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3,018,944
ELECTRICAL VACUUM PUMP APPARATUS
Renn Zaphiropoulos, Los Altos, Calif., assignor to Varian
é&sso.ciates, Palo Alto, Calif.,, a corporation of Cali-
ornia
Filed June 16, 1958, Ser. No. 742,274
9 Claims. (CL 230—69)

The present invention relates in general to electrical
vacuum pumps and more specifically to a novel electrical
high vacuum pump-of the type wherein cathode mem-
bers of a reactjve material are bombarded with high speed
ions to disintegrate the reactive cathode material, the dis-
integrated cathode material condensing upon surfaces
within the apparatus and there serving to getter gas mole-
cules coming in contact therewith. Electrical vacuum
pumps, using the aforementioned principle of operation,
have become kumown in the art as getter ion vacuum
pumps. Such pumps are extremely useful for providing
uncontaminated high vacuums as required in many de-
vices such as, for example, vacuum tubes, linear accelera-
tors, electron microscopes, ammonium masers and the
like.

Heretofore getter ion vacuum pumps have been con-
structed having a unitary cellular anode disposed between
and spaced apart from two cathode plates. The unit was
immersed in a strong magnetic field directed perpendicu-
larly to the cathode plates and substantially coaxially of
the cells of the anode. The anode was operated a few
thousand volts more positive than-the cathode plates re-
sulting in the establishment of a glow discharged between
the anode and the cathode plates whereby the cathode
plates were bombarded with high speed ions thereby dis-
lodging portions of the reactive cathode material. The
disintegrated cathode material condensed upon the large
area of the cellular anode to getter gas molecules within
the apparatus and thereby. reduce the gas pressure there-
within. While the pumping speed of such a unit - was ade-
quate for many uses there was a need for a pump having
still greater pumping speed. One solution would be to
scale up in size previously used pumps. The resulting
scaled up pump would be awkward to use and.difficult to
construct due to its large diameter.

The present invention provides a novel getter ion vac-
uuim pump wherein a plurality of anode members are in-
terleaved with a plurality of cathode plates. The stack
‘of interleaved members are suspended within the interior
of an evacuable chamber and immersed in a strong mag-
netic field runnming substantially perpendicularly to the
cathode plates. It has been found that a getter ion pump
constructed in this manner has substantially enhanced
pumping speed and is easy to fabricate, use and service.

The principal object of the present invention is to pro-
vide a novel getter ion vacuum pump having increased
pumping speed which is relatively easy to build and serv-
ice.

One feature of the present invention is the provision
of a stack of interleaved anode and cathode members
whereby the pumping speed of the apparatus may be
greatly enhanced while permitting ease of pump assembly
.and replacement of used elements when required.

Another feature of the present invention is the provi-
sion of a member running longitudinally of the stack of
ancde and cathode members, said member serving as a
mechanical support for the anode mmebers and for ap-
plying the operating potential to said anode members in
use.

Another feature of the present invention is the provision
of a member running longitudinally of the stack of anode
"and cathode members, said member serving as a mechani-
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cal support for the cathode members and for applying the
operating potentials thereto in use.

Another feature of the present invention is the provision
of a plurality of spacer elements slidably carried from a
rod running longitudinally of a stack of interleaved cath-
ode and anode members, said spacers disposed between
successive cathode and/or anode members for allowing
precise positioning of said anode or cathode members
within the stack of said members as desired.

Another feature of the present invention is the provi-
sion of a tubular envelope containing therewithin and
axially thereof a stack of interleaved anode and cathode
members, said tubular envelope having coolant carrying
tubes disposed adjacent the exterior thereof for cooling
the getter ion vacuum pump, in use.

Another feature of the present invention is the provi-
sion of means for supporting the stack of interleaved anode
and cathode members within the vacuum envelope from
the flange utilized for joining the pump to the system it
is desired to evacuate whereby construction of the appara-
tus is simplified and replacement of used parts facilitated.

Another feature of the present invention is the provi-
sion of a magnetic pole piece carried within the stack of
interleaved anode and cathode members for enhancing
the magnetic field strength and uniformity within the ap-
paratus.

Other features and advantages of the present invention
will become apparent upon a perusal of the specification
taken in connection with the accompanying drawings
wherein: v

FIG. 1 is a longitudinal cross section view of the novel
getter ion vacuum pump of the present invention,

FIG. 2 is a cross sectional view of a portion of the struc-
ture FIG. 1 taken along line 2—2 in the direction of the
arrows,

FIG. 3 is an exploded perspective view of a portion of
the structure FIG. 1, delineated by line 3—3,

FIG. 4 is an enlarged fragmentary view of an alterna-
tive embodiment of a portion of the structure of FIG. 1
taken along line 4—4 in the direction of the arrows,

FIG. 5 is a longitudinal cross sectional view of a novel
getter ion vacuum pump of the present invention, and

FIG. 6 is a perspective view of a portion of the struc-
ture of FIG. 5.

Referring now to FIGURES 1-3 there is shown an em-
bodiment of the present invention. More specifically, a
plurality of cathode plates 1 having triangular shaped ears
thereon are carried transversely of and longitudinally
spaced apart along the length of two cathode support rods
2. The cathode plates 1 are made of a reactive material
as of, for example, titanium or chromium. Other suit-
able reactive materials are molybdenum tungsten, tan-
talum, niobium, iron, zirconium, nickel, barium, thorium,
magnesium, calcium, strontium plus other transition ele-
ments of the fourth, fifth and sixth groups of the periodic
table, including the rare earths.

The cathode support rods 2 are made of a material
which is structurally strong and able to withstand sub-
stantial temperatures as of, for example, stainless steel.
The cathode plates 1 are slidably mounted on the two
cathode support rods 2 by passing the cathode support rods
2 through two apertures in the ear portions of the cathode
plates 1. The cathode plates 1 are spaced apart longitud-
inally of the cathode support rods 2 via a plurality of hol-
low cylindrical cathode spacers 3, as of, for example,
stainless steel.

The cathode spacers 3 are apertured at 4 to allow gases
trapped within the spaces between the spacer and the
cathode support rods 2 to easily escape during operation
of the pump. The cathode support rods 2 are anchored

- at their end portions to upper and lower cross arm 5 via

lock nuts 6. The cross arms 5 are made of a material
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which is structurally strong and able to withstand sub-
stantial temperatures as of, for example, stainless steel.

A plurality of cellular anodes 7 which may be fabricat-
ed, for example, from titanium sheet metal approximately
0.015 inch thick spot-welded together are carried via four
brackets 8 disposed on opposite sides thereof. The brack-
ets 8 may be of, for example, titanium sheet metal spot-
welded to the cellular anode 7 and the brackets 8 in turn
are spot-welded to tubular anode spacers 9 as of, for
example, stainless steel.

Two anode support rods 11 as of, for example, stainless
steel are slidably inserted within the hollow anode spacers
9. The two anode support rods 11 are quadraturally
placed with respect to the cathode support rods 2 and
extend longitudinally of the stacked cellular anodes 7 and
cathode plates 1. 'The anode spacers 9 are suitably aper-
tured at 12 to allow gases within the space between the
anode support rods 11 and the anode spacers 9 to be
easily pumped during operation of the pump.

The ends of the anode support rods 11 are threaded to
mate with the internal threads of frustro conically shaped
anode high voltage insulators 13 which in turn are carried
from the upper and lower cross arms 5 via suitable screws
14. Hollow cylindrical anode insulator shields 15 are
captured between the insulators 13 and anode spacers 9
at the ends of the anode support rods 11. The insulator
shields 15 extend coaxially of and slightly spaced apart
from the anode high voltage insulators 13 to prevent the
condensation of disintegrated cathode material upon the
anode high voltage insulators 13 and thus produce inad-
vertent shorting thereof.

A high voltage lead 16 is fixedly secured to the anode
insulator shield 15 as by, for example, soldering and is
clamped via clamp 18 at its other end to the center con-
ductor 17 of a high voltage lead-in insulator assembly 19.
_ The stack of interleaved anodes 7 and cathode plates
1 is carried between the upper and lower cross arms 5
and is suspended Wwithin a hollow tubular envelope 21
as of, for example, stainless stéel. The stacked assem-
bly is carried from the tubular envelope 21 via two brack-
éts 22 spot-welded to the inside surface of the envelope
21 substantially at the open end thereof. The upper
cross arm 5 is fixedly secured to the two brackets 22 via
two sheet metal screws 23.

The high voltage lead-in insulator assembly 19 includes
the center conductor 17 as of, for example, stainless
steel extending radially outward of the tubular envelope
21 through an aperture therein. A centrally apertured
cup member 24 as of, for example, Kovar is fixedly se-

cured substantially at the outer mostly extremity of the °

center conductor 17 as by, for example, brazing. A hollow
cylindrical insulator 25 as of, for example, ceramic is
disposed coaxially of the center conductor 17 and is
fixedly secured at ome end to the cup shaped frame
member 24 as by, for example, a metal to ceramic seal.
The ceramic insulator 25 is externally recessed at its
other end and has affixed thereto and coaxially thereof
an annular metallic frame member 26 as of, Kovar. An
annular insulator shield 20 is carried transversely of the
center conductor 17 for preventing disintegrated cathode
material from condensing on the insulator 25. Frame
member 26 is sealed to and closes off the open end of
a hollow cylindrical adapter 27 as of, for example, stain-
less steel. The hollow cylindrical adaptor 27 is carried
from the inside periphery of the aperture in the side wall
of the tubular envelope 21 as by, for example, a heliarc
weld.

An electrical solenoid 28 is disposed concentrically
of the tubular envelope 21 for producing a magnetic field
directed axially of the interleaved stack of cellular anodes
7 and cathode plates 1. A hollow coolant tube 29 is
wound in a helical fashion and affixed to the inside pe-
ripheral surface of the solenoid 28 extending substantially
the ‘entire length thereof. The hollow coolant tube 29
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extends radially from the inner helix therein to a pos'i-
tion of larger diameter and is wound into another helix
and sandwiched between two coaxial halfs of the so_le-
noid 28. The hollow coolant tube 29 is supplied with
fluid coolant from a source, not showi.

A hollow cylindrical magnet yoke 31 as of, for ex-
ample, iron circumscribes the solenoid 28 and is clpsed
off at one end via a circular ‘pole piece 32 as of, iron.
The other end of the magnet yoke 31 18 closed off via
an annular pole piece 33 centrally apertured to receive
the tubular envelope 2% slidably thetethrough.

An annular flange 34 as of, for exarple, stainless steel
is fixedly secured to the open end of the tubular envelope
21 as by, for example, a heliarc weld. The flange 34
mates with a similar flange member 35 (;_ar_rled upon the
extremity of a hollow exhaust tubulation 36 communicat-
ing with the apparatus it is desired to eva,cuate. T"he
flanges 34 and 35 are provided with suitab,’s mating
ridges thercon for compressing therebetween a so. ft metal
gasket as of, for example, copper to assure a VL‘-C}‘um
tight connection. The flanges 34 and 35 are pulles t0-
gether via a plurality of bolts 37 spaced about the 1¢
riphery of the flanges 34 and 33.

In operation the tubular envelope 21 is preferably ex-
hausted to a pressure of at least 10~* millimeters of mer-
cury by, for example, a mechanical vacuum pump, not
shown. A positive potential with respect to the potential
of the cathode plates 1 as of, for example, 3 kv. is applied
to the anode members 7 via center conductor 17 of
the high voltage insulator assembly 19 and lead 16. The
cathode plates 1 are electrically connected to the tubular
envelope 21 which is preferably operated at ground po-
tential. The solenoid 28 is emergized with electrical
current producing a magnetic field of approximately
1,000 gauss directed longitudinally of the interleaved
stack of cellular anodes 7 and cathode plates 1.

When the operating potentials are applied a glow dis-
charge is initiated between the interleaved anode and
cathode members. The total glow discharge is subdivid-
ed by the anode cells or openings into a plurality of
separated glow discharge columns, the discharge columns
extending through the anode cells or glow discharge pas-
sageways which extend in the direction of the magnetic
field. Positive ions created by the glow discharge are
accelerated under the applied electric field between anodes
7 and cathode plates 1 and are caused to bombard the
cathode plates 1 thereby disintegrating portions of the
reactive cathode plates 1. The disintegrated portions of
the cathode plates 1 diffuse within the interior of the
tubular envelope 21 and condense upon the surfaces of
the cellular anodes 7. Gas molecules coming in contact
with the disintegrated cathode material are emtrapped
thereon and effectively removed from the gaseous state
thereby reducing the pressure within the tubular en-
velope 21 and other structures communicating therewith.

After the pump has been in operation for a consider-
able period of time a substantial accumulation of atomized
cathode material will have coated the cellular anodes 7
and a substantial proportion of the cathode plates 1 will
have been eroded away due to the ion bombardment.
The wornout cathode plates 1 may be easily replaced due
to the unique construction of the present vacuum pump
by removing the stack of interleaved cathodes 1 and
anodes 7 and replacing the cathode plates 1 with new
plates 1. At the same time the cellular anodes 7 may
be replaced if required or merely sandblasted or chemi-
cally treated to remove the accumulation of cathode ma-
terial. The elements are then reassembled and inserted
within the tubular envelope 21.

It has been found that the pumping speed of a pump
constructed in the above-described manner is substantially
enhanced over the pumping speed obtainable with a single
cellular anode 7 disposed between adjacent cathode plates
1. It has been found that the pumping speed of a getter
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ion pump is approximately proportional to the total cross
sectional area of the cellular anodes 7.

The stack of alternately spaced anodes 7 and cathode
plates 1 is spaced a substantial distance from the side
walls of the tubular envelope 21 to facilitate the passage
of gases therearound and into the spaces between the
anodes 7 and cathode plates 1 to enhance the pumping
speed. :

The pumping speed of the apparatus (see FIG. 4) may
be further increased by providing a plurality of apertures
38 in the cathode plates 1, said apertures 38 having their
centers registering with the innersection of the vanes form-
ing the cellular anodes 7. The use of apertured cathode
plates for enhancing gas access is claimed in and forms
the subject matter of applicant’s co-pending divisional
application, U.S. Serial No. 151,339, filed November 9,
1961. When the cathode plates 1 are apertured in this
manner the transparency of the cathodes 1 to gases dif-
fusing into the stack of interleaved anodes 7 and cath-
ode plates 1 is substantially increased thereby enhancing
the pumping speed of the apparatus. The amount of
cathode material that is sputtered from the apertured
cathode plates 1 is substantially the same as the amount
of cathode material sputtered from the nonapertured
cathode plates 1 because the cellular anode 7 has an jon
focusing effect causing substantially all of the ion bom-
bardment of the cathode plates 1 to take place in align-
ment with the central portion of the individual cells
making up the cellular anode 7.

Referring now to FIGURES § and 6 there is shown
another embodiment of the present invention. More
specifically, this embodiment is similar to the structure
shown in FIGURES 1-4 with the exception that the
stack of alternately spaced anodes 7 and cathode plates
1 is carried from a flange assembly rather than from the
inside of the tubular envelope 21.  In addition, perma-
nent magnets employing a pole piece inside of the tubu-
lar envelope 21 have been utilized for supplying the mag-
netic field axially of the stack of anodes 7 and cathode
plates 1.

The cathode support rods 2 carry the cathode plates
1 transversely thereof and longitudinally spaced apart via
cathode spacers 3. Also carried transversely of the cath-
ode support rods 2 is an apertured circular pole piece
41 as of, for example, iron. The ends of the cathode
support rods 2 are threaded for mating with the internal
threads of suitably placed bores in an anmular flange
42 as of, for example, stainless steel which in turn is
carried at the end of an exhaust tubulation 43. The
cathode plates 1 are held on the cathode support rods 2
via nuts 44 threaded over the free end portions thereof.

The anode support rods 11 are quadraturally spaced
to the cathode support rods 2 and carry therefrom and
transversely thereof the cellular anode members 7 via
brackets 8 and anode spacers 9. The anode support rods
11 are anchored in anode high voltage insulators 13 which
are carried within recesses provided in the pole piece
41 via screws 14. The cellular anodes 7 are captured on
the anode support rods 11.via nuts 45 threaded over
the free end portion of the anode support rods 11.

The positive operating voltage is applied to the cellular
anode members 7 via the high voltage lead-in insulator
assembly 19 and lead 16. The lead-in insulator assembly
19 is carried from the annular flange 42 and extends
through a suitable aperture therein,

The pole piece 41 is provided with a plurality of aper-
tures therethrough to facilitate the flow of gas into the
stacked pumping structure. The apertured magnetic pole
piece, for enhancing gas access, is claimed in and forms
the subject matter of applicant’s co-pending divisional
application, U.S. Serial No. 151,339, filed November 9,
1961. The pole piece 41 is closely spaced to the side
walls of the tubular envelope 21. A centrally apertured
hexagonal plate 46 as of, for example, iron is carried
from the tubular envelope 21 adjacent the pole piece 41
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and forms a continuation of the pole piece 41. The flat
sides of the hexagonal plate 46 carry a plurality of ¢
shaped permanent magnets 47 as of, for example, alnico
V. The C shaped permanent magnets 47 are secured at
their ends via bolts to the flat sides of hexagonal plates
46 and 48 forming the pole pieces of the permanent mag-
nets. Plate 48 is made of a magnetic permeable material
as of, for example, iron.

Flange 34 which is fixedly secured to the tubular en-
velope 21 substantially at the open end thereof mates
with flange 42 for compressing therebetween a soft metal
gasket as of, for example, copper to assure a vacuum
The flanges 42 and 34 are held
together via a plurality of bolts 37 spaced about the
perimeter of the flanges.

The pump embodiment shown in FIGURES 5 and 6
has substantjally the same mode of operation as the pump |
previously described with regard to FIGURES 1-4. How-
ever, the pump is simplified to the extent that the stack
of alternately spaced anodes 7 and cathode plates 1 is
supported directly from the flange 42. Moreover, the
use of a current source and coolant tubes for the sole-
noid 28 is dispemsed with. The magnetic field is pro-
vided by a plurality of permanent magnets 47. The
provision of the pole piece 41 internally of the tubular
envelope 21 allows a more uniform magnetic field within
the tubular envelope 21.

Additional anodes 7 and cathode plates 1 may be
added to the pump described in FIGURES 5 and 6 by
extending the envelope 21 to accommodate the added
members and by providing additional ¢ shaped magnets
positioned longitudinally of the envelope 21 and prefer-
ably provided with additional internal and external pole
pieces 41 and 46 respectively as required.

Since many changes could be made in the above con-
struction and many apparently widely different embodi-
ments of this invention could be made without departing
from the scope thereof, it is intended that all matter
contained in the above description or shown in the ac-
companying drawings shall be interpreted as illustrative
and not in a limiting sense.

What is claimed is:

1. In an electrical vacuum pump apparatus including,
means forming an anode, means forming a cathode, said
anode means having a plurality of members, said cathode
having a plurality of members made of a reactive material,
said anode members being interleaved with said cathode
members to form a stack of alternmately spaced apart
anode and cathode members, means for providing a mag-
netic field directed longitudinally of the stack of said
anode and cathode members, means for applying a Pposi-
tive potential to said anode means with respect to said
cathode means for initiating a glow discharge therebe-
tween, means extending longitudinally of the stack of
said anode and cathode means for mounting said anode
means slidably therefrom, means for preventing inad-
vertent slippage of said anode means with respect to said
mounting means and being removable as desired whereby
said anode means may be readily removed from said
anode mounting means for replacement and cleaning as
desired.

2. In an electrical vacoum pump apparatus including,
means forming an anode, means forming a cathode, said
anode means having a plurality of members, said cathode
means having a plurality of members made of a reactive
material, said anode members being interleaved with said
cathode members to form a stack of alternately spaced
apart anode and cathode members, means for providing
a magnetic field directed longitudinally of the stack of
said anode and cathode members, means for applying a
positive potential to said anode means with respect to
said cathode means for initiating a glow discharge there-
between, means disposed longitudinally of the stack of
said anode and said cathode members for slidably support-
ing therefrom said cathode members whereby said cath-
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ode members may be readily removed. from said support
means for replacement as desired.

3. The apparatus according to claim 2 wherein said
cathode support means includes a rod extending longi-
tudinally of the stack of anode and cathode means, said
cathode members being carried transversely of said rod,
means for spacing apart successive cathode members,
and said spacer means being supported from and slidable
with respect to said support rod as desired.

4. In an electrical vacuum pump apparatus, including,
means forming an anode, means forming a cathode, said
anode means having a plurality of members, said cathode
means having a plurality of members made of a reactive
material, said anode members being interleaved with said
cathode members to form a stack of alternately spaced
apart anode and cathode members, means for providing
~ a magnetic field directed longitudinally of the stack of
said anode and cathode members, means for applying
a positive potential to said anode means with respect to
said cathode means for injtiating a glow discharge there-
between, a tubular envelope for containing therewithin
the stack of alternately spaced apart anode and cathode
members, and means for conveying coolant therethrough
disposed adjacent said tubular envelope for carrying away
excess heat energy conducted to said tubular envelope,
in use.

5. In an electrical vacuum pump apparatus including,
means forming an anode, means forming a cathode, said
anode means having a plurality of members, said cathode
means having a plurality of members made of a reactive
material, said ancde members being interleaved with said
cathode members to form a stack of alternately spaced
apart anode and cathode members, means for providing
a magnetic field directed longitudinally of the stack of
said anode and cathcde members, means for applying a
positive potential to said ancde means with respect to
said cathode means for initiating a glow discharge there-
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between, means extending longitudinally of the stack of
said anode and cathede .means for mounting said anode
means therefrom, a hollow tubular envelope closed at
one end for containing therewithin the stack of alternately
spaced apart anode and cathode members, means dis-
posed substantially at the open end of said tubular en-
velope for carrying therefrom said anode mounting means
whereby the stack of alternately spaced anode and cathode
members may be readily removed from said tubular en-
velope as desired.

6. In an apparatus as claimed in claim 5 wherein said
means for carrying said mounting means includes a cross
arm carried from the inside surface of said tubular en-
velope.

7. In an apparatus as claimed in claim 5 wherein said
means for carrying said mounting means includes a flange
member sealed to said tubular envelope via the inter-
mediary of a take-apart vacuum seal, whereby the stack
of alternately spaced anode and cathode members may
be easily removed from said tubular envelope as desired.

8. The apparatus according to claim 5 including means
forming a magnetic pole piece carried transversely of
and within the stack of alternately spaced apart anode
and cathode members and cooperating with said magnetic
field producing means to enhance the magnetic field uni-
formity throughout the stack of said anode and cathode
members.

9, The apparatus according to claim 5 wherein said
magnetic field providing means includes a permanent C-
shaped magnet.
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