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PaDSTRACT OF TW E D I SCLOSURE 

An cncapsuiated heater  forms a ho l low body For a cathode used 

i n  an ion  t h r u s t e r .  A r a d i a t i o n  s h i e l d  surrounds the  heater  and 

supports an end cap, 

The invent  ion  described ' he re in  was made by an employee sf t67a 

Un i ted  States Government and may be manufactured and used by o r  

f o r  t h e  Government f o r  governmental purposes w i thou t  t h e  payment 

o f  any roya l  t i e s  thereon o r  the re fo r ,  

BA@KGl?OUND OF THE l N V E N T  i ON 

Th is  i nven t ion  i s  concerned w i t h  an Tmprsved cathode or  e l e c t r o n  

e m i t t e r  - for an e l e c t r o s t a t i c  ion t h rus te r ,  The invention i s  p a r -  

t i c u l a r l y  d i r e c t e d  t o  p r o v i d i n g  a  compact cathode t h a t  i s  bath 

r e l i a b l e  and durab le  f o r  use i n  a  small e l e c t r o s t a t i c  i on  t h r u s t e r .  

E l e c t r o s t a t i c  i on  t h r u s t e r s  o f  t h e  type shown i n  U.S. Patent  

No. 3,156,090 u t i l  i z e  cathodes o r  e l e c t r o n  emi t te rs  t o  p rov ide  

e lec t rons  f o r  i o n i z i n g  a  p rope l l an t ,  such as mercury vapor, Hollow 

cathodes have been proposed f o r  these th rus te rs .  One such cathode 

i s  shown i n  copending a p p l i c a t i o n  s e r i a l  No. 804,172 which was f i l e d  

March Lk, 1369. I n  t h i s  cathode mercury vapor i s  fed  t o  a holPow tube 

having a  small aper ture  i n  t h e  closed end, A mercury a r c  i s  established 

by app ly ing  a  h igh p o t e n t i a l  between t h e  cathode and a keeper, Once 

t h e  a r c  has been es tab l ished t h e  d ischarge i s  susta ined w i t h  o n l y  

moderate vol tages between t h e  cathode and t h e  keeper, The keeper ' 

i s  i n  t h e  form o f  a  r i n g  e lec t rode  mounted concen t r i c  w i t h  respect  

t o  t h e  cathode a t  a  s u i t a b l e  gap distance. Th is  ho l low cathode and 

keeper a r e  mounted on a d i e l e c t r i c  ma te r ia l  base, and t h e  assembly is 

l oca ted concentrically w i t h i n  a magnetic f i e l d  Forming pe ie  piece 

which i s  a component p a r t  ~f the t h r u s t e r ,  Such a  ho l low cathode i s  
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open-type cathode. 

Structural problems, poor durabi 1 ity, and undesirable performance 

characteristics inherent in open-type cathode are disadvantages 

encountered with prior art devices, By way of example, the hollow 

cathode and keeper electrode must be electrically isolated from each 

other and maintaiped in their correct relative position, Misalignment 

of these two components as well as variation in gap distance due 

to thermal expansion can occur. A1 so, ' the open-type cathoie i s  

exposed to plasma discharge and is subject to ion bombardment. The 

resulting sputtering erosion damage may reduce the usable lifetime 

of the cathode. 

The hollow cathode.must supply free electrons to the thruster 

ion chamber. This i s  accomplished by providing a seat of elcetrical 

discharge i n  a mercury vapor environment, While the exact mechanism 

of this electron emissiow f s  not clearly understood, it is $el ieved 

that some threshold value of surface temperature and electrical 

field, particularly in the region of the cathode aperture, Is 

required along with the necessary number density of mercury vapor 

atoms. The open-type cathode requires heat shielding to avoid 

excessive appl Fed heating power, particularly during the initiation 

1 of the cathode discharge; because of the large amount of exposed 

hot surface where heat can be lost by radiation. Also, a l imit ing 

value of propel Bant flow rate exi'sts below which the open-type 

hollow cathode ceases to operate, This Is attributed to the reduced 

number density of mercury atoms in the cathode-keeper region, and 

stable operat ion under throttled conditions of propel lant flow may 

not be possible. 

SUMMARY OF THE INVENTION 

A cathode constructed in accordance wii t h  the present i nvent  lo- 
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tube surrounds the heater in concentric relationship. This tube 

serves both as a radiation shield and as an insulated holder for a 

tantalum keeper cap, The enclosure helps to maintain the required 

mercury atom number density in the cathode keeper region at l o w  

propel lant flow rates, 

OBJECTS OF THE INVENTION 

It is, therefore, an object of the present invent ion to provide 

a cathode that is compact, reliable, and durable for use in a small 

electrostatic ion, thruster, 

Another object of the invention is to provide a hollow cathode 

which maintains the required dimensional tolerances for use in an 

electrostatic ion thruster. ' 

A further object of the invention is to provide a hollow cathode 

that maintains the required mercury atom number density in the 

keeper reg ion at lot$ propel 1 ant Flow rates, 

These and other objects o f  the invention will be apparent iroi1-i 

the specl.Fication which f a !  lows and From tke drawhg bwlaereiln l i ke  

numbers are used throughout to identify like parts, 

DESCR l PT l ON OF THE DRAW I NG 

The drawing is an enlarged axial section view o f  a hollaw cathode 

constructed in accordance with the present invention, 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A hollow cathode constructed in accordance with the present 

invention has a tubular member 10 as shown in the drawing, The tube 30 

is of an electricaBly conducting material such as tantalum, It i s  

connected to a source of propellant, suck as mercury vapor, The 

I I tube 10 has a small diameter. By way of illustration, tubes having 

, outside diameters between 0,08 inches and 0.13 inches have been 

1 satisfactory. 
One end of the tube 10 which is to be mounted within the ibn 
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thruster is inyerted into a wire coil 12. Tungsten-rhenium wire 

having a diamcter of'about 10 mi 1s has been satisfactory For th~c 

coil 12. The wire forms a resistance heater when a current is passed 

through the coil 12, 

One end of the coiled wire is connected at 14 to the electrically 

conducting tube 10, The opposite end of the resistance heater wire Q 
forming the coil 12 has a straight portion 16 in substantial juxta- 

position with the tube 10. The end of the straight portion 16 is 

connected to an electrical lead wire 88 through a connector 20, 

After the tube 10 has been inserted into the coil 12 and the 

ena o f  the heater wire has been connected at 11!, a layer of insulating 

material 22 is applied.to the adjacent surface of the tube 10 as 

well as the wire Forming the coil 12, Also the straight portion 16 

is separated from the tube 18 by the insulating material 22, A 

layer of flame-sprayed alumina has been satisfactory for the layer 

of insulating material 22. 

The end of the tube 10 having the heating coil 12 mounted thereon 

is then inserted into a tube.24 of solid alumina. Tubes having 

diameters between 0.25 inches and 0.30 inches have been satisfactory 

for this purpose. After the tube 10 'is properly positioned in the 

a l u m i n a  tube 24 a suitable adhesive material 2 6 ,  such as a high 

temperature ceraini c cement, I s forced under p ressui-e through a ho I e 

in the sicie~~~all o f  the alumina tube 24, 

A shadow shield 28 is mounted on the extreme outermost end of 

of a suirable material, such as tantalum, and protects the heater 

from sputtering damage as well as undesirable coating of sputtered 

material upon the insulating surfaces. 

An electrode in the form-of a tantalum keeper cap 30 is mounted 
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to  the keeper cap 30. The lead 32 is  mounted on the outermost surface 

of the alumina tube 24. A sui table  aperture 34 i s  formed i n  the 

lcenter of the keeper cap to  faci l  i t a t e  passage of the mercury vapor 

upon the in i t i a t ion  of an a rc  between the tube 10 and the keeper 

I n  operation, a  current Is passed through the coil 12 t o  heat the 

1 end of the tube 10, A propel lant vapor Flows through t h e  tube 10 

{ [ to  a  small  aperture 36 which is  i n  a1 ignment w i t h  the aper ture  34 i n  

the keeper cap 30. 

3.0 
Q 

A potential of about 300 vol ts  i s  applied between the keeper cap 30 

land the tube 10. Electrons emitted from the heated tube 10 i n i t i a t e  

an a rc  discharge, The plasma formed by t h i s  discharge reduces the 

negative space charge which builds up a t  the cathode surface thereby 

enabl ing electrons to  be discharged from the cathode through the aper tu re  34 

into the thruster  ion chamber. 

Table I i l l u s t r a t e s  the capability of an enclosed cathode con- 

structed i n  accordance w i t h  the invention to  maintain a  s tab le  discharge 

a t  very low propellant flow rates and heating power Fevells, It w i l l  

be appreciated that  various structural modifications may be made to  

o r  the scope of the subjoined claims. 

No operat ion 
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ABSTRACT: An encapsulated heater forms a hollow body for 
a cathode used in an ion thruster. A radiation shield surrounds 
the heater and supports an end cap. 



1 2 
OBJECTS OF THE INVENTION 

10% THRUSTER CATHODE 
It is, therefore, an object of the present invention to provide 

ORIGIN OF THE INVENTYON a cathode that is compact, reliable, and durable for use isa a 
5 small electrostatic ion thruster. 

The invention described herein was made by an employee Another object of the invention is to provide a hollow 
of the United Stares Government and may be manufactured cathode which maintains the required dimensional tolerances 
and used by or for the Government for governmental purposes for use in an electrostatic ion thruster. 
without the payment of any royalties thereon or therefor. A further object of the invention is to provide a hollow 

10 cathode that maintains the required mercury atom number 
BACKGROUND OFTHE INVENTION density in the keeper region at low propellant flow rates. 

 hi^ invention is concerned with an improved cathode or These and other objects of the invention will be apparent 
electron emitter for an electrostatic ion thruster. The inven- from the specification which follows and from thie drawing 

tion is particularly directed to providing a cathode wherein like numbers are used throughout to identify like 

that is both reliable and durable for use in a small electrostaf c ' parts. 

ion thruster. 
Electrostatic ion thrusters of the type shown in U.S. Pat. No. 

DESCRIPTBOI\I OF  THE DRAWING 

3,156,090 utilize cathodes or electron emitters to provide The drawing is an enlarged axial section view of a hollow 
electrons for ionizing a propellant, such as mercury vapor. 20 cathode constructed in accordance with the present invention. 
Hollow cathodes have been proposed for these thrusters. One 
such cathode is shown in copending application Ser. No. DESCR'PT'oNoFTHEpREFERRED 

804,172 which was filed Mar. 4, 1969. 'in this cathode mercu- A hollow cathode constructed in accordance with the 
ry vapor is fed to a hollow tube having a small aperture in the present invention has a tubular member 10 a sown in the 
closed end. A mercury arc is established by applying a high 25 drawing. The tube I@ is of an electrically conducting material 
potential between the cathode and a keeper. Once the arc has such as tantalum. It is connected to a source of propellant, 
been established the discharge is sustained with only moderate such as mercury vapor. The tube 10 h s  a small diameter By 
voltages between the cathode and the keeper. The keeper is in way of illustration, tubes having outside diameters 0.08 inches 
the form of a ring electrode mounted concentric with respect and 0.13 inches have been satisfactory. 
to (he cathode at a suitable gap distance. This hollow cathode 30 One end of the tube 10 which is to be mounted within the 
and keeper are mounted on a dielectric material base, and the ion thruster is inserted into a wire coil 12. Tungstem-rheniuna 
assembly is located concentrically within a magnetic field wire having a diameter of about 10 mils has been satisfactory 
forming pole piece which is a component part of the thruster. for the coil 12. The wire forms a resistance heater when a cri!r- 
Such a hollow cathode is exposed to the plasma discharge of 35 rent is passed through the coil 12. 
an ion chamber and is called an open-type cathode. One end of the coiled wire is connected at 14 to the elect+ 

Structural problems, poor durability, and undesirable per- cally conducting tube 10. The opposite end of the resistance 
fomance characteristics inherent in open-type cathode are heater wire forming the coil 112 has a straight portion 16 in 
disadvantages encountered with prior art devices. By way of suhstmtial juxtaposition with the tube 10. The end of tlae 
example, the hollow cathode and keeper electrode must be 40 straight portion 16 is connected to an electrical. leaiQ wire 118 
electrically isolated from each other and maintained in their throughaconnectQr2@. 
coarect relative position. Misalignment of these tow corn- Afier the tube 10 has been inserted into the coil 1.2 and the 

ponents as well as in gap distance due to thermal ex- end of the heater wire has been connected at 14, a l;lyer of in- 

pansion can occur. Also, the open-type cathode is exposed to ~ulating macerial 22: is applied to the adjacent surface of the 

plasma discharge and is to ion bombardment, ~h~ 45 tube 110 as well as the wire forming the coil 12. Also the 

resulting sputtering erosion damage may reduce the usable stmight p o ~ i o n  16 is separated from the tarbe 10 by the insu- 

lifetime of the cathode. llating material 22. A layer of flame-sprayed alumina has been 

The hollow cafiode must supply free electrons to satisfactory for the layer of insulating material 22.  

thruster ion chamber. This is accomplished by providing a seat The end of the 'tube 10 having the heating coin 12 mounted 
of discharge in a mercury vapor environment, While 50 thereon is then inserted into a tube 24 of solid alumina. Tubes 

the exact mechanism of this electron is not clearly having diameters between 0.25 inches and 0.30 inlches have 
uwdersto&, it is believed that some threshold value of su&ce been 'Iais purpose. the tu,be is 

and elecwical field, pafiicularly in the region of pmperly positioned in the alumina tube 24 a suitable adhesive 
the cathode apefiure, is required along with the necessary 55 material 26, such as a high-temperature ceramic cement, is 
number density of mercury vapor atoms. The open-type forced under pressure through a hole in the sidewall of the a h -  

mina tube 24. 
cathode requires heat shielding to avoid excessive applied 

A shadow shield 28 is mounted on the extreme outern~osi 
heating power, particularly during the initiation of the cathode 

end of the tube 10 outVVardly of the heater 12. This shadow 
discharge, because ofthe large amount of exposed hot surface shield 28 is of a suitable material, such as tantalum., and pro- 
where heat can be lost by radiation. Also. a limiting value of 60 tects the heater from sputtering damage s well as undesirabi,e 
propellmt flow rate exists blow which the oPen-tYPe hollow coating of sputtered rnaterial upon the insulating seRrBBces. 
cathode ceases to operate. This is attributed to the reduced An electrode in the form of a cap 38 is 
number density of atoms in the cathode-keeper re- mounted on the end of the alumina tube 24. An electrical lead 
gion, and stable operation under throttled conlfritions of 65 32 is connected to the keeper cap 30. The lead 32 is mountd  
propellmt flow may not be possible. on the outernost surface of the alumina tube 24. A suitable 

SUMMARY OFTHE INVENTION apeflure 34 is formed in the center of the keeper cap to 
facilitate passage of the mercury vapor upon the initiation of 

A cathode constrrrcted in accordance with the present in- an arc between the tube BO and the keeper cap 30. 
vention hils a tube mounkd in an emcapslated heater. A high 70 In operation, a current is passed through the coil 112 to heat 
purity alumina tube surrounds the heater i n  concentr,ic rela- . the end of the tube 110. A propellant vapor flows through the 
tionship. This tube senres both as a radiation shield and as an tube 10 to a small apeflure 36 which is in alignment with the 
insulated holder fo.r a tantalum keeper cap. The enclosure aperture 34 in the keeper cap 30. 
helps to mainrc~in the required mercury atom number density A potential of about 300 volts is applied between tile keeper 
in the cathode keeper region at low propellant Row rates. 75 cap 3 0  and the tube 110. Electrons emitted Rom the heated 



tube 10 initiate an arc discharge. The plasma formed by this 
discharge reduced the negative space charge which builds up 
at the cathode surface thereby enabling electrons to be 
discharged from the cathode through the aperture 34 into the 
thruster ion chamber. 

Table l illustrates the capability o f  an enclosed cathode con- 
structed in accordance with the invention to maintain a stable 
discharge at very low propellant flow rates and heating power 
levels. It will be appreciated that various structural modifica- 
tions may be made to the disclosed cathode without departing 
from the spirit o f  the invention o f  the scope o f  the subjoined 
claims. 

TABLE l 

terrnost end portion o f  said tubular member adjacent said 
heating means to maintain a predetermined propellant 
atom number density adjacent said outermost end portion 
at low propellant flow rates, and 

5 means for initiating an arc between said tubular miember 
and said electrode. 

2. An enclosed cathode as claimed in claim 1 including 
means in the enclosure about the extreme outermost end per- 
tion o f  the tubular member for protecting the heating means 

10 from sputtering and coating damages. 
3. An enclosed cathode as claimed in claim 1 including a 

tantalum tube fir directing mercury vapor into the ion 
thruster. 

4. An enclosed cathode as claimed in claim wi~crein the 
15 means for heating the end portion o f  the tubular member com- 

K E E P E R  "OLTAGES AT VAR'oUs NEUTRAL prises a wire coil forming a resistance heater. 
EQUIVALENTS OF Hg+ 5. An enclosed cathode as claimed in claim 4 wherein one 

end o f  the wire coil is connected to an electrical lead wire and! 
the opposite end is connected to said electrically conducting 

Ncutrvl Flow 
CATHODE T Y P E  20 tubular member. 

Eaunalent or 6. An enclosed cathode as claimed in claim 5 cnciudang a 
Mercury O P E N  ENCI.OSED layer o f  flame sprayed alumina over said wire coil and said 

electrically conducting tubular member. 
20 ma. 2 4  24 vol ts  22.0 vol ts  7.  An enclosed cathode as claimed in claim I including a 
I S  ma. 30 vol ts  22.0 volts 25 tube o f  alumina surrounding the heating means and the clec- 
10 ma. M A  N o  operation 22.5 Volts 
6 ma. N o  operation 23.5 Volts trically conducting tubular member to provide a radiation 
4 ma.  N O  operation 27 v o l t s  shield and support for the electrode. 
2 ma.  NO operation 34.5 volts 8. An enclosed cathode as claimed in claim '7 including ad- 

hesive means for securing said alumina tube to said heating 
30 means and said electrically conducting tubular member. 

What is claimed is: 9. An enclosed cathode as claimed in claim 7 including an 
1. An enclosed cathode for an ion thruster comprising electrode mounted in the alumina tube adjacent the outermost 
an electrically conducting tubular member for directing end portion o f  said electrically conductin tube, said electxode 

propellant flow into the ion thruster, being rigidly secured to said alumina tu fe  to maintain align- 
means for heating an end portion o f  said tubular member, 35 ment and a predetermined spacing between said electrode and 

insulating means covering said heating means and said tubu- the end o f  said conducting lube. 
lar member, Id). An enclosed cathode as claimed in claim 9 wherein the 

an electrode mounted on the end o f  said insulating means electrode comprises a tantalum cap having an apeaTure 

adjacent said heating means, said electrode and said insu- therein. 

lating means forming an enclosure about the extreme ou- 40 


