an ion
beam outlet aperture 21 is provided in the wall of the
cathode 18 as shown in FIG. 2.

This method of simulating an anode structure need
not be confined to the axially symmetric case. For
example, in FIG. 3 in the case of a source having a
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cylindrical cathode encompassing two anode rods the
two anode rods could be replaced by an anode plate 22
situated in the plane of the anode rods with an aperture
in the form of an elongated slot 22a along the axis of
the cylinder. The anode plate would be screened on
either side with screen electrodes in the form of plates
24, 26 at or near cathode potential with slots 24a, 26a
respectively corresponding to that in the anode plate.
The slots would terminate before reaching the ends of
the cylinder.

The anode connection 28 between the screen elec-
trodes would not cause any significant perturbation of
the field in the operating part of the cylinder (FIG. 3).
For efficient operation, the anode aperture 22a is made
substantially the same size as the ion beam aperture in
the cathode.

The screen electrodes 14, 16 or 24, 26 need not be at
cathode potential, their potential could be raised to
some intermediate value between anode and cathode
potential or could be reduced below cathode potential,
but not so low as to prevent a sufficient number of
electrons reaching the cathode to maintain the dis-
charge. If the screen electrode potential approaches
anode potential too closely, or if the screen electrodes
are omitted entirely, the source will not operate or will
operate with reduced efficiency as electrons will drift
away from the central operating region. In general it
will be convenient to maintain the screen electrodes at
cathode potential to avoid the need for separate screen
electrode lead out connections; however in some appli-
cations and with a view to possible increased efficiency
the screen potentials may be made slightly greater than
the cathode potential.

The screen electrodes may be flat plates or discs as
shown in the drawings or may be more complex struc-
tures. Thus, for example, and as shown in FIG. 6, the
screen electrodes may be tubes 74 and 76 with a cross-
section at the anode 72 equal to the aperture 14a, 16a
of the plates 14 and 16 of FIG. 1 and with axes coinci-
dent with the axis A of symmetry of the source 70, the
ion outlet of which is indicated at 81. The tubes may
extend from near the anode to near the cathode 78 and
may be straight as in FIG. 6 or conical as in FIG. 7 at
74A and 76A and as in FIG. 8 at 74B and 76B. Further-
more, it is contemplated that the tubular screen elec-
trodes may be made of separate parts each at a differ-
ent potential.

The anode need not be a continuous plate. For exam-
ple, as shown in FIG. 4 in the case of the spherical
source, the anode 22 may be provided with radial slots
324 to improve the symmetry of the current flow.

An example of the spherical source has the following
dimensions. Spherical cathode 22 mm diameter, anode
aperture 5 mm, screen electrode apertures 10 mm,
screen-anode separation 2 mm, ion beam aperture in
cathode 4 mm. Typically an ion beam of about 600 uA
is obtained with a source current of 2.5 mA at 5 kV at
a chamber pressure of 2 X 10 ~* torr. The source pro-
duces an intense central beam which emerges with a
diameter of about 1 mm and widens only slowly. At a
distance of 38 mm from the source the diameter of the
beam is about 2 mm. A less intense beam of ions also
emerges from the source, filling the cathode aperture
and spreading radially with a centre corresponding
approximately to the centre of the source.

Many other structures which produce an electro-
static field with a single saddle configuration are possi-
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ble using screened anodes. A simple structure shown in

FIG. 5 related to the spherical case consists of a cylin-
drical tube 40 closed with plane electrodes 42, 44 at
either end, one of these electrodes having the ion beam
aperture 45 at its centre. The anode disc 46 and screens
48, 50 are disposed centrally in the cylinder and the gas
inlet 52 is positioned between the screens. The anode
connection 54 is made between the screen electrodes
48, 50 as in the previously described embodiments.
This source has not been found as efficient as the
spherical source.

In operation, upon application of suitable potentials
to the anode, cathodes and screen electrodes and sup-
ply of gas to the source through the gas inlet, the gas is
ionised, the positive ions created are accelerated
towards the cathode and emerge as a beam through the
ion beam outlet aperture. The beam produced by the
cylindrical source diverges radially from the source but
does not widen appreciably in the axial direction
whereas the spherical source produces an intense fine
beam with little energy spread.

An aperture, as at 82 in FIG. 6, may be made in the
cathode diametrically opposite the first aperture. An
ion beam will emerge through this second aperture, this
beam may be used, for example, to monitor the output
of the source.

We claim:

1. An ion source having an electrode system compris-
ing:
a hollow cathode having an ion outlet in a. wall

thereof;

means for providing an ionizable gas in said cathode;

an anode mounted in an intermediate zone in. the

cathode and cooperable therewith for producing
an electric field, said anode having an aperture
therethrough aligned with said ion outlet;

means through the cathode wall for connecting the

anode to a source of operating potential;

means for preventing perturbation of said field by

said connecting means and comprising a pair of
screen electrodes in said intermediate zone in said
cathode and each having an aperture therethrough
larger than and coaxial with the aperture in said
anode, said pair of screen electrodes being sym-
metrically disposed in axially spaced sandwiching
relation with respect to said anode.

2. An ion source as claimed in claim 1, in which said
connecting means engages the outer periphery of said
anode at a location radially outboard of said apertures
of said screen electrodes.

3. An ion source as claimed in claim 2, in which said
source is a source of positive potential and including
means for connecting the screen electrodes to a source
of potential substantially equal to that of the cathode.

4. An ion source as claimed in claim 2, in which said
source is a source of positive potential and including
means for connecting the screen electrodes to a source
of potential intermediate the anode and cathode poten-
tials.

5. An ion source as claimed in claim 1, wherein said
gas providing means is a gas inlet located in the wall of
the cathode intermediate the screen electrodes and
remote from the ion beam outlet aperture.

6. An ion source as claimed in claim 5, in which the
gas provided in said cathode is at a pressure of about 2
X 107* Torr, said gas inlet being aligned in radial oppo-
sition to and being spaced from said anode.

7. An ion source as claimed in claim 1, wherein the
cathode is in the form of a sphere, said anode being
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concentric with said spherical cathode, said screen
electrodes being on opposite sides of the center of said
spherical cathode, said anode and screen electrode
apertures and ion outlet being coaxial with a diameter
of said sphere.

8. An ion source as claimed in claim 1, wherein the
anode is formed with a plurality of slots radiating from
the center thereof, which center coincides with the
center of the cathode. '

9. An ion source as claimed in claim 1, wherein the
cathode is in the form of a cylindrical tube closed at
each end with a planar electrode, said ion outlet being
an ion beam outlet aperture formed centrally in one of
said planar end electrodes, said anode being axially
centered in said tube.

10. An ion source as claimed in claim 1, wherein the
anode and the screen electrodes are in the form of
parallel plates, each with a single and central aperture.

11. An ion source as claimed in claim 10, in which
the axial spacing of said screen electrode plates from
each other and from said anode plate is less than the
spacing of each of said screen electrode plates along its
.axis from the adjacent end of said cathode.

12, An ion source as claimed in claim 1, wherein the
screen electrodes are of tubular configuration.

13. An ion source as claimed in claim 1, wherein the
screen electrodes are of hollow conical configuration.
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14. An ion source as claimed in claim 1, wherein the
screen electrodes extend from near the anode to near
the cathode.

15. An ion source as claimed in claim 14, wherein the
screen electrodes are formed of separate parts, includ- -
ing means for connecting said parts to different poten-
tials within a range of potentials substantially equal to
the cathode potential.

16. An ion source as claimed in claim 1, in which said
cathode is cylindrical, said anode and screen electrodes
are parallel rectangular plates, each with a single sub-
stantially rectangular central aperture entirely laterally
bounded by the perimetral edge portion of the plate,
said plates and apertures extending axially of said cylin-
drical cathode, said anode plate lying in a diametral
plane of said cylindrical cathode, the aperture in each
screen electrode plate extending both axially and
widthwise beyond the anode aperture.

17. An ion source as claimed in claim 1, wherein said
cathode, anode and screen electrodes are all surfaces
of revolution about a common axis, said cathode com-
prising two half-shells perimetrally joined at the central
diametral plane of the cathode, said central diametral
plane being occupied by said anode, at least one of said
cathode halves coaxially being provided with a said ion
outlet, said cathode half-shells and screen electrodes
being mirror imaged across said diametral plane and

anode.
* * % * *




