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The present invention relates generally to certain types
of ion pumps useful also as ion sources, and more par-
ticularly to such a device which employs a maltiple elec-
tron beam of high electron density for more efficient
1on production. |

Certain classes of gaseous discharge devices, e.g., high
intensity PIG discharge devices, are generally useful as
both ion pumps and ion sources. Such devices have been

well known for several years past in the field of nuclear

physics and have found considerable usage in connection
with various particle accelerators and the like. In general
these discharge devices consist of a cylindrically shaped
evacuated chamber provided with electrodes at either end
of the axis of the cylinder, one of which electrodes pro-
vides a source of electrons. A magnetic field parallel to
the axis of the cylinder causes emitted electrons to move
in helical paths centered around a group of magnetic
lines of force. The electrons are reflected as they ap-
proach an electrode and travel back and forth many times
along their helical paths as a refluxing electron beam be-
fore they finally strike one of the surfaces and are ab-
sorbed. These numerous reflections of the electrons and
their helical paths increase the probabilities of collisions
between the electrons and residual gas molecules within
the evacuated chamber, many fold over a single straight
passage of each electron from one electrode to the other.
‘The aforesaid collisions effect ionization of the gas mole-
cules by knocking electrons therefrom with an attendant
production of ions and additional electrons. The ions
thus formed may be removed from the device for recon-
version to neutral gas and subsequent removal of the
neutrals as by means of a forepump to produce an ionic
pumping action. Alternatively, the ions may be directly
injected into ion utilization apparatus such as a particle
accelerator.

Presently available gaseous discharge devices of the
foregoing type, useful both as ion pumps and sources,
have .not heretofore been satisfactory from the stand-
point of reducing vacuums to sufficiently low levels or in
providing the required ion densities for use in certain ion
utilizing machines. The concentration of moving elec-

trons in the electron beam of these gaseous discharge

devices produce ions in definite quantities related directly
to the pressure of the residual gas in the evacuated en-
velope. Thus as the residual gas pressure is reduced
there are fewer gas molecules available for bombardment
to form ions. A point is eventually reached where gas
leakage into the evacuated envelope equals the gas re-
moved. Hence, the ion production rate is.limited by such
condition and a fixed minimum pressure is established.
The present invention, by the provision of a plurality
of electron beams in the space previously occupied by
one, greatly increases the probability of collisions occur-
ring between electrons and residual gas molecules and
materially increases the ion production rate. As a result,
the minimum pressure attained is relatively lower than
that -produced by a conventional single beam device, and
the density of ions available for extraction is greatly im-
proved. The invention further provides a diaphraem
through which the ions are impelled, and which serves as
a definite barrier between the evacuated low pressure vol-
ume and a higher pressure exhaust region of forevac di-
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mensions. The definite removal of gas molecules from
the space where a high degree of evacuation is required
1s thus greatly improved. ~ -
Therefore, it is an object of the present invention to
provide an improved gaseous discharge device useful both
as an ion pump and ion source. = |
Another object of the present invention is to provide

~a gaseous discharge device having a greater average den-

sity of electrons in the ionizing beam.

- Still another object of the present invention is to pro-

duce increased numbers of ions in a residual gas at a

given pressure, compared to the number of ions produced
pumps and ion

sources. N | |

A further object of the present invention is to provide
improved means for the removal of ions from a easeous
discharged device following their formation.

An important object of the invention is the provision
of a multiple electron beam for the ionization of eas and
production of ions at increased production rates.

Other objects and advantages of the present invention
will be made obvious to those skilled in the art by the
following description when considered in relation to the
accompanying drawing, of which: S

FIGURE 1 is a longitudinal sectional view of the pres-
ent mvention embodied as an ion pump and taken on a
plane through the axis;

FIGURE 2 is a perspective view of the cathode shield
structure of the ion pump as viewed from plane 2—2 of
FIGURE 2;

FIGURE 3 is a perspective view of the filament mesh
electrode of the present pump as viewed from plane 3—3
of FIGURE 1;

FIGURE 4 is a perspective view of the ion trapping
grid of the ion pump as viewed from plane 4—4 of FIG-
URE 1; - | |
- FIGURE 5 is a perspective view depicting the novel
multiple beam forming anode of the ion pump as viewed
from plane 5—S5 of FIGURE 1; and | |

FIGURE 6 is a perspective view of a broken-out portion
of the beam forming anode of FIGURE 5. |

Constdering now the preferred structure embodying the
present invention as illustrated in the drawing, and re-
ferring particularly to FIGURE 1, item 11 denotes an ion
pump in accordance with the present invention including
a vacuum tank 12 preferably of cylindrical form and con-
structed of magnetically pervious material also suitable for
high vacuum service, such as non-magnetic stainless steel.
One end of tank 12 is closed by transverse plate 13 her-
metically sealed thereto. Closure plate 13 may be fabri-
cated from similar material as the tank 12, stainless steel

for instance.
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The other end of vacuum tank 12 is adapted for vac-
uum sealed commumnicable connection to a space 14 en-
closed by vessel 15 which is to be evacuated to a desired
extremely low pressure. Vessel 15, for example, may
constitute various charged particle acceleration or other
apparatus. To accomplish such connection, the end of
tank 12 is preferably provided with a vacuum flange for
connection to a conformed flange of the vessel 15. A
perforated support member 16 is rigidly secured trans-
versely within the end of the tank for interiorly mount-
ing various elements of the pump as subsequently de-
scribed. ‘The low pressure atmosphere produced within
the space 14 as by means of a conventional pump coupled
to a pumping port 17 of vessel 15 hence freely communi-
cates with the interior of tank 12 through the perforations
of support member 16. Ionic pumping action in accord-
ance with the present invention as occurs in tank 12 as

subsequently described, hence operates to reduce further

the pressure of the space 14 to extremely high vacuum
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dimensions, for example, of the order of 10—10 mm. of-

mercury, which ulira low pressures cannot be attained
by means of the unbaffied conventional pump coupled to
port 17 alone.

The interior volume within tank 12 is effectively parti-
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tioned into a pumping region 18 in communication with

vessel 15 and an exhaust region 19 by means of a-irans-
verse accelerated ion pervious division member Z1 co-
axially secured within the tank relatively near to end
plate 13. More particularly, division member 21 pref-
erably comprises a metaliic ring 22 transversely secured
within tank 12 as by pressure sealed attachment between
a pair of external flanges 23, 24 provided at the tank
for this purpose. Within metallic ring 22 there is secured
an annular insulating member 26, having an internal

10

annular metallic flange 27 secured to the face of the .

insulating member adjacent exhaust region 19. The con-
nections between the insulating member and ring 22 and
flange 27 are accomplished by any one of various comn-
ventional metal to insulator sealing methods.
mounting ring 28 is secured in pressure sealed relation to
the face of flange 27 as by means of flange bolis 29 and
an annular sealing element 31 interposed therebetween.
A cup-shaped diaphragm 32 is in turn retained in closing
relation within the center opening of mountiing ring 28
preferably by means of a retaining ring 33, the rim por-
tion of the diaphragm being firmly held between the re-
taining ring and mounting ring. Diaphragm 32 is per-
vious to accelerated ions while being impervious {o gas
molecules. To facilitate the foregoing, diaphragm 32 is
preferably fabricated from 4o mil aluminum foil and has
a prepared central region 34 of a thin film of aluminum
oxide (Al;O;) of no more than three thousand angstrom
units thickness. The thin film of aluminum oxide is pene-
trable by ions accelerated by from 25,000 to 50,000 volts
potential. |

Within the pumping region 18 of vacuum tank 12,
there is provided am electron emissive cathode 35 which

is preferably provided as a hollow cylinder 36 having a

heater filament 37 mounted therein proximate the end
face thereof. Cathode 35 is coaxially secured to per-
forated support member 16 and lead-in conductors (not
shown) may be connected to hiament 37 to facilitate the
supply of electrical current thercthrough in the conven-
tional manner. Upon energization of the filament heat-
ing of cathode cylinder 36 takes place by electron bom-
bardment, the filament being about 1600 volts lower in
potential. Electrons are thermionically emitted from
cylinder 36 1n copious quantities from the end face there-
of into region 18. |

- Also mounted within pumping region I8 of the tank
12 1n spaced coaxial relationship to the cathode 35 is a
multiple electron beam forming assembly 38 in accord-
ance with the salient aspects of the invention for forming
the electrons emitted from the cathode into a plurality
of longitudinally extending beams. Such multiple beams
provide a means for ionizing gas within the pumping
region 18 at ionization rates heretofore unrealizable.

The multiple electron beam forming assembly 38 pref-
erably comprises a cathode shield electrode 39 (see FIG-
URE 2), a filament mesh electrode 41 (see FIGURE 3),
an ion trapping anode electrode 42 (see. FIGURE 4),
multiple beam anode structure 43 (see FIGURE 5), a
second 1on trapping anode 44 substantially identical to
anode 42, and an electron reflector grid 46, all arranged
in consecutive coaxially spaced series.

The cathode shield 39 as shown in FIGURE 2 is best
provided as a metallic circular disc with a plurality of
uniformly distributed holes 47 drilled therethrough.
Shield 39 is additionally provided with radially projecting
mounting tabs 48 to facilitate mounting of the shield co-
axially proximate the face of cathode cylinder 36 in a
manner which is subsequently described. Holes 47 are
drilled in a pattern uniformly covering the entire disc
although only a portion are shown in the figure. Elec-

A metaliic

4
trons emitted from the cathode 35 when filament 37 is
heated in passing through the holes 47 of the cathode
shield 39 emerge therefrom as a plurality of uniformly
distributed separate electron streams. FElectrons which
do not pass through the holes 47 are generally refiected
to the emitter surface of the cathode but those not re-
flected are absorbed. |

The filament mesh 41 which is the next axially spaced
element following the cathode shield 39 is best provided
as shown in FIGURE 3 as a metallic cup with holes 49
drilled through its transverse face in registry with the
holes 47 of cathode shield 38. Wire mesh 51 is secured
to the surface of filament mesh electrode 41 as at points
52 by welding or other suitable means. In addition,

‘mounting tabs 53 extend radially cutward from the rim

of electrode 41 at the end opening thereoi. 'The cup

- configuration of the filament mesh electrode 41 facilitates
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proper spacing of same from the cathode shield 39%.
When mounted as subsequently described, the holes 49
are drilled the same size and in the same pattern as holes

47 and registry is obtained therebetween when mounting

tabs 53 are aligned with tabs 48 of cathode shield 39.
The wire mesh 51 is provided for the purpose of pro-
ducing electrons when heated and therefore one or more
loops of the filament may be located over each of the
holes 4% and may be constituted of a material such as
thoriated tungsten for instance. Since the holes 49 anc
the loops of filament 5% over them line up axially with
the holes 47 of the cathode shield 39, the electrons emerg-
ing from holes 47 tend to pass through holes 49 aind
will impinge on the loops of filament mesh §% causing
these loops to heat and become separate emitters to estab-
lish a multiplied quantity of electrons in the streams
thereof emerging from the holes 49.

The ion trapping anode 42 as shown in FIGURE 4
is preferably formed as a cup having a substantially
identical comfiguration as filament mesh electrode 41.
The transverse face of ion trapping anode 42 is drilled
with holes 54, of the same size and pattern as the
aligned holes of cathode shield 39 and filamment mesh
electrode 41. The holes 54, moreover, have the proper

~ orientation with respect to mounting lugs 56 projecting

radially from the rim of anode 42 that when these lugs
are axially aligned with the tabs 53 of filament mesh
electrode 41, the holes 54 are in registry with holes 49.
The purpose of this anode is to introduce an electrical
field at such a point in the pumping region 18 that ions
formed as later described will not reach the filament

"mesh 41, the cathode shield 39 or the cathode 34, but

will be impelled to move in the other direction.
The multiple beam anode structure 43 as illustrated

in detail in FIGURE 5 is framed by two end plates 57
and 58 which are preferably circular and both of which

have holes 5%, 61 of the same size and pattern as the
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holes of the other electrodes of the assembly 38 and in
registry therewith. These two end plates §7, 58 are
secured to each other in spaced coaxial alignment and
with holes 59, 61 aligned by longitudinally extending
circumferentially spaced tie rods 62 rigidly attached
to the plates near their peripheries. A plurality of lon-
situdinally extending wires 63 of a material such as
tungsten are provided between the end plates 57, 58 in
circumscribing relation to each set of the aligned holes
59, 61 respectively extending therethrough. The wires
63 thus define a plurality of communicating cells or
beam defining tubes 64 (see FIGURE 6) which are
effective in providing a multiple electron beam, 1.e., 2
beam formed of a plurality of separate communicating

~ beams, in the region between plates 57, 58. As regards

70
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~more particularly the structural details of the beam de-

fining tubes 64 and wires 63 forming same, a plurality
of small holes 66 are preferably provided through end
plates 57, 58 in circumferentially spaced relation about

cach of the holes 5%, 61 as best shown in FIGURE 6.

‘A length of wire may then be threaded alternately back
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and forth through circumferentially successive ones of
the holes 66 in end plates 57, 58. After threading the
length of wire through a hole 66 to form the last wire
63 of a particular tube 64, the length of wire may then
be threaded through the nearest one of the holes 66
circumscribing an adjacent one of the beam defining
hoies 59, 61 to start the formation of an adjacent tube
64. It has been found in practice that at least five
wires 63 are required to suitably define each tube 64.
To facilitate mounting of the muliiple beam anode
structure 43 in the multiple beam forming assembly 38,
radially projecting mounting tabs 67 are secured to
each of the rods 62 near the opposite ends thereof.
The mounting tabs 67 when aligned with the mounting
tabs of the other components of assembly 38, position
the beam defining tubes 64 in a position of registry with
the holes through the various electrodes 39, 41, 42.

The second ion trapping anode 44 of previous men-
tion which 1s similar in comstruction tc ion trapping
anode 42 and is accordingly preferably formed as a cup
is coaxially spaced from end plate 58 with its face distal
with reference to the end plate. The plurality of holes
68 through the face of the anode 44 are axially aligned
with the holes 61 of end plate 58 when the mounting
tabs 6% of the ion trapping anode 44 are aligned with
the tabs 67 of beam forming anode structure 43. The
function of this ion trapping anode 44 is to aid in re-
moving ions from the multiple beam anode structure 43
where they are formed and to aid in transmiiting them
info an accelerator as subsequently described in detail.

Following the ion trapping anode 44 in axially spaced
alignment is the previously mentioned electron reflector
grid 46 which 1s preferably comprised of a mounting
ring 71 and a metal wire grid mesh 72 transversely
secured therein and having at least 909% free area.
Tabs 73 extending radially outward from ring 71 facili-
tate mounting of the grid in the assembly 38. This
grid when appropriately biased serves to refiect the elec-
trons of the multiple beams of electrons emerging from
the plurality of holes 68 in the ion trapping anode 44
back through such holes and the beam defining cells
tormed by the axially aligned holes of the other elec-
trodes of assembly 38 to filament mesh 41 whereat the
electrons are again similarly reflected. The electrons
are thus reflected back and forth or reflexed from the
electron reflector grid 46 and the filament mesh 41 in
each of the individual tubes 64. A uniform magnetic
field parallel to the axis of tank 12 and the axes of
tubes 64 1s provided by means of axially spaced sole-
noids 74 concentrically disposed about the tank. The
strength of this magnetic field may be 4000 gauss for
Instance, but may vary considerably from this amount
to meet specific conditions. The presence of the mag-
netic field causes the electrons as reflected back and
forth to follow rather tight spiral paths and in this way
establishes an electron beam in each of the cells of the
multiple beam anode structure 43.

Mounted mechanically as part of the multiple elec-
tron beam forming assembly 38 and following the elec-
iron reflector grid 46 is a cylindrical electrode 76 which
in operation is a part of an ion accelertor assembly 77
disposed between assembly 38 and division member 21,
which ion accelerator assembly is subsequently de-
scribed in detail. The electrode 76 like the other ele-
ments structurally included in assembly 38 is provided
with a plurality of radially extending mounting tabs 78
to facilifate mounting in the assembly.

Considering now preferred structure for mounting the
various components hercinbeiore described in the mulii-
ple beam forming assembly 38, axial tie rods 79 are
inserted through the respective sets of registering mount-
1ng tabs of the cathode shield electrode 39, filament mesh
clectrode 41, ion trapping anocde elecircde 42, and
preximal tabs 67 of multiple beam anode siructure 43
while axial tie rods £1 are similarly inserted through the
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respective distal tabs of multiple beam anode structure
43, and registering sets of tabs of second ion trapping
anode 44, electron reilector grid 46, and electrode 76.
Tie rods 79 and 81 extend also through insulating spacers
82 disposed between each of the above-noted components
of the assembly 38 to maintain same in the spaced coaxial
relation described hereinbefore. e tie rods 79 are
secured at one end to the proximal set of tabs 67 of the
multiple beam anode structure 43 and at the other end
to axially projecting brackets 83 which are spaced from
the cathode shield electrode 39 by insulaiing spacers 84.
The brackets 83 are attached to stand-off insulators 86
which are rigidly fastened to perforated support member
16 of tank 32, The tie rods 81 are similarly secured at
one end to the distal set of tabs &7 of the multiple beam
anode structure 43 and at the other end to elongated
axially projecting brackets 87 which are secured to respec-
tive ones of the stand-off insulators 36. Compression
springs 88 are best employed in the attachment of the
brackets 87 to the tie rods 81 in order to allow for vary-
ing amounts of expansion and contraction of the various
elements of the multipie beam forming assembly 38 dur-
ing operation. | |

ihe ion accelerator assembly 77 which functionally
but not structurally includes electrode 74 cemprises a
plurality of cylindrical ring electrodes 89 which are sub-
stantially similar to eclectrode 76 and respectively pro-
vided with radially projecting mounting tabs 81. The
electrodes 85 are mounted in coaxially spaced relation by
means of insulating spacers 2 disposed between the tabs
91 of axially successive ones of the electrodes. The
assembly 77 is held in position at one end by an oui-
wardly projecting annular flange 93 which is. integrally
formed as part of the last one of electrodes 89 and which
tor example may mount in a conformed recess $9 pPro-
vided in the face of insulating member 26 of the division
member 21 adjacent pumping region 18. The entire as-
sembly 77 is held in compression by springs 94 secured
between brackets 87 and the structurally first one of the
electrodes 89, thus providing for expansion and contrac-
tion of the various parts by differing amounts as the
temperature changes, e.g., as between periods of use and
idleness. | |

Electrical potentials as required for opération of the
ion pump 11 are applied to the various electrodes of the
multiple beam forming assembly 38 and ion accelerating
assembly 77 as through a corresponding plurality of ter-
minals 96 only three of which are shown in FIGURE 1
for purposes of illustration. These terminals are of a
construction which will withstand high vacuum and volt-
ages to be used, such for instance, as the metal-ceramic
Advac seal obtainable commercially. The terminals 96
are connected to suitable voltage supply means (not
shown) so as to maintain the cathode shield electrode 39
at substantially the same potential as cathode 38, the
filament mesh 41 at a relatively more positive potfential
than that of the cathode and cathode shicld, the ion
trapping anode 42 at a relatively more positive potential
than that of the filament mesh, the muitiple beam ancde
structure 43 at a slightly less positive potential than that
of the ion trapping anode and more positive than the fila-
ment mesh, the second ion trapping anode 44 at substan-
tially the same or a slightly lower potential than the first
ion trapping anode 42 for instance 50 volts lower, and
the reflector grid 46 at substantially the same potential
as that of the cathode and cathode shield or slightly more
negative than same. The electrodes 76, 8% of the ion
accelerating assembly 77 are similarly energized to main-
tain uniformly negatively increasing potentials thereon in
the direction of the division member 21i.

The specific values of the foregoing potentials when the
present invention is operated as an ion pump may vary
over a considerable range; however, the following set of
values is typical: The cathode 35 and cathode shield 39
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are maintained at zerc or ground potential, filament mesh
41 at 1000 volts, ion trapping anode 42 at 2100 volts
and the eleciron reflector grid 46 at zero volts or slightiy
negative, possibly — 100 volts, the ion accelerator elec-
trodes 76, 89 may operate at —10,000 volts, —20,000
volts, —30,000 volts, —40,000 volts and —50,000 voits
respectively in successive relationship.

As regards more particularly the exhaust region 1% of
previous mention which receives ions from the pumping

region 18 through the diaphragm 32 of partition member

21. it is to be noted that a collector plate 97 is disposed
within such exhaust region in coaxial spaced relation to
the diaphragm 32. The collector plate 97 is supported 1n
such relationship as by means of a support member 5%
which is attached to end plate 13 of tank 12. Ions which
penetrate the diaphragm 32 to enter exhaust region 1%
hence impinge upon the collector plate 97 and are neutral-
ized thereat to be converted to neutral gas molecules.
The gas pressure within the exhaust region due to the
neutral gas molecules is sufficient that the molecules may
be efficiently removed by a conventional roughing
vacuum pump. To facilitate this removal or exhaust of
the gas molecules, the end plate 13 is preferably centrally
apertured as at 99 and a commnunicating tube 101 18
hermetically attached thereto for ready connection to a
conventional pump (not shown) which need be capable
of pumping to relatively low vacuum dimensions of the
order of 1 10—% millimeters of mercury.

In summary, the overall operation of the device physi-
cally described hereinbefore is as follows. The space 14
enclosed by vessel 15 and the communicating pumping
region 18 within the tank 12 of pump 11 is first evacuated
to approximately 10—7 millimeters of mercury by means
of an oil diffusion pump operatively connected to port 17
of the vessel. The filameni 37 is then energized to emit
electrons from the face of cathode 35 into the pumping
region 18 and operating bias is applied to the plurality of
terminals 96 to energize the multiple beam forming as-
sembly 38 and ion accelerating assembly 77 in the manner
hereinbefore described, while solenoids 74 are energized to
establish the uniform longitudinally extending magnetic
field within the tank 12. A portion of the electrons
emitted from .the cathode are attracted through the holes
in the cathode shield electrode 39 towards the more posi-

tively charged filament mesh electrode 41 and such elec-

trons bombard the wire mesh 51 disposed within the
holes 49 thereof in axial registry with the holes of the
cathode shield electrode. The wire mesh upon being
heated by the bombarding electrons emiis electrons in
copious gquantities. The electrons released by each in-
dividual loop of the filament mesh electrode 41 are in
turn attracted longitudinally through the correspondingly
alisned one of the holes of ion trapping anode 42 and
into the respective axially aligned beam defining cells 64
~of the multiple beam forming anode 43. The electrons
pass through such cells and in turn the registering holes
of the second ion trapping ancde 44 to reach the electron
‘reflecting grid 46. By virtue of the negatively increasing
electric field provided in the direction of the reflecting
arid 46, the electrons are repelled therefrom back through

the holes of the second ion trapping anode 44, cells of the .

multiple beam forming anode 43, holes of the first ion
~ trapping anode 42, to the filament mesh electrode 41. The

negatively increasing field in the direction of the cathode

electrode 3¢ as ecstablished between the filament mesh
electrode 41 and such cathode electrode is effective in
reflecting the electrons therefrom. The travel of the elec-
trons from the filament mesh electrode 41 to the reflecting
orid 46 and return is, moreover, constrained by the uni-
form longitudinal magnetic field within the tank 12 which
causes the electrons to travel in tight spiral paths through
the individual tubes formed by the axially aligned holes
and cells of the multiple beam forming assembly 38. The
magnetic field and electron accelerating electric field

1

through the multiple beam forming assembly act as a con-
verging lens tending to focus the reflexing beams in the
individual tubes to separate concentrated pencils. It will
be appreciated that it is this same focusing action it con-
ventional single beam discharge devices which limits the
maximum atiainable effective cross-sectional area trav-
ersed by the beam. The present invention, however, by
providing a plurality of transversely distributed tubes,

~ provides for the formation of a separate electron beam in
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cach tube with the spiral paths of the electrons being small
enough in diameter to remain within individual ones of
such tubes. This arrangement hence effectively spreads
the beam over the entire area covered by all of the tubes.

The refluxing electrons in the multiple beam forming
assembly, particularly the beam forming anode 43 there-
of, hence bombard the remaining residual molecules with-
in the pumping region 18 and those continuously randoms-
ly entering same from the vessel 15 over a materially
oreater active ionizing area than heretofore possible. The
number of gas molecules which are bombarded and ion-
ized in a given period of time is hence similarly increased
as well as the number of electrons available for loniza-
tion. The ions formed upon collisions between the elec~
trons and gas molecules within the individual tubes are in
turn attracted through the electron reflector grid 46 in the
direction of the ion accelerator assembly 77 by virtue of
the negatively increasing field established in such direction.
The jons are prevented from being attracted toward the
cathode 34 by means of the slightly positively increasing
field established between the beam forming ancde 43 and
first ion trapping anode 42.

Upon entering the ion accelerator assembly 77 the nega-
tively increasing potential therein accelerates the positive
jons therethrough towards the partition member 21 and
such ions are constrained by the magnetic field to form a
central axial beam. The accelerated ion beam strikes
the thin film central region 34 of the diaphragm 32 of
division member 21 and peneirates same to enter the
exhaust region 1% of vacuum tank 12. Subsequent 10
entry into the exhaust region 19, the lons impinge upon
collector plate 97 and are neutralized to be reformed into
neutral gas molecules. The relatively large proportion of
oas molecules produced within the exhaust regton are then
removed through outlet tube 161 as by means of an opera-
tively connected conventional vacuum pump (not shown)
to produce an overall pumping action in the pumping
region 18 and vessel 15 to be evacuated. Moreover, such
pumping action in accordance with the ion pump 1i of

the present invention establishes extremely high vacuum

dimensions of the order of 1010 millimeters of mercury
or lower within the vessel 15 at pumping speeds estimated
to be as high as 10? liters per second. | |

It will be appreciated that in initially reducing the
pressure in pumping region 18 through the pumping port
17 of vessel 15, care is taken to reduce the pressure in
exhaust region 19 through tube 101 in approximately the
same amount, since the central region 34 of diaphragm 32
is very thin and will not withstand great pressure differ-
ences on the two sides. From the initial start at atmos-
pheric pressure, the pressure reduction in the two cham-
bers may best be accomplished by connecting the outlets

17 and 101 to the same pump and pumping both spaces

 simultaneously. When the pressure in both regions 18

65
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and 19 has been reduced to about 1X10—° millimeters of

mercury the two outlets should be transferred to separate

pumps and space 21 together with space 14 further evacu-
ated separately to about 10—7 millimeters of mercury prior
to the start of operation of the ion pump.

In general the operation of the device herein described
as an ion source follows closely the description of the ion
pump operation. In order to operate the device as a
source, it is only necessary to remove the end plate 13 and
diaphragm 32 from the tank 12 and the entire tank 12 1s
removed from the vessel 15 and hermetically attached to
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a source of desirable ionizable gas. The now open end
of the tank 12 may then be attached in vacuum sealed rela-
tion to an accelerator or other ion utilizing apparatus.
In this event vacuum is maintained in tank 12 through the
vacuum system of the apparatus for which ions are to be
provided. Ions as generated in the multiple beam form-
ing assembly 38 and accelerated in the ion accelerator 77
are thus accelerated directly into the apparatus where
they are to be used.

Although the present invention has been disclosed in a
single preferred embodiment it will be evident to those
skilled in the art that many variations are possible within
the spirit of the invention. Therefore it is not intended
to limit the invention except as defined by the following
claims.

What 1s claimed is:

1. A gaseous discharge device comprising a vacuum
tank enclosing a low pressure region, means carried by
said tank for generating a uniform magnetic field axially
thereof, electron emitter means disposed within said tank
for introducing electrons thereto, a multiple electron beam
forming assembly disposed cecaxially within said tank and
receiving the electrons from said electron emitter means,
said assembly coacting with said magnetic field to form
said electrons into a plurality of transversely communi-
cating separatelv defined reflexing electron beams extend-
ing longitudinally of the tank, said electron beams ionizing
gaseous molecules within the tank to form ions and ad-
ditional electrons, and means disposed within said tank
for withdrawing ions from the region of the reflexing elec-
tron beams.

2. A gaseous discharge device as defined by claim 1,
further defined by neutralizing means disposed within
said tank in receiving relation to the ions withdrawn from
the reflexing electron multiple beam region to neuiralize
the ions whereby said ions may be pumped from the tank
in the form of neutral gas molecules.

3. An ion pump comprising an evacuated housing hav-
ing an inlet for admitting gaseous molecules thereto, means
carried by the housing for producing an axially parallel
magnetic field therethrough, an electron gun coaxially
mounted in an end of said housing to produce an electron
flux, a multiple electron beam forming assembly mounted
in adjacent coaxially spaced relationshin with said elec-
tron gun, said beam forming assembly having means for
multiplying the electrons impinging thereon from said
electron gun and forming the resulting multiplicity of elec-
trons 1nto a plurality of axially parallel transversely com-
municating refluxing electron beams, said electron beams
producing ions from gas molecules within said housing,
an 1on accelerator coaxially spaced from said multiple
electron beam forming assembly and having means for
accelerating said ions axially through said housing, a trans-
verse diaphragm hermetically secured within said hous-
ing following said ion accelerator and pervious to the ac-
celerated ions therefrom so that said accelerated ions
penetrate therethrough, an ion receiver disposed coaxially
adjacent said diaphragm on the distal side thereof rela-
tive to said ion accelerator for receiving the penetrating
ions and converting same to gas molecules, and means
communicating with said housing in the region of said ion
receiver for removing said gas molecules from said hous-
ing. -

4. An ion source comprising a vacuum tank enclosing
a low pressure region, said tank having an inlet at one
end for admitting 1onizable gas to the low pressure region
and an axial i1on egress opening at the other end, means
carried by said tank for producing a uniform longitudinally
extending magnetic field therethrough, an electron source
disposed at the inlet end of said tank for directing elec-
trons thereinto, a multiple electron beam forming as-
sembly disposed coaxially within said housing following
sald electron source and receiving the electrons there-
from, said multiple beam forming assembly coacting with

said magnetic field to form said electrons into a plurality
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of axially parallel transversely communicating reflexing
electron beams, said electron beams ionizing gas within
said housing to form ions and additional electrons, and
ion accelerating means disposed coaxially within said
vacuum tank between said multiple beam forming as-
sembly and said ion egress opening to accelerate said ions
therethrough. -

5. A multiple beam gaseous discharge device compris-
ing a vacuum tank enclosing a low pressure region and
having means for admitting gas theretc, magnet means
carried by said tank for generating a uniform longitudinal
magnetic field therethrough, a source of electrons dis-
posed at one end of said tank, a filament mesh electrode
coaxially spaced from said source transverse to said mag-
netic field and having a plurality of axial holes there-
through with filamentary thermionic emissive mesh cover-
Ing same, means directing electrons from said source
through the holes of said filament mesh electrode, said
electrons thereby impinging upon the thermionic emis-
sive miesh and effecting emission of a multipled quantity
of electrons therefrom through said holes, a multiple beam
anode coaxially disposed within said tank following said
filament mesh electrode and having a plurality of axially
parallel transversely communicating beam defining tubes
in respective registry with the holes of said filament mesh
electrode, a grid coaxially disposed within said tank fol-
lowing said multiple beam forming anode, means for
establishing an electric field within said tank negatively
increasing axially on opposite sides of said multiple beam
forming anode in the directions of said filament mesh
electrode and said grid respectively, an jon accelera-
tor coaxially disposed within said tank following said grid
for establishing a negatively increasing ion accelerating
field axially away from said grid, and means for dis-
charging ions from the tank.

6. A multiple beam gaseous discharge device as defined
by claim 5, further defined by said means for discharging
lons having an element receiving and neutralizing said ions
whereby said ions may be pumped from said tank in gas-
eous form. |

7. A multiple beam gaseous discharge device as de-
fined by claim 5 but wherein said multiple beam anode
comprises a pair of end plates secured in coaxially spaced
relation and respectively having pluralities of holes in
axial registry with the holes of said filament mesh elec-
trode, and a plurality of longitudinally extending wires
secured between said end plates and circumferentially
spaced about each set of registering holes thereof to thereby
form said beam defining tubes. | -

3. A multiple beam ion pump comprising a vacoum
tank, said tank having an accelerated ion pervious parti-
tion dividing the tank into a pumping region and an ex-
haust region hermetically sealed from each other, said
tank having inlet means communicating with said pump-
ing region for admitting gas thereto from a region to be
evacuated and outlet means communicating with said ex-
haust region for exhausting gas therefrom, magnet means
carried by said tank for generating a uniform magnetic
field extending longitudinally therethrough, a source of
electrons disposed within said pumping region at the distal
end thereof relative to said partition, a filament mesh elec-
trode coaxially spaced from said scurce and having a
plurality of axial holes covered by thermionic emissive
mesh, means directing electrons from said source through
the holes of said filament mesh electrode, a multiple beam
anode coaxially disposed within said pumping region fol-
lowing said filament mesh electrode and havine a plu-
rality of axially parallel transversely communicating beam
defining tubes in respective registry with the holes of said
filament mesh electrode, a grid coaxially disposed within
said tank following said multiple beam forming anode.
means for establishing an axial electric field within said
pumping region negatively increasing in opposite direc-
tions from said anode to said filament mesh electrode and
to said grid respectively, an ion accelerator coaxially dis-




3,022,933

il

posed within said pumping region between said grid and

said partition for establishing an axial negatively increas-
ing ion accelerating field in the direction of the partition, -

and an ion receiver disposed within said exhaust region In
coaxially spaced relation to said partition for neutralizing

 ions and thereby forming neutral gas molecules.

9. A multiple beam ion pump as defined by claim 8,
further defined by said multiple beam anode comprising
a pair of end plates mounted in coaxially spaced relation
and respectively having pluralities of holes in axial reg-
~istry with the holes of said filament mesh electrode, and
a plurality of longitudinally extending wires secured be-
tween said end plates and circumferentially spaced about
each set of regisiering holes thereof to thereby form said
beam defining tubes. |

10. A multiple beam gaseous discharge device compris-
ing a vacuum tank enclosing a low pressure region and
having an inlet for admitting gas thereto, magnet means
carried by said tank for generating a uniform magnetic
field extending longitudinally thersthrough, an electron
emissive cathode disposed at one end of said tank in co-
axial relation to said magnetic field, a cathode shield elec-
trode having a plurality of uniformly transversely dis-
tributed holes therethrough and coaxially spaced from
said cathode, a filament mesh electrode coaxially spaced
from said cathode shield electrode and having a plurality
of holes covered by thermionic emissive mesh in axial
registry with the holes of said cathode shield electrode,
an ion trapping anode coaxially spaced from said filament
mesh electrode and having a plurality of holes in axial
registry with the holes of the filament mesh electrode, a
pair of beam forming anode plates mounted in coaxially
spaced realtion with the first plate following said 1on trap-

ping anode, said plates respectively having holes in axial

registry with the holes of the ion trapping anode, a piu-
rality of longitudinally extending wires secured between
said plates and circumferentially spaced about each set

of registering holes thereof, a second ion trapping anode

coaxially following the second beam forming anode plate
and having a plurality of hcles in axial registry with the
holes of said plate, a grid disposed in coaxially spaced
relation from said second ion trapping anode, a plurality
of coaxially spaced apart ion accelerating electrodes fol-
Jowing said grid, means for applying operating potential
to said cathode, cathode shield electrode, filament mesh
electrode, ion trapping anodes, beam {orming anode
plates, grid, and ion accelerating electrodes to maintain
the cathode, cathode shield electrode and grid at the same
potential, the filament mesh electrode at a more positive
potential than said cathode, cathode shield electrode and
orid, the ion trapping anodes at a more positive potential
than the filament mesh electrode, the beam forming anode
plates at a potential intermediate the potentials of said
filament mesh electrode and ion trapping anodes, and the
ion accelerating electrodes at progressively negatively in-
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ials relative to the potential of said grid,

creasing poten

‘and means for receiving ions from said ion accelerating

electrodes and discharging same from said tank.

11, A muitiple beam ion pump comprising a vacuum
tank, an accelerated ion pervious diaphragm hermetically
mounted transversely within said tank and partitioning

‘same into a pumping region and an exhaust region pres-

sure sealed therefrom, inlet means communicating with
said pumping region for admiiting gas thereto from a
region to be evacuated, outlet méans communicating with
said exhaust region for discharging gas therefrom, mag-
net means carried by said tank for generating a umform

‘magnetic field extending longitudinally therethrough, an

electron emissive cathode disposed at the distal end of
said pumping region relative to said diaphragm in co-
axial relation to said magnetic field, a cathode shield elec-
trode having a plurality of uniformly transversely dis-
tributed holes therethrough and coaxially spaced {rom
said cathode in said pumping region, a filament mesh elec-
irode coaxially spaced from said cathode shield electrode
and having a plurality of holes covered by thermionic
emissive mesh in axial registry with the holes of said cath-
ode shield electrode, an ion trapping anode coaxially
spaced from said filament mesh electrode and having a
plurality of holes in axial registry with the holes of the
filament mesh electrode, a pair of beam forming anode
end plates mounted in coaxially spaced relation with the
first plate following said ion trapping anode, said plates
respectively having holes in axial registry with the holes
of the ion trapping anode, a plurality of longitudinally
extending wires secured between said plates and circum-
ferentially spaced about each set of registering holes
thereof, a second ion trapping anode coaxially following
the second beam forming anode plate and having a plu-
rality of holes in axial registry with the holes of said plate,
an electron reflector grid disposed in coaxially spaced re-
lation from said second ion trapping anode, a plurality of

coaxially spaced apart ion accelerating electrodes dis-
posed between said grid and said diaphragm, potential

supply means for maintaining said cathode, cathode shieid
electrode and grid at the same potential, said filament
mesh electrode at a more positive potential than said cath-
ode, cathode shield electrode, and grid, said ion frapping
anodes at a more positive potential than the filament mesh
electrode, said beam forming anode plates at a potential

- intermediate the potentials of said filament mesh elec-

trode and ion trapping anodes, and the ion accelerating

electrodes at progressively negatively increasing potentials
relative to the potential of said grid, and an ion receiver
disposed within said exhaust region and coaxially spaced
from said diaphragm to neutralize ions and thereby form
neutral gas molecules.

No references cited.
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