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A HIGH VACUUM HIGH SPEED ION PUMP 

John So Foster Jro~ Eo 0~ Lawrence and Eo Jo Lofgren 

· Ra.dia tion ta.bor~tory » Department· of Physics 
University of California:> Berkeley» California 

August 27» 1952 

ABSTRACT 

Ay~cuum pump based on the properties of_ a. mag?-etica.lly collimated electr:i,.c 

~ischarge is_ described, It has a. speed in·the range 3000 to 7000 liters a sec= 

=6 ond and a. base pressur~ in the order of 10 mmo 

• . 
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A HIGH VACUUM HIGH SPEED !ON P~ln! 

John So Foster Jr o 9 E. Oo Lai...rrence and Eo J o Lofgren 

Radiation :ta bora tory 9 Departinen:l;; · of Physics 
University of California3' Berkeley9 California 

A~t 27:; 1952 

This report describetS briefly the salient features of a new type 

of vacuum pumpo The general concept of' an ion pump bas occurred to many in= 
. . .. - - ~ 

0 1 
vest~gators o The idea is to ionize the residual gas and to sweep i.t from 

the volume by some combination of electric and magnetic fieldso It iz,ll in 

fact, a fairly common observation that gas presst."Tes :in a. closed system can be 

reduced by a discharge' however no previous ion pump has had a base pressure 

or gas handling capacity comparable to large diffua:ion pumps. The main fea= 

ture of this ion pump can be understood in terrr~ of simple discharge phen= 

omenao 

Io GENERAL DESCRIPTION 

A basic arrangement of the pump is shown in Figo L The drawing 

has been divided into t~~ee main sectior~o Gas is removed from the low 

pressure center section!! and delivered to the higher pressure exit sectiOl'lSo 
-··· ,_ -

The active element i.n this operation is an incense discharge ~which is col-

limated by magnetic field~ and extends from a hot cathode to a cold renect= 

ing cathodeo This discharge is a type first used with cold cathodes by Fo Mo 
'3 

Penning2
ll and with a hot cathode by A. To Finkelstein: o Its e:&sential 

c~acteristics is an efficient refluxing of the electronso Electrons emitted 

from the hot filament are accelerated into the discharge where the magnetic 

field confines their paths to tight helices!! permitting them t© pass through 

the center section and be returned by the refiecting cathodeo 'l'hu.s 9 the elec= 

trons oscillate back and forth through the discharge, losing their energy by 

excitation and ionization until they are collected on the anode walls. The 
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positive ions which are made during this process have a very low velocity com= 

pared to the electrons and a short mean free path~ hence a positive space charge 
··--~·-···""" --·~· ~ -

~~yelopes in the column.. This space charge field moves the positive ions to 

the cathode .. 

We have then a discharge containing a large flux of energetic elec= 

trona passing through the center section.. Gas molecules enter the discharge 

because of their random motion and have a very good chance of being ionized 
...... ___ -- ... 

there., The ionized molecules are then laterally confined by the magnetic 

field and delivered to the cathode by the plasma gradiento By means of this 
-- --- ·-·--···-· ... , -- . -

p:-ocess,_ the gas pre~sure is z.-educed until an_ equil~brium is reached with in= 

verse processes to be discussed in the next sectiono 

On reaching a cathode, positive ions have several possible alter= 

natives open to them.. Some ions combine chemically with the cathode materialo 

other ions are neutralized at the cathode sUFface~ and then as neutral parti= 

cles they are unaffected by the magnetic field and can leave the discharge 

a~d_e~ter ~he forev~cuum systemo Neutral particles attempting to travel back 

up the discharge are ionized again and returned to the cathodeo Other neutral 

particles leaving the cathode are trapped on surfaces facing the cathode .. 

This is due to the gettering action of the cathode material which is constantly 
·- -

b~~ng_ sputtered ~:mto the neighboring surfaceso The quantity of gas which is 

removed by adsorption and chemistry is such that for steady operation under 
- -- -... ' . - . -

o~dillB.I'y loads ( Oo 02 _ cco NTP/ sec_~ ) J> the forevacuum system can be closed off o 

The maximum arc current is limited by the positive ion current across the 

cathode sheath.. At low pressures in the central region of the pump, the pos= 

itive ion supply is insufficient to maintain a discharge of the desired character= 

~s~ics, (10 to 20 amperes at 300 to 400 volts)~ and it is necessary to introduce 
. . . . . . . . . ~ 

gas ttfrl~\aleak into the cathode region. This gas leak is adjusted to keep the • 

pressure in the hot cathode region above 3 x 10=4mmo The long anode constric= 
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tion tube near the cathode is designed to confine the high gas pressure to the 

cathode regiono The diameter of this tube is just slightly greater than th~ 

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

turned to the cathode region" In this way9 an intense discharge can be·main-
. ~ ,• ... , - - - . - - -- . 

tained even at the lowest gas pressure in the central region of the ion pumpo 
-. - -. .. 

Whi_l~. ~ minimum exit pressure is necessary to maintain a discharge for light .. 

pumping loads, any increase beyond that minimum merely increases the ion bom- .. . .. . ·--- . . . ~ - ~ 

bardment ()f the cathode" T~s ion pump is usually operated with an exit pres= 
- - -- ~ ' . 

~ 2 
sure of 3~5 x 10 mm9 although exit pressures as high as 10= mm can be usedo 

Within the range of exit pressures mentioned9 the lowest center pressure may 
. --· .. - ... 

. 6 
vary from Oo8 X 10= to 6 x 10=6mmo 

II., FACTORS IN THE SPEED AND BASE PRESSURE 

T?_determine the pumping speed one measures the equilibrium pres

sures at the entrance of the pump corresponding to different rates of gas 

fl~w into the P~Po The speed9 s, is then related to the change in gas leak 

rate 6 L, and the corresponding change is pressure t:>P by 

s g; PAL 
-AP 

The speed is ultimately limited by the surface area of the discharge itselfo 

For a discharge of area A~ the maximum speed would be & 

V A 

4. 

* where Ya is the arithmetic average molecular velocity " K is a constant which 

measures the overall efficiency of the arc as a sink for moleculeso Its value 

* Va ·= 14;~551 ~em/sec, This gives the familiar aperture speed of 75o28 

lit ~ 0 ers sec per .square inch of area for air of 25 Co 

'1\: .·· - . .,.._. •' 
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is usually about Oo5o In addition, since the discharge requires an axial mag-

netic fiel?? there must be ma~net windings around the discharge which at the 

same time _provide adequate opening for ~he flow of gas to th~ dis?hargeo Figo 

2 shows the general d~sign of an ion pump which employs an ope~ he~x in t~e __ 

center section to maintain an axial magnetic field and still provides a large 

admitta.nceo 

When the pump is operated without an intentional gas leak at the 

center 9 there are several factors which can contribute to the residual pres-

sureo There is always some outgassiP~ of the local surfaces 9 but after a few 
. ·-· 

hours of operation9 the pressure is controlled more by the geometry of the 

pump and the adjustment of various electrical parameterso A portion of the 

gas pressure arises from ions which leave the discharge and become neutral-

ized on the metal surfaces of the c~nter sectiono However.9 most of the ions 

which leave the discharge migrate towards the ends of the pump in the space 

between the discharge and the walls and become neutralized on the outer per= 

tion of the anode constriction tubeso The surfaces of these constrictions 

then'become a source of gas particles which diffuse back toward the center 

sectiono The pump is made long enough so that there is a high probability 

that the· neutral particles will be ionized again qy the discharge before 

reaching the center sectiono Neutral atoms can also be formed in the dis-

charge, as a result of ion=electron attachmento This is normally considered 

a rare event in gaseous discharge 9 but can be of importance at low gas pres= 

sures and high ion densitieso 

The "internal" sources of pressure mentioned above are reduced by 

proper empirical manipulation of the controlso Variation of the hot cathode 

temperature determines the electron emission' current and has some control 

over the rf plasma. oscillations which are set upo These rf fields4 give 
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rise to a very much higher ion drain across the magnetic field than would be 

expected from collision processeso The ion drainS~ of coursell contributes to 

the residual p~essureo_ The voltage applied to the discharge determi~es ~~e 

initial electron energy, which in partS~ determines the relative importance ... ' . ... 

of the ionization~ ex~itation and recombination proc~sses. The ratio of 
- I -

exit to center magnetic field determines the discharge diameter at the cen-. . -

ter, which in turn affects the drains, gas diffusion along the side tubes 

and pumping speedo 

IIIo OPERATING CHARACTERISTICS 

Several of these pumps have been made, each designed to provide 

better measurements and improved performance. One pumpg Fig. 2, has been 

run with automatic controls continuously for two weeks, under a gas load of 

about Oo02 cc/sec, (NoTo!'o)o This'pump has been used to pump a 48,000 liter 
=2 

tank» starting at a pressure of 10 mmo The lowest tank pressure varied 

with tank conditions from 5 x 10=5mmo to 5 x l0=6mmo The ion pump is not 

particularly sensitive to the type of gas~ although inert gases are not 

consumed qy chemical means 9 and forevacuum pumping is necessary •. If'an 

ion pump is allowed to pump on itself for a day9 the difference between 

trapped and untrapped ion gauge readings of the center pressure is less than 

10 percento Figo 3 gives a typical speed curve for the pump shown in Fig. 2. 

Approximate operating conditions for this pump are listed in Table I. The 

total operating power for the conditions tabulated is about 42 KW., This can 

be reduced to about 2S KW" at the expense of an increase in center pressure of 

a factor of twoo The limit of continuous operation·is set by the cathode 

and is roughly 2 to 4 weeks in the present designso 



Pumping speed 

Base pressure 

Arc voltage 
Arc current 

Cathode 

Magnet power 

-8-

TABLE I 
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3000-7000 liters/sec~ 
-6 -6 

0.8,X 10 to 5 X 10 mm. 

400-300 volts. 
20-10 amps. 

Radiantly heated tungsten 
cathode. Power consumed 
4o5 KWo 

Side magnets 20 KW 
Center helix 12 KW 

It is difficult to predict the degree of success that will be 
. . 

reached finally, since this development is less than a year old and a cer

tain amount of engineering development remains to be done to achieve long 

term reliability and lower operating costs. The greatest advantage of the 

ion pump over diffus~on pumps is the complete absence of any extraneous 

working fluid. In some applications it is very important to avoid contam-

ination from-pumping fluid and elaborate and costly baffles must be provided. 

In evaluating the ion pump, the comparison should be made with conventional 

pumping systems, allowing for the reduced speed due to baffles and the in

creased operating cost including refrigerants. On this basis it may be con-

eluded that ion pumps warrant further developmento 

A subsequent paper will give more details of the design an!.'!_ opera-

tion of the pump. Some observations on ion energies, densities, and drains 
~ " - -

made with this equipment will also be reported. 

IV. ACKNOWLEDGEMENTS 

During the course of this investigation, many people took an active in-

terest in the work at various stages. It is a pleasure to acknowledge par-

ticularly the help of W. Bush, Paul. Byerly, Warren Chupp, Bruce Cork, Warren 

Eukel, Forrest Fairbrother and H. Smitho 



1. Meyern, W. V., z. Physik,.v-84, p=53lll 1933. 

s~~~a~z,- H.~ z~ Physik V=l22, p-437, 1944. 

cranston,. F. P~ and Ma.nn$ J. K~, Microwave Laboratoryl) Stanford 
University~ No. 101, Oct. 1949. 

Champeix, Robertll Comptes Rendus No. 1~ .. July 3,. 1950. 
- -

Early~ H. c. and Dow, W. G.~ P~y. Rev. V=79~ p~l86~ 1950. 

2. Penning, F. M. 9 Physica V=49 . pm71$1937. 

3. Finkelstein, A. T.,. R.S.I. V=ll~ p=94~ 1940. 

4. BOlim, David~ "The Characteristics of Electrical Discharges in Magnetic 
Fields." Nuclear Energy Series 1=5. 



EXIT CONSTRICTION 
TUBE 

- :300V 

FIG. 

I CENTER I 
SECTION 

EXIT CONSTRICTION 
TUBE 

I• 

IEXIT SECTION 

MU4109 



~ .• 

·300V 

EXIT GAS LEAK 

HOLLOW HOT 
CATHODE 

PRESSURE - 5 x 104 
mm 

ANODE CONSTRICTION 

ANODE CONSTRICTION 

I ft. 

FIG. 2 

SIDE MAGNET 

•4 
PRESSURE - 5 x 10 m 

END VIEW 

MU 4110 



0 

0 

• 

I 
I 

I 
1

; !sPEED = 7.6 x 104~ LITERS/SEc! 

1.0 

RCA 1949 
ION GAUGE AT TOP OF 
MANIFOLD (MAGNETICALLY 
SHIELoEDl 

1.5 

Pc (CENTER PRESSURE x 105 MM) 

FIG. 3 

DISCHARGE 

12 HOLES 
FACING BLANKING 
PLATE 

2.0 

MU 4111 




