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‘This invention is a continuation-in-part of
application Serial No. 555,616, filed September
25, 1944, and relates to apparatus for separating
-jons of different mass from one another. More
particularly it relates to apparatus for separat-
ing metallic materials of very nearly equal atomic
mass by producing a relatively high velocity
beam of positive ions of the heavy metals or com-
pounds of the metals. For example it is de-
sirable to be able to separate the zinc isotope
64 from the other zinc isotopes 65, 66, 67, 68 and
70, or to separate the isotopes of heavy metals,
such as the isotopes U8 and U235,

In the ionic methods for separating the iso-
topes of metals such as zinc and particularly
heavy metals such as uranium, an extended
source of ions as distinguished from a slot source
used ordinarily in mass spectrometers, is essen-
tial for efficient large scale operation of the
isotope separator. Isolated isotopes of a num-
ber of metals including those above mentioned
are important to provide quantities of selected
isotope for research, medicinal or industrial
purposes such as radiography. The most effi~
cient method available for ionizing atoms is by
bombardment with electrons of suitable energy
and the literature is replete with ion sources
capable of supplying intense ion currents, espe-
cially protons, deuterons and alpha particles, by
bombarding gas atoms with a focused beam of
electrons. These prior art ion sources which
have been developed for the ionization of gases
such as hydrogen or helium are not particularly
well suited for the production of ions of metals
such as zinc and heavy metals such as urahimnn
primarily because the metal or its compound ex-
ists normally as a solid and must be heated to
a high temperature to evaporate the metal or
compound to obtain the vapor for electron bom-
bardment. Accordingly the ion generators uti-
lized in the ionic type of mass separating de-
vices must be provided with a furnace for gen-
erating the vapors of the various metals, or metal
compounds.

I have found it to he highly desirable to pro-
vide an ion source of the arc type and to utilize
as an anode of the arc discharge a hollow cup
shaped - furnace for containing the material
which is vaporized by the heat applied to the
furnace to generate vapors of the particular
metal desired. These vapors are allowed to
effuse through perforations formed in the wall
of said furnace anode into an arc region. The
provision of the furnace type ancde of my in-

vention has the further advantages in that the 5
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source of vapor is directly adjacent the source
of electrons to permit the use of a confined arc
plasma, furthermore by having the vapor source
adjacent the arc, heated conduits for distribut-
ing the vapor to the arc region are not required,
and the heat necessary for evaporating the metal
or its compounds may be localized.

It should be understood that I make no claim
broadly to the method of ionizing metals by first
vaporizing the metal in a furnace and then sub-
jecting the vapor discharge of said furnace to
bombardment of electrons, since it has been
customary in the prior art to employ this
method for obtaining charged particles of sample
materials for analysis by mass spectrometers. In
these prior art ion sources the vapor from the
boiler is introduced into an ionizing region de-
fined generally by a pair of insulated electrically
conductive plates, and is here subjected to bom-
bardment by electrons projected into the space
from an electron gun position at one side thereof
and consisting of an emitter and an electron ac-
celerator.

One of the plates defining the ionizing.region
is held at a potential negative to the potential of
the other plate and is provided with a longi-
tudinal slot for the escape therethrough of the
positive charged particles. The electrons and
negative ions are attracted to the positive plate
whereas the positive charged particles are forced
through the slot in the negative plate.

The problem of providing a supply of posi-
tive ions of the particular metal, for large scale
isotope separation, is not solved completely by
the production of the desired number of ions
within the arc region since the ions of the are
plasma must not he wasted but must be removed,
rather, from the -arc region and made to con-
tribute to the useful beam current. The two
most important factors which prevent the re-
covery of all the ions formed are the positive ion
space charge in the ionizing chamber and the
divergence of the ion beam caused by mutual
electrostatic interaction of the ions in the beam.
To counteract the positive ion space charge, I
set up a counteracting electric field between an
mmproved and novel accelerating electrode struc-
ture and the arc chamber. The accelerating elec-
trode structure of my invention also assists in
counteracting the natural divergence of the ion
beam.

Accordingly it is ah object of this invention to
provide an ion generator that will produce a
copious supply of positive ions suitable for use in
an electrical mass separating device wherein it
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is desirable to separate large quantities of the
isotopes of a particular element, such as zinc
or uranium.

It is also an object of this invention to provide
an ion generator of the arc type having a fur-
nace anode for enclosing a vaporizable material
containing the element of the ions that are de-
sired and an electron emissive cathode cooperat-
ing therewith to provide a copious supply of elec-
trons adjacent said furnace anode for bombard-
ing the vapor discharged from said furnace.

It is a further object of this invention to :pro-
vide an improved accelerator electrode for with-
drawing the positive charged ions from the arc
plasma whereby they may be made to contribute
to the useful beam current.

A still further object of this invention is ‘to
provide an ion source for an electrical mass sep-
arating device that may be maintained-at a high
positive potential with respect to its enclosing
structure by shielding the source lead in .con-
ductors from the enclosing structure of the mass
separating device.

Tt is another object of this invention to provide
an jon source in which an elongated-are is propa-
-gated along a magnetic field and channelized be~
hind and parallel to an .exit slit for the with-
drawal of the ions; the said channelization of the
are -providing a maximum ionization of the gase-
ous charge directly adjacent the exit slit whereby
a -greater withdrawal of ions is achieved with a
lesser expenditure of energy.

Other objects and many of the attendant ad-
vantages of my invention will be appreciated or

become hetter understcod by reference to the fol- -

lowing detailed description when taken with'the
accompanying sheets of drawing wherein:

Figure 1 is an elevational view in longitudinal
section of -the structural details of -one type of an
jon generator made in accordance with my inven-
tion, the section being taken on lines |—I of
Figure 2;

Figure 2 is an elevational side view of the struc-
ture shownin Figure 1;

Figure 3 is a cross-sectional view of the insulat-
ing seal 57 shown in Figure 1;

Figure 4 is an elevational view in longitudinal
section of g further and preferred embodiment of
the invention shown in Figure 1, the section being
taken on line 4—4 in Figure 5;

Figure 5 is an elevational end view of the struc-
ture shown in Figure 4;

Figure 6 is an elevational view of the accelera-
tor of the ion source shown in Figure 4, the sec-
-tion being taken on lines 6—§6 and the cover plates
124 and 125 being omitted;

Figure 7 isan elevational view of the ion trans-
parent plate (09, the section being taken onlines
7—1.in Figure 4;

Figure 8 is an elevational view of the cover plate
154, the section being taken on lines §—8 in
Figure 4;

Figure 9 is a cross-sectional view of the cover
plate 184, the section being taken on lines 9—S8
in Figures 8 and 10;

Figure 10 is an elevational view of the cover
plate 184, the view being of the side opposite to
Figure 8;

Figure 11 is an elevational view of the front of
the furnace anode 91, the section ‘being taken on
the lines {{—!{ in Figure 4; and

Figure 12 is an elevational view of the rear of
the furnace anode 91, the section being taken on
the lines 1212 in Figure 4.

‘Referring now to the drawings and more par-
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ticularly to Figure 1, the ion source illustrated is
contained within a chamber indicated generally
at i5 which is adapted to be evacuated and sealed
at a sub-atmospheric pressure. The portion of
the chamber containing the ion source may be
regarded as consisting essentially of two main
parts, an electrical insulating part and an elec~
trical -conducting part, readily detachable for the
purpose of renewing or replenishing the supply
of the vaporizable material from which the ions
are derived. The first or electrical insulating
part which constitutes the support for the arc
chamber and furnace anode may consist of a
heavy end plate i1, of copper or other suitable
material. This eonductive end plate of the in-
sulating part is shown provided with a pair of
concentric grooves A8 and {8 cut into its inner
surface for supporting respectively the cylindrical
tubing 16 of insulating material and the metalllic
shield 26. The junction between the cylindrical
tube 16 of insulating material, preferably glass,
and the end plate 17 is sealed by a packing gland
illustrated -in the drawings as -consisting of a
flange ring &1 of internal diameter slightly
greater than the external diameter of the tubing
{6. This ring is slidable over ‘the tubing 1§ and
is adapted to be drawn toward the end plate (7
by the screws 22 which are threaded into tapped
spaced openings in the fiange ring 21 to force the
end of the flange into the recess 19 containing
the packing material to cause the packing ma-
terial to be wedged tightly between the lateral
surface of said recess and the surface of the glass
tubing 6.

The opposite end of the glass tubing 16 is simi-
larly terminated iin the groove 24 formed in a
heavy metallic ring 23 of the conducting part of
the chamber ‘to which the packing gland 25 is
secured for sealing the junction of this end of
the glass tubing and the metal ring. In this
respect .the chamber for the ion source and ion
accelerator may be regarded as comprising a first
conductive member, namely the end plate i7 for
supporting the source; .a second conductive. mem-
ber, namely the ring 23, for supporting an acceler-
ating electrode structure; and an intermediate
insulating portion, namely the.glass tube {6 into
which the ion source extends. A metallic shield
26 similar in construction to the metallic shield
‘20 is secured to the ring 23 by being hard-soldered
thereto, for example, to extend parallel with the
under surface of this glass tubing. Since the end
plate 1T and ion source are maintained at a high
positive potential with respect to the ring 23 to
provide an accelerating voltage for the ions as
will be more apparent presently, these shields 20

~and 26 serve to distribute the electric field be-
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tween the various parts -of the apparatus and
particularly between the end plate {7 and the
ring 23, over the surface of the insulating tubing
18 and prevent the tubing from being subjected
to excessive stresses.caused by the concentration
of the lines of flux at the junction of the tubing
and the metallic -parts. The importance of the

shields 28 and 26 will be more evident when it is

considered that the potential difference between
the end plate 17 and the ring 23 may be as high
as twenty thousand volts. .A metallic cylinder
21, preferably of brass, is shown secured to the
side .of the ring 23 .opposite the shield 26 and is
terminated in a massive ring 28 to which fthe ion
utilization part of the apparatus may be secured
to complete the enclosure.

As illustrated in the drawings, water-cooling
tubes 29 encircle this metal cylinder 27 for re-
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moving the heat therefrom. The cylinder 27 is
also shown provided with two windows in the
form of cylindrical fHanges 30 and 31 to which
metallic rings 32 and 33 are respectively secured
by being hard-soldered thereto, for example.
These windows provide means for introducing
into the evacuated chamber {5 two accelerating
electrodes 36 and 37, consisting essentially of
two long water-cooled tubes 34 and 35 prefer-
ably of copper, which are each bent double in
such a way that each end where the tubing dou-
bles back on itself forms a rectangular loop in
front of the arc region. The ions accelerated
from the arc region pass through these loops 35
and 37 to form the useful ion beam.

The vapor source of my invention consists of a
furnace anode which in the construction illus-
trated takes the form of a rectangular block a8
of copper or other material of high thermal con-
ductivity having g caviiy 89 extending length-
wise of the block for containing the vaporizable
material indicated at 49. Since the ion source

_illustrated was designed primarily for supplying

the ions of zin¢ or uranium to an electrical mass
separating device a halide or zine or uranium,
especially zine chloride or uranium tetrachlo-
ride, is preferred as the vaporizing material; it
being understood, that the compotund is substan~
tially dissociated in the arc to produce the re-
spective metal ions. Thig cavity is shown closed
by a pair of plugs or lids 41 and 42, each of which
may he provided with a pair of spirally coiled
molybdenum heaters in the holes 43 .which are
drilled through each of the plugs and transversely
The plug 41 in the front end
of the furnace anode has g plurality of longitu-
dinal and peripheral slots 44 drilled therethrough
to provide a peripheral escape path for the vapor
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from the furnace into the arc region. The front, .

of the furnace adjacént the slots 44 is covered
with a plate 45 to define g partially enclosed re-
gion for the arc discharge which region extends
through the sides of the furnace block. As illus-
trated this cover plate 45 is provided with a

splayed longitudinal opening or slot 46 for the

current drain. The efficiency of ionization is
improved by thus confining the arc to the region
between the rear wall of the plate 45 and the
front face of plug 4i. :
41 serves as a blocking member or confining strip
for the arc discharge restricting the are to a nar-
row ribbon-like path Immediately adjacent the
discharge slit, :
The furnace anode is shown supported cen-

trally within the evacuated chamber i6 by an ;

elongated electrically conductive tube 47 of braés
or other such material 6f good thermal conduc-
tivity.. The tube itself is supported ‘and sealed in

the end plate IT by means of a ¢ylindrical bear-

ing block 48 and a packing gland 48, which is
adapted to be drawn toward the end plate IT by
the screws 58 (shown in Figure 2) which are
threaded into the end plate, to compress the
packing material about the tubing 47, :

- The cathode of the arc source of the present ¢;

invention consists of either of two filamentary
emitters, preferably straight tungsten wires 51,
each supported by a pair of lead-in conductors
52—354 (and 53—B55 in PFigure 2). The filamen-

tary cathodes are strung across the ends of their -

respective pairs of lead-in conductors so as to lie
ab the sides of and opposed to the are chamber,
as will be clear from the drawings. The lead-in
conductors are preferably formed of copper tub-

ing, and as will be noted in the cross-sectional :

In this respect, the plug
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showing of conductor 52, are provided with a
second tube 56 which is supported concentrically
therein for permitting the flow of cooling fluid
through these tubes to remove the heat from the

. ends of the filamentary cathodes where they

contact the lead-in conductors. Since a suitable
heater voltage must be applied to the filamentary
cathodes it is apparent that the four lead-in

conductors must be insulated from each other

and insulated and sealeq from the plate 17.
Although any number of insulating seals
known to the prior art may be used for these
conductors, one novel, markedly successful seal
is illustrated in the cross section in Figures 1
and 3. This seal consists essentially of a metallie
insert 57 in the form of a cylindrical bushing
which is silver soldered or otherwise securely re-
tained in a drilled opening of the end plate 7.
The end of the bushing 57 extending to the high
pressure side of the plate {7.ig of an enlarged di-
ameter and ig threaded internally to receive the
backing gland 58, whereas the inner end of the
bushing is provided with an inwardly brojecting
flange or shouldey 58. Interposing between the
electrode and the metallic insert 57 are the two
insulated bushings 68 and 61, at least the former
being formed preferably of g refractory insulat-
ing material. The bushing 69, of refractory ma-
terial, is fashioned with a section of enlarged
diameter into which the uniform diameter por-
tion of the insulated bushing 61 may be inserted.
A sealing ring 62 ig interposed between the end
surface of the bushing 61 and the inner shoulder
of the bushing 60, so also is a sealing ring 63

5 placed at the rear of the bushing 60 hetween

the shoulder formed by the enlarged portion
thereof and the shoulder 59 on the metallic in-
sert 57. The bushing 6{ hag a flange or enlarged
cylindrical portion which is adapted to be en-
gaged by the end surface of the packing nut 58
through the sealing ring 64 to respectively com-
press the sealing ring 64 between the foregoing
opposing surfaces, the sealing ring 62 between
the end surface of the bushing 8{ and the inner
flange formed by the enlarged section of the
bushing €0, and the sealing ring 63 between the

.outer flange surface of the bushing 60 and the

inner flange surface 58 of metallic insert. )
As shown in Figure 2, lead-in conductors are
brovided for conducting a heating current to
the heaters such as the molybdenum coils which
are adapted to be positioned in the openings 43 of
the end plugs 41 and 482 of the furnace anode 38.
These lead-in conductors are also sealed and in-
sulated where they pass through the end plate 17
by means of insulating bushings similar to the
insulated bushing illustrated in cross-section in
Figure 3. -
The water-cooled tubing $4 which is fashioned
to form the loop 36 in front of the arc region de-
fined by the plate 46 and plug 41 and which con-
stitutes the first aceelerating electrode is pref-
erably maintained at a potentia] of several thou-
sand volts. negative relative to the potential of
the anode, which in the particular illustrated
embodiment of this invention is connected elec-
trically to the plate 17 and is maintained at a
high positive potential of perhaps 20 kv, rela-
tive to ground. 'The ends of the tubing 24 ex-
tend through and are sealed in the plate 65 which

s shown insulated from the chamber {5 by means

of the insulating tubing 66 of glass, for example,
One end of this tube is sealed to the ring 33 by
the packing gland 67, and the other end is ter-
minated in the cylindrieal groove 68 formed in
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the metallic plate §5. The tube 86 is also sealed
“to-the plate 65 at the groove §8 by means of the
‘packing ‘gland 69.. As a matter of convenience
“the seals surrounding the tube 34 where it pro-
- jects through the plate may be regarded as being
“simildr in construction to the insulated seals
“shown in cross-section in Figure 3 although ob-
viously these seals need not insulate the tubes
from the plate 65.° ‘
'"The loop 31 which constitutes the second ac-
celerating = electrode is maintained at ‘ground
“potential, consequently the copper tubing 35 of
“which the loop 21 is formed need not be insulated
from the enclosure 15. Accordingly the ends of
the tubing 35 are brought out through a flanged
“metallic plate 10 and soldered thereto to form
‘a’sealed passage. This metallic plate 10 is sealed
to the ring 32 by virtue of the packing material
“into ‘which the laterally projecting flange is
forced to form the seal.
“provided with a glass window 1{ which is sealed
‘to the plate by the clamp ring 12 to permit visual
“inspection of the operating conditions of the arc.
- A’source embodying the features of the pres-
ent invention has been constructed and oper-
ated wherein the anode furnace consists of a
copper box one and one-half inches wide, two
inchies long and two inches high. This furnace
‘was heated by four spiral molybdenum heaters
which pass through holes in the walls of the box
and enclosures therefor. In front of the furnace,
{he copper plate 45, together with the enclosure
41, defines a partially enclosed region in whicha
_the arc discharge was restricted. A path for
‘the vapor from the furnace to the arc region is
through the slots 44 which extend into the cavity
along the sides of the furnace front. Two 40 mil
tungsten filaments are provided, either of which
was used ‘as’a cathode for the arc. discharge.
"These filaments are supported at the sides of the
‘arm -~ chamber “or partially enclosed ionizing
‘region.’ The furnace was used as the anode. A
‘magnetic field having a direction along the arc
enclosure, indicated by the arrow H (in Figure
2y," collimates the  electrons and sO Causes
‘the electrons of the arc to be extended along the
“chamber or ionizing region. The source magnet
for providing this field is not shown, it being un-
_derstood that conventional magnetic_field pro-

ducing means may be utilized. The accelerated ¢

electrode system utilized with this source. con-
sisting of two rectangles of copper tubing one-
‘half inchés wide and two inches long. The first
_rectangle loop was held about one-half inch from
the front of the arce region. The source con-
_structed. as described above. when utilizing ura-
“nium tetrachloride “as_the vaporiza;ble ‘material
operated under substantially the following con-
-ditions: EE

Furnace temperature - —-—--—w-w-----= °C.. 450
_Arc voltage drop e eeoe—--vOlts._ 150
Arc current ————oo—o—mo--oe-oos amperes-- 1

A slightly lower temperature is suitable when
utilizing zine chloride. .

The ion current available from this source was
found to depend on the transparency of the cover
45 over the front of the arc region. With a slot
46, one-sixteenth inch high and as.long as the
‘arc chamber, a current drain of about 8 milli-
amperes was obtained with an accelerating volt-
age of about twenty thousand volts. That s,
‘the anode was maintained at a positive potential
of 20 kv. relative to the grounded ‘accelerating

The plate 10 is also 2

30

35

40

b
ot

60

65

‘drain will decrease.

‘the leads decreases.

comprising a first

porting the insulating tube

“groove 11 of the end plate
_the heavy

_closure.

2,677,061

electrode 31.

The first accelerating electrode 36
was &t 12 kv. for best conditions.

The operation of the ion source described above
is associated with the appearance, at times, of a
discharge around the leads to the source in the
region behind the furnace 38. I believe the gas
present is effected by electrons oscillating in the
crossed fields of the accelerating potential and
source magnet, since I have found that the in-
tensity of this discharge is dependent upon the
stfength of the fields and the pressure within
the chamber 15, that is, there is a critical ac-
celerating voltage above which the ion current
drain e. ‘This critical voltage for the
source described above appears to be about 20
kv. Purthermore I have noted that on lowering
the magnetic field or the pressure within the
chamber 15 the amount of the discharge around

“since the presence of this
discharge gave rise to some difficulties in opera-
tion particularly in that it prevents operation at
very high "accelerating potential desirable. for
high ion current drain, I set out to develop the
embodiment of my. invention illustrated in Fig-
ures 4 to 12 wherein the leads to the source ‘are
surrounded by & cylindrical metallic shield hav-
ing a high positive potential substantially equal
to the potential of the source so as to provide a
region for these source leads which is free from
the field of the accelerating voltage. This inner
shielding electrode is made to. underlie the
grounded shielding electrode underlying the in-
sulating tube and extending from the low poten-
tial conducting portion of the chamber to provide
opposing conducting surfaces for shortening
the. g’:qui-potential paths for electron oscillation.

Referring now to Figure 4, ‘the source shown
therein consists essentially of an enclosure 19
_electrically conducting por-
tion, namely, an end plate 76, of copper or other
suitable material provided. with a concentric cy-
lindriéal groove 1T on its inner surface, for sup-
18 that constitutes the

Jnsulating poftion of the enclosing chamber and
5 tnay be constituted of glass or

v other suitable ma-
terial. The.packing glands 19 and 80 respectively
seal the insulating tube 18 where it contacts the

16 and the groove 82 of
metallic ring 8. A metallic eylinder
g3 constitutes the second conducting portion of
the enclosing chamber and is shown secured to
the side of the ring 81 opposite the end of the
insulating tube 18 and is terminated in a massive
ring 84 to which an ion utilization part of the
apparatus may be secured to complete the en-
As illustrated in the drawings, water
cooled tubes 85 and 86 surround respectively the
metallic cylinder 83 and the end plate 16 for ve-
rhoving hieat therefrom. “The metailic cylinder 83
is ‘also shown with a window 87 from which the
cylindrical flange 88 projects to support a cover
plate through which the cooling tubes 88 (Figure
6) extend.to support. the ion accelerating elec-
trode structure indicated generally at 50.

The vapor source of this embodiment of my in-
vention consists of & cylindrical block 91, of cop-
per..or. other suitable material, having a cup-
shaped portion 82 formed therein for containing
the material to be vaporized. A circular slot 93
is drilled about the periphery at the bottom por-
tion of the cup to extend axially in the longi-
tuidinal walls.of $aid cup for a distance just short

'of its open end. The annular cavity thus formed

is adapted to support a heater for the furnace
which m'ay',Afdr,_e‘x‘ample,.cjonsistrof a hollow c¢yl-
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inder block 94 of refractory insulating material,
such as Alundum, about which is wound in spiral
fashion the heating coil 95 of molybdenum wire,
for ‘example, which may. be partially recessed in
the grooves formed in the block for the purpose
of recelving this heater coil. Two pairs of holes
96 and 97 spaced about.the periphery are drilled
into the block and extend throughout its length
to accommodate the tubular lead-in conductors
100162 and {31—183 for the alternatively used
filament cathodes 98 and $9 which extend re-
spectively across the ends of the foregoing pair
of lead-in conductors. ' Bushings of refractory in-
sulating material surround the lead-ins where
they enter the holes 96 and 87 of ¢he cylindrical
block 9¢. o oo

A cover plate 104 (Figures 8, 9 and 10) which
may likewise be of copper or other suitable mate-
rial is secured to the furnace block 81 by screws,
for éxample. This cover plate is provided with
cavities 19% and {86 for respectively containing
the filamentary cathodes §8 and 99. These cavi-
ties for the filamentary cathodes each open into a
recess 107 formed in the cover plate as is clear
from Figures 8, § and 10 to form a region for con-
taining an arc discharge established between
either of the cathodes and the face portion of
the cover plate {684 which contacts the lip of the
cup 82 and forms the rear wall of the recess 187,
This portionl of the cover plate (84 has a plu-

rality of holes 188 drilled therein for the effusion -

‘therethrough of the vapor derived from the ma-
terial contained within the cup portion 92 of the
furnace anode. -

An ion . transparent plate 103 (Figure 7) is
‘shown “sécured to the outer edge of the cover
plate to complete the énclosure 187 for the arc
region, the ion transparency, of course, being at-
tained by a plurality of openings 18 drilled
through “the plate 183 which permit the with-
‘drawal of ions from the arc region. .
. The furnace anode 91 is shown supported with-
in ‘the evacuated chamber 75 by an elongated
tube 141 of brass or other suitable material havy-
ing a high thermal ¢onductivity. This tube itself

‘is supported and sealed in the end plate 15 by

means of cylinder bushing 112 of metal which is
-recessed into the outer surface of the plate 16 and
sealed therein.  The exposed end of the ‘bushing
112 is tapped to receive the packing material and
‘the packing gland 113, - B
. The lead-in conductors 100—102, and {91--193,
‘Tor the filamentary cathode and the lead-in con-
ductor 114 (shown in Pigure 5) for conducting
‘current to the heating coil 95 and the thermo-
couple 115 (shown in Figure 5) for control of the
temperature of the furnace block, are all insu-
lated, supported -and sealed in the end plate -T6
“through which they pass by virtue of the seals
‘for these conductors, which seals are similar in

“construction to that illustrated in cross section in -

 Figures 1 and 3 and described above. As stated
‘above this source was designed primarily for the
‘purbose of eliminating the presence of the dis-
‘chatge around the lead-in conductors in the re-
“gion behind the furnace anode 81 This dis-
Charge is believed to result from an. increase in
onization of the vapor within this region caused
“by the oscillation of electrons in the crossed mag-
.netic and electric fields. As the electrons oscil-
‘1ate in the magnetic field their path length is in-
‘creased thus increasing the danger of a flash over
‘bétween the high positive' potential of the ion
“Source or the lead-in conductors and the ground-
.eéd enclosure. The ionization of the gas within
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the region of oscillation produces both electrons
and positive ions, and the electrons so produced
are also subject to oscillation adding to the ioni-
zation.

These difficulties due to electron oscillation
may be eliminated, substantially, by reducing the
effective volume- within which this oscillation
may take place and providing a substantially
field -free space for the leads to the scurce be-
hind the furnace 9i. Accordingly there is illus-
trated in Figure 4 a shield for the anode source
and its lead-in conductors which comprises the
eylinder tubes 116 and {17 of electrically condue-
tive material and an intermediate support disk
148 also of electrically conduetive material by
means of which two tubes are joined together.
The tube 116 is shown supported to the end plate
16 by the groove 17 so as to extend along the
under surface of the insulating tube 18 and dis-
tribute the electric field over this insulating ma-
terial. The tube ({7, however, is of smaller di-
ameter and closely encircles the lead-in elec-
trodes at the rear of the arc regicn. That the in-
sulating tubing 78 may be quite completely
shielded from the electrons an outer grounded
shielding electrode in the form of a cylindrical
tube 119 of electrically conductive material sur-
rounds the free end of the first shielding elec-
trode {47. More specifically the cylindrical tube
{19 is secured to the grounded ring &{, by being
hard soldered thereto for example, so as to ex-
‘tend parallel to the under surface of the glass
tubing to shield this portion of the insulator from
electron impact. With this arrangement the os-
cillating electrons are reduced in number and
their paths along the equipotential lines are
shortened.

The full significance of this shield from the
standpoint of protecting the insulating tube 73
will be more apparent when it is considered that
substantially all of the oscillating electrons now
discharge on a conducting rather than an in-
‘sulating surface. Without the shield the elec-
‘trons present in this region, in moving in g gen-
eral direction along equipotential lines, would
-collide with the insulating surface, charge it up,
and thus modify the distribution of equipotential
lines. More specifically, by charging up the. in-
sulator the equipotential lines concentrate at the
juncture of the insulated tube 78 and the high
positive potential electrode or end plate 76. The
concentration of electrons that continue to strike
‘the insulating surface would eventually cause
rupture of the insulation. -

As is apparent from the drawings the ion with-
drawing and acecelerating structure 90 (Figures
4 and 6) differs materially from that disclosed
‘in Pigure 1 and consists essentially of the ion
transparent plate 108 secured to the front of the
source and a wire screen {28 spaced from and
parallel to the front of the source as is clear
from Figure 4. The structure for supporting the
screen {20 at a distance spaced from the ion
source consists of a metallic ring portion 124 hav-
ing a circular groove ‘cut into the face thereon
and icut away partially at the outer side to form
‘a projecting cylindrical flange across which may
be stretched the accelerator screen 128 which
preferably consists of tungsten wire. Since the
screen {20 becomes hot and expands when bom-
barded by the ions being accelerated therethrough
it is held under tension by the coil springs. 122.
One end of each of these springs is secured to the
tungsten wire mesh forming the accelerator and

“the other end is brought through the holes {23
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in the ring 121 and held in place under the screw.
A periphery groove, for retaining the cooling tube
89 is cut in the rim of the ring (2{. The shields
{24 and 125 (Figure 4) which protect these springs
{22 from ion bombardment are supported also by
the cooling tubes 89 thus the entire electrode ac-
celerating structure 90 is supported by the cool-
ing tubes 89 which are in turn supported by the
cover plate for the flange window 87. Thus it may
be easy to alter the position of the accelerating
elecirode relative to the front of the arc source.

Remarkably satisfactory results have been ob-
tained from the operation of this latter embodi-
ment of my invention wherein the anode furnace
consists of a cylindrical block of copper two inches
long and two and three-eighths inches in diame-
ter into the front surface of which a cylinder cav-
ity one and five-eighths inches deep and five-
eighths inch in diameter is bored for contain-
ing the uranium tetrachloride of the ion source.
Tour holes each three-eighths inch in diameter
drilled along the length of the block 90° from
each other and five-sixteenths inch from the edge
of the cylinder block provide passages for the
lead-ins to the filamentary cathodes which are
preferably 40 mil tungsten wire. The cover (Fig-
ure 7). for the arc chamber facing the accelerat-
ing screen was provided with eighteen one-eighth
inch -holes for permitting a current drain there-
through.

A heater comprising a coil of molybdenum wire
wound spirally on & eylinder block of Alundum is
inserted in a three-sixteenths inch wide slot of
one inch overall diameter drilled in the back of

the furnace. A magnetic field producing means 3

indicated by the pole pieces N and S was again
provided to establish a2 magnetic field in the di-
Tection of the arc chamber to collimate the elec-
trons of the arc. One of the filaments was used
as a cathode and the are chamber was used as the
anode.

The operating conditions for this source utbi-
lizing zinc chloride or uranium -tetrachloride as
the vaporizing material are similar to those -of
the source. previously described. The typical
values are:

Furnace teniperature ..o ——we—w-—--="C_ 450
Arc ALOD —cic e i e L volts.. 100
Arceurrent .o ccomoiooin amperes-_ 0.6

. Under these conditions a drain current of from
ten to fifteen m. a. is expected with an accelerat-
ing voltage of about twenty to thirty kv. The
capacity of this source was such thatruns of from
three to four hours were-obtained. The use .of
the metallic shield around the source leads was
successful in suppressing the discharge at the
back of-the source.

‘It is known that zinc chloride or uranium tetra-
chiloride vapor will corrode the copper with which
it comes in contact. - It is important therefore
in the operation of ion source similar to either
embodiment of this invention described  above
that the walls- of -the arc chamber be protected
with a suitable material which will not -be at-
tacked by the halide-vapor.  The condition of
the surface of the -walls of the arc chamber- is
particularly important when--the ion source is
to be used in:large scale -separation of -isotopes
by ionic methods-since it may be demonstrated
that the reproductability of the jon beam is de-
pendent upon the-condition of the surface of the
arc chamber.. To avoid the corrosive: effect noted

above it has been found -advisable to: utilize -

graphite as a covering for the walls of the arc
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region, although this has not been shown in the
drawings in the interest of clarity in the dis-
closure and furthermore since it is not a part
of the present invention.

Tt will be appreciated that the above preferred
embodiments of my invention have been illus-
trated and described so that others may likewise
obtain the good results and objects of this in-
vention with the understanding however, that
changes and. modifications. in construction and
arrangement of parts can be made without de-
parting from the spirit of the invention, and that
the described embodiments are for the purpose
of illustration only and not for the purpose of
limitation upon the scope of the invention as
expressed in the appended set of claims.

Tn the claims: .

1. An ion generator comprising.in combination
a chambper evacuated to a sub-atmospheric pres-
sure enclosing a substantially cup-shaped anocde
adapted to contain a vaporizable material of the
jons that are desired, a cover for closing all but
a peripheral portion of the open end of said cup-
shaped anode, a filamentary cathode immediately
adjacent the outside portion of said cover, a
plate adjacent at least a portion of said cathode
and in confronting and spaced relationship with
said peripheral portion of said cover forming a
partially enclosed region for the vapor effusing
from. said. cup-shaped anode through the open
peripheral portion of said cover, a slot in said
plate, and an accelerating -electrode adjacent to
said plate adapted to have a negative potential
applied thereto so as to withdraw through said
slot the positive ions formed within said region
by an arc discharge established between said
anode and said cathode when energized by a suit-
able electrieal potential.

2. The combination defined in claim 1 above
wherein said accelerating electrode comprises a
looped portion of a liquid cooled tube supported
in. confronting and spaced telationship to said
ionizing region and at a negative potential rela-
tive to the plate forming said region whereby
the ions within said region will be accelerated
through said loop.

3. An ion generator- comprising. in.combination
a chamber. evacuated to sub-atmospheric. pres-
sure and containing a substantially .cup-shaped
anode for enclosing a vaporizable material of
the ions that are desired, a cylindrical slot in
the longitudinal. walls of said anode extending
short of the open end.of said .cup, & cylindrically
shaped electrical heater within sdaid slot, a plu-

rality of -lead-in conductors extending through

jongitudinal opening. in: the walls of .said .cup
exterior of said heater for supporting and ener-
gizing a filamentary. cathode,. a perforated lid
for covering the open end of said cup Thaving a
recess for said filament.and a partially enclosed
region for ionizing the vapor effusing through
said perforations, means for establishing an arc
discharge between said cathode and the perfo-
rated lid of said anode, and means for causing
the electrons of said arc .to. flow through said
region.

4. A discharge device including in combination
a chamber.sealed at a sub-atmospheric. pressure
including. an.insulating and conducting . portion,
an ion generator .supported in. said insulating
portion, an accelerating electrode comprising an
annular conductive member, a metallic screen,
and resilient . means maintaining said screen
tightly stretched across said annular member,
and a liqiid cooled tube sealed in the conducting
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bortion of said chambar for supporting said an-
nular member in confronting and spaced rela-
tion with said generator whereby said generator
may be maintained at g high positive potential
relative to said screen,

5. A discharge device including in combination
a chamber sealed at sub-atmospheric pressure
including an insulating and conductive portion,
an ion generator supported in said insulating por-
tion, an accelerating electrode supported by said
conducting portion in confronting and spaced re-
lation with said ion generator, means for main-
taining said generator at a high positive poten-~
tial relative to said electrode whereby to provide
an accelerating field for said ions, a first outer
shielding electrode extending from said conduc-
tive portion at 2 potential substantially that of
said accelerating electrode to underlie the in-
sulating surface of said chamber in spaced rela-
tion therefrom, and a second inner shielding elec-
trode extending from said insulating portion at
the potential of said generator to underlie said
Insulating portion and to confront saig first
shielding electrode, said second shielding elec-
trode having an offset portion positioned to un-
derlie said first shielding electrode whereby the
electric field between the high potential of the
electrically conductive portions of said ion gen-
erator and the lower potential of the conducting
portion of said chamber will be distributed be-
tween said electrodes,

6. A discharge device including in combination
a chamber sealed at sub-atmospheric pressure
including a first and second electrically eonduct-
ing portion and an intermediate insulating por-
tion, an ion generator supperted by said first
conducting portion to extend within said insulat-
ing portion, an accelerating electrode supported
by said second conductive portion in confronting
and spaced relation with the said generator,
means for maintaining said generator at a high
positive potential relative to said electrode to
provide an accelerating field for said ions, a first
outer shielding electrode extending from  said
second conducting portion to underlie the sur-
face of said insulating portion in spaced relation
therewith, a second inner shielding electrode ex-
tending from said first conducting portion to
underlie the first shielding electrode whereby the
electric field resulting from the high potential
between said conducting portions will be dis-
tributed along the surface of said shielding elec-
trodes.

7. An apparatus for developing gaseous ions

from a source material including a hollow block .

member, adapted to contain a gaseous atmos-
phere and having a communicating elongated exit
slit for jons. of said gaseous atmosphere in a
frontwall thereof, means for propagating an arc
discharge parallel to said slit and coextensive
therewith, and means for channelizing said arc to
2 narrow region of ribbon-like configuration di-
rectly behind said slit whereby the density of
ionization of said gaseous atmosphere is increased
at said exit slit.

8. An apparatus for developing gaseous ions
from a source material comprising a plurality of
wall members forming a confined region of rib-
bon-like configuration, ons of said wall members
defining the width of said region having an elon-
gated aperture extending at. least substantially
the length of said region and communicating
therewith, the other remaining one of said wall
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members defining the width of said region also
having at least one communication elongated
aperture extending at least substantially the
length of said region, said apertures in said wall
members. being laterally oifset, means for propa-
gating an are discharge substantially through-
out the length of said region, means for conduct-
ing a gaseous atmosphere comprising said source
material into said region throughout the length
of said aperture in said second wall member, and
means for withdrawing gaseous ions of said ma-
terial from said region throughout the length of
the aperture in said first wall member.

9. In an apparatus for developing gaseous ions,
the combination of means for establishing an are
discharge, said means comprising an elongated
arc chamber including means constituting an
anode, an electron emissive cathode positioned
adjacent an end of saigd chamber, said chamber
having a slit-like aperture extending in the direc-
tion of its elongation and substantially co-ex-
tensive therewith for the withdrawal there-
through of said gaseous ions, and means for in-
troducing a gaseous medinm into said chamber
substantially uniformly throughout the length
thereof and at a position relative to said slit so
that its path of fiow through said chamber to said
slit will have a component in a direction normal
to the direction of ion withdrawal.

10. In an apparatug for developing gaseous ions
from a vaporizable source compound comprising
means for establishing an arc discharge through-
out a region of ribbon-like configuration, said
means comprising an elongated arc chamber
having said ribbon-like configuration and in-
cluding means constituting an anode, an elon-
gated electron emissive cathode positioned at an
end of said chamber extending in a direction cor-
responding to the width of said region, means for
directing the electron emission from said cathode
lengthwise of said region, means for introducing
a flow of vapor of said compound into said cham-
ber substantially uniformly throughout the length
thereof, and means for withdrawing ions of said
vapor from said chamber along the entire length
thereof and in a direction corresponding to the
direction of said ribbon-like region, the direction
of flow of said vapor through said chamber to said
slit having a component in the direction of the
width of said chamber.

11. In an apparatus for developing gaseous
ions, the combination of means for establishing
an arc discharge of ribbon-like configurations,
said means comprising an elongated are cham-
ber having said ribbon-like configuration includ-
ing means constituting an anode and an electron
emissive cathode positioned adjacent an end of
said chamber, a side of s2id chamber defining the
width of the ribbon-like region having a slit-like
aperture extending in the direction of its elon-
gation and substantially co-extensive therewith
for withdrawal therethrough of said gaseous ions,
and means for introducing a gaseous medium
into said chamber substantially uniformly
throughout the length thereof and at a position
laterally offset with respect to said aperture
whereby said gasecus medium will be made to
fiow through a path having a length greater than
the thickness of said ribbon-like region to in-
crease the degree of ionization thereof.,

No references cited.



