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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

A vacuum pump based on the properties of'a magnetically collimated elecpric
discharge is described, It has a speed in-the range 3000 to 7000 liters a sec-

ond and a base pressure in the order of 1o°émmo
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Radiation Laboratory, Department of Physics

University of California, Berkeley, California
August 27, 1952 ) )

) ibisareport @escribeﬁ briefly the salient features of a new type
9? vacuum pump. ?he general concept of an ion pump has occurreérta many in-
vegtigatprsi? The i@ea is to ignize_the residual gas and to sWeep it from
the volume by some gombinétiqn of electfi@ and magneti@ fields. It is, iﬁ
ﬁgpt?“a fairlyvcommgn'qbseryapion'that gas pressures in a c¢losed syste@ caﬁ_be
reduced by a discharge; however no previouﬁwion pump has had a ba&e pressure
or gaswhandling capacity coppafable te large_diffusi@n pumps, The yain'feaa
?u;e gf this ion pump can be understocd in terms of simple discharge phen-

omena,

J

I, GENERAL DESCRIPTION

A basic arrangemgnt of the pump is shown in Fig, 1. Thevdrawing
has been divided into three main sections. Gas islrem@yed from the low
prggsu;elgeptgr section, and délivéred %o the higber pressure exilt sections,
The active element in this operation is an intense dlscharge which is col-
limated by magnetic field, and extends from a hot cathode to a cold reflect-
iﬁg cathode. This discharge is a type first used with cold cathodes by F. M,
Penning®, and with a hot cathode by A. T Firkelstelr , Tte essemtial
characteristics is an efficient refluxing of the electrons, Electrons emitted
from the hot filament are accelerated into the discharge where the magnetic
fielducopfines their paths to tight helices, permitting them to pass through
the center section and be returned by the reflecting cathode. Thus, the eleé=
trons oscillate back and forth threugh 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 Phi????ceﬁ have & very low velocity com-
pared to the electrons and a short mesn free pathy hence & positive space charge
developes in the column, This space charge field moves the pcesitive ions to
the cathode.

_We have then a discharge containing a large flux of emergetic elec-
trons Passing;through‘the center section., Gas molecules enter @he discha?ge

P@g{g,__ihe&iopiggd mqlecylgs a:e”then lgterally ¢ani?ed,by themmagnetie
f;g}gwgnd_leiVergdﬂto the caﬁhode_by the plasma gradient; By means of this
process, the gas pressure is reduced until an‘equilibrium is.reached with in-
verse processes to be diécussed in the next section.

| ~ On reaching a cathede;, positive ions have several possible alter-
natives open po them, Some ions combine chemicslly with the cathode material,
‘Other iQns are neutralized at the cathode surface, and then as neutral parti-
cles théy are una?fected by the magnetic field and can leave the discharge
apd“ggtervtheufgrevgcuum systemo Neutral particles attempting to travel“back
: pprthe @isébargg are ionized again and returned to the cathode, Other neutral
,partiples }eaving“thg cathode are trapped on surfaces facing the cathode.
This is_duehtg the gettgripg action of the cathode material which is constantly
pging;gputtered onto the neighboring surfaces. 'The quantity of gas which.is_
removed byladsbfption apd chem@stry is_sueh.that for steady operation_under
oygipary_loads (0002_06;° NTP/secg), the forevacuum system can be closed off,
The maximum arc current is limited by the positive ion currént across the
cath9de sheath, Atllow pressures in the central region of the pump, the pos-
itive ion supply is insufficient to maintain a discharge of the desired character-
istics, (10 to 204amperes at 300 to 400 volts), and it is necessary to introduce -
gaétﬁheqﬁﬁaie&k into %he cathode region. This gas leak is aﬁjusted to keep the

‘pressure in the hot cathode region above 3 x 10=4mm° The long ancde constric-
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tion.tgbe_neaf.the cathode is designed to confine the high gas pressure to the
cathode region, The diameter of this tube is just élightly greater than the
discharge, hence gas which might diffuse through the tube is lonized and re-.
tgingdveﬁen_gt_tpe lowest gas pressure in the ¢entra1 region of the iqn pump,
While a minimum exit pressure is necessary to maintain a dischargé for light
puppigg_lggdg,_any incygase beyond tﬁat minimum merely ingreases the“ion bgpm“
ba;ﬁmgpt“qf theléathodeo ?his ion pump is usually operated with an exit pres-
S?f?_qf 3f5 X_lQOAmm?‘altpoggh exit pressures as high as 10”2mm can b; gs;do
Wiﬁhip”the range of exit pressures mentibned; the lowest center pressure may

vary from 0.8 x 107 40 6 x 10~0mm,

II, FACTORS IN THE SPEED AND BASE PRESSURE

Tglégtermipe the pumping spegd one measureé tpeweguilibrium pres-
§ur¢s‘gt'tbemepprggee of the pump corresponding to different rates of gas
flow into the pump. The speed, S, is then rglate@'to the change in gas 1éak
rate AL, and the corresponding chaﬁge is pressure 8P by

S = AL
AP

The speed is u;timately limited by the surface area of the discharge itself,

For a discharge of area A, the maximum speed would bes

v A
Spax = B g

_ v %
where Yé is the arithmetic average molecular velocity . K is a constant which

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

® Véﬂs 149551 N ﬁ%%— em/sec. This gives the familiar aperture speed of 75,28

liters sec™ per square inch of area for air of 25° C,
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is usvally abqut 0.5, »In addition, since the_discha?ge requirgs an axigl mag-
netic f161d, there must be magnet windings around the discharge which st the
same tine provids adequate opering for the £lov of gas to the discharge, Fig.
g“shqws ;he general design of an ion pump which_employs an gpggrhelix in tbed.
cgptgr sgqpion to maintain an axial magnetic field and still provides a large
adﬁittanceo_ |

Wheﬁ the pump is operated without an intent?onal gas leak‘at t@g )
ceppgrg there are several factors vhich can Qontribﬁte to the residual pres-
‘sureg.~Th¢r¢“is always some outgassing of the local surfaces, but after aifew
hqurs pf operation, phe pressure isreontrolled more by the geometry'of the
pump”apd thg adjustment of various electrical parameters, A portion"of the
gas pressu?ebarisesrfrom icns which leave the“discharge and become neupraln
ized oﬁ the metal surfaces of the cgnﬁer section; However, most of the ioés
whichﬂleave_the discharge migrate towards»the_ends of the pump in the space
bétweenvthe discharge and the walls and become neutralized on the outer por-
tign o? the anode constriction tubeso The surfaces of tﬁese constrictions
then:begome a source of gas particles which diffuse back toward the center
section, The pump is made long enough so that there is a high probability
that thé~neutra1'particles will be ionized again by the discﬁarge before
reaching the genter section, Neulral atoms can also be formed in the dis-
charge'gs a result of icnmelectrpn attachmenﬁollThis is normally considered
& rare eventvin gaseous discharge, but can be of importance at low gas pres-
sures and high ion densities,

The "internal" sources of”pressure mentioned gbOVe are reduced by_
proper empirigal ménipulatipn of the controls, Vgriation of thg;hqtvggthode
temperapure determines the electron emisgion'current apd”hag some contro;

over the rf plasma oscillations which are set up. These rf fields4 give
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rise to a very much higher ion drain across the magnetic field than would be
expecﬁed fyomvgpllisiqn pf9cess§s?H The ipn d:ains of course, cogtribgtgs Po
the residual pressure.. The voltage applied to the discharge determines the
initigl electrgnuengrgy, which in part, determings.tpe ?e}ativ9 importgnce
qf»thg iogizgtign, excitgtion and recqmb%napion processes. _The ratiolofﬂlu
exit to center magnetiQ.field»determines the discharge diametgr atwthe cen-
ter, which in tgrp affects the drains, gas diffusion along the side tubes

and pumping speed,

IIT, OPERATING CHARACTERISTICS

Seyergl of these pumps have been pade,_each designed to prov?@e
better'measurements and improved performance. One pump, Fig. 2, has been
r™un with automa?ig controls_cqntinuously fqr ;yq wegks, under a gas load of.
about 0,02 cc/sec. (NoioPo)P This pump has been used to pump a 48,000 liter
tank? starting at a pressure of 1O®2.mm° The lowest tan# pressure varied
with tank conditions from 5 x 10°?mm° to 5 x 10=6mmo The ion pump is not
particularly sensitive to the type of gas, although inert gases are not
consumed by chemical meaﬁsg.and forevacuum pumping is necessary. . Iffan
ipn pump is allewedrto puﬁp on‘ifself for a dayy, the difference between
trappeqnand untrappe& ion gauge readings:of the center pressure is less.than
.lQﬁéercento Fig. 3 gives a typical speed curve fpr”thgwpump showp in F:i.g_° 2o
Approximate opgratipg conditiopg fer this pump are }istgd ianabl? I, The
total operating power for the conditions tabulated is about 42 KW, This can
be reduced to about 25 KW at the expense of an increase in center pfessure of
a factor of two, The limit of continuous operation is set by the cathode

and is roughly 2 %o 4 weeks in the present designs,



TABLE I
Pumping speed
Basekpressgre

Arc voltage
Arc current

Cathode
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3000=7000 liters/sec,
' =6 -6
0,8 x10 +to 5 x10 mm,

400=300 volts,
20-10 amps.

Radiantly heated tungsten

cathode, Power consumed
4o5 KW,

Maghef power 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 achieﬁe long
term reliability and lower operating costs, The greatest advantage of the
ion pump over diffus;op 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
pupping:systems, allowing for the reduced speed due to baffles and the in-
creased operating cost including refrigerants, On this basis it may be con-
cluded that ion pumps warrgnt further devalopment.

A subsequent paper will give more details of the design and opera-
tion of the pump. Some observations on ion gngrgies, densities, and drains

made with this equipment will also be reported,
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