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{571 ABSTRACT

An ion source comprising a plurality of components ar-
ranged along the ion beam path including a source
body, repeller and extractor electrodes, a lens structure
including an alignment electrode and a focus electrode,
and an aperture plate. Certain of the components are
made from common parts including the alignment and
focus electrodes, each of which is formed by a metallic
disk having a rectangular aperture centrally disposed
therein but located. slightly off axial center. The two
electrodes are mounted along the beam path so that the
two apertures are off-set in mutually opposite direc-
tions. Only a portion of the aperture of each electrode
is aligned along the beam axis through which the beam
passes for alignment and focussing.

2 Claims, 3 Drawing Figures
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ION SQURCE HAVING IMPROVED ION BEAM
. ALIGNMENT AND FOCUS STRUCTURE

BACKGROUND OF THE INVENTION

In present day mass spectrometers the gas under an-
aylsis is bombarded in an ion source region with a beam
of electrons to produce positive ions. These ions are
then separated according to their individual masses by
momentum or velocity selection systems to determine

the relative abundance of ions of selected mass num-

bers.

Although instruments of this type are of considerable
interest to colleges and universities in the education of
science students, the instruments have become increas-
ingly expensive with time due, in part, to the expensive
components and hand labor that go into the manufac-
ture and assembly of mass spectrometers. The end
price of such instruments is beyond the means of many
such institutions.

One very important component in the mass spec-
trometer is the jon source where the ions are formed by
electron bombardment and accelerated and focused
"into'a beam for delivery to the ion selection stage of the
spectrometer. Such sources are generally manufac-

- tured from machined parts with close tolerances, and
are assembled with a relatively large amount of hand
labor. The resultant cost of the ion source contributes
substantially to the overall cost of the system.

To provide a mass spectrometer system that is within -

the means of educational institutions, it is necessary to
substantially reduce the manufacturing and assembly
cost of the components of the system, including the ion

- source, without appreciable reduction in overall per-
formance.

BRIEF SUMMARY OF THE PRESENT INVENTION

The present invention provides an ion source for a
mass spectrometer, or other system which may utilize
such a source, which is relatively inexpensive com-
pared with existing ion sources.

The principle parts which go into the construction of
the source are manufactured by die stampings and cer-
tain rather critical slots are formed in electrodes by
photoetching techniques, relatively inexpensive manu-
facturing techniques compared to machining pro-
cesses. :

The parts are designed so that certain elements may

be assembled by spot welding identical sub-elements.

together. Other identical parts are ‘used for different
functioning components of the source. This reduces the
number of manufactured parts needed to be assembled
together to form the complete source. For example.
one die stamped disk with appropriate openings therein
serves to form or aid in forming four of the spaced-
apart electrodes along the ion beam path. Another die
stamped part is used to formr an extractor electrode and
also a repeller electrode by slight alternation in the
configuration of the part. '

A novel alignment-focus structure or lense is formed
by two of the similar elecirodes, each electrode being
formed by a metallic disk having a rectangular aperture
centrally disposed therein. The rectangular aperture is
located slightly off center of the disk axis, and the two
electrodes are positioned so that their apertures are off-
set in mutually opposite directions. Thus only a portion
_ of the aperture of each electrode is aligned along the

axis of the beam passing centrally therethru. By proper
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adjustment of the voltage between these electrodes, the
jon beam may be properly aligned and focused along
the desired ion beam path.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of the novel
ion source structure.

FIG. 2 is a longitudinal view of the assembled ion
source.

FIG. 3 is a cross-section view of the ion source show-
ing the alignment-focus lens taken along section line
3—3in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The ion source of the present invention comprises a
header assembly adapted to be affixed in the outer end
of a tubular shaped evacuated chamber along which
the ion beam is to be directed to an ion selection stage
in well-known manner. The header includes an annular
flange member 11 having a ceramic header 12 sealed

. therein, a plurality of electrical connector leads 13 ex-
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tending through the header 12 for forming electrical
connections with the various elements within the evac-
uated source. Three support legs 14 are affixed to the
flange member and form a tripod for mounting a metal-
lic support plate 15 upon which the remainder of the
jon source elements are mounted by means of the two
ceramic support rods 16. The various elements are axi-
ally aligned along the structure between the two rods
16 and are spaced-apart by means of hollow. cylindrical
ceramic spacers 17 of suitable length.

The elements of the ion source positioned along the
structure comprise a metallic repeller electrode 21 as
of stainless steel including a central wall portion 22,
two side support wings 23, a top lip portion 24 extend-
ing back toward the support plate 15, and a bottom lip
portion 25 extending in the opposite direction. The top
lip serves to support the filament sub-assembly 26 in-
cluding the filament wire 27 which extends over an
opening 28 in the top wall of the ion source body 29,

The source body comprises a four-sided box with
open ends front and back, the box being formed by two
similar U-shaped members 31 and 32 with their pairs
of legs extending inwardly toward each other and being
spot welded to two similar L-shaped support members
33 and 34. Openings 28 and 28’ in the top and bottom
walls, respectively, of the box allow an electron beam
to pass from the filament 27 through the source body
and out to be collected on the lower lip portion 25 of

. the repeller electrode 21 extending under the source
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body. Since the lower lip 25 is at a positive voltage with
respect to the source body, secondary electrons will be
collected thereon. ‘

An extractor electrode 35 similar in configuration to
the repeller electrode 21 is positioned in front of the
source body, this electrode differing in configuration
from the repeller only in that a beam aperture slot is lo-
cated in the center thereof. The top lip portion is bent
forward slightly to reduce the electrical field gradient
produced btween the repeller and extractor electrodes.

A lens system comprising an alignment electrode 36
and a focusing electrode 37 is positioned in front of and
spaced from said extractor electrode 35. The alignment
electrode 36 comprises a stainless steel die stamped
disk having a rectangular aperture 38 centrally dis-
posed therein and a plurality of openings 39 near the



3

periphery thereof, the latter openings serving to mount
the disk on the support rods and to pass the electrical
leads from following electrodes back to the base. The
rectangular opening 38 is positioned slightly off center
so that more of the aperture lies on one side of the axis
of the disk than on the other.

The focus electrode 37, which is spaced-apart slightly
from and insulated from the alignment electrode 36 by
the tubular ceramic spacers 17, is identical in configu-
ration and is interchangeable with the alignment elec-
trode 36. However, in assembly, the focus electrode 37
is turned around so that the larger portion of the cen-
tral aperture 41 lies on the side of the beam axis oppo-
site to that of the alignment electrode aperture. The
two apertures 38 and 41 form a narrower aperture for
the ion beam where their two aperature portions over-
lap along the central axis.

A stainless steel aperture slip plate 42 is positioned
up stream of said focus electrode 37, said plate being
very thin and being provided with a 3 mil wide slot
formed centrally therein by well-known photoetching

techniques. Since the disk 42 must be very thin to pro-’

mote a well defined, close tolerance slot by photoetch-
ing, it is not a rigid member, and therefore it is welded
to a backing plate 44 for support. This backing plate 44
is the same part used for the alignment and focus elec-
trodes, resulting in an inexpensive yet very adequate
aperture slit structure.

An aperture stop member 45, similar to the aperture
slit disk except for a 30 mil photoetched slot 46 in the
center, is positioned as the final electrode along the as-
sembly, this aperture stop 45 being spaced from and
electrically coupled to said aperture slit disk 42 by a
pair of tubular stainless steel spacers 47. Again, be-
cause of the thinness of the disk 45, the aperture stop
disk is spot welded to a backing plate 48 identical in
structure to the other disks 36, 37 and 44.

In operation, an electron beam from the heated fila-
ment 27 is focused by a magnetic field means (not
shown) down through opening 28 and through the
source box and opening 28’ to the collector 25. Colli-
sions with the gas molecules in the source box produce
ions, the positive ions being repelled by a slight positive
voltage on the repeller electrode 21 and attracted by a
slight negative voltage on the extractor electrode 35
and directed through the aperture in the extractor.

The ion beam enters the lens system comprising the
alignment and focus electrodes 36 and 37, the align-
ment electrode being about 25 volts negative relative
to the extractor electrode and the focus electrode being
about 25 volts more negative than the alignment elec-
trode. Although individually the two apertures 38 and
41 are relatively wide, together they form a substan-
tially narrower width central aperture at their overlap-
ping axial region through which the ions pass, the ions
being focused into a narrow beam onto the 3 mil slit 43
in the aperture slit plate 42,

After passing through the aperture slit 43, the ions
have a tendency to diverge, and the 30 mil wide slot 46
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serves to shave the edges of the beam so as to provide
a well defined beam output to the selection stage of the
system. The aperture stop plate and aperture slit plate
are tied together electrically to allow the ion current
collected thereon to be measured and used as an indi-
cation of the gas pressure.

.The alignment and focus electrodes are mutually in-
sulated and the voltage of the alignment electrode may
be varied about some mid-value to swing the ion beam
and center it through the aperture slit 43.

This novel ion source structure provides a source
which utilizes inexpensive parts easily assembled with
completely adequate performance for low cost mass
spectrometer or the like. ‘

What is claimed is: »

1. An ion source comprising a source body adapted
to enclose a gas sample, means including an electrical
filament for producing an electron beam within said
source body to produce positive ions from said gas sam-
ple, means for extracting a beam of ions from said
source including an extractor electrode having an aper-
ture, an alignment electrode and focus electrode mutu-
ally spaced-apart and spaced in front of said extracting
means, each of said latter electrodes having a slot
therein, the slot in said alignment electrode being off-
center relative to said ion beam in one direction and
the slot in said focus electrode being off-center relative
to said ion beam in the opposite direction, a portion of
each of said slots being aligned with said ion beam in
mutually spatial overlap, arid an aperture means includ-
ing an aperture slit positioned in front of said align-
ment-focus electrode pair, said alignment-focus elec-
trode pair operating to align the ion beam passing from
said extractor electrode aperture and to focus said ion
beam onto said aperture slit in said aperture means
wherein said alignment electrode comprises a flat me-
tallic member and wherein said alignment electrode
slot is rectangular, and wherein said focus electrode
comprises a second flat metallic member essentially
identical to said alignment electrode facing in the op-
posite direction to said alignment electrode such that
each said slot is off-set from the axis in the opposite di-
rection and wherein said aperture means comprises a
first thin metallic member having a narrow slit in the
center thereof, and a support member on which said
first thin metallic member having a narrow slit in the
center thereof, and a support member on which said
first thin metallic member is mounted, said support
member comprising a third flat metallic member essen-
tially identical to said alignment electrode.

2. An ion source as claimed in claim 1 wherein said
aperture means further comprises a second thin metal- .
lic member having a narrow slit in the center thereof
and spaced from said first thin metallic member along
said beam path, and a further support member on
which said second thin member is mounted comprising
a fourth flat metallic member essentially identical to

said alignment electrode.
* Kk Kk % %



