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ABSTRACT 

A vacuum pump based on the properties o f  a magnetically c o l l h t e d  e l ec t r i c  

discharge fs described, 

ond and a base pressure i n  the order of BO m,, 

It has a speed i n  %he range 3000 to "700 U t e r s  a see- 
-6 



TMa report  describes bz9efl.g %he sagfen% features of a new type - -  

of vacuum pump, The general concept 02 an Lon pwp bas occurred to many fn- 
- 1  

omena, 
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posit ive ionrs which a re  made duping this proee~s have a very low velocity corn- 
, ,  

pared t o  the electrons and a short  mean f r ee  path; hence a positive space charge 

developes i n  the column, 

. i_ ~. 

T h f s  space charge f f e l d  moves the pcsi t ive ions t o  .. 1 

the cathode, 

We have then a discharge containfng a large flux of energetic elec- 

t r o n s  passing through the center s e c t h n ,  

because of t he i r  random motion and have a very good chance of being 9odzed 

there, 

f i e l d  and delivered t o  the cathode by the plasma gradient, 

process, the gas pressme is reduced u n t i l  an equiBSbriwn is Peached wtth in- 

verse processes t o  be dlrscussed i n  the next section, 

Gas mo8ecuIes enter the aschaPge 

> Y  

The ionized molecules are  then l a t e r a l l y  cornfined by the magnetAo 
~ -* - - _  

&means of th%s 

On reaching a cathode, pQSft%Ve ions have several possible a l t e r -  

natives open t o  them, Some Tons combfne chemfcelly d t h  the cathode material, 

Other fpns a re  neutraHzed a t  the cathode swfa@eP and then as neutral  partf-  

c les  they a re  unaffected by the magnetic f i e l d  and can leave the discharge 

and enter the forevacuum system. 

up the discharge are fonlzed again and returned t o  the cathode. 

par t ic les  leaving the cathode a re  trapped on surfaces facing the cathode, 

Thfs is due t o  the gettering act ion of" the cathode material which is constantly 

Neutral par t ic les  attempting to t ravel  back 

Other neutral. 

being sputtered onto the neighboring surfaces, 

removed by adsorption and chemfstry is such that for  steady operation under 

The quantftg of gas which %a 

ordinary loads (0,02 ee, NTP/see, 

The maximum arc current f a  limited by the  posftfve fora current across the 

cathode sheath., 

i t i v e  ion  supply is insuff ic ient  t o  maintain a discharge of the desired ehaPacter- 

the forevacuum system can be dosed  off, . .  

A t  low pressures i n  the central  region of the pump, the pos- 

fstfcs, (10 t o  20 amperes a t  300 t o  400 

gasthrq$k8ledc in to  the cathode region, 

and it is necessary t o  introduce . ,  
Q 

This gas leak is adjusted t o  keep the 

he hot cathode region above 3 x 10==4m, The low anode constric- 
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t i o n  tube near the cathode is designed t o  conffne the high gas pressure t o  the , 

cathode region. The diameter of this tube is  j u s t  s l igh t ly  greater  t han  the 

discharge, hence gas which might diffuse through the tube is ionized and re- 

turned t o  the cathode regfon, I n  this way, an intense discharge can be mah-  

tained even a t  the lowest gas pressure i n  the central  region of the ion  pump. 

While a min imum e x i t  pressure is necessary t o  maintain a discharge f o r  l i g h t  

pumping loads, any increase beyond that mfll.fnum merely increases the ion  bom- 

bardment of the cathode, T h i s  ion  pmp is usually operated with an e x i t  pres- 

-4 -2 sure of 3-5 X 10 mm, although e x i t  pressures as high as 80 mm can be used, 

WAthfn the range of ex i t  pressures mentioned, the lowest center pressure may 

vary from 0,8 x lo4 t o  6 x IO*=, 

I 

11, FACTORS JFJ _THE AND BASE PRESSURE 

To determine the pumpf& speed one measures the equflibrfum pree- 

sures a t  the entrance of the pump corresponding t o  different  r a t e s  of gas 

flow i n to  the pump, The speed, S, is 'then related t o  the change fa gas leak 

r a t e  A L, and the corresponding change fs pressure AP 

The speed is ultimately 

For a discharge of area 

I M t e d  by the surface area of the discharge i t s e l f ,  

A, the maximum speed would bes 

V A !  

4 ;  
%lax = A i K  

I .  35 
where Va is the arithmetic average molecular veloci ty  , K is a constant which 

t 

measures the overal l  efficiency of the arc as; a sink for molecules, Its value 
i 
4 -  

-- ~~ 

'-A * Va e 14,551 6 cm/sec, Th%s gives t h e / f W l f a , r  aperture speed of 75028 
: 

l i t e r s  see-' per s q w e  inch of -area  for air of 25 0 6, 



i s  usually about 0,5, I n  addition, since the discharge requires an axial mag- - -  

net ie  f ie ld ,  there must be magnet windings around the dfsohairge which a t  the 
_ .  ~ - 

same time provide adeqmte opening for the flow of gas t o  the dise-ge, ng .=  

2 shows the general design of an ion. pump which employs an open helix i n  the  

center section t o  maintain an axial, magnetic f f e ld  and s t i l l  provides a large 

admit tam eo 

I _  

i 

When the pump i s  operated w3thout an intentional gas leak a t  the 

center, there a re  several factors  which can contribute t o  the residual pres- 

sure, There is always some outgassing o f  the loca l  surfaces, but a f t e r  a few 

hours of operation, the pressure fs eontrolled more by the geometry of the _ .  
pump and the adjustment, of varfous e lec t r fea l  parameters, A portion of the 

gas pressure a r i ses  from fons which leave the d%scharge and become neutral- 

ized on the metal surfaces of the center se@%fon, 

which leave the discharge migrate %owamis the ends of the pump i n  the space 

between the discharge and the walls and become neutralfzed on the outer por- 

t i on  of the anode constr%ction tabesc The surfaces of these constrictions 

then become a source of gas par%$fe%es which diffuse back toward the center 

section, The pump is mde long enoug'h'so tha t  there is a high probability 

that the neutral  par t ic les  w2Pl be ionized again by the dfseharge before 

However, most of the ions 

reacMng the center SeCt%Qn, 

charge as a r e su l t  of ion-electron attachment, 

a ra re  event i n  gaseous dfssharge, ht can be of fmpos'hnee a t  Pow gas pres- 

sures and high ion densit ies,  

Meutral atoms ean a l so  be formed i n  the dfs- 

This is normally considered 

The "internal" sources of pressure mentioned above a re  reduced by 

proper empirieal manipulation of the controls, 

temperature d e t e m n e s  the electron emission current and has some control 

Vwiation of the hot cathode . .  

4 over the rf plasma oscfl2ittisns which are  s e t  up, These rf f i e l d s  give 
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r i s e  t o  a very much hfigher ion Qrafn across the magnetic f i e l d  than would be 

expected from eolUsfon processes, The ion drain,._of coursep contributes t o  

the residual pressure, 

" 8  

The voltage applfed t o  the dfscharge,determines the 

in i t ia l  electron energy, which i n  partg determines - .  the - _  re la t ive  importance 

of the ionization, exeitaifon and recombination processes. The r a t i o  of 

e k i t - t o  center magnetic f i e l d  determines the discharge diameter a t  the cen- 

t e r ,  which i n  turn a f fec ts  the drains, gas diffmfon along the  s ide tubes 

and pumping speed, 

PIP, O P E 3 T I M G  CHARACmXSTIW 

Several of these pumps have been made, each designed t o  provide 

One pump, Fig. 2, has been bet ter  measurements and improved performance, 

pun with automatic controls continuously f o r  two weeks, under a gas load of 

about O,Q2 ec/sec, ( N , T , P , ) ,  
-2 1 

tank, s ta r t ing  at a pressure of 10 mm, The lowest tank pressure varied 

@ t h  tank conditions from 5 x 10"5mm, t o  5 x 10 mm, The ion  pump is not 

par t icular ly  sensft%ve t o  the type of gas, although i n e r t  gases a re  not 

- 1 2  

Th5s pump has been used t o  pump a 48,000 l i t e r  

-6 

consumed by chemical. meansg and forevacuum pmping is n e c e s s q ,  I f - a n  

ion pmp is allowed to pump on ftse2.f f o r  a day, the difference between 

trapped and unkrapped isla gauge readings of the center pressure is less than 

10 percent, Ffg, 3 gfves a typical speed curve f o  he,,pump . .  shown i n  Fig. 2, 

Approximate operatfng conditions fo r  this pwmp are l i s t e d  - 4 .  i n  Table I. 

t o t a l  operating power f o r  the conditions tabulated is about 42 KW. 

be reduced t o  about 

a factor of two, 

and is roughly 2 t o  L, weeks i n  the present desigG0 

. The 

T h f s  can 

a t  the expense of an increase i n  center pressure of 

- a  - 

< ". ~ ._ -- - .. . _"  

 he Emit of continuous operation is s ' by  the cathode 
~- . - .  
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Pumping speed 

Base pressure 

Br;c voltage 
Arc current 

Cathode 

'_-  

Magnet power 

TABLE I 

3000-7000 l i t e r  s/sec d 
-6 4 

0.8 x 10 t o  5 x 10 mm. 
I ,  ' A , .  

400-300 volts.  
20-10 amps. 

Radiantly heated tungsten 
cathode. Power consumed 
405 W.a 

Side magnets 20 gW 
Center hel ix  12 KW 

It is  d i f f i c u l t  t o  predict  the degree of success tha t  w i l l  be 

reached f i&l ly ,  since t h i s  development i s  l e s s  than a year old and a cer- 

t a i n  amount of  engineering development remains t o  be done t o  achieve long 

t e r m  r e l i a b i l i t y  and lower operating costs. 

ion  pump'over diffusion pumps is  the complete absence of any extraneous 

The greatest  advantage of the 

working fluid,- I n  some applications it i s  very important t o  avoid contam- 

inat ion from pumping f lu id  and elaborate and costly baffles must be provided. 

I n  evaluating the ion pump, the comparison should be made with conventional 

pumping systems, allowing $or the reduced speed due t o  baffles and the in- 

creased' operating cost  including refrigerants.  

cluded tha t  ion  pumps warrant fur ther  development, 

On this basis it may be con- 

A subsequent paper w i l l  give more de t a i l s  of the design and opera- . -  

t ion'of the pump. 

made with t h i s  equipment will a lso  be reported, 

Some observations on ion energies, densit ies,  and drains 
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