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Sans Fil, Paris, France 

Filed Mar. 14, 1963, Ser. No. 265,292 
Claims priority, application France, Apr. 2, 

893,001; June 26, 1962, 901,949 
15 Claims. (Cl. 60-355) 

The present invention relates to an ion gun, and more 
particularly to an ion gun utilizing a capillary body of re 
fractory metal having at least one straight capillary duct 
by means of which a relatively high-density ion current 
can be obtained. 

In the copending application Serial No. 108,062, ?led 
on May 5, 1961, in the name of H. Huber and I. Ben 
simon, and assigned to the assignee of the present appli 
cation there is described a thermoelectric energy converter, 
characterized particularly by a capillary emitter fed with 
metal vapor, such as cesium, rubidium or potassium, car 
ried at an electron emission temperature and supplied by a 
separate reservoir, this body being a formation with 
straight capillary channels of tungsten, molybdenum, tan 
talum, nickel or analogous material. 
An experimental study of this emitter, particularly 

with capillary ducts of tantalum of 0.4 mm. in diameter 
and of 10 mm. in length, heated to 2100° K. and fed with 
cesium vapor derived from a reservoir heated to 650° K., 
has demonstrated that such a body is an abundant source 
of cesium ions with a surprising ion current density of 
the order of 1 a./cm.2. On the basis of this study, the 
present invention proposes the application of such a 
body to ion‘ guns, which may, in particular, be intended 
for ion propulsion. 
The present invention, therefore, consists in an ion gun, 

characterized by the fact that its ion source is constituted 
by a body having at least one straight capillary channel or 
duct, made of tungsten, molybdenum, tantalum, nickel 
or analogous material, this body being fed with a metal 
vapor such as cesium, rubidium or potassium furnished by 
a separate reservoir. 
According to one realization of the present invention 

the capillary ducts or channels have a circular transverse 
cross section. _ 

According to a further feature of the present invention, 
the capillary ducts or channels have the form of slots, 
that is, present a rectangular, annular or substantially tri— 
angular transverse cross section. 
The usual technique of cesium or analogous ion sources 

provides for the utilization of porous bodies. However, 
most frequently these bodies are realized by sintering re 
fractory powders such as is known in the manufacture of 
cathodes with a barium reservoir. Tests and experiments 
have shown that the ion current density obtained with the 
bodies of this nature does not exceed 30 ma./cm.2 in the 
most favorable case. This difference With respect to the 
subject matter of the present invention may be explained 
by the fact that the straight capillary body used with the 
present invention possesses a transparency and a pore size 
greater than a sintered body from which follow transport 
mechanisms of the ‘cesium and-ion formation mechanisms 
which are completely different. 

In effect, in the case of the prior art porous bodies real 
ized by sintering refractory powders, one' obtains very 
?ne pores, of the order of some microns in diameter 
which isthe reason that the transport of the cesium across 
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the body takes place substantially by surface migration 
on the inside of the pores. Having arrived at one end 
of the pore, the cesium migrates along the interporev por-i 
tions from which will take ‘place positive ion evaporation 
of the cesium, a phenomenon known according to the, 
classical work done by Langmuir.v . 
Within the capillary body utilized in connection with 

the presentinvention, in contrast to prior constructions, 
one has capillary'ducts of the order of some tenths of a‘ 
millimeter of transverse dimension (of the order of 100 
times larger than the preceding case), which amounts forv 
the fact that the transport of the cesium across the cap 
illary ducts takes place essentially by Knudsen ?ux or' 
still by a typeof ?ux comprised betweenv that of Knudsen 
?ux and that of so-called “viscous” ?ux. As a result of 
the multiple impact of cesium atoms, there. takes place a‘ 
formation of cesium ions by the eifect of surface lOl'llZ8"; 
tion; also there occurs electron emission on the inside of 
the pore in such a manner that there takes place a forma 
tion of a strongly ionized gas (in a particular case they 
positive and negative charges are equal) which leaves the 
capillary ducts by eilusion—about as the molecules of a 
non-ionized gas leave a tubulure. This ionized and al 
most neutral gas which effuses from the capillary duct‘; 
and of which the ions may be extracted by an electrode 
having a relatively very low voltage, forms in front of the 
collect-or electrode for the ions a closed screen whereas 
in the known guns, the corresponding space is ?lled with 
the positive space charge which limits the ion current. 

Accordingly, it is an object of the present invention to 
provide an improved ion gun which provides a higher ion-v 
current density than has been realizable heretofore. 
Another object of the present invention resides in the 

provision of an ion gun with high ion current densities 
which is simple in construction and requires only rel—' 
atively low voltages for proper operation thereof. 

Still a further object of the present invention resides in 
the provision of an ion gun utilizing straight capillary 
ducts which permits of high ion current densities without 
problem of positive space charges limiting the ion cur 
rent. 
These and other objects, features and advantages of the 

present invention will become more obvious from the1 
following description when taken in connection with ‘the? 
accompanying drawing which shows, for purposes of illus- ' 
tration only, several embodiments in accordance with the 
present invention, and wherein: - - 1 

FIGURE 1 is a cross sectional view through an ion 
gun in accordance with the present invention utilizing,‘ 
as ion emitter, a single straight capillary duct of circular 
cross section. 
FIGURE 2 is a partial perspective view, partially in 

cross section, of an ion gun utilizing, as ion emitters, an , 
array of the capillary ducts shown in FIGURE 1, 
FIGURE 3 is a longitudinal cross sectional view 

through a modi?ed embodiment of an ion gun in accord 
;ance with the present invention utilizing straight capillary 
' ducts in the form of rectangular slots, 

60 
FIGURE 4 is a perspective view, partially in cross sec-f 

tion and on an enlarged scale, of the ion gun of FIG 
URE 3, 
FIGURE 5 is a partial perspective view, partially in 

‘cross section, of a modi?ed embodiment of an ion gun 
in accordance with the present invention utilizing annular 
slots, and ' 

FIGURE 6 is a partial perspective view, partially in 
.cross section, of a still further modi?ed embodiment of ' 
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an ion gun in accordance with the present invention utliz 
ing triangular slots. , . . . 

Referring now to the drawing wherein like reference 
numerals are used throughout the various views to desig 
nate like parts, and more particularly to FIGURE 1, 
reference numeral 1 designates therein a straight capillary 
duct utilized in the gun according to the present inven 
tion, this capillary ‘duct 1 being heated by means of a 
?lament 2 of any conventional construction. The ma 
terial and the dimensions of the capillary duct 1 may be, 
for example, ‘those utilized in the experimental study 
mentioned hereinabove. ’ ' 

The. capillary duct 1 is fed with cesium vapor from 
the reservoir 3 in which the cesium 4 is carried at the evap 
oration temperature thereof by any suitable means not 
illustrated herein. Reference numeral 5 designates a fo 
cusing electrode carried at the potential of the capillary 
duct 1_ and reference numeral 6 designates an accelerat 
ing electrode carried at a negative potential of some kv. 
with respect to the capillary duct 1. It will be noted 
that owing to the case with which the ions are extracted, . 
the ori?ce of the passage 7 of the electrode 6 may be rel 
atively far from the discharge aperture 8 of the capillary 
duct 1. The electrodes 5 and 6 comprise cavities 9 to 
receive a cooling ?uid. The ion beam obtained from the 
ion gun in accordance with the present invention is desig 
nated in FIGURE 1 by reference. numeral 10. 

_ FIGURE 2, in which the same reference numerals as 
in FIGURE 1 have been utilized to designate analogous 
elements, differs'from FIGURE l-byv the fact that in lieu 
of a single capillary duct a battery of capillary ducts 1, 
1,’, 1", 1"’ . . . is used which are disposed, for example, 
in a linear array. It is obvious that the capillary ducts 
could also be disposed in any other arbitrary formation, 
for example, along a circle. It is also possible to form bi 
dimensional groups of these capillary ducts. 

' In FIGURES 3 and 4 the body having capillary chan 
nels or ducts is formed by a stack of plates such as plates 
11 and 12 made of tungsten, molybdenum, tantalum or 
analogous material. 
plates, :12 and 11 is provided an interval 13 which is main 
tained by any desired number of spacers 14 which sepa 
rate the interval 13 into a certain number of aligned 
slots 15. These slots constitute the straight capillary 
channels or ducts. Between the plates 11 and 12 in con 
tact with each other are inserted the strands or wires 16 
of the heating ?laments with interposition of insulating 
sheaths or layers 17. The extremities of the plates 11 
arid 12 are pro?led 0r shaped to de?ne grooves 18 parallel 
to which are disposed a network of tubes 19 carried at 
a, negative potential with. respect to the body having the 
capillary ducts and operatingas accelerating electrode 
analogous to the electrode 6 of FIGURES 1 and 2, The 
focusing electrodes analogous to the electrode 5 of FIG 
URES l and 2 have not been illustrated in this embodi 
ment. If there be, need of such electrodes, the form and 
disposition thereof along the channels 18 may take any 
suitable conventional aspect as known to a person skilled 
in the art. _ 

The assembly of the capillary body is ?xed on a support 
20, provided with a tube 21 leading to a reservoir of cesium 
or analogous material. 

‘In operation, when the capillary body is heated by the 
?laments 16, and when the cesium vapor arrives through 
the tube 21 toward the bottom of the capillary channels 15, 
there is produced from the, top of these channels an ion 
discharge by the mechanism explained hereinabove, These 
ions are extracted by the electrode 19 and are concentrated 
into a beam for ultimate utilization purposes. 

Experiments have shown that with the improvement ac 
cording to FIGURES 3 and 4 which considerably increases 
the utilization coe?icient of the gross surface of the gun 
by the apertures of the capillary channels, one increases 
considerably the output in ions and one reduces the ratio 
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between the heating power of the source and the power 
transmitted to the jet. 
As illustration, by taking a total surface of the capillary 

body of 5 x 5 cm., a width of the slots 15 of 0.8 mm, a 
spacing of the slots 15 of 3.2 mm., a heating temperature 
of the capillary body of 1800° K. with a temperature of 
the reservoir of cesium of 573° K., a distance between the 
electrodes 19 and the capillary body of 0.8 mm. and a 
voltage of these electrodes of —4 kv. with respect to the 
body, one obtains a total intensity of ion current of about 
1.25 a., that is an electric power in the jet of 

corresponding to a total thrust of 13.4 grams. The power 
consumption for the heating of the capillary body is then 
established at about 1~kw., that is at about 20% of the 
power in the jet. These ?gures show to a person skilled in 
the art the genuine and veritable progress realized with the 
means of FIGURES 3 and 4. 
The invention, of course, is not limited to the examples 

described so far but encompasses all variations susceptible 
to be imagined by one skilled in the art without requiring 
any inventiveness. For example, instead of being formed 
by a stack of plates, the capillary body could also be con 
stituted by an assembly of coaxial cylinders spaced slightly 
from each other; in that case, the slots would have an 
annular transverse cross section. Or, in the alternative, 
one could also dispose a system of plates diverging radially 
in a star-shaped manner from a common center and sur 
rounded by a cylindrical envelope; in that case the cross 
section of the slots would 'be substantially triangular. 
These two variations are represented schematically in FIG 
URES 5 and 6, respectively, where the reference numeral 

' 22 designates the metallic parts and the reference numeral 
23 the slots. ». 

Additionally, the present invention does not depend on 
any particular manner of heating the capillary channels or 
ducts which may take place by conduction or thermal 
radiation, by electron bombardments, by direct passage of 
current, or any other known means. 
Thus, while we have shown and described several em 

bodiments in accordance with the present invention, it is 
understood that the same is not limited thereto but is sus 
ceptible of numerous changes and modi?cations. within the 
spirit and scope of a person skilled in the art, and we, 
therefore, do not wish to be limited to the details shown 
and described herein but intend to cover all such changes 
and modi?cations‘ as are encompassed by the scope of the 
appended claims. . 

We claim: 
1. An ion gun, comprising: ' 
a capillary body of a refractory metal having at least one 

straight capillary duct, 
means for feeding said duct with a vaporized metal 

chosen from the group consisting of cesium, rubidium 
and potassium, 

means for heating said duct to thereby ionize said vapor 
ized metal, 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from 
said duct. ‘ 

2. An ion gun, comprising: ' 
a capillary body of a refractory metal having a plu- ' 

rality of straight capillary ducts located side-by-side, 
means for feeding said ducts with a vaporized r'netal 

chosen from the group consisting of cesium, rubidi— 
um and potassium, 

means for heating said ducts to thereby ionize said va-i 
porized metal, ‘ 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from ‘ 
said ducts. 

3. An ion gun, comprising: 
a capillary body of a refractory metal having at least one 

straight capillary duct of circular cross section, ’ 
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means for feeding said duct with a vaporized metal 
chosen from the group consisting of cesium, rubidium 
and potassium, 

means for heating said duct to thereby ionize said vapor 
ized metal, 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from 
said duct. 

4. An ion gun, comprising: 
a capillary body of a refractory metal having at least 

one straight capillary duct of elongated substantially 
rectangularly cross section thereby being effectively 
slot-shaped, 

means for feeding said duct with a vaporized metal 
chosen from the group consisting of cesium, rubidium 
and potassium, 

means for heating said duct to thereby ionize said vapor 
ized metal, 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from 
said duct. 

5. An ion gun, comprising: 
a capillary body of a refractory metal having at least 

one straight capillary duct of substantially annular 
cross section, 

means for feeding said duct with a vaporized metal 
chosen from the group consisting of cesium, rubidi 
um and potassium, » 

means for heating said duct to thereby ionize said va 
porized metal, 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from 
said duct. 

6. An ion gun, comprising: 
a capillary body of a refractory metal having at least 

one straight capillary duct of substantially triangu 
lar cross section, 

means for feeding said duct with a vaporized metal 
chosen from the group consisting of cesium, rubidi 
um and potassium, 

means for heating said duct to thereby ionize said va~ 
and means including negatively biased accelerating 

porized metal, 
electrode means for extracting ions of said metal 
from said duct. 

7. A ion gun, comprising: 
a capillary body of a refractory metal having a plurality 

of substantially straight capillary ducts forming a 
bi-dimensional array, 

means for feeding said duct with a vaporized metal 
chosen from the group consisting of cesium, rubidium 
and potassium, 

means for heating said duct to thereby ionize said vapor 
ized metal, 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from 
said duct. 

8. An ion gun, comprising: 
a capillary body of a refractory metal having at least 

one straight capillary duct, the cross section of said 
capillary duct being of the order of several tenths of 
a millimeter, 

means for feeding said duct with a vaporized metal 
chosen from the group consisting of cesium, rubidium 
and potassium, 

means for heating said duct to thereby ionize said 
vaporized metal, 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from 
said duct. _ 

9. An ion gun, comprising: 
a capillary ‘body of a refractory metal having at least 

one straight capillary duct, said body being composed 
of a stack of plates of said refractory metal and 
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spacers between said plates to de?ne a slot-shaped 
duct of elongated substantially rectangular cross sec 
tion, 

means for feeding said duct with a vaporized metal 
chosen from the group consisting of cesium, rubidium 
and potassium, 

means for heating said duct to thereby ionize said 
vaporized metal, 

and means including negatively biased accelerating elec 
trode means for extracting ions of said metal from 
said duct. 

13. An ion gun capable of producing a high density ion 
current, comprising: 

capillary body means provided with substantially 
straight capillary duct means, 

means for supplying to said duct means a vaporized 
metal, 

means for producing within said duct means a strongly 
ionized gas by multiple impact of the atoms of said 
metal leaving said duct means by effusion, 

and means for extracting ions from said duct means. 
11. An ion gun capable of producing a high density ion 

current, comprising: 
capillary body means made of a refractory metal pro 

vided with substantially straight capillary duct means, 
means for supplying to said duct means a vaporized 

metal, 
means for producing within said duct means a strongly 

ionized gas by multiple impact of the atoms of said 
metal leaving said duct means by effusion, 

and means for extracting ions from said duct means. 
12. An ion gun capable of producing a high density 

ion current, comprising: 
capillary body means provided with substantially 

straight capillary duct means, 
means for supplying to said duct means a vaporized 

metal chosen from the group consisting of cesium, 
rubidium and potassium, 

means for producing within said duct means a strongly 
ionized gas by multiple impact of the atoms of said 
metal leaving said duct means by effusion, 

and means for extracting ions from said duct means. 
13. An ion gun capable of producing a high density ion 

current, comprising: 
capillary body means provided with substantially 

straight capillary duct means of transverse dimension 
of the order of at least one tenth of .a millimeter, 

means for supplying to said duct means a vaporized 
metal, 

means for producing within said duct means a strongly 
ionize-d gas by multiple impact of the atoms of said 
metal leaving said duct means by effusion, 

and means for extracting ions from said duct means. 
14. An ion gun capable of producing a high density ion 

55 current, comprising: 
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capillary body means made of a refractory metal pro 
vided with substantially straight capillary duct means, 

means for supplying to said duct means a vaporized 
metal chosen from the group consisting of cesium, 
rubidium and potassium, 

means for producing within said duct means a strongly 
ionized gas by multiple impact of the atoms of said 
metal leaving said duct means by effusion, 

and means for extracting ions from said duct means. 
15. An ion gun capable of producing a high density ion 

current, comprising: 
capillary body means made of a refractory metal pro 

vided with substantially straight capillary duct means 
of transverse dimension of the order of at least one 
tenth of a millimeter, 

means for supplying to said duct means a vaporized 
metal chosen from the group consisting of cesium, 
rubidium and potassium, 

means for producing Within said duct means a strongly 
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