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The present invention relates to the jonization and
transport of molecules and/or charged particles in an
evacuated system.

Devices employing the principle of ionizing gas mol-
ecules and transporting the ions so formed have a variety
of diversified applications which are well known within
the art. In ionic vacuum pumps, for instance, pumping
action is provided by ionizing molecules of a gas to be
evacuated and transporting the ions to an outlet region
where they are neutralized thereby building up a gas pres-
sure due to the accumulation of gas molecules therein.
Evacuation means effective in this exit region then ex-
haust these molecules to the atmosphere, nearly all mol-
ecules of the gas to be evacuated being eventually ex-
hausted in this manner. Conventional ionic vacuum
pumps generally have an ionization chamber including 2
thermionic cathode to provide a source of electrons and
an anode electrode for attracting electrons emitted by the
cathode. Gas molecules appearing in the ionization
chamber are ionized by impact of the electrons therewith

as the electrons move from the cathode to the anode. 3

The ionized molecules are attracted toward the cathode
and tend to accumulate in the region therecf where they
are neutralized, thereby building up a gas pressure at this
point of the system sufficient to permit their removal by
a mechanical vacuum pump.

One serious disadvantage with an ionic pump of the
type described above is that the electrons traverse the
gas-discharge path in the ionization chamber only once
in their movement from cathode to anode. As a result
there is a substantial number of electrons that do not
strike gas molecules and, therefore do not contribute to
the desired pumping action. Recent developments in
ionic pumping techniques, however, have provided means
for overcoming the foregoing limitation and consequently
raising pumping speeds to a practical level. ‘A particular
device which advantageously incorporates many such re-
cent developments has been disclosed in a copending ap-
plication of Ernest O. Lawrence et al., Serial No, 333,928,
filed January 29, 1953, which issued as U. S. Patent No.
2,726,805 on December 13, 1955. The latter device in
general comprises means for establishing a magnetically
collimated oscillating electron discharge between nega-
tively charged electrodes and means for admitting gas to
the center of the discharge whereby the gas is ionized to
produce an arc plasma having a voltage gradient between
the center and the ends thereof. The ionized gas thus
travels in the arc plasma to the ends thereof, where it is
neutralized at the electrodes and limiter or constriction
tubes disposed about the arc adjacent each end electrode
force gas diffusing back toward the inlet to pass through
the arc where it is re-ionized and redelivered to the elec-
trodes. The high electron current in the arc plasma is a
very good ionizing agent in that nearly all of the electrons
therein strike gas molecules so that large volumes of gas
are ionized and, in addition, the -arc plasma provides a
unidirectiorial longitudinal path for ionized particles away
from the arc center so that gas is removed theréfrom and
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delivered to the ends of the arc to produce a pumping
action. Due to the relatively large degree of ionization
effected in the above device as compared to that in previ-
ously related devices, far superior pumping speeds are
achieved than had been theretofore realized. The refer-
enced device overcomes many existing practical limita-
tions and possesses advantages over prior art devices:
However, such improved device is not easily adapted to
continuous operation, since the life of the cathode is lim-
ited and must be frequently replaced.

The present invention provides a superior ionic pump:=
ing device capable of relatively continuous highly efficient
operation. 'The ion pump of the present invention comi-
prises means for establishing a radio frequency field
within a substantially toroidal shaped low pressure en-
velope to excite free electrons normally occurring therein
and thus establishing an oscillating electron discharge,
magnetic field means collimating the electron discharge
within the envelope, inlet means for admitting gas to the
electron discharge whereby same is ionized to produce
an arc plasma having voltage gradients symmetrically
disposed along the electron discharge in the envelope
bilaterally from the gas inlet, and gas outlet means dis-
posed at a point in the envelope corresponding to a point
along the arc plasma voltage gradient bearing opposite
symmetry to the point of gas inlet. The arc plasma
voltage gradient between the inlet and outlet means in
either direction around the toroidal shaped envelope is
therefore equal, thus the arc plasma provides a bifurcated
path for ionized particles away from the inlet means to
the outlet means where they may be neutralized and ex-
hausted. Consequently, gas is removed from the inlet
means and is delivered to the outlet means to preduce a
pumping action. Therefore, the present invention utilizes
to great advantage the principle wherein free electrons
existing in normal atmosphere excited by a radio fre-
quency field to establish an electron discharge are effec-
tive in ionizing ‘the admitted gas and fo establish the
necessary voltage gradient in the resultant plasma. The
present invention, then, eliminates the thermionic cathode
and hence overcomes the aforementioned limitations as-
sociated therewith as well as obtains other advantages.
~ Variously, the device of the present invention is useful
for the ionization and transport of molecules and/or
charged particles in a low pressure system. It is espe-
cially useful as an improved ionic vacuum pump capable
of relatively long uninterrupted pericds of very efficient
operation, as an jon source device having utility as a
sonrce of charged particles for use in various instruments,
and as a recycling means for exhausting and reinjecting
gaseous materials in sundry particle acceleration devices.

Accordingly, it is 'an cbject of the present invention to
provide improved methods and means of ionizing and
transporting molecules and/or charged particles in a

> ‘low pressure system.

Tt is another object of the invention to provide radic
frequency means for jonizing a gas and transporting
saine as ions in a low pressure system.

A very important object of the present invention is to
provide improved means for pumping gas utilizing a radio
frequency field established in an axially symmetric mag-
netic field to ionize the gas and move same as ions to a
remote point where the gas is neutralized and exhausted.

Tt is another object of the present invention to provide
an improved ionic vacuum pump capable of long un-
interrupted pericds of operation.

It is still another object of the present invention to
provide a radio frequency jon pump having -a high
pumping speed and capable of attaining a very high
vacuum,

It is yet another object of the present invention. to
provide a radic frequency ion pump having means for
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3
limiting return gas flow to the low pressure inlet region.

It is an important object of the present invention to
provide a source of ions and electrons.

It is a further object of the present invention to pro-
vidé means for reionizing and reinjecting particles into
various and sundry particle acceleration devices.

The invention, both as to its organization and method
of operation, together with further objects and advantages
thereof, will be better understood by reference to the fol-
lowing specification taken in conjunction with the ac-
companying drawings, of which:

Figure 1 is a plan view of the ion pump of the present
invention;

Figure 2 is a horizontal cross sectional view of the
device taken along the plane 2—2 of Fig. 3;

Figure 3 is an elevational view partially in section
taken along the line 3—3 of Fig. 1 and illustrating details
of the intake and exhaust portions of the ion pump, as
adapted to yield the exhausted gas in a molecular form;

Figure 4 is a vertical cross sectional view of exhaust
portions of the ion pump as adapted to yield the ex-
hausted gas in the form of accelerated ions, taken in
similar relation to Fig. 1 as is Fig. 3; and

Figure 5 is a partial horizontal view, with portions
broken away, illustrating a superior arrangement of ex-
haust portions of the ion pump of Fig, 1.

Briefly, the device of the invention with reference to the
accompanying drawings may be seen to include a low
pressure envelope having intake and exhaust regions
joined by a bifurcated path. Gas which enters the intake
region is ionized by radio frequency means forming an
arc plasma along the said bifurcated path and magnetic
collimating field means are employed to delineate the
arc plasma into the axial region therein, whereby the
ionized gas is transported from said intake to the ex-
haust portion of the envelope. Thereafter, the exhausted
gas may be discharged in either a neutral £aseous or in an
accelerated ionic form by modifications in the exhaust
structure employed.

More explicitly, an evacuated envelope structure 11
of a preferred embodiment of the device of the invention
is constructed, as shown in various figures of the drawing,
with parallel linear tubular sections 12, 13 joined ter-
minally by arcuate tubular sections 14, 16. The material
of construction may be any magnetically pervious non-
conductor which: is suitable for vacuum service, e, g.,
boro-silicate glass or glazed ceramic. In order to facili-
tate construction and assembly as well as to accommo-
date intake region structure, one or more flanged open-
ings are provided in the linear envelope section 12. These
preferably take the form of flanged side arms 17 and 18
(see Fig. 3), which are axially aligned and project up-
wardly and downwardly, respectively, from the mid
length region of the linear section 12. The intake region
includes the space enclosed by the side arms 17 and 18
as well as the intervening space of the bore of envelope
section 12.

Similarly, the exhaust or discharge region of the en-
velope 11 is constructed by providing flanged side arms
19 and 21 (see Fig. 3), axially aligned and projecting
upwardly and downwardly, respectively, from the mid
length region of linear envelope section 13. When so
constructed the envelope 11 possesses bilateral symmetry
about a transverse vertical plane which bisects either the
linear or arcuate envelope sections. Moreover, there
exists a first path from the intake region through the
first half of linear section 12, arcuate section 14 and a
half of section 13, connecting with the discharge region
which is similar to a second path which includes the
second half of section 12, arcuate envelope section 16 and
the remaining half of section 13; i. e., a bifurcated path
joins the intake and exhaust regions of the envelope.

Closure of the outwardly projecting intake side arms
17 and 18 and exhaust side arms 19 and 21 is effected
by attaching coverplates 22, 23 and 24, 26, respectively,
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thereto as by means of flange bolts 27 or other suitable
clamping means. Such coverplates may be of either
metallic, vitreous or ceramic material and conventional
gasketing or sealing means (not shown) may be employed
therewith to assure an adequate vacuum seal. Cover-
plate 22 or, preferably, coverplate 23, is perforated and
adapted for attachment of a vacuum conduit 28 which
is coupled with a gas source, e. g., a system to be evacu-
ated. However, high pumping speeds and a more com-
pact arrangement can often be obtained by dispensing
with the coverplate 23 and attaching the side arm 18
directly to suitable flanged fittings provided in the vessel
to be evacuated. Pumping speeds may be further in-
creased for some applications by dispensing with the
flanged intake side arms 17, 18 and incorporating the
system 1o be evacuated as integral intake structure of the
pump.

The oscillating electric field which is required to ionize
the gas in envelope 11, by the excitation of stray electrons
therein, may be applied by electrodes formed of a goed
conductor such as copper and disposed along said bilur-
cated path. More particularly, there is employed at lcast
one loop electrode 29 (sec Fig. 2) which is disposed
adjacent the wall surfaces within the bore of cnvelope 11
and is collinear with said bifurcated path. The electrode
29 is made discontinuous in the intake region of the
envelope whereby terminals are provided for the attach-
ment of paired lead-in conductors 31 (see Figs. 1 and 3)
which are vertically disposed in side arm 17 and lead
exteriorly through insulated feed-through bushing vacuum
seals 32 provided in coverplate 22 to terminate thereat
in conventional connector terminals in the manner indi-
cated in Fig. 3. In the event that more than one elzc-
trode 29 is emiployed, the additional clectrodes are dis-
posed in equidistant radially spaced relation and the ends
are joined as by radial strap connectors 33 to form either
a paralleled circuit, as shown in various figures of the
drawings, or a transposed circuit. The electrodes 29 may
be supported either by fused attachment to the bore walls
of envelope 11 or by annular insulator spacers (not
shown) radially disposed therein.

Evergy supplied by a radio frequency oscillator 34
(see Fig. 1) is coupled by means of paired conductors 36
to the terminals of the bushings 32 whereby the electrodes
29 are energized. In operation the electrodes 29 consti-
tute a resonant circuit having characteristics determined
by the distributed inductance, capacitance and resistance
thereof, as well as certain elecirical characteristics of the
ionized gaseous discharge established. The electrode
characteristics may be fortuitously chosen to provide the
proper operating frequency. However, a capacitor 37
shunted across either the oscillator 34 terminals or the
terminals of bushings 32 may be employed to adjust the
resonant frequency to the proper value. It will be appre-
ciated that maximum efficiency will be obtained when the
resonant frequency of the load of electrodes 29 and the

‘gaseous discharge is equivalent to that of oscillator 34.

The magnetic collimating field which is required to
restrict ionized gaseous particles produced within the
envelope 11, as described in more detail hereinafter, to
the central axial region of the envelope, is applied by a
generally continuous solenoid 38 disposed coaxially with
respect to the longitudinal axis of said envelope such
that a substantially axially symmetric magnetic field is
established longitudinally therethrough. More particu.
larly, such solenoid 38 is provided as at least one con-
tinuous conductor 39 wound in the form of a helix co-
axial with the longitudinal axis of the envelope 11 and
disposed in equidistant radially spaced relation with re-
spect to the periphery thereof. The longitudinal spacing
between adjacent turns of the helix is made generally
constant except in the intake and exhaust regions of the
envelope where such spacing may be ‘advantageously in-
creased for purposes of providing relatively less intense
magnetic field portions within such regions. The helix
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is insulated and secured to the periphery of the envelope
by any one. of well known conventional methods; e. g.,
wrapping each turn of the helix with magnetically pervi-
ous electrical insulating tape and then applying and secur-
ing the conductor to form =z helix structure about the
periphery of the envelope, or, preferably, laminating the
helix with an appropriate electrical insulating material
such as fiber glass and establishing a bond between such
insulated helix and the envelope with a saitable thermo-
setting plastic material, such as epoxy resin.

The conductor 39 of solenoid 38 is made discontinuous
in the intake region of envelope 11 for the provision of
electrical ‘connector terminals to permit energization of
solencid 38 by a suitable source of external power. The
ends of the conductor are conventionally attached, as by
soldering, to insulated connector terminal lugs 41 which
lead exteriorly through the insulating material encom-
passing the helically wound conductor. It is to be appre-
ciated that in crder for the magnetic ficld in the intake
region to be continuous, the terminal ends of conductor
39 must be oriented such that each is the termination of
& different one of diametrically opposed portions of ad-
jacent turns of the helix (e. g, if one terminal end is the
ermination of an Upper turn portion, the other terminal
end must be the termination of a lower turn portion).
The solencid 38 is then suifably energized by coupling a
conventional D. C. power supply 42 to the terminals of
said connector lugs 41, by means of paired conductors 43.

Gas which is transported from the intake region to the
discharge or outlet region of the ion pump as described
mcre fully hersinafter, can be exhausted or extracted
rein the pump outlet region in either a normal gas ot
icnized gaseous form. For purposes of describing the
outlet region structure it suffices to state that the gas
molecules being exhaunsted will enter the outlet region
situated between side arms 19 and 21, from the envelope
1i, 0 an icnized form (i e., as a plasma) wherein the
individoal particles are directed along helical paths cen-
tered abcut magnetic Jines of force established by the
solencid 38, i ¢, with the ion paths having an axis which
is generaily parallel tc the longitudinal axis of said
envelope.

In the event that it is desired to discharge the exhaust
gas in the ordinary gaseous form (e. g., when the device
is used as a vacuum pump) means for electrically neutral-
izing the ionized gaseous exhaunst material is provided in
the outlet region, whereby the -ionized material is con-
verted to the ordinary gaseous form and is thenceforth
exhausted by auxiliary vacuum pump means (not shown).
Preferred structure for accomplishing this purpose is illus-

o

o

~—t

trated in Figs. 1, 2, and 3 of the drawings. As illustrated
therein, the coverplate 28 of side arm 21 is adapted to
receive a vacuum conduit 44 connected to a conventional

vacuum pump (not shown) which is capable of estab-
lishing a vacuum of forevac or “roughing” vacuum . di-
mensicns,

An electrically conducting collector electrode 46 is dis-
posed in the outlet region of envelope 11 (i. e., the space
enclosed by side arms 19, 21 as well as the intervening
space of the bere of envelope section 13) transverse with
the longitudiral axis of the envelope. FElectrode 46 is
formed as a rectangular block or plate of metal hav-
ing one side dimension substantially equal to the di-
ameter, and the other side dimension substantially equal
to the corabined overall length, respectively, of side arms
i% and 21 so as to partition the outer region of envelope
11 into two equal portions. Such electrode is supported
by rigid insulated attachment to coverplate 24. T¥nsu-
lated slots 47 (see Fig. 3) are employed to permit
traversal of electrode 46 by radio frequency loop elec-
trodes 28,

A central citcular bore 48 is provided in electrode
46 coaxial with the longitudinal axis of the bore of
enveiope 11. The diameter of bore 48 is made slightly
1ess than the -diameter of the arc plasma emerging from
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‘the bore of envelope 11. Consequently, the outer an-
nular portion of the plasma traversing the envelope bore
is intercepted by the collector electrode 46, the remain-
ing portions of the plasma traversing bore 48 uninter-
rupted. Since collector electrode 46 is thus subjected
to intensive ion bombardment, a material such as tung-
sten, stainless steel, etc,, which is resistant to erosion
under these conditions is implied in the construction
thereof. ‘

For the purpose of the invention, electrode 46 is
grounded or may be allowed to “float” electrically, or
maintained at a negative potential with respect to the
arc plasma with no substantial difference in operating

‘efficiency. For purposes of establishing a ground or nega-

tive potential, a conductor (not shown) may be led in
through one of said outlet side arms.” .As the plasma im-
pinges upon the electrode 44 the ions thereof undergo
recombination reactions with elecirons vyielding neutral
molecules which diffuse into the side arm 21 #and are
xhausted by the mechanical vacuum pump of previous
mention, thereby providing an overall means of obtaining
a very high vacuur at the intake regicn of the ion pump.
For some purposes it is desirable to discharge the ex-
haust gas, entsring the outlet region of envelope 1%, in
the ionized gaszous form (e. g., when the device is used
as an ion source or as a recycling means) in which case
conventional ion extracting means are provided in said
outlet Tegion whereby the ionized material is exhausted
directly. It is to be appreciated that many complex struc-
tures may be provided for accomplishing this purpose
depending on the requirements posed by a particular de-
vice utilizing the ionified particles so derived. For pur-
posss of description, howsever, the simplified ion extract-
ing structure illusirated in Fig. 4 of the drawings should
suffice. As iliustrated therein, the side arm 21 is adapted
for extracting ionized gaseous particles, from the outlet
region of the envelope 11, by providing a suitable array
of ion accelerating electrodes within said side arm. More
explicitly, two" generally cylindrical tubular accelerating
electrodes 49 and 5% are disposed in spaced relationship
circimjacent the interior walls of the side arm 21 and
coaxial with the longitudinal axis thereof. The inner
end 52 of the first electrode 49 is advantageously con-
formed to the plasma volume as by removing a portion
which intersect the cylindrical volume of envelope 11
as such electrode 49 projects into the interior portions of
the envelope 13, which disposed between the outlet
The electrcdes 49 and 51 are

are
side arms 1% and 23.
fabricated from a good electrical conducting material
(e. g., copper) and are supported either by fused attach-
ment to the interior walls of said side arm 21 or by an-
nular insulator spacers (not shown) radially disposed
therein.

For purposes of applying operating potential to elec-
trodes 4% and 5%, radially disposed lead-in conductors
53 are attached to the electrodes in a conventional man-
ner, as by soldering, and are led exteriorly through in-
sulated feed-through bushing vacuom seals 54 provided
in the walls of the side arm 21 to terminate thereat in
conventional terminals in the manner indicated in Fig.
4. A conventional high potential D. C. power supply
56 is then coupled to the terminals of said bushings 54,
by means of paired conductors 57, the positive terminal
of said power supply being so connected to the proximal
electrode 49 and io ground, and the negative terminal
thereof to the distal electrode 51. As an alternate mode
of connection producing no appreciable difference in op-
erating efficiency, the positive terminal of the power sup-
ply 56 may be grounded and the negative terminal con-
nected to the distal electrode 51 while the proximal elec-
trode 49 is allowed to “float” electrically. The axially
symmetric electrostatic field established by either of the
above modes of connection is then negatively increas-
ing along the longitudinal axis of the side arm 21 in a
direction away from the interior of the envelope 11 such
that positively charged ionized particles existing in the
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arc plasma are extracted and accelerated through hte
side arm 21.

In order to provide an unobstructed path for ionized
particles accelerated through the side arm 21, the cover-
plate 24 heretofore terminally secured thereto is elimi-
nated. The flanged extremity of said side arm 21 then
provides an advantageous means for direct attachment
to suitable flanged fittings provided at the source end of
any desired particle accelerator or other apparatus such
that icnized particles may be directly injected thereinto.

The efficiency of the ionization process occurring
within the envelope 11 is increased by providing means
therein to insure that randomly moving neutral gas mole-
cules, formed from ionized particles by various recom-
bination processes described more fully hereinafter, cross
the longitudinal axis of said envelope at least once, and
in so doing are re-ionized. Preferred structure for ac-
complishing this purpose is illustrated in Fig. 5 of the
drawings. As illustrated therein, the envelope 11 is modi-
fied to include several bore constrictions having diameters
approximating the diameter of the plasma which traverses
the bore of said envelope and disposed within said bore
in symmetrical spaced relationship with the mid point
region of the linear tubular section 13 of the envelope 11.

In order to facilitate construction and assembly of said
bore constrictions, a pair of like linear tubular sections
58 each provided with outwardly flanged end faces $9
engaging the bore walls of the envelope 11 and having
bores effecting the desired construction, may be ap-
propriately disposed within the linear tubular section 13.
The tubular sections 58 may be supported in a vacuum
tight manner as by fused attachment of flanged end faces
59 to the engaged bore walls of the envelope or by other
conventional mechanical means. Since these elements
are subjected to ion bombardment and it is desirable
that recombination processes will not occur thereat, a
material such as ceramic or plastic, which is electrically
nonconducting and resistant to erosion under these condi-
tions is implied in the construction thereof. Since the
flanged end faces 59 are traversed by said electrode 29,
such end faces are provided with insulated pressure sealed
slots 61 to accommodate said electrodes.

Considering now in particular detail the means by
which gas entering the inlet region of the device of the
present invention is ionized and transported to the ex-
haust region thereof, the device is first appropriately
energized and connected to a source of gas as herein-
before described by means of the conduit 28 communicat-
ing with the interior of said side arm 18 of the evacuated
envelope 11. The oscillating electric field established
axially through the bore of the envelope 11 causes natural-
ly occurring stray electrons therein to oscillate spirally
and travel axially therethrough. The oscillating electrons
so provided are restricted to the central axial region of
the bore of the envelope 11 due to the collimating action
-of the strong magnetic field established axially there-
through. Gas molecules supplied by said gas source,
diffuse by random motion into the intake region enclosed
by the side arms 17 and 18 as well as the intervening
space of the bore of the envelope 11, said molecules will
at some time, however, randomly traverse the paths of
oscillating electrons whereby it is highly probable that
these molecules will be ionized by collision, i. e., in gen-
eral, a posittve ion and an additional electron are formed
from each molecule. As more gas molecules are ionized,
the ionization process becomes cumulative and an arc
discharge is established axially through the bore of the
envelope. Ions, as well as electrons, being both electrical-
1y charged, are consequently responsive to the oscillating
electric field and magnetic field, and therefore the arc
discharge is restricted to the central axial region of the
bore of envelope 11 forming a constrained plasma.

Inherently, essentially all of the region occupied by an
arc discharge or plasma of the character involved herein
is essentially equipotential or force-free, being occupied
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-gaseous form.

by ionized gaseous particles having as many positive as
negative charges closely constituting a space charge
neutralized plasma. Such plasma acts virtually as a con-

tinuous conducting gaseous element, of constant resistance

per unit length, having positive and negative particle

currents (i. e., currents due to the migration of electrical-

ly charged particles) passing therethrough. The positive
and negative particle currents are each constant in mag-
nitude along the entire length of the plasma and thus as
many positive ions or electrons enter one side of a sec-
tion of plasma as leave by the other. It is this charac-
teristic of a plasma that is utilized to effect the transport
of jonized gas from the intake to the exhaust portion
of the envelope 11.

The plasma of the arc discharge established within the
envelope 11 traverses the central axial region of the bore
through said envelope and communicates with the intake
region, enclosed by the side arms 17 and 18, and exhaust
region, enclosed by the side arms 19 and 21. Positively
charged ions are extracted from the plasma in said ex-
haust region by means disposed therein adapted to dis-
charge gas in either the ordinary gaseous or ionized
gaseous forms, as described more fully hereinafter. Since
ions leave the plasma in this exhaust region, an equal
number of ions are produced and enter the plasma at the
inlet region to maintain a constant ion current flow
through said plasma. Because of the bilateral symmetry
of the envelope 11 with respect to the inlet and outlet
regions, the space charge potential distribution of the
plasma assumes a similar symmetry, indicating a bi-
furcated particle current path between the intake and ex-
haust regions of said envelope. Consequently, gas enter-
ing the intake region is continuously ionized and trans-
ported in an ionized gaseous form along the bifurcated
plasma path through the envelope 11 to the exhaust region
thereof.

In the event it is desired to utilize the device of the
present invention as an ionic vacuum pump, the exhaust
structure indicated in Fig. 3 of the drawings and herein-
before described is incorporated in the outlet region en-
closed by the side arms 19 and 21, as well as the interven-
ing space of the bore of envelope 11. The collector elec-
trode 46 disposed within the outlet region and project-
ing into the interior portions of the envelope 11 inter-
cepts a portion of the plasma traversing the envelope
bore, the remaining portion of the plasma traversing the
central axial bore 48 of said electrode such that no ap-
preciable discontinuity is effected in the plasma. The
collector electrode 46, being at an electrically neutral,
ground, or negative potential, constitutes an electrically
atiractive element with regard to both the positive ions
and electrons which comprise the ionized gaseous mate-
rial of the plasma. Relatively few electrons, however,
are attracted to the extent that they impinge upon said
electrode since electrons traverse the plasma path at rela-
tively high velocities and are generally confined to the
most central regions of said plasma by the magnetic
collimating field. Positive ions, on the other hand, are
relatively slow moving and occupy the peripheral regions
of the plasma such that they are strongly attracted to the
collector electrode 46 and impinge thereon. The imping-
ing ions undergo recombination reactions with electrons
of the collector material yielding neutral gas molecules,
the majority of which diffuse into the side arm 21. The
accumulation of gas molecules in the exhaust region es-
tablishes a pressure therein of proportions comparable
to standard forevac dimensions whereby said gas mole-
cules may be removed through the vacuum conduit 44 by
a conventional vacuum pump. An overall pumping ac-
tion is consequently achieved by the ion pump since gas
entering the inlet region thereof from an external gas
source (e. g., a vessel to be evacuated) is ionized and
transported in ionized gaseous form to the exhaust region
of the pump where the gas is discharged in the ordinary
Jon gauges, and other equivalent means
for determining vacuum pressures, which may be advan-

LY
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tageously disposed on the coverplates 22 and 24 of the
envelope side arms 17 and 19, respectively, indicate an
inlet pressure of below about 10—5 mm. of mercury and
an exhaust pressure of above about 103 mm. of mercury
for the foregoing ion pump structure constructed from
conventional components and materials.

The exhaust structure depicted in Fig. 4 of the drawings
may be incorporated in the side arm 21 -of the envelope
1% to discharge gas in the ionized gaseous form; e. g.,
when the device of the present invention is utilized as an
ion source unit or recycling means for sundry particle
acceleration devices. It will be noted that positive ions in
the plasma traversing the intervening space of the bore of
envelope 11 enclosed by the sidearms 19 and 21 expe-
rience a strong attractive field applied by the accelerating
electrodes 49 and 51 disposed within said side arm 21.
The field in effect extends from the plasma axially through
the side arm 21, the periphery of the plasma coinciding
roughly with the contoured end face 52 of said electrode
49. Furthermore, the field is linearly increasing in nega-
tive magnitude in a direction away from the plasma. Posi-
tive ions are thus stripped from the plasma by the strong
attractive force of the field and are accelerated through
the side arm 21 and ejected through the open flanged end
face thereof which is easily attached to a low pressure
system of any device appropriately adapted to utilize
such ions. Ioms stripped from the plasma are continu-
ously replenished by ionization of gas diffusing into the
inlet region of the envelope 11 from a gas source coin-
municating therewith whereupon the ionized particles so
formed are transported to the exhaust region by the means
hereinbefore described. In the event the foregoing ion
source unit is utilized as a recycling device, the gas en-
tering the inlet region of envelope 11 is supplied from the
low pressure system of the device receiving ions from the
exhaust region of said envelope. For use as an ion
source, gas such as hydrogen or deuterium, etc., is intro-
duced into the inlet region.

With respect to neutral gas molecules existing within
the bore of the envelope 11 other than in the inlet and
exhausi regions thereof, it is to be noted that such mole-
cules are undesirable since they lower the efficiency of
the device by flawing back towards the inlet region of
the envelope, i. e., in a direction opposing normal gas
flow. Such molecules may be variously formed by sun-
dry recombination processes occurring within said enve-
lope. For example, molecules associated with the out-
gassing of the internal elements of the device may be
formed but are reduced to such a low order after a short
period of operation as to be considered negligible. Mol-
ecules formed within the arc plasma as a result of electron-
ion attachment are also considered negligible since this is
normally a rare event in gaseous discharges of the density
employed in the present invention. Molecules formed by
ions falling out of the arc and becoming neutralized by
striking the R. F. electrodes 29 are greatly minimized by
the axial maguetic collimating field which restricts radial
ion travel. Molecules formed by recombination processes
with the materials of the various exhaust structures which
may be employed within the exhaust region of the enve-
lope 11, randomly diffuse through the envelope bore as
well as advantageously into the side arm 21. It is the
molecules formed by the latter named process that con-
stitute the majority of all molecules existing within the
envelope bore, although their existence is greatly mini-
mized by the arcuate structure of envelope 11 whereby
the paths of molecules rebounding off the walls thereof
very probably pass through the plasma path such that a
large percentage of said molecules are ré-ionized and re-
delivered to the exhaust region of the envelope. Further
minimization of the molecules flowing in a direction from
the exhaust region to the inlet region of the envelope, and
consequently an increase in efficiency of the device, may
be achieved through the utilization ‘of constriction tube
structures 58 as depicted by Fig. § of the drawings and
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hereinbefore ‘described. - Since said tubes have bores ap-
proximating the periphery of the plasma and are symmetri-
cally disposed within the bore of the envelope 11 about
the exhaust region thereof, molecules formed in the ex-
haust region and diffusing through said envelope bore to-
ward the inlet region must pass through said constriction
tube bores, and consequently the plasma, and are thus
re-ionized and redelivered to the exhaust region.

Considering now the operating frequency of the radio
frequency oscillator of the device of the invention, it will
be appreciated that optimum ionization by collision oc-
curs for particles colliding at maximum velocity as de-
termined by the frequency and intensity of the radio fre-
quency field. The frequency must be such that electrons
traverse the bore of envelope 11 for a distance of at
least one mean free path equivalent to the average dis-
tance a particle travels before having a collision, in a
time corresponding to a quarter cycle of field oscillation
or an odd multiple thereof. Such time corresponds to the
peaks of field potential which impart maximum electron
velocity. This optimum frequency corresponds to the
Larmor, or cyclotron frequency, of the electrons in the
plasma, a value which can be calculated from convention-
al formulas or determined very easily in operation by
merely varying the operating frequency while observing
the increase in ionization as indicated by light cutput from
the envelope and a Jlowering of pressure in the input
region.

With respect to the relatively wider spacing between
adjacent turns of the solenoid 38 in the inlet and outlet
regions of the envelope 11, it is to be noted that the mag-
netic field intensities established in these regions are cor-
respondingly of relatively low levels. The radial restrain-
ing force imparted by the magnetic field to particles with-
in the plasma traversing the bore of the envelope is con-
sequently reduced in the inlet and exhaust regions and
therefore the plasma expands radially outward therein.
A relatively large peripheral surface of plasma, serving
as an ionization layer, is consequently exposed to gas
molecules diffusing into the envelope bore through the
side arm 18. A much increased pumping speed is thus
provided, the pumping speed being proportional to the
rate at which the gas is ionized.. Similarly, a relatively
large plasma surface in the exhaust region permits a large
number of ionized particles to be collected by the collec-
tor electrode 46 without any appreciable interference
with the plasma continuity in the event the exhaust struc-
ture for discharging gas in the neutral gassous form is
utilized, or permits a large number of positive ions to be
extracted by the accelerating field applied by the exhaust
structure for discharging gas in the ionized gaseous form
thereby providing an increased ion extraction efficiency.

While the invention has been disclosed with respect to
a single preferred embodiment, it will be apparent to
those skilled in the art that numerous variations and
modifications may be made within the spirit and scope
of the invention and thus it is not intended to limit the
invention except as defined in the following claims.

What is claimed is:

1. A device for the ionization of molecules and sub-
sequent transport thercof in the form of ions comprising
an evacuated envelope including inlet and outiet regions,
means coupled to said envelope establishing a radio fre-
quency electric field longitudinally thereof to excite stray
electrons therein and establish an oscillatory electron dis-
charge between said inlet and outlet regions, means
communicating with said inlet region for admiiting gas to
said electron discharge, said gas being ionized therein to
establish a gaseous electrical discharge between said in-
let and outlet regions of said envelope, magneiic field
means coupled to said enevolpe for collimating said
gaseous discharge therein, and means disposed within said
outlet region for extracting ionized gaseous particles
from said gaseous electrical discharge.

2. A radio frequency ion source comprising an evac-
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uated envelope .including inlet and outlet regions, means
coupled to said envelope for establishing a radio fre-
quency electric field longitudinally thereof to excite stray
electrons - therein  and establish an oscillatory - electron
discharge between said inlet and outlet regions, means
communicating with said inlet region for admitting gas
to said electron discharge, said gas being ionized therein
to establish a gascous electrical discharge between said
inlet and outlet regions of said envelope, magnetic field
means coupled to said envelope for collimating said
gaseous discharge therein, and means disposed within
said outlet region for extracting ionized gaseous par-
ticles from said discharge and discharging said particles
in an accelerated ionic form.

3. A radio frequency ion pump comprising an evac-
uated envelope including inlet and outlet regions, means
coupled to said envelope establishing a radio frequency
electric field longitudinally thereof to excite stray elec-
trons therein and establish an oscillatory electron dis-
charge between said inlet and outlet regions, means
communicating with said inlet region for admiiting gas
to said electron discharge to establish an ionized gaseous
discharge between said inlet and outlet regions, mag-
netic field means coupled to said envelope for collimating
said gaseous discharge, an ion neutralizing element dis-
posed within said outlet region for converting ionized
gaseous particles from said gaseous discharge to a nor-
mal gaseous form, and exhaust pump means communicat-
ing with said outlet region for discharging the normal
gaseous material.

4. In a radio frequency ion pump the combination
comprising an evacuted generally toroidal envelope,
means coupled to said envelope establishing a radio fre-
quency electric fleld longitudinally thereof to excite
stray electrons therein and establish an oscillatory elec-
tron discharge circumscribing the interior thereof, inlet
means communicating with the interior of said envelope
admitting gas to said electron discharge, said gas being
thereby ionized to establish a gaseous elecirical dis.
charge circumscribing the interior of said envelope, mag-
netic field means coupled to said envelope restricting said
gaseous discharge to the central axial regions of said
envelope, and means communicating with the interior of
said envelope at a point of bilateral symmetry with re-
spect to said inlet means extracting ionized gaseous par-
ticles from said gasecous discharge.

5. The device as described in claim 4 wherein said
means establishing a radio frequency electric field in-
cludes at least one electrically conducting loop electrode
disposed in insulated adjacent relationship with the in-
ner wail surfaces of said envelope, and a radio frequency
oscillator coupled in energizing relationship to said elec-
trode.

6. The device as described in claim 4 wherein said
magnetic field means comprises a solenoid disposed in
insulated ielationship about the periphery of said envelope
and concentric with the longitudinal axis thereof, and a
direct current power source connected in energizing rela-
tionship to said solencid.

7. An jon source comprising an evacuated generally
toroidal envelope having inlet and outlet regions disposed

. therein at points of bilateral symmetry, means coupled to
said envelope establishing a radio frequency electric field
longitudinally thereof to excite stray electrons therein
and establish an oscillatory electron discharge longitu-
dinally therethrough, means communicating with said
inlet region admifting gas to said electron discharge, said
gas being ionized therein to provide a gaseous electrical
discharge longitudinally through said envelope, magnetic
field means coupled to said envelope restricting said elec-
trical discharge to the central axial region of said enve-
lope, and ionized particle accelerating means commu-
nicating with said outlet region extracting and accelerat-
ing ionized gaseous parficles from said electrical dis-
charge. . -
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8.- The device as described in claim 7 wherein said
means establishing a radio frequency field includes at
least -one. electrically conducting loop electrode disposed
in insulated adjacent relationship with the inner wall
surfaces of said envelope, and a radio frequency oscil-
lator coupled to said electrode. ]

9. The device as described in claim 7 wherein sa}d
magnetic field means comprises a solenocid disposed in
insulated relationship about the periphery of said enve-
Jope and concentric with the longitudinal axis thereo_f,
and a direct current power source connected to said
solenoid.

10. In an ionic pumping device adapted to produce
a very high vacuum, the combination comprising a gen-
erally -toroidal evacuated envelope having intake and
cxhaust regions disposed therein at points of bilateral
symraetry, said intake region being adapted for attach-
ment with a system to be evacuated, radio frequency
oscillator means coupled to said envelope establishing an
oscillatory electric field longitudinally of said envelope
to excite stray electrons therein and thereby produce
an oscillatory electron discharge longitudinally there-
through, said electron discharge ionizing gas entering
said intake region from said system fo produce a gaseous
electrical discharge longitudinally through said envelope,
magnetic field means coupled to said envelope to restrict
said gaseous discharge to the axial regicns of said envelope,
an ion neutralizing element disposed within said exhaust
region to convert jonized gaseous particles from said
gaseous discharge to meutral gas molecules, and vacuum
pump means communicating with said exhaust region for
discharging said gas molecules therefrom:.

11. The device as described in claim 10 wherein said
radio frequency oscillator means includes at least one
electrically conducting loop electrode disposed in insu-
lated adjacent relationship with the inncr wall surfaces of
said envelope, and a radio frequency oscillator coupled
to said electrode,

12. The device as described in claim 10 wherein said
magnetic field means comprises a solenoid disposed in
insulated relationship about the periphery of said envelope
and concentric ‘with the longitudinal axis thereof, and a
direct current power source connected to said solenoid.

13. A radio frequency ion pump comprising an evacu-
ated generally toroidal envelope having inlet and outlet
regions ‘therein, at least one electrically conducting loop
electrode disposed in insulated adjacent relationship with
the inner wall surfaces of said envelope and collinear
with the longitudinal axis thereof, radio frequency means
coupled to said electrodes to energize same with radio
frequency power, a direct current energized solenoid dis-
posed in insulated relationship about the periphery of
said envelope and concentric with the longitudinal axis
thereof, means attached to said inlet region to admit gas
to said-envelope whereby a collimated jonized gaseous
discharge is established longitudinally therethrough, and
means disposed within said outlet region to extract jonized
gaseous particles from said gaseous discharge.

14. A radio frequency ion source comprising an evacu-
ated- generally toroidal envelope having inlet and outlet
regions disposed therein at points of bilateral symmetry,
at least one electrically conducting loop electrode dis-
posed in insulated adjacent relationship with the inner
wall surfaces' of said envelope and collinear with the
longitudinal axis thereof, radio frequency means coupled
to said electrodes energizing same with radio frequency
power, a direct current energized solenoid disposed in
insulated relationship about the periphery of said envelope
and- concentric with the longitudinal axis thereof, means
attached to said inlet region to admit gas to said envelope
whereby a collimated ionized gaseous discharge is estab-
lished longitudinally therethrough, and ionized particle
accelerating means communicating with said outlet region
for extracting and accelerating ionized gaseous particles
from said gaseous discharge, o
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15. A radio frequency ion pump comprising an evacu-
ated generally toroidal envelope having inlet and outlet
regions disposed therein at points of bilateral symmetry,
at least one electrically conducting loop electrode dis-
posed in insulated adjacent relationship with the inner
wall surfaces of said envelope and collinear with the
longitudinal axis thereof, radio frequency means coupled
to said electrodes energizing same with radio frequency
power, a direct current energized solenoid disposed in
insulated relationship about the periphery of said envelope
and concentric with the longitudinal axis thereof, means
attached to said inlet region admitting gas to said envelope
whereby a collimated icnized gaseous discharge is estab-
lished longitudinally through said envelope, an ion neutral-
izing element disposed within said outlet region inter-
cepting said gaseous discharge to convert ionized gaseois
particles existing therein to neutral gas molecules, and
vacuum pump means communicating with said outlet
region for exhausting said gas molecules.

16. In an ion source device, the combination com-
prising a generally toroidal evacuated envelope formed of
two parallel linear tubular sections joined terminally by
two diametrically opposed arcuate tubular sections, each
of said linear sections having an outwardly projecting
tubular sidearm communicating with the mid length
interior thereof, at least onme loop electrode disposed
in insulated adjacent relationship with the inner wall
surfaces of said envelope and collinear with the longi-
tudinal axis thereof, radio frequency means coupled to
said electrodes energizing same with radio frequency
power, a direct current energized solenoid disposed in
insulated relationship about the periphery of said envelope
baving turns concentric with the longitudinal axis thereof,
said turns being more widely spaced in the regions of
said sidearms relative to turns uniformly spaced there-
between, a gas source terminally secured in pressure
sealed relationship to a first one of said side arms, and
an array of accelerating electrodes disposed within the
second of said side arms and energized to establish an
ionized particle accelerating electric field longitudinally
therethrough, said second side arm being adapted for
sealed attachment to a system in which accelerated ions
may be employed.

17. An ion source device as defined in claim 16 where-
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in said envelope is provided with a pair of like envelope
constrictions disposed in symmetrical spaced relationship
with the intersection of the longitudinal axis of said sec-
ond side arm and the longitudinal axis of said envelope.

18. In an improved radio frequency ionic pumping
device capable of evacuating a vessel to preduce a very
high vacuum therein, the combination comprising a gen-
erally toroidal evacuated envelope formed of two par-
allel linear tubular sections each having an outwardly
projecting tubular side arm communicating with the mid
ength interior thereof and joined terminally by two di-
ametrically opposed arcuate tubular sections, one of said
side arms being adapted for sealed attachment to said
vessel to be evacnated, at least one loop electrode dis-
posed in insulated adjacent relationship with the inner
wall surfaces of said envelope and collinear with the
longitudinal axis thereof, radio frequency means cou-
pled to said electrode energizing same with radio fre-
quency power, a direct current energized solenoid dis-
posed in insulated relationship about the periphery of
said envelope having turns concentric with the longitu-
dinal axis thereof, said turns being more widely spaced
in the regions of said side arms relative to turns uniform-
Iy spaced therebetween, an ion neutralizing element dis-
posed within the second one of said side arms transverse
with the longitudinal axis of said envelope and having a
central bore coaxial therewith, and vacuum pump means
communicating with said second side arm to exhaust neu-
tral gas molecules therefrom.

19. An improved ionic pumping device as defined in
claim 18 wherein said envelope is provided with a pair
of like envelope constrictions disposed along the longi-
tudinal axis of said envelope in symmetrical spaced rela-
tionship with said ion neutralizing element.
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