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ABSTRACT

. A vacuum pump based on the properties of a magnetically collimated electric
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 10=6mm5'
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ibig_repqytrﬁeggribes-briefly the zalient featureﬁ of é new type .
9?.???@??,PUQP° The gene;al cppqept of an‘ion pump has’accprreﬁ to mﬁnyninu
vestigators'. The idsa is fo Sonise the residusl gas and fo Sveep i% from
theqvolume by some combination of elestric and magnetic figlds? It isy in
fact, a fairly common cbservation that gas pressgreé in a closed systgp can be
reduced by a discharge; however no_previouswion pusp has hgd‘a bage pressure
or gas handling cap&ciiy céypara?le to large”diffﬁai@n pﬁgpso The ;&in_feaa
tg;g‘qf this ion pump can be understocd in terms of simple discharge phen-

onmensa,

I, GENERAL DESCRIPTION

A basic arvangement of the pump is shown in Fig. 1, The drawing
hag beep d?vidgd jnto_ﬁhreg ma@nlaggﬁi@ngq' Gas iskrem@yed from the 1pw
p?gssg;engentgr_gectiongﬁrndkdglivgred ta‘the hig&erﬂpresgure exit sections,
The active element in this @pergtian iz an intense dischgrge-whi@h is_co}-
limated by magnetic field, and extends from a th“@athodé to a cold reflect-
ing cathode, This discharge is a type first used with cold cathodes by F, M,
Penning?s and with a hot cathode by A, T, Finke}lste:_in:a,, | Its essential
characteristics is an efficiept refluxing of the electrons. Electrons emitied
from the hot“fila@ent are accelerated inbo the discharge where the magnetic
fieldmcopfings their paths t@ tight heliices, permitting them to pass through
'the-cente: section and be returned by the reflecting cathode, Thus, 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
pered to the electrons and a short mean free path; honse a positive space charge
nge;éggg in the celumn, This space charge field moves the pueitive ions to
the cathode, S L

Ve have then a discharge containing a large flux of encrgetic elec-
F;pqsvpggging;thrgugh“the cenper_sectign, Gas molecules enter the‘discha?ge
pegggge oflt@gir random mpt;on_g?d>h§ye a ygry‘goqd‘chgnce of being ignized
there. The iontzed molecules are then lsterslly confined by the magnetis
f;¢}§“§nd“§gliv?rgdmtq‘tpe caﬂpodgmhv_the plgspa gradient; By means eof this
. P????sgl_F?? gas pressure is reduced until an equilibrium is reached with in-
‘verse processes to bé'discﬁsseq in the‘ﬁext section.

» m' Qn reaching a cathode, positive ions have several possible alter-
nat#ves open to them. nge ions combine chemically with the cathode materiaio
_Qtpér iQns are neutralized at the cathode surface; and then as neutral parti;
clesrﬁhgy are unaffe¢ted by the magnetic field and can leave the dischérge‘ _
apd"egtg; the forevacuum szs‘bemn Neutﬁal parﬁicles éttempting to traveluback
vppﬂtherq15charge_are_ionizedﬁagain‘aﬁd returned to the cathode., Other neutral
pg;ﬁigleg ;eayipgnthglcgthode are trapped on surfaces facing the cathode.

This is due to the gettering action of the cathode material which is eonstantij
pgiyg;gpgttereq_pntozthe neighboring surfaces. The quantity of gas which is
pgpgfgd by_adsbrptionnand chemistry is such>that for steady operationnunder
ordinary loads (0,02 cc. NTP/sec,), the forevacwun system can be closed off,

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

- cathode sheath, At low pressures in the central region of the pump, the pos—
ifive ion supply is insufficient to maintain a discharge of the desired charaeterm
%g&ics,,(l@ to 20'ampares at 300 to 400 volts), and it is necessary to introduce
- gasthramaleak into the cathode region, This gas leak isla‘djusted to keep the

pressure in the hot cathode_rggiog above 3 x loaj*mm° The long ancde constric-
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tion tube near the cathode is designed to confine the high gas pressure to the
cathode region, The diameter of this tube is just slightly greater than the

~ discharge, hence gas which might diffuse through'the tube is ionized and 1:'(-3-'-=
Turned ﬁouﬁhgmcuppo@elregign, In this way, an intenseHQ;scharge can be maine
tgined_eygn_gt the lowest gas pressure iu the centrallregion of ;he ion pump,
Hh;1§‘§ minimum exit pressure>is”ne§essary_to main@uin 8 discha:ge for light_
pumping loads, any increase beyond that minimum merely increases the ion bom-
bardment of the cathode, This ion pump is usually operated with an exit pres»
sure of 3-5 x 10 Amm, although exit pressures as high as 10 mm can be used.
Within the ‘range of ex1t pressures mentloned, the lowest center pressure may

vary from 0,8 X 10““6 to 6 x 10”6

II, FACTORS IN THE SPEED:AﬂD BASE PRESSURE

To determine the pumping speed one measures tuemeguilibrium pres-
sures at the entrance of the pump corresponding to différent rates of gés
flqu into the pump,_.The spéed, S, is"then rglate@ to the change in gas 1éak
rate 8L, and the corresponding change iéi pressure & P by

S:.*égl:!
AP

The speed is ultimately 1imited by the surface area of ﬁhe discharge itself,

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

where V, 1s the arithmetic avérage mélecularﬁvéISGity . K is a constant which

measures the overall efficiency of the arc asia sinkrfoévﬁoieuuleso ‘Its value

f

*V, = 14,551 A f—— § cm/'Sec° This glves thelfamiliar aperture speed of 75,28

liters sec™t per square 1nch of area for air of 25 c,
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is usually about O, 5 In addltlong 51noe the discharge requires an axiallmagw
netle field, there must be magnet w1nd1ngs around the dis harge whleh at the -
same tlme prov1de adequate Openlng for the flow of gas to the dischargeo Fig,
2. shows the general de51gn of an ion pump whloh employs an open hellx in the:'
oenter section to malntaln an axlal magnetlo field and still prOV1des a large
admlttanceaou - _ _ S L

W When the pump is operated without an 1ntentiona1 gas leak at the )
oenter9 there are several faotors whloh can oontrlbute to the re81dual pres~
sure, There is alWays ‘some outgass;ng of the 1ooa1 surfaces, but after a few
hours of operation, the preasure is controlled more by the geometry of the
pump eodrthe adJustment of‘?arlous eleotrloa} parameters, A portlon of the
gee_pressu;e_erises‘from”ions whioh_leeve theﬂdischarge and beeomeineu;ralf,
ized on the metal sorfeoeslof the center section. HoweVerslmost of the ions
v?iop@}eeve thetdieooarge m;grate towardshthe_enQS of the pump io the.space
betyeep the_disoharge‘and{the‘walls and become negtralizeo on.the outer por-.
tion o? the enode‘constriotion tubes, The surfaces of these constpictions
then become a source of gas particles which diffuse back toward the center
section, The pump is made 1®ng enough’ so that there is a high probability_

‘ that the neutral particles wiil be ionlzed agaln by the discharge before
reaoh;ng the oenter seotion° Neutral atoms can also be formed in the dis=-
oharge as a result of jon-electron attachment., This is normally considered

& rare event in gaseous discharge, but can be of importance at low gas pres-=
sures and hlgh ion denoit:u.eso

| The "1nterna1" sources of Ppressure mentioned abOVe are reduced by
.rpr0per emplrlcal manlpulatlon of the oontrols°~ Varlatlon of the hot cathode
ltemperature determines the eleotron emission ourrent and has some control

over the rf plasma osciliationo which are set up. These rf fields4 give
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rise to a very much higher ion drﬂi?“39r933 the magnetic figldvthan wou}d be
expected from collision processes. The ion drainm, of course, contributes Lo
the residual pressurs, Tye voltage gppligdmpp the digqhgrge;dgtermines the
initial ei?ﬂ#??ﬁ‘en9?€¥»;whi°h in part, determines the relative importance
of the ionizatiqhg‘éxait%%ion and recombination proéggseé.'_The ratio of
ekit’té'genter maghetigifieldmdetermines the dischg?ge'diametgr at the cen-
ter, which in turn affects the drains, gas diffusion along the side tubes

and pumping speed.

ITY, OPERATING CHARACTEBIS?}CSW_._

| Sevgygl of thesg_pumgg’h%ye been_gade, ggch designed to prov$§¢
bettgr measuremen@s and igpronQ_pgrformgn¢e, 'Onergump,_ﬁig, 2, has been
rug%giph4autamatiq]Qontrolsrcontinpqusly for two weeks, under a gas load of
about 0,02 ec/sec, (N.I.P.). This pump has been used to pump a 48,000 1iter
tang?'starting at‘a p;gsgu;elof‘lpazummed The lowest tany pressure varied
with tank conditions from 5\;}10”?@@, te 5 x,lQaémm, The ion pump is not
particularly sensitive“to the.typefpf gas, although inert gases are not
consumed by Qhemigal means, and_fc;evacuum pumping is necessary. If ‘an
ion pump is allowed tovpumpvpn ifgelf for a day, the difference»between
trappedrand untrapped ion gapge:readings:of_ﬁh§‘g?ntgr‘ppessure is less than
10 percent. Fig. 3 gives a typical spesd curve for the.pump shown in Fig. 2.
Approximaté operating conditions for this pump agg‘};sggglin.Tgble4I. The
tptal operating power for the gop@iﬁions tabglgpg§ §s$a§9g@L§2:KW@LhTﬁigAcgn

be reduced to about B KW at the expense of an increase in center pressure of

RE R IR

a factor of two., The limit of continuous operation is set by the cathode

and is roughly 2 to 4 veeks in the present designs.
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- TABIE I
 Pumping speed | | 3000-7600 liters/sec.
o : o ' .6 -5
Base pressure ‘ B 0.8 x10 to 5x10 mm,
'AFé voltdge - 400-300 vélts, =
Arc current : 20-10 amps, | ;
Cathode _ ‘ Radiantly heated tungsten
B R - cathodé, Power consumed
. g o3 Ko
Magnet power ‘ Side maghets 20 KW

Center helix 12 KXW

It is difficult to predict the degree of success that will be
reaghédffihallyiisingé this develorment is less than a year old and a cer-
tain a@bunt“of engineefi@g d;yeldpment'remains to be donme to achieve long
te#mrréiiability and lower operating costs., The greatest advantage of the
ibﬁ'ﬁgﬁprver'diffusidn pumps is the complete absence of any extraneous
working- filuid,” In some aﬁplications it is very important to avoid contam-
inatioﬁ from’pnmpihg‘fluid53ﬁd elaborate and costly baffles must be provided,
In evéluating the‘ion’pump;'thé comparison should be made with conventional
P@?Ping]$Y?temsé allowing for the reduced speed‘due to baffles and the in-
creaged opéﬁating“coéf including refrigerants, On this basis it may be con-
¢luded: that lon pumps warrant further development, |

- 1A éﬁbseqﬁéht”béper will give more details of the design and opera-
ﬁioé‘of the'pump; 2So@e observaﬁign%xop5i?p“gngrgies; densities, and drains .

made with this equipment will also be reported,
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