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SPUTTER-ION PUMP HAVING IMPROVED
COOLING AND IMPROVED MAGNETIC
CIRCUITRY

BACKGROUND OF THE INVENTION

The present invention relates in general to sputter ion
vacuum pumps and morc particularly to such pumps
which have high throughput and which are character-
ized by ease of manufacture and ease of repair and
cleaning.

DESCRIPTION OF THE PRIOR ART

Heretofore, sputter-ion vacuum pumps have been
proposed wherein the vacuum envelope containing the
anode and cathode electrodes has been surrounded by
a magnetic structure including a pair of ferrite magnets
disposed on opposite sides of the envelope and cathode
plates. The magnets were enclosed in a ferromagnetic
yoke, whereby efficient use of the magnetic field was
obtained and whereby stray magnetic fields were
avoided in use. Such a prior art pump and magnetic
circuit is disclosed and claimed in U.S. Pat. No.
3,159,333 issued Dec. 1, 1964.

It is also known from the prior art to braze a titanium
cooling tube to the backside of a titanium reactive
cathode of a sputter ion pump for cooling of the cath-
ode in use to increase the throughput of the pump,
particularly for hydrogen. Such a vacuum pump is dis-
closed and claimed in U.S. Pat. No. 3,331,975 issued
July 18, 1967. In this prior art high throughput pump,
the coolant tubes were brazed to the cathode and dis-
posed inside the vacuum envelope of the pump. There-
fore, gas tight seals had to be made in the vacuum
envelope of the pump for feeding the coolant tubula-
tion therethrough.

It is desirable to provide a high throughput sputter-
ion vacuum pump which employs an efficient magnetic
circuit so as to reduce the size and weight of the mag-
netic circuit. In addition it is desirable to provide cool-
ing of the reactive cathode plates in such a manner that
the cooling tubes are disposed externally of the vacuum
envelope thereby simplifying fabrication of the cooling
circuit. Furthermore, it is desired to provide an im-
proved arrangement for replacing and cleaning the
anode -and cathode electrodes such that this work can
be accomplished by means of simple hand tools.

SUMMARY OF THE PRESENT INVENTION

The principal object of the present invention is the
provision of an improved sputter-ion vacuum pump.

In one feature of the present invention, a reactive
cathode plate forms a portion of the vacuum envelope
of the pump and is sealed to the remaining portion of
the envelope by means of a gasket seal, whereby the
cathode plate may be removed and replaced merely by
use of simple hand tools.

In another feature of the present invention, gasket
seals are provided at opposite ends of a tubular main
body portion of the vacuum envelope for sealing a pair
of end closing reactive cathode walls across opposite
ends of the tubular envelope body and wherein a clamp
structure surrounds the envelope for clamping the
cathode end walls into sealing engagement with the
tubular main body portion of the pump.

In another feature of the present invention, the reac-
tive cathode plates closc off opposite ends of the tubu-
lar main body portion of the envelope of the pump and
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2
coolant tubes are joined to the outer surfaces of the
cathode end walls for cooling of the cathodes in use,
whereby the coolant tubulation is disposed externally
of the vacuum envelope of the pump.

In another feature of the present invention, perma-
nent magnets are disposed on opposite sides of the
vacuum envelope of the pump and a ferromagnetic
yoke structure envelopes the magnets and the pumping
elements, such yoke structure including a pair of
clamping rings disposed at opposite ends of a ferromag-
netic tubular body portion of the envelope of the pump,
whereby the yoke structure includes the clamp means
and the tubular body of the envelope of the pump.

Other features and advantages of the present inven-
tion will become apparent upon a perusal of the follow-
ing specification taken in connection with the accom-
panying drawings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a vacuum pump incorporating
features of the present invention,

FIG. 2 is a sectional view of the structure of FIG. 1
taken along line 2——2 in the direction of the arrows,

FIG. 3 is an enlarged detail view of a portion of the
structure of FIG. 2 delineated by line 3—3,

FIG. 4 is a plan view of a portion of the structure of
FIG. 2 taken along line 4—4 in the direction of the
arrows, and

FIG. 5 is a side view of the structure of FIG. 4 taken
along line 5—5 in the direction of the arrows.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIGS. 1 and 2, there is shown a
sputter-ion vacuum pump 11 incorporating features of
the present invention. The pump 11 includes an array
of closely packed anode cylinders 12, as of stainless
steel, spot welded together at points of tangency and
supported within a tubular main body portion 13 of the
vacuum envelope of the pump 11 by means of a high
voltage feedthrough insulator assembly 14 affixed to
the anode array 12 via a bracket 15.

Opposite ends of the tubular main body portion 13 of
the envelope are closed off by means of circular reac-
tive cathode plates 16, as of titanium or tantalum. The
reactive cathode plates 16 are sealed in a gas-tight
manner to opposite ends of the tubular main body 13
via a deformable gasket seal 17.

The gasket seal 17 is of conventional design and
includes an annular soft metal gasket 18, as of copper,
captured between the annularly grooved sealing sur-
faces 19 and 21 of the axially opposed portions of the
cathode plate 16 and the main body portion 13. This
type of vacuum-tight seal is disclosed and claimed in
U.S. Pat. No. 3,208,758 issued Sept. 28, 1965. Other
forms of vacuum sealing may be used such as soft wire
gaskets and elastomer gaskets.

The end closing cathode plates 16 are clamped into
sealing engagement with the intervening sealing gaskets
18 and the main body 13 via a pair of annular clamping
rings 22 and 23 disposed at the outer periphery of the
envelope at opposite ends thereof. The clamping rings
22 and 23 are preferably made of a ferromagnetic ma-
terial, such as steel or iron, and include internal shoul-
ders 24 and 25 for catching the outer lips of the cath-
ode plates 16. The clamping rings 22 and 23 each in-
clude a circle of axially directed bolt holes 26 and 27 to
rececive a circle of bolts 28 thercthrough. The bolts 28
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are provided at 30° intervals about the periphery of the
clamping rings 22 and 23 and when tightened down
serve to compress the annular sealing gasket members
18 into sealing engagement with the opposed sealing
surfaces 19 and 21 of the cathode plates 16 and the
main body 13. The main body 13 includes a circular
port to which an exhaust tubulation 31 is sealed as by
brazing. A coupling flange 32 is affixed to the outer end
of the exhaust tubulation 31 for sealing the pump 11 to
structures to be evacuated.

The titanium coolant tubulation 35 (see FIGS. 4 and
5) is brazed to the outside surface of the respective
cathede plates 16 in a double loop configuration so as
to provide adequate cooling of the cathode plates 16 in
use. After the titanium tubulation 35 has been brazed
to the titanium cathode plates 16, the tubulation is
flattened slightly against the cathode surface 16 so as to
reduce the overall thickness of the tubulation 35. The
tubulation 35 extends through radially directed bores
in the clamping rings 22 and 23 and one end of the
tubing of one of the cathode plates is connected to one
end of the tubing of the opposed cathode plate via a
generally axially directed section of tubing 36 so that
the two coolant tubes 35 are connected for series cool-
ant flow. In this manner, coolant is directed into one
end of the coolant tubing 35 and flows through both
double loop portions of the conduit 35 to waste or to a
heat exchanger.

A pair of disc-shaped permanent magnetized ferrite
magnets 37 and 38 of opposite polarity are disposed on
opposite sides of the reactive cathode plate portions 16
of the vacuum envelope of the pump 1. The magnets
37 and 38 are affixed by their own magnetic attractions
to the inside surfaces of a pair of opposed cup-shaped
end hats 39 and 41, respectively, as of steel or iron. The
end hats 39 and 41 are affixed to the clamping rings 22
and 23, as by screws 42 disposed at 120° intervals about
the periphery of the end hats 39 and 41, respectively.
The outer peripheries of the end hats 39 and 41 are
castellated at 43 to accommodate the circles of bolts
28. The ferromagnetic end hats 39, 41, ferromagnetic
clamps 22 and 23, and the ferromagnetic tubular body
13 taken together form a soft iron magnetic yoke struc-
ture enclosing the magnets 37 and 38, whereby an
efficient use of the available magnetomotive force of
the magnets 37 and 38 is obtained. The yoke structure
further serves to reduce stray magnetic fields which
would otherwise leak from the magnetic circuit.

While the preferred embodiment employs a magnetic
tubular main body portion 13 of the vacuum envelope
for the pump this is not a requirement as the clamping
rings 22 and 23 may be extended axially of the tubular
envelope 13 so that the clamping rings abut or nearly
abut each other at their inner ends. In this case, the
tubular main body 13 may be made of a nonferromag-
netic material as it is not needed to form a portion of
the yoke of the magnetic circuit.

In operation, an anode potential of several KV posi-
tive is applied to the anode 12 via feedthrough 14 rcla-
tive to the cathode plates 16 to establish a glow dis-
charge in the partially evacuated interior of the pump
11. The glow discharge extends through the glow dis-
charge passageways defined by the hollow interiors of
the anode cylinders 12, The glow discharge is enhanced
and magnetically confined by the axial magnetic field.
Positive ions created in the glow discharge are driven
into the cathode plates for sputtering therefrom reac-
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4
tive cathode material for gettering gas and for burial of
gas.

The advantages of the pump 11 of the present inven-
tion include the ability to replace the cathode plates 16
merely by loosening the bolts 28 and removing the
clamping rings 22 and 23 and the end cathode plates
16. After replacement of the gasket material 18 the
cathode plates 16 may be replaced and the bolts 28
tightened. Once the cathode plates 16 are removed, the
anode 12 may be cleaned as by sand-blasting. The
pump may be baked by with or without removing the
magnets 37 and 38 together with their accompanying
end hats 39 and 41. In short, the vacuum pump 11 may
be cleaned and repaired merely by the use of simple
hand tools and readily replaceable gaskets 18.

What is claimed is:

1. In a magnetically confined sputter-ion vacuum
pump:

anode electrode means having an aperture therein

for defining a glow discharge passageway;
cathode electrode surfaces opposite said glow dis-
charge passageway of said anode electrode means;

evacuable envelope means for connection in gas
communication with a structure to be evacuated
and for enveloping said anode electrode means and
said cathode surfaces to permit subatmospheric
pressure to be developed in the region of space
between said anode means and said cathode sur-
faces and within said glow discharge passageway;

magnet means positioned externally of said envelope
means for producing and directing a magnetic field
through said glow discharge passageway of said
anode electrode means;

magnetic enclosure means around said magnet

means and forming a magnetic field circuit connec-
tion to said envelope means; and

said envelope means having a magnetic portion form-

ing with said enclosure means a substantially con-
tinuous magnetic circuit around said magnet
means.
2. A sputter-ion vacuum pump comprising;
an envelope having a side wall portion, and two end
wall portions joined respectively to the opposite
ends of said side wall portion to form evacuable
envelope means for connection in gas communica-
tion with a structure to be evacuated; :

anode electrode means inside said envelope and hav-
ing an aperture defining a glow discharge passage-
way facing said end wall portions;

cathode electrode surfaces inside said envelope fac-

ing said glow discharge passageway;

said side wall portion being a magnetic material; and

said end wall portions being a non-magnetic material.

3. A sputter-ion pump as claimed in claim 2 further
comprising magnet means positioned outside said enve-
lope adjacent said end wall portions and magnetically
connected to said side wall portion.

4. A sputter-ion pump as claimed in claim 2 wherein
the joints between said side and end wall portions com-
prise demountable compression joints, and clamping
means of magnetic material providing the compression
for said joints, wherecby magnets can be located outside
said envelope adjacent said end wall portions and mag-
netically connected to said side wall portion through
said clamping means.

5. A sputter-ion vacuum pump comprising:
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an envelope having a tubular side wall portion and
two end wall portions respectively closing opposite
ends of said tubular portion;

compression sealing means between said tubular
portion and each of said end wall portions;

a tubular clamping member outside each end of said
envelope and respectively abutting the outer face
of its adjacent end wall portion, and means for
compressing said clamping members toward each
other;

a magnet positioned adjacent the outside face of each
of said end wall portions and magnetically coupled
to the adjacent one of said tubular clamping mem-
bers;

anode electrode means inside said envelope and hav-
ing an aperture defining a glow discharge passage-
way facing said end wall portions;

cathode clectrode surfaces inside said envelope fac-
ing said glow discharge passageway; and

said end wall portions being of non-magnetic mate-
rial and said tubular clamping members being of
magnetic material whereby a magnetic field is
formed internally of said envelope through said
discharge passageway and at least a portion of the
return magnetic path is through said clamping
members.

6. A sputter-ion pump as claimed in claim 5 wherein
said end wall portions comprise active metal inner
surfaces forming said cathode electrode surfaces.

7. A sputter-ion pump as claimed in claim 6 in which
said end wall portions are active metal throughout their
thickness, and further comprising fluid conduit means
coupled in heat exchanging relation to the outside of
said end wall portions.

8. A sputter-ion pump as claimed in claim 7 in which
said fluid conduit means pass through apertures in said
tubular clamping members.

9. A sputter-ion pump as claimed in claim 5 in which
said tubular side wall portion is magnetic material.

10. A sputter-ion pump as claimed in claim 5 in
which said magnetic coupling between said magnets
and said tubular clamping members comprises end
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said magnets and abutting said tubular clamping mem-
bers.
11. A sputter-ion pump as claimed in claim 10
wherein attachment means are provided for connecting
said end pieces to said tubular clamping means and said
attachment means are separate from said means for
compressing said clamping members toward each
other, whereby said end pieces and magnets can be
removed without removing said end wall portions.
12. A sputter-ion pump as claimed in claim 5 wherein
said tubular clamping members extend one toward the
other so as to surround at least a portion of the length
of said side wall portion.
13. A sputter-ion vacuum pump comprising:
an envelope having a side wall portion and two end
walls respectively closing opposite ends of said side
wall portion; ,

anode electrode means inside said envelope and hav-
ing an aperture defining a glow discharge passage-
way facing said end wall, said anode electrode
means being electrically insulated from said end
walls;
said end walls each being of active metal material
throughout its thickness and each forming a cath-
ode electrode, and said side wall portion being of a
material different from either of said end walls;

said end walls each having a sealing surface facing
the adjacent end of said side wall portion;

said sealing surfaces and the adjacent ends of said

side wall portion being configured to form a com-
pression seal between them,;

and clamping means for forcing each of said sealing

surfaces toward the adjacent ends of said side wall
portion.

14. A sputter-ion vacuum pump as claimed in claim
13 further comprising fluid cooling tubulation bonded
to the outside of each of said end walls, said tubulation
being of the same material as the end wall to which it is
bonded.

15, A sputter-ion vacuum pump as claimed in claim
13 further comprising magnet means positioned adja-
cent the outer face of each of said end walls to provide
a magnetic field inside said envelope between said end

walls.
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