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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 louémmo'
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?big‘repq?trgggcribes-briefly tyelsalien@ features of é_new type |
of vacuum pump, The general concept of an ion punp bas ocourred to many in-
vestigators’. Tho idea is o ionize tho Tesidual gas aud to sveep it from
phngolume_by some gombination.gf electric and magnetic figlds? It is, in
ﬁgpt?_a fairly‘qgmmgnﬂobseryaﬁien‘tpa@ gas pressureé in a closed systg@ canﬂbe
reduced by a discharge; however no»previouswicn pusp has hgdAa base pressure
Qrwga§“handlipg capa¢i?y”cbgparaple to largemdiffﬁsi@n pﬁppso The pain_fea=
?F??'?f this ion pump ecan bevunderstood in terms of simple discharge phen-

omensa,

I, GENERAL DESCRIPTION

A basic arrangemgnt of the pump is shown in Fig, 1. The.drawing
has been divided into three main secticns. Gas is removed from the low
p;gssg;ewpentgrxgectionggrnd_deliyered tovthe ?igbefipr@SSure exit sections,
The active element in this operation is an intense dischgrge-whi@h is col-
limated by magnetic field, and extends from a th“cathodé 0 a cold reflect-
igg cathode, This discharge is a type first used With @@1&‘@§thpdés by Fo M,
?ennipg?s and with a hot cathode by A. T, Finkelﬁﬁéinéa’ Its essential
characteristics is an effi@iept refluxing of the electrons., Ele@trons emitted
from the hot filament are accelsrated imbo the discharge where the magnetic
fieldwcopfings their paths td tight helices, permitting them te pass through
the‘center 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 foms.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
q§xe;§§g§ in the column, This space charge field moves the pogitive ions to

| We have then & discharge containing a large flux of emergetic elec-
trons 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 ionised molecules are then laterally confined by the magnstis
fig}gvgndHleivgrgdmtq the ca#hodgwby<§he‘plgsga gradient; By means of this
_ process, the gas pressure is yeduced gntil anuequilibrium is reached with in-
‘verse processes to bé»diScﬁsseq in the'ﬁéxt section,

| Qn reaching a cathode; positive ions have several possible alter-
natives‘open to then, Spme ions combine chemically with the cathode materiaio
‘Qtpér igns a?é neut?alized at the cathode surface, and then as neutral parti;
cles‘phgy are unaffegted by the magnetic field and can leave the dischérge.
gpd“egte; phehfgreygcuum sgstemo .Neutfal particles éttempting to travel“back
v.ypmthe_éiscparge_aremionizedmagain,ahd returned to the cathode, Other neutral
pg;?igleg }eaying“thé.cgthode are trapped on surfaces facing the cathode.
Ip;g‘isddue;tg'thg gettering action of the cathode material which is constantiy
pgiyg;gpgttereq_pntoxthe neighboring surfaces. The quantity of gas whichbis
;gpg?ed_by‘adsorption_and chem%stry is suehuthat for steady operationnunder
ordinary loads (0.02 ce. NTP/sec.), the forevacuum system can be closed off,
The maximnp arc current is limited by the positive ion currént across the
_ qatthe sheath,- At low pressures in the central region of the pump, the pos=
iti#e ion supply is insufficient to maintain a dischgrge of the desired charaeter=
: %ggics,,(lo to 20'amperes at 300 to 400 volts), and it is necessary to introduce - :
. gasthmgxaleak into the cathode region, This gas leak is‘aldjusted to keep the

pressure in the hot cathode.rggiog above 3 x IOQme° The long anode constric-
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ﬁigp”tpbevnearvthe”cathnglis 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 re-.
turned to the cathode region, In this vay, an intense discharge can be main-
ﬁgingd even at the lowest_ggg pressure ig the centfal’regién of ;he ion pump,
Whil?ﬁﬁ m;nimum exit pressure>i$”negessary_to mainpain a discharge ?or lighph
pugpiqg_lggdg,_any inc{gase beyond that minimum merely iﬁcreases the‘ion bom~
bardment of the cé.j;hode° This ion pump is usually operated with an exit pres-
sure of 3-5 x lQQAmmgualtpoggh exit pressures as high as inzmm can be used,
?iﬁhinwthevyange qf exit pressures mentibnedg the lowest center pressure may
- % :

vary-from 0.8 x 10™° t0 6 x 100 .

II. FACTORS IN THE SPEEDuAND BASE PRESSURE
To determine the pumping speed one measures the equilibrium pres-

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

rate & L, and the corresponding change is pressure oP by

s = ALl
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 o4
b
o o RERUTE S :
where V, is the arithmetic average molecular velocity . K is a constant which

measures the overall efficiency of the arc asga sinkrfoflﬁoieéﬁlesovAIts value
EEE

*-Vahg 124,551 A ﬁ%&- cm/sec, This givas‘théﬁfamiiiar:éperturé speed of 75,28
, | g L

liters sec™ per square inch of area for air of 25° C,
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is usually about 0, 50' In addltlon, 51noe the disoharge requires an axialimag—
netlc field, there must be magnet w1nd1ngs around the discharge whloh at the i
same time prov1de adequate openlng for the flow of gas to the discharge° Figo
2 shows the general de51gn of an ion ‘pump whloh employs an open hellx in the:'
center seotlon to malntaln an ax1a1 magnetlo field and still prov1des a large
admlttance,”;

When the pump is operated w1thout an 1ntentiona1 gas 1eak at the )
Henters there are several faotors whloh can oontrlbute to the re81dua1 pres~
sure, There is always ‘some outga351ng of the looal surfaoes9 but after a few
hours of operation, the preasure is controlled more by the geometry of the
pump_ahd_the adJuetment oflvarlous eleothloal parameters, A portlon of the
gae_pyessa?e_arises‘from“ions whloh‘leave the“discharge and becomefneutralfﬂ
ized on the metal sorfaoes'of the center section. Howeverb_most of the ions
whiohileaye thetdieoharge mdgrate towardshthe_ends of the pump ih the_space
betyeeh the>dieoharge andathe‘walle and beoome nedtralized on.thevouter PoOr=.
tion o{ the anode‘conetriotion tubes, The surfaces of these constrictions
then beoome a source of gas particles which diffuse back toward the center
section, The pump is made 1ong encugh so that there is a high probability'b
that the neutral particles w1ll be 1onlzed agaln by the discharge before
reach;ng the oenter seotlono Neutral atoms can also be formed in the dis-
oharge as a result of ion-electron attaohmento#‘Thio is normally considered
a_hare event in gaseous dieohargeg but can be of importance at low gae pres-
sﬁres‘and high ion densities° , )
" | The "internal" sources of pressure mentioned abOVe are reduced by
:‘proper emplrloal manlpulatlon of the csontr’olsa~ Varlatlon of the hot oathode
‘temperature determlnes the electron emission ourrent and has some control

over the rf plasma oeclllatlons which are set up., These rf fields4 give
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rise to a very much higher ion dr§iphagrpss the magnetic fieldAFhan wou}d be
the residusl pressure. The voltage applied to the discharge deternines the
initial electron energy, which in part, deternines the relative importance
of the‘iopizatioh;'éxéit%%ion and recombination proﬁegseé.'_The ratio of
exit t6 center magnetigffieldmdetermines the discharge diameter at the cen-
ter, which in turn affects the drains, gas diffusion along the side tubes

and pumping speed.

ITT, OPERATING CHARACTERISTICS

| Several of thess pumps have been made, each designed to provide
better measuremen@s_and ippronQ:pgrformgnge, 'Qneqpump,_Eig, 2, has been
rugﬁyith'automatiq:controls»coptinuously fqr twq»wegks, under a gas load of
about 0,02 ce/sec, (N.T.P.), This pump has been used to pump a 48,000 liter
tankglstarting at a p;gsgurekof_lpa ummg‘_Ihe lowest tank pressure varied
with tank conditions from 5 ;llonémmo to 5 x,lQ=6mm° The ion pump is not
particularly sensitiveuto the.type/?f gas, although inert gases are not
consumed by ghemigal means, ahdﬁfo?evacuum pumping is necessary. . Iffan
ipn_pump is allowed to‘pumplpn ifself for a day, the difference}between
trapped‘and untrapped ion gapgenreadingsvofmﬁhg g9n$g:‘pyessure is less than
1Q_p¢?cento Fig° 3 gives a pypica}_speed QF?YGHf?FLP??3PE@Pg§h9WE’1n Figm° 2,
Approximgte opgratipg_cohditiopg for this pump 5{?.}?32?§3%H;T§b1?41° 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 increasé in center pressure of
a factor of two, The limit of continuous operation ié ég%fﬁivﬁhéiéafhdde

and is roughly 2 to 4 weeks in the present designs, i




- Pumping speed
' Baseipréségre

‘AP Voltage
Arc current

Cathode

Maghet power

- TABLE I
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30007000 liters/sec;

. =b =6
0,8 x10 to 5x10 mm,

400300 volts, T

20-10 amps.

Radiantly heated tungsten
cathode, Power consumed
4.5_KW° .

Side maghets 20 KW
Center helix 12 XKW

It is difficult to predict the degree of success that willtbe

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

térmrréiiability and lower operating costs, The greatest advantage of the

ibﬁ.ﬁump“bﬁer'diffusiOn pumps is the completé absence of any extraneous

‘working~f1uidt"1n some applications it is very important to avoid contam-

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

In evaluating the‘ioh'pump;’thé comparison should be made with conventional

pumping:$y3tem95 allowing for the reduced speed due to baffles and the in-

creased’dPeiating“CoSﬁ including refrigerants, On this basis it may be con-

cluded’ that ion pumps warrant further developmert,

i tA“éubsequéhtfpéper will give more details of the design and opera-

tion® of the'pump, xSo@e observations on ion energies, densities, and drains .

madé 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

Bukel, Forrgst Fairbrother and H. Smith,



-9 _ UCRL-1930

REFERENCES s
1n Meyjern, Wo ) 'V, 9 ) Zo PZEESikIV‘“BAQ p‘=’5319 19330

3.
b

Schwarz, H., Z., Physik v-122, p=4375 1944,

Ctanston, F, P, and Mann, J, K., Microwave Laboratory, Stanford
University, No, 101, Oct.” 1949,

Champeix, Robert, Comptes Rendus No, 1, July 3, 195C.

Early, H, C, and Dow, W, G., Phy. Rev, v=79, p-186, 1950,
Perning, F, M., Physica V=by p=T1, 1937,
Finkelstein, A, To, R.S.1, v-11, p=94; 1940.

Bohm, David, "The Characteristics of Electrical Discharges in Magnetic
Fields." DMNuclear Energy Series 1=5,




a—"
\ EXIT CONSTRICTION
EXIT CONSTRICTION TUBE
TUBE DISCHARGE
: MAGNET
’ _ | l[wmomes I
I
ﬂl . ' ) Il
ooy L | ]
' I | =—o- 300V
- il s D C_ 1
= 1 il
TO FOREVAGUUM | | | ’
’ CENTER
'EXIT SECTION l Isr—:cnon l EXIT SECTION
MU 4109

FIG. 1




//

PRESSURE ~16% mm

HOLLOW HOT
CATHODE

PUMP INLET

EXIT GAS LEAK

END VIEW

TO FOREVAG )
PRESSURE ~ 6 x 16%m

ANODE CONSTRICTION

PRESSURE ~ 5x IG mm ANODE CONSTRICTION

I £t

FIG. 2
MU 4§10




T T T T
/
/ SPEED = 7.6 x 10° ﬁ,L,c LITERS/SEC
0.07} /
% 0.06-
[
R
§ 0.05—
~
Q
o 0.04 DISCHARGE
b4
L= 4
w
|
@ 003
L= ¢
)
002 RCA 1949 l 12 HOLES
ION GAUGE AT TOP OF FACING BLANKING
MANIFOLD (MAGNETICALLY PLATE
O.o| SHIELDED} GAS LEAK
] i |
Y 05 10 1.5 4 20
Pc (CENTER PRESSURE x 10°MM) MU 4111

FIG. 3






