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ABSTRAQT 0F THE DISCLOSURE 

The ion-getter vacuum pump of the present invention 
utilizes a cylindrically shaped ion collector for surrounding 
one or more centrally disposed hairpin-shaped tungsten 
alloy ?laments which are heated to emit electrons. The 
ion collector is maintained at a potential which is negative 
with respect to the potential of the ?laments so that the 
emitted electrons are focussed along the axis of the ion 
collector to form a collimated electron stream. One or 
more pellets of getter material are positioned, in close 
proximity to the end face of the ion collector, in the elec 
tron stream for bombardment to sublime the getter mate 
rial when connected to become the anode. 
When more than one getter material pellet is used, only 

one such pellet is connected to the positive high voltage 
supply at any one time to become the anode. After ‘a 
pellet is consumed after many hours of use, the next pellet 
is connected to the high voltage supply to become the 
anode and to now furnish the sublimate. In this manner, 
each individual pellet may be selected of su?iciently small 
size for ef?cient sublimation, and by providing additional _ 
pellets with suitable lead-through for connections to the 
high voltage power supply, the lifetime of the ion-getter 
vacuum pump may be made as long as desired. 

This invention relates to high vacuum pumping and 
gauging devices and more particularly to an ion-getter 
vacuum pump in which electrons, emitted from a thermi 
onic cathode, produce very high vacuums by ionizing 
residual gas molecules which are impelled by electric ?elds 
and/or by collisions to move against the walls of the 
pump and/or ion collector where they are permanently 
?xed by burying under a coating of a sublimed getter 
material. 

There have been a number of prior art devicesutiliz 
ing the deposited sublimate of a getter material for ?xing 
and permanently burying captured ions, atoms or mole 
cules for pumping action. One such prior art ion pump, 
described in United States Letters Patent 2,727,167, issued 
on Dec. 13, 1955, to D. Alpert, utilizes an axial ?lament 
for continually emitting electrons to ionize the residual gas, 
and another ?lament, made of or coated with one of the 
well-known getter materials, to sublime the getter material 
whenever the pumping action decreases. 

Another prior art device, instead of making use of a 
heated getter material ?lament, utilizes a large wire of get 
ter material which is fed, by a complex feeding mecha 
nism, into a crucible where it is bombarded by the ionizing 
electrons, melted and evaporated, to form the vapor for 
condensation upon the interior walls. Such a pump is de 
scribed in United States Letters Patent 2,894, 679, issued 
on July 14, 1959, to R. G. Herb. 

While both of the above described prior art getter-ion 
pumps provide satisfactory pumping action by ionizing, 
capturing and burying ions, each has certain disadvantages 
which the present invention seeks to overcome. For exam 
ple, the ?lamentary getter material wire disclosed by 
Alpert requires additional lead-through connections and 
an additional source of power which increases the cost of 
the ion pump. Further, since the getter material ?lament 
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must be very thin to develop the necessary sublimation 
temperature upon being connected to a conventional ?la 
ment power supply and is being consumed, the lifetime of 
such a pump is severely limited. Additionally, as the ?la 
ment is being consumed, the ?lamentary current must be 
increased to compensate for the increased ?lament resist 
ance. The ion pump disclosed by Herb overcomes these 
problems but introduces others equally severe. The pres 
ence of molten titanium causes rapid deterioration of all 
structural elements with which it comes in contact. Fur 
thermore, the feeding mechanism, because of its complexi 
ty, adds materially to the expense of the pump and mark 
edly decreases the reliability of the pump. Because of the 
limited life and reliability of the Herb device, it has never 
become widely accepted. 

It is, therefore, a primary object of this invention to 
provide an improved ion-getter vacuum pump. 

It is a further object of this invention to provide an 
ion-getter vacuum pump which is simple in construction, 
reliable in operation, has a long life, and is inexpensive to 
produce. 

It is a further object of this invention to provide an 
ion-getter vacuum pump which is highly ef?cient and 
which utilizes the ion collector for focussing the ionizing 
electrons for bombarding the getter material to form the 
sublimate, thereby decreasing the power requirements 
norm-ally necessary to operate ion-getter vacuum pumps. 

It is a further object of this invention to provide an 
ion-getter vacuum pump and gauge which has a lifetime 
equal to the combined lifetime of many conventional 
pumps at the sacri?ce of an insigni?cant increase in manu 
facturing cost. 

Brie?y, the ion-getter vacuum pump of this invention 
utilizes a cylindrically shaped i-on collector for surround 
ing one or more centrally disposed hairpin-shaped tungsten 
alloy ?laments which are heated to emit electrons. The 
ion collector is maintained at a potential which is negative 
with respect to the potential of the ?laments so that the 
emitted electrons are focussed along the axis of the ion 
collector to form a collimated electron stream. A suitable 
meter in series with the ion collector allows the pump to 
be used as a vacuum gauge. The ion current captured by 
the collector is directly proportional to the pressure. 
One or more pellets of getter material are positioned, 

in close proximity to the end face of the ion collector, in 
the electron stream for bombardment to sublime the get 
ter material when connected to become the anode. 
When more than one getter material pellet is used, only 

one such pellet is connected to the positive high voltage 
supply at any one time to become the anode and to fur 
‘nish the sublimate. After a pellet is consumed after many 
hours of use, the next pellet is connected to the high volt 
age supply to become the anode and to now furnish the 
sublimate. In this manner, each individual pellet may be 
selected of suf?ciently small size for efficient sublimation, 
and by providing additional pellets with suitable lead 
through for connections to the high voltage power supply, 
the lifetime of the ion-getter vacuum pump may be made 
as long as desired. 

Further objects and advantages of the present invention 
will become apparent to those skilled in the art to which 
the invention pertains as the ensuing description proceeds. 
The feasures of novelty that are considered character 

istic of this invention are set forth with particularly in the 
appended claims. The organization and method of opera 
tion of the invention itself will best be understood from 
the following description when read in connection with 
the accompanying drawings in which: 
FIGURE 1 is a somewhat diagrammatical, elevational 

view, partially in cross section, of a preferred embodi 
ment of the ion-getter vacuum pump of this invention; 
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FIGURE 2. is a view taken along line 2—2 of FIGURE 
1; 
FIGURE 3 is a view, similar to that of FIGURE 2, 

but showing an increased number of getter material pellets; 
and 
FIGURE 4 is a cross sectional elevational view of the 

ion collector showing the getter material pellets in an 
alternate position. 

Referring now to the drawings and more particularly 
to FIGURES 1 and 2 thereof, there is shown an ion 
getter vacuum pump 10 including a vacuum tight tube en 
velope 11 which has a press 12 of the conventional type 
to seal its lower end portion. Lead-throughs 13—18 pass 
through and are hermetically sealed by press 12. A con 
necting duct 20 has one end communicated with the in 
terior space 19 of envelope 11 and its other end is con 
nected, in a vacuum tight manner, to the enclosure to be 
evacuated (or whose vacuum presure is to be measured). 
The enclosure to which duct 20 is connected generally 

includes, or is connected to, a suitable preliminary pump 
ing device capable of reducing the vacuum pressure in 
the enclosure to about 10-4 torr or less. The ion-getter 
vacuum pump of this invention is most effective in the 
range from 10*4 torr to below 10-9 torr and takes over 
after the vacuum pressure has been lowered to about 
10“4 or 10“5 torr. 

Press 12 of tube envelope 11 supports a support rod 22 
which in turn supports an ion collector 23 which is of 
hollow cylindrical shape and which may either be made 
of thin nickel sheet or of nickel wire mesh. Electrical 
connection to ion collector 23 is made by a wire lead 24 
which connects the collector to lead-through 14. 

Positioned inside ion collector 23 are a pair of hairpin 
?laments 25 and 26 which are supported by, and elec 
trically connected to, lead-throughs 15, 16 and 17, lead 
through 15 being common to both ?laments. 

Lead-throughs 13 and 18 in press 12 each have a sup 
port rod extension, respectively shown at 27 and 28, which 
pass through interior space 19 and outside of collector 23. 
The upper ends of the support rods are bent to extend 
into the space just above the open end face 29 of collector 
23. Pellets 32 and 33 of a reactive getter material, such as 
titanium, chromium, yttrium or the like, are Welded or 
otherwise conductively af?xed to the ends of support rods 
27 and 28. 
As will become clearer hereinafter, the positioning of 

pellets 32 and 33 is important for optimum operation of 
the ion-getter vacuum pump of this invention. Generally 
speaking, it is desirable to place each pellet as close to axis 
of ion collector 23 as possible, but not so close as to cause 
a spark discharge when one of the pellets is connected to 
a high voltage supply to form an anode and the other 
pellet is maintained at a potential which is close to the 
potential of ?laments 25 or 26. For most uniform opera 
tion it is also desirable that the spacing of pellets 32 and 
33 be symmetrical with respect to the collector axis and 
with respect to the plane of the collector end face 29, As 
far as vertical spacing of the pellets from end face 29 is 
concerned, satisfactory operation is obtained when the pel 
lets are located within a spherical space 30 which is cen 
tered at the point of intersection of the collector axis 
with the plane of end face 29 and which has a radius sub 
stantially equal to the internal radius of collector 23. It is 
to be understood, however, that this range of pellet posi 
tioning is for optimum operation, and that the placement 
of the pellets a small distance outside of the above de?ned 
spherical space would likewise provide adequate pumping. 

In operation, either ?laments 25 or 26 are connected, 
through lead-throughs 15 and 16, or 16 and 17, to a suit 
able power supply (not shown) which typically supplies 3 
amperes at 2 or 3 volts and which heats up the selected 
?lament to provide copious electron emission. Two ?la 
ments are provided so that, in case of burn-out of one, 
there is a spare ?lament and the pump need not be re 
placed. Ion collector 23 is connected, via lead-through 14, 
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to a source of a suitable reference potential (not shown) 
which is typically 20 to 50 volts below the ?lament supply 
voltage. One of the getter material pellets, 32 or 33, is 
connected, via lead-through 13 or 18- to a high voltage 
supply (not shown) which is typically 4,000 to 5,000 
volts. In this manner the heated ?lament becomes the cath 
ode and the connected pellet becomes the anode of this 
pump. 
The electrons emitted from the selected hairpin-shaped 

tungsten alloy ?lament are accelerated towards the selected 
pellet and heat the same by bombardment. The reference 
potential at which the ion collector is maintained is care 
fully selected for focussing the emitted electrons into a 
substantially collimated stream so that a larger number 
of the emitted electrons are utilized for impacting upon 
the pellet for more efficient operation. As a result of this 
bombardment, the pellet serving as anode is sublimed, and 
the sublimate (vapor) formed is deposited upon the walls 
of envelope 11 and on the walls of collector 23 to provide 
ion-getter action. 
As is well-known, the sublimate of the getter material 

traps the ionic or molecular gas residue in the normal 
fashion. Noble gases such as helium, argon and the like 
are pumped by ionization, burial and subsequent plaster 
ing over with sublimed titanium. The ionization is pro 
duced by collision of the ?lament emitted electrons with 
the gas molecules. 
The focussing achieved in the present invention by 10 

eating the ?laments inside and along the axis of tubular 
ion collector 23 and by biasing collecter 23 below the 
?lament voltage has been found to be very e?icient. This 
geometry provides an axially focussed electron stream 
which is symmetrical with respect to the axis of collector 
23 and has a cross section suf?ciently large to permit the 
placement of a plurality of targets about the collector 
axis without the necessity of increasing the power input 
to the ?lament. 
The purpose of utilizing a plurality of getter material 

pellets is to extend the lifetime of the pump without 
increasing the power requirement for sublimation. The 
larger the physical size of a pellet, the longer is the useful 
life of the pump since it will take a longer time to sublime 
a large pellet than a small pellet. However, the energy re 
quired to subi-me a large pellet is considerably greater 
than the energy required to sublime a small pellet since the 
total amount of energy necessary for heating a large pellet 
is greater than for a small pellet. Accordingly, by utilizing 
a plurality of small pellets, the total amount of getter ma 
teria in the pump may be made equal to that of a large 
pellet, and by bombarding each small pellet in turn, the 
energy required to fonm the sublimate is not increased and 
useful life of the pump is extended many times. 

In an ion-getter vacuum pump constructed in accord 
ance with this invention, two pellets, each weighing about 
100 milligrams were found to provide a useful pump life 
time of over 10,000 hours in continuous operation at a 
vacuum pressure of 10* torr with a pumping speed of 
about 0.2 liter per second and a ?lament emission rate of 
0.5 milliampere. 

It will now readily be understood that pellets 32 and 
33 should be disposed symmetrically with respect to the 
focussed electron stream, so that, when the high positive 
voltage is switched from one to the other pellet, the opera 
tion remains substantially unchanged. If the pellets were 
asymmetrically spaced with respect to the electron stream, 
then the number and the energy of the bombarding elec 
trons would be different for different pellets resulting in 
a different sublimation rate. 
The placement of the pellets with respect to plane of 

end face 29 may be varied ‘within certain limits as hereto 
fore explained. The following considerations are per 
tinent. The closer the pellets are placed to the ?laments 
(and therefore below end face 29 and into the ion collec 
tor 23), the smaller is the power requirement to sublime 
the pellet but the area of getter vapor deposition is also 
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smaller since the collector acts as a shield. Conversely, 
the more distant the pellets are from the ?lament (and 
therefore above end face 29 and out of the ion collec 
tor 23), the greater is the power requirement for sublim 
ing but the area of vapor deposit is increased. Spherical 
space 30 has been found to present a good compromise 
between these con?icting requirements, i.e., small power 
and large area of vapor deposition. 

Device 10 is used as a vacuum gauge by connecting a 
suitable current meter in series with lead-through 14 to 
measure the ion current captured by collector 23. The 
ion current is directly proportional to the vacuum pres 
sure since ion generation is proportional to the number 
of gas molecules present. 
FIGURE 3 shows a cross sectional top view of an ion 

pump 40 having an envelope 41, and including three sym 
metrically spaced pellets 42, 43 and 44 of getter material 
as heretofore described. Instead of utilizing three pellets, 
it will be readily understood that a larger number may be 
employed to either decrease the power requirement of the 
pump by making each pellet smaller, or to increase the 
lifetime of the pump by providing a larger total quantity 
of getter material, or both. 
FIGURE 4 shows an ion collector sleeve 50 and a pair 

of support rods 51 and 52 respectively, each of which 
carries a getter mate-rial pellet indicated at 53 and 54 
which are positioned just below the plane of the end face 
55 of collector 50. c 
There has been described an ion-getter vacuum pump 

which accomplishes the objects set forth above. The ion 
getter pump of this invention utilizes an ion collector, 
biased below the ?lament potential, to focuse the emitted 
electrodes into an electron stream for ionizing the residual 
gas and for subliming a plurality of pellets of getter ma 
terial, one at a time. In order to reduce the power re 
quirement and extend the lifetime of the pump, each pellet 
becomes an anode in turn to furnish the sublimate to bury 
and/ or ?x the trapped particles. 

While the above detailed description has shown, de 
scribed and pointed out the fundamental novel features of 
the invention as applied to various embodiments, it will be 
understood that various omissions and substitutions and 
changes in the form and details of the device illustrated 
may be made by those skilled in the art, without depart 
ing from the spirit of the invention. It is the intention, 
therefore, to be limited only as indicated by the scope of 
the following claims. . 
What is claimed is: 
1. A getter-ion vacuum pump comprising: 
an enclosure de?ning an interior space having interior 

walls and including a port for connecting said interior 
space to a device to be pumped; 

a hollow elongated electrode disposed within said in 
terior space and maintained at a reference potential 
for collecting ions and for focusing electrons; 

an electon emitting ?lament substantially centrally dis 
posed within said electrode and maintained at a po 
tential which is positive with respect to said reference 
potential to serve as a cathode, said ?lament poten 
tial being selected for focussing of the emitted elec 
trons by said electrode into anelect-ron stream; 

at least two pellets of a getter material, for forming a 
sublimate for deposit upon said interior walls and 
the walls of said electrode, disposed within the elec 
tron stream; and 

means for independently connecting each of said pellets, 
one at a time, to a potential which is positive with 
respect to said ?lament to serve as an anode and to 
be sublimed by the emitted electrons by bombard! 
ment. 

2. A getter-ion vacuum pump in accordance with claim 
1 in which said electrode is of cylindrical con?guration 
and in which said pellets are disposed in close proximity 
to one end face of said electrode. 
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6 
3. A getter-ion vacuum pump comprising: 
an enclosure de?ning an interior space having interior 

walls and including a port for connecting said interior 
space to a device to be pumped; - 

a hollow elongated electrode disposed within said in 
terior space andmaintained at a reference potential 
for collecting ions and for focussing electrons, said 
electrode having an end face lying in a plane sub 
stantially at right angles to its axis of elongation and 
the point of intersection of the axis of elongation 
with said plane de?ning a reference point; 

an electron emitting ?lament substantially centrally 
disposed Within said electrode and maintained at a 
potential positive with respect to said reference 
potential to serve as a cathode, said ?lament potential 
being selected for optimum focussing of the electrons 
emitted from said ?lament; 

at least two pellets of a getter material to be sublimed 
upon said interior walls and the walls of said elec 
trode disposed within a spherical space centered at 
said reference point and having a radius equal to the 
radius of said electrode to serve as target for the elec 
trons emitted by said ?lament and focussed by said 
electrode; and 

means for sequentially connecting each of said pellets, 
in turn, to a potential which is positive with respect 
to said ?lament to serve as an anode for sublimation 
by the focussed electrons by bombardment until ex 
hausting of said getter material. 

4. A getter-ion vacuum pump in accordance with claim 
3 in which said pellets are disposed equidistant from the 
axis of elongation of said electrode. 

5. A getter-ion vacuum pump in accordance with claim 
3 in which said pellets are disposed in a common plane 
which is parallel to the plane of said end face. 

6. A getter-ion vacuum pump in accordance with claim 
3 in which said pellets are disposed in a common plane 
parallel to the plane of said end face and are equidistant 
from axis of elongation of said electrode. 

7. A getter-ion vacuum pump in accordance with claim 
3 in which said electrode is of cylindrical shape and has a 
non-perforated wall. 

8. A getter-ion vacuum pump in accordance with claim 
3 in which said electrode is of cylindrical shape and con 
structed of wire mesh. 

9. A getter-ion vacuum pump comprising: 
an enclosure de?ning an interior space and including 

a port for connecting said interior space to a device 
to be pumped; > 

a hollow right cylindrical electrode disposed within said 
interior space and maintained at a reference potential 
to serve as an ion collector, the point of intersection 
of the axis of said electrode with the plane of one 
end face‘de?ning a reference point; 

an electron emitting ?lament substantially centrally 
disposed within the interior of said cylindrical elec 
trode and maintained at a potential which is positive 
with respect to said reference potential to serve as a 
cathode, the ?lament potential being selected for 
optimum focussing of the electrons emitted‘ from said 
?lament; and i ' 

at least two pellets of a getter material for forming a 
sublimate for deposit upon the walls of said interior 

, space and cylindrical electrode, said pellets being dis 
posed within a spherical space centered at said refer 
ence point and having a radius equal to the radius of 

. said cylindrical electrode,_ said pellets being in 
dependently connectible to a potential which is posi~ 
tive with respect to said ?lament to serve, one at a 
time, as sublimation targets for bombardment by the 
electrons emitted by said ?lament and focussed by 
said cylindrical electrode. 

10. A getter-ion vacuum pump comprising: 
an enclosure de?ning an interior space and including a 
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port for connecting said interior space to a device to 
be pumped; 

a hollow right cylindrical electrode disposed within 
said interior space and maintained at a reference po 
tential to serve as an ion collector, the point of inter 
section of the axis of said electrode with the plane of 
one end face de?ning a reference point; 

an electron emitting ?lament substantially centrally dis 
posed within the interior of said cylindrical electrode 
and maintained at a potential which is positive with 
respect to said reference potential to serve as a cath 
ode, the ?lament potential being selected for opti 
mum focussing of the electrons emitted from said 
?lament; 

at least two pellets of a getter material for forming a 
sublimate for deposit upon the walls of said interior 
space and cylindrical electrode, said pellets being dis 
posed within a spherical space centered at said refer 
ence point and having a radius equal to the radius 
of said cylindrical electrode, said pellets being inde 
pendently connectible to a potential which is positive 
with respect to said ?lament to serve as sublimation 
targets for the electrons emitted by said ?lament and 
focussed by said cylindrical electrode; and 

means for connecting each pellet in turn to the last 
mentioned potential, said means being switchable 
upon exhaustion of the getter material to another 
pellet. , 

11. A getter-ion vacuum pump comprising: 
a housing from which gas is to be removed; 
an elongated hollow electrode disposed within said 

housing and de?ning an ion collector; 
at least one electron emissive ?lament disposed within 

the interior of said hollow electrode, said electrode 
being maintained at a potential which is negative with 
respect to said ?lament to focus the electron emitted 
by said ?lament along the axis of elongation of said 
electrode to form an axially focussed electron stream; 

at least two pellets of getter material disposed in, and 
symmetrical with respect to axis of, said electron 
stream; 

means for independently connecting each ‘of said pellets 
to a source of potential which is positive with respect 
to said ?lament to serve as an anode, said stream of 
electrons sublimating the pellet serving as anode by 
electron bombardment and ionizing the gas molecules 
within said housing for driving said ionized gas to 
the walls of said housing and ion collector where the 
gas is collected and buried by the sublimate getter 
material; and , 

means for sequentially connecting another pellet to 
said source of potential when the pellet serving as 
anode is exhausted. 

112. A getter-ion vacuum pump comprising: 
a housing from which gas is to be removed; 
a hollow cylindrical electrode disposed within said hous 

ing and de?ning an ion collector, the point of inter 
section of the axis of said cylindrical electrode with 
the plane of one of its end faces de?ning a reference 
point; 

at least one powered electron emissive ?lament dis 
posed within the interior of said cylindrical electrode, 
said electrode being maintained at a potential which 
is negative with respect to said ?lament to focus the 
emitted electrode along the axis of said cylindrical 
electrode to form an axially focussed electron 
stream; 

at least two pellets of getter material disposed within 
a spherical space centered at said reference point and 
having a radius equal to the radius of said cylindrical 
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electrode and arranged symmetrically with respect to 
axis of said electron stream; 

means for independently connecting each of said pellets 
to a source of potential which is positive with respect 
to said ?lament to serve as an anode, said stream 
of electrons sublimating the pellet serving as anode 
by electron bombardment and ionizing the gas 
molecules within said housing for driving said 
ionized gas to the wall of said housing and ion col 
lector where the gas is collected and buried by the 
sublimate getter material; and 

means for sequentially connecting another pellet to said 
source of potential when the pellet serving as anode 
is exhausted. 

13. A getter-ion vacuum pump comprising: 
an enclosure de?ning an interior space having inter 

ior walls and including a port for connecting said 
interior space to a device to be pumped; 

a hollow elongated electrode disposed within said in 
terior space and maintained at a reference potential 
for collecting ions and for focussing electrons; 

an electron emitting ?lament substantially centrally 
disposed within said electrode and maintained at a 
potential which is positive with respect to said ref 
erence potential to serve as a cathode, said ?lament 
potential being selected for focussing of the emitted 
electrons by said electrode into an electron stream; 
and 

at ‘least one pellet of a getter material, for forming a 
sublimate for deposit upon said interior walls and 
the walls of said electrode, disposed within the fo 
cussed electron stream, said pellet being maintained 
at a potential which is positive with respect to said 
?lament to serve as anode and to be sublimed by 
the emitted electrons by bombardment. 

14. A getter-ion vacuum pump comprising: 
an enclosure de?ning an interior space and including 

a port for connecting said interior space to a de 
vice to be pumped; 

a hollow right cylindrical electrode disposed within 
said interior space and maintained at a reference 
potential to collect ions and to focus electrons, the 
point of intersection of the axis of said electrode 
with the plane of one end face de?ning a reference 
point; i 

an electron emitting ?lament substantially centrally 
disposed within the interior of said cylindrical elec 
trode and maintained at a potential which is posi 
tive with respect to said reference potential to serve 
as a cathode, the ?lament potential being selected 
for optimum focussing of the electrons emitted from 
said ?lament by said electrode; and 

at least one pellet of a getter material for forming a 
sublimate for deposit upon the walls of said interior 
space and cylindrical electrode, said pellet being 
disposed within a spherical space centered at said 
reference point and having a radius equal to the 
radius of said cylindrical electrode, said pellet being 
connectible to a potential which is positive with re 
spect to said ?lament to serve as sublimation tar 
get for the electrons emitted by said ?lament and 
focussed by said cylindrical electrode. 
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