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[57] ABSTRACT 
A duopigatron ion source is modified by replacing the 
normal oxide-coated wire filament cathode of the ion 
source with a hot tungsten oven through which hydro-
gen gas is fed into the arc chamber. The hydrogen gas 
is predissociated in the hot oven prior to the arc dis-
charge, and the recombination rate is minimized by hot 
walls inside of the arc chamber. With the use of the 
above modifications, the atomic H i + ion fraction out-
put can be increased from the normal 50% to greater 
than 70% with a corresponding decrease in the H2+ and 
H3+ molecular ion fraction outputs from the ion source. 

6 Claims, 2 Drawing Figures 
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arc chamber which allow higher wall temperatures 
USE OF PREDISSOC3ATION TO ENHANCE THE inside the ion source. The hot tungsten oven is heated 

ATOMIC HYDROGEN ION FRACTION IN ION by a direct current passing coaxially so as not to gener-
SOURCES ate a net magnetic field outside the cylindrical oven and 

BACKGROUND OF THE INVENTION 5 ^ ^ s e r v e s t o e m ' t the cathode electrons needed for 
sustenance of the arc discharge. If the oven is main-

This invention was made in the course of, or under, a tained at a temperature of 2400° K., or greater, about 
contract with the U.S. Department of Energy. 95% 0 f the hydrogen molecules become dissociated 

The present invention is an improvement over the through multiple collisions with the hot tungsten sur-
duopigatron ion source described in U.S. Pat. No. 10 f a c e Qf the oven. Since the ion source gas pressure is 
3,740,554, issued June 19, 1973, to Ora B. Morgan, Jr., normally low, i.e., 0.1 Torr or lower, only a small 
and entitled "Multi-Ampere Duopigatron Ion Source." amount of recombination due to collisions between 
The present mvention also has utility m conventional particles would be expected. The predominant mecha-
duoplasmatrons or in Berkeley-type ion sources, for nism from the generation of molecular hydrogen would 
example. 15 be the gas desorption from the wall surfaces. Surface 

In a typical duopigatron ion source, such as described recombination, however, is minimized by keeping the 
in the above patent, a glow discharge is produced m the n e a r b w a l l s a t h i h temperature, typically far above 
arc chamber above the intermediate electrode aperture. 1 ( x x r K . Thus, by dissociating the hydrogen gas in the 
The weak plasma streams into the magnetic field region i o n s o u r c e o v e n rior t o a r c discharge, and simulta-
extenor to the intermediate electrode and mside he 20 n e o u s l m i n i m i z i l f t h e recombination rate inside the 
anode where a PIG-type dischargefurtherenhances the i o n S Q u r c e b a h o t

B
w a U environment, the above object 

plasma density. Ions are extracted from this more dense . , —,. __ .. , . , j . , ' . . , . , . , . . . ... , can be achieved. This method may also be applied to plasma and accelerated to high energy in the multiple- . . r • . f v . . 
aperture accel-decel electrode structure. The resulting Action ^ ^ 
ion beam can then be passed through a charge-exchange 25 
gas cell for producing a neutral beam when such a beam BRIEF DESCRIPTION OF THE DRAWINGS 
is desired for injection into an experimental hot plasma _T/_ , . . . _ ^ . , , 
producing device such as the ORNL ORMAK, for 4

 F I G " 1 l s a view of the improved duopiga-
examole n 1011 s o u r c e the present mvention; and 

The source gas usually fed into the plasma region 30 F I G \ 2 i s a f a P h illustrating the differences in the 
device above the intermediate electrode aperture of the respective ion fractions produced in a duopigatron ion 
above prior ion source is ordinary hydrogen gas, for W I t h a n d W I t h o u t predissociation of the feed gas 
example. However, it should be understood that deute- t o t h e s o u r c e -
rium or tritium gas could be utilized as the feed gas to DESCRIPTION OF THE PREFERRED 
such ion sources if desired. 35 EMBODIMENT 

When hydrogen gas is utilized in such ion sources, 
they generally produce multi-momentum beams con- 1 1 1 6 duopigatron ion source with the hydrogen dis-
sisting of atomic hydrogen ions (Hi +) and molecular sociator of the present invention is illustrated in FIG. 1 
hydrogen ions (H2+and H3

3+).Ifthe ion source is to be o f t h e drawings. The tungsten oven-cathode 15 is a 
used for neutral beam injection into an experimental 40 cylinder which is clamped at one end thereof around a 
plasma producing device, only the single ion species tantalum collar 16 which in turn is supported in a metal-
Hi + is desired. The molecular ions, in passing through l i c support member 24. A tantalum support member 21 
the charge-exchange gas, break up into atoms with i s fitted within a metallic support member 23 which is 
one-half (from H2+) or one-third (from H3+) of their insulated from the support member 24. One end of a 
accelerated energy. These lower energy components do 45 tungsten rod 17 is fitted within the member 21 and ex-
not penetrate deeply into the plasma of an experimental tends coaxially through the member 24, the collar 16 
plasma producing device and may be unwanted or of a n d the oven 15. The other end of the cylindrical oven 
little use if the heating of the outside portion of the 15 is clamped against a loop, not shown, in the other end 
experimental plasma yields an adverse effect. of the coaxial tungsten rod 17. 

Thus, for neutral beam injection purposes, the need 50 A 200 A-15 V power supply 25 is connected to the 
exists for a means and a method of enhancing the atomic members 23 and 24 such that heating current is adapted 
hydrogen ion fraction H t + of hydrogen ion sources to pass through the coaxial cylinder 15 and rod 17 with-
such as duopigatrons, duoplasmatrons, and Berkeley- out generating a net magnetic field outside the cylinder 
type ion sources while at the same time minimizing the 15, an essential feature for stable duopigatron operation, 
molecular H2+ and H3+ ion fractions. The present in- 55 Hydrogen gas is fed through an inlet feed tube 22 and 
vention was conceived to meet this need in a manner to then through the oven 15 where it is dissociated as it 
be described hereinbelow. flows therethrough and then out the open end of the 

oven. 
SUMMARY OF THE INVENTION Member 28 is an intermediate electrode encompass-

It is the object of the present invention to provide an 60 ing the oven 15, and a source magnet coil 27 in turn 
improved hydrogen ion source for producing an ion encompasses the electrode 28. The coil 27 is adapted to 
beam with an enhanced atomic ion fraction and with be connected to a magnet power supply, not shown, in 
reduced molecular ion fractions. a conventional manner. Insulated from the electrode 28 

The present invention accomplishes the above object is a cylindrical copper anode 29, and insulated from the 
in a duopigatron ion source by replacing the normal 65 anode 29 is a target cathode 30. A 100 A-300 V arc 
oxide-coated wire filament cathode with a hot tungsten power supply 26 is connected to the cathode 15, to the 
oven through which hydrogen gas is fed into the arc electrode 28, to the anode 29, and to the target cathode 
chamber and by providing tungsten liners inside of the 30 as shown in FIG. 1. 
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Several tungsten sheets 18 line the inside surface of at the same time the molecular ion beam fractions H2+ 

the intermediate electrode 28 and provide thermal and H3+ are correspondingly decreased with the pres-
shielding and hot surfaces. These sheets 18 are heated ent ion source operation as compared to the prior art 
by thermal radiation from the oven 15. Similar tungsten ion source operation. Thus, the predissociation tech-
liners, 19 and 20, mounted on the inside surfaces of the 5 nique o f the present ion source provides for a significant 
tail o f the anode 19 and of the target cathode 30, respec- improvement in the atomic ion beam fraction and a 
tively, are heated by the arc plasma. The lower end of corresponding decrease in the molecular ion beam frac-
the target cathode 30 is provided with a multi-apertured tions achievable in the operation thereof, thus meeting 
closure member 36, and the liner 20 is in the shape of a t h e above-stated object. It should be understood, how-
cup and is positioned in the lower end o f t h e target 10 ever, that an even better enhancement of the atomic ion 
cathode as shown m FIG. 1 of the drawings. fraction could be achieved in the present invention by 

A multi-apertured extraction electrode 31 is mounted p r o v i d i n g e x t e n i a l heating means for the liners or inte-
just below the closure member 36 of the.target cathode rior w a l l s o f t h e i o n source to supplement the heating 
30 in spaced relation thereto. A multi-apertured acceler- t h < j r e o f b t h e ^ d i s c h a r g e p l a s m a t o t h u s f u r t her 
atmg electrode 32 is mounted below the electrode 31 m 15 d e c r e a s e ^ s u r f a c e r e c o m l f i n a t i o n r a t e . 
spaced re ation thereto, and a multi-a^rtured decder- T h e rf t h e t i o n ^ ^ „ d e s c l i b e d 
atmg electrode 33 is mounted below the electrode 32 m , , , *;, , , , „ . 
spaced relation thereto. The electrodes 31, 32, and 33 ?*°ve> ^ * P ^ d through a hydrogen gas cell for 
and the closure member 36 are each provided with ? u s producing a neutral hydrogen beam, when such is 
221-0.38 cm. diameter, aligned apertures, for example. 20 d e s u ( f - m a m a n n e r 3 8 described in the above-men-
The electrode 31 is connected to a power supply 34, the honed pnor patent 
electrode 32 is connected to a power supply 35, and the 14 should be understood that comparable results can 
electrode 33 is connected to ground as shown in FIG. 1. achieved in the operation of the above-descnbed ion 
It should be understood that the members 36,31,32 and s o u r c e when deutenum or tritium feed gas is utilized in 
33 are insulated each from the others. 25 the operation thereof instead of hydrogen. 

The operation of the above-described ion source is T w ° important advantages provided by the above-
essentially the same as described in the above-men- described ion source are: (1) increased neutral beam 
tioned prior patent except that the source feed gas is injection power efficiency because of the increased 
dissociated in the tungsten oven which also serves as a full-energy component; and (2) improvement in the 
cathode for supplying thermionic electrons needed for 30 cathode lifetime over the prior commonly-used oxide 
sustaining the arc discharge of the ion source. Another filaments. 
difference from the above-mentioned prior patent is the This invention has been described by way of illustra-
extra electrode 36 added for further acceleration of the tion rather than by limitation and it should be apparent 
ion beam, which is not directly related to the present that it is equally applicable in fields other than those 
invention. As mentioned above, the oven 15 is main- 35 described, 
tained at a temperature of 2400" K. or greater by the What is claimed is: 
power supply 25 such that about 95% of the hydrogen 1. In a method of operating a duopigatron ion source 
molecules become dissociated through multiple colli- comprising the steps of producing a glow discharge 
sions with the hot tungsten surface of the oven. Since f r 0 m a feed gas within the intermediate electrode 
the tungsten liners 18 are substantially heated by the 40 thereof by an oxide-coated wire filament cathode to 
oven 15 and the tungsten liners 19 and 20 are heated by thereby produce a weak plasma, producing a PIG-type 
the arc plasma of the ion source, these heated liners a r c discharge between a cylindrical anode and a target 
together with the hot oven 15 provide a hot-wall envi- cathode from said weak plasma exiting from said inter-
ronment inside the ion source thereby effecting a mini- mediate electrode thereby enhancing the plasma den-
mization of the surface recombination rate inside the ion 45 s i t y > ^ extracting ions from said enhanced plasma by 
source, thus substantially reducing the generation of the m e a n s o f a m u i t ip ie-aperture acceleration-deceleration 
molecular hydrogen ion fractions previously caused by e l e c t r o d e s t r u c t u r e , the improvement comprising the 
surface recombination in the pnor art. steps of replacing said oxide-coated wire filament cath-

An example of the improved resets aclueved with ^ w k h R c y l i n d r i c a l tUngSten oven cathode, heating 
he present ion source, as d^cnbed above, is illustrated 50 ^ Q v e n c a t h o ( J e w i t h a * u f c e o f e l e c t r i c a l s u p p l y t * 

m FIG 2 of the drawmgs. The fflled data points rnFia temperature, passing said feed gas through 
2 for the atomic hydrogen ion beam fraction Hi + and , . , r ' / ® . . f .. „ 6 
,, , , . • r tt i , J. _i „ said heated oven cathode where it is substantially pre 
the molecular beam ion fractions H2 + and H3+ as a . . . . , . . , , 3 r 
function of total arc power supply drain current illus- dissociated within said oven cathode before passing 
trate typical results achieved in the operation of a typi- 55 therefrom, said heated oven cathode also supplying 
cal, prior art duopigatron ion source employing an ox- thermionic electrons for sustaining said PIG-type arc 
ide-coated filament cathode. On the other hand, the discharge, and placmg tungsten liners on the mside 
open data points in FIG. 2 for the atomic hydrogen ion w a l l s o f S£ud intermediate electrode, of said anode, and 
beam fraction H ,+ and the molecular ion beam frac- o f s a l d target cathode, said liner of said intermediate 
tions H2+ and H 3+ as a function of total arc power 60 electrode being heated by thermal radiation from said 
supply drain current illustrate typical results achieved heated oven cathode, said liners of said anode and target 
in the operation o f t h e present ion source as described cathode being heated by said arc discharge, thereby 
above. effecting a substantial increase in the atomic ion fraction 

As can be seen from the respective set of curves in and a corresponding decrease in the molecular ion frac-
FIG. 2, there is achieved a substantial increase in the 65 tions in the output beam from said ion source, 
atomic ion beam fraction Hi + (about 20%) in the opera- 2. The method set forth in claim 1, wherein said oven 
tion of the present ion source as compared to the atomic cathode is maintained at a temperature of at least 2400° 
ion beam fraction Hj + of the prior art ion source, while K. by said electrical supply. 



3. The method set forth in claim 2, wherein said feed 
ga is selected from the group consisting essentially of 
hydrogen, deuterium and tritium. 

4. An improved duopigatron ion source comprising 
an elongated, cylindrical, electron emitting tungsten 
cathode; a tungsten rod extending coaxially within said 
cathode and electrically joined at one of its ends with 
the exit end of said cathode; a source of feed gas 
adapted to be passed through said cylindrical cathode; a 
first power supply coupled between the other end of 
said rod and cathode to supply heating current thereto 
and provide thermionic electrons therefrom; said cath-
ode serving as an oven for dissociating said feed gas as 
it passes through said oven cathode and supplying said 
electrons; a cylindrical intermediate electrode spaced 
from and encompassing said cathode and provided with 
an apertured, tapered lower end portion; a source mag-
net encompassing the upper portion of said intermediate 
electrode and adapted to be connected to a second 
magnet supply source; a cylindrical copper anode 
spaced and insulated from said intermediate electrode; 
an elongated cylindrical target cathode spaced and 
insulated from said anode; said target cathode provided 
with a multi-apertured closure member at the lower end 
thereof; a multi-apertured extraction electrode mounted 
beyond and closely spaced from said target cathode 
closure member; a multi-apertured acceleration elec-
trode mounted beyond and closely spaced from said 

15,093 6 
acceleration electrode; a multi-apertured deceleration 
electrode mounted beyond and closely spaced from said 
acceleration electrode; a third arc power supply source 
coupled between said cathode and said intermediate 

5 electrode, between said cathode and said anode, and 
between said cathode and said target cathode; a fourth 
power supply source coupled to said extraction elec-
trode; a fifth power supply source coupled to said accel-
eration electrode, said deceleration electrode being 

10 connected to ground; a first tungsten liner mounted on 
the inside wall of said intermediate electrode; a second 
tungsten liner mounted on the inside wall of said anode; 
and a third tungsten cup-like liner mounted on the in-
side walls of the lower portion of said target cathode 

IS and a portion of said target cathode closure member, 
whereby during operation of said ion source the dissoci-
ation of said feed gas effected by said oven cathode plus 
the hot wall environment provided by said respective 
liners effects a substantial increase in the atomic ion 

20 fraction and a corresponding decrease in the molecular 
ion fractions in the output beam from said ion source. 

5. The ion source set forth in claim 4, wherein said 
cylindrical oven cathode is maintained at a temperature 
of at least 2400° K. by said first power supply. 

25 6. The ion source set forth in claim 5, wherein said 
feed gas is selected from the group consisting essentially 
of hydrogen, deuterium and tritium. • • * * • 
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