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Ionization Methods of Obtaining High Vacuum
by

Prof. Reykhrudel' and G, V, Smirnitskaya

The requirements of modern physics,chemistry and technological branches connected
with them led to the develomment of new methods for the obtainment of high va.
cuuwm., As is known, under high vacuum we understand rarefaction of gas,at which the

' pressure is lower than 107 m Hg—l.

Upon the degree of attained vacuum depsnds substantiai‘],v the‘operational ’atabiu*lj“
and ‘service life of various electronic and ionie instruments, videly employed in
radio engineering,nuclear physics and in numerous measuring and control qstm. .
For example, . | a technologically ‘corroc.tl,v manmufactured
radio tube can serve for a period of 10-20 thousand hours,while a tube, manufactuved
- 600 hourse
To attain high vacuum the two=stage pumping method is used everywheres. The gas,
rmnd_ from the exhausted volt;mo ie diécharged not directly into tha. atmospherey but
into & chamber where s reduced pressure of the ‘m'der of 19"3 mm Hg was created by
the pump of the first stage , so=-cidlled fore-vacuvm pump, representing the development
of an ordinary piston pump, . .
Of basic interest are high vacuum pumps. In laboratory practice up u.nti)*ocentl;
' were used mercwry ccndensation pumps. ;n:o flow of heated mercury vapors in them comes

' eut at greater velocity from the narrow tube (ai1ffuser) and Arags along gas molecules

1e See for example S,Deshmen,Scientific Bases of Vacuum Technique ,FPudlication of
Foreign Literature 19503 N ,Ae KaptsovjTechnique of High Vacuum FRIRODA.1954.Moeke
Phe 33~44
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into the cooling condensation chamber,fram where they are removed by the forevacuum
pumpe A definite role in the pumping, perticularly &t much higher vacuung,play.s also
the aotptionl of gas molecuie'. on the surface of mercury droplets and subsequent 1ib.

eration of same when the droplets fuse together in the condensation chambar,

Since the pressure of saturated mereury vepors at room temperature rc;,aches the
order of 1075 mn Hg, then to attain much lower precsures (10'6'm) it 13 necessary
to freeze out the mercury vapors, This is realized by using specisl traps,the walls
of which are enoled with liquid air or other media,

041 diffusion pumps, which appear to be a modification of mercury pumps,work om
' 6

organic oils with a vapor pressure of the order of 10 ~ mm Hg end allow without freez.

|
|

ing out of vapors to obtain much higher vacuume But in many instances the operation of

the electronic devices is disrupted by the presence of even amall traces of oil vapors;

freezing out is also necessary in this case, N

In recent years was éxplained the possibility of obtaining high vécuum with the
aid of installations , containing no working ligquids, - so-called ion pumps. In these
pumps the gas ionizes in an electric discharge. The ions are then removed from the
discharge by two methodss either by forcing in the direction of the forevacuum by an

electric field, or by sorption of ions and molecules on walls and electrodes of the

discahrge tube,

The process of pushing out li.es in the fact,that the positivé ions are 'dire;:ted
by the electric field toward a negatively charged cathode, they become neutralized on
it and then removed by the forevacuum pump. In order that the pushing out should lead
to removal by pumping, the number of ions,moving toward the cathode and falling into
the forevacuum space should be greater than the number of molecules returnix}g as

result of diffusion. This condition is fulfilled, if the formation of ions is sufs

1.Sorption is called verious type of entramment of molecules and gas ions by the

surface of licuid or solid bodies,
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ficiently 1ntensi§o. and depends in addition. upon the linear ;ii.memiona of the pump's i
discharge tube, Calculation® shoved that at a 25 cm long tube with a diameter of 2 ca ;
“the necessary farce of the discharge currem$ should be of the order of IO'np. To

obtain such currents is used an incandescent cathode. But the task lies not only in

the number of ionizing electrons; it is also nece.saary_ to increase the probability

of their collisions with gas molecules,
At low pressures (10™3 - 10’“ mm Hg) when

the central path of electrons between two

collisions is comparable to the dimensions

of a vessl, electrons,nét colliding with

molecules would have fallen on the anode

and walls of the vessel and because of

this they could not have participated in -

‘
FigeleSchematic of @n ion plmp with in
the process of gas ionization in volume, candescent cathode; operetion is busod on

the forcing ocut of the gns,
A raise in time of electrons remaining in :

the discharge is donme by using a special geometry of the discharge interval end by

Placing the 'discharge in the outer magnetic field,

Mode of operation of the ion pump,based on the forcing out, can be understood
from figeles. The anode in form of a ring (A) is placed between two cathodes, One cathode
- incandescent filamet (K), the other one - col:i one (Kj)e The magnetic fieldy di.
rected parallel to the axis of the system, compels the electrons tq move along the
spirals and prevents their escape to the anode, Flying through the circular anode,
the electrons fall into a retardaf.iun. field of the seqond cathod'e a‘_andv are repulsed
in reverse, In this vay, $he cambined action of two fields (eiectric field of dis..
charge interval and longitudinal magnetic field) lead to oscillations of electrons

between the cathodes,
leSee HeSchwarz,Review of Scientifie Instrumenta.vol.2h.1953. Pe371
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A8 result the time tae electrons remain in the volume increases, and the ionization of
the gas appears to be sufficiently intensive, Consuming energy for fonization during
collisions with molecules, th.e electro_x.as gradually escape t. the anode, The fons fra.n
the discharge are directed toward negatively charged'circular electrodes,situated

in tho side sections of the tube; they became neutralized there and removed by the

forevacuum pumpeNear ths entry to the exhausted volume is placed a positively charged

electrode (B) serving for the prevention of retro falling of ions into the zone of

high vacuum, This type of pump begins functioning at a pressure of about 10”3 m Hg

minimm pressure attainable by this pump= 5-10'6

mm Hé. Rate of pumping - 0,9 I/sgc".

When it becones necessar); to pump out iarger volumes, or under conditions of
gas circulation, pumps of greater capacity are used,

In fié.? is shown & more powei-ml pump of analogous comtﬁctiwa. Its pumping
rate equa];lc‘sd 7000 1/set;. minirum pressure, pr‘oducea by 1t, was 1010’6 mm Hg, The
necessary greater discharge current (10-20 amp at a vol;age of 200=-400 v) was obtained
by continuous running the gas into space, cituated clo.t;e to the inc.andescent ca‘t.hode.

h mm Hg, and also thanks to the ection

where the pressure was kept at a level of 5010-
of the outer magnetic field, pramoting ionization of the gase The discahrge tube was

sufficiently lang to hamper reverse diffusion of the gas fram the zcne of ‘the fore

vacuum into the exhausted volume, Total power required by pump for filament méhdescenc!

feeding the tube and magnet, equalled 42 kwe
Cne of the deficiencies of the above discussed types of ion pumps appears to be
the relatively narrow wovking range of rressures (1073 - 106 Hg); enother
shortconiné ~use in role of cathode of an incendescent filapént.evaporaion of which

in vecuum reduces the service 1ife of the Punpe

1, Rate of pumping i3 detenained by the volume of gas removed by the pump per unit
of time at given pressure,
2o See I.S.Foster, H,lawrence,F.Lofgrens Review of Scientific Instruments,vole.24,1953

Pe 3o
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In muny instances when studying the physical and chemical properties of surfaces
(determining the work of electron ocutput, secondary electron emission, study of the
>eorption process, as well as ihe preparation of pure alloys, monocrystals, semicone
ductors) presence of smallest traces of oil vapors and residual gasee leads to the
formation on the investigatec surfaces of thin film. changing the roperties of sur,
faces, In such investigations a vacuum of the order of 10"6 m lig is insufficient,
=10

ultrahigh vacuum is necessary (10"8- 10 m Hg)e The obtaimment of such vecuum with

the aid of e diffusion pump or ion pumps, working on the prineiple of forcing out,

is impossible. as results of reverse diffusion of the gae fram the torevaoumn volume,

4,
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Fig.z.Powerml ion pump with incandescent cethode; mode of operation = foreing
out the gas, l=flow holder; 2«hollow ccld cathodej 3-input; g-pressure~10’6
Sesolencid; 6=hollow incandescent cathode; 7=pressure 5¢107° mm ; Beto forevacu )im;
9=discharge plasma,narrowing of enode; 10~ narrowing of anode; llepressure 5-10"’

To improve the vacuum are used gas absorbers (getters), in particular alkaline
metale, dusted at low pressures on the walls of the vessel, With the getters is poseibk
to reduce the mressure of residual gases in the system by 2-3 orders, Geses capable

of cherical reactions with dusted metal, are easily removed on account of chemieal

sorption, To remove inert gases they must be first ionized in the interiar of the

discharge tube. Consequently was introduced an ion pl.xmx:o1 working on getting ioniza-

tion atoms during thermal atomization of incandescent titenium filament in the discharge.:

The pump beginsg working at a pressure of 1073 mm Hg giving a maximm vacuum of 5-10'7 mm
Hg and removes air and inert gases as well, The ions forming in tbe discharge under
‘I.See K.Berdb,R,Davis, R,Divatrs,D,Saxons Fhysical Review v01,89,1953,P+891,
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the effecs of the electric field are directed toward the walls of the puup,they penctrate

into fresh layers of atamized metal and are held there by the fcrees of physical
(o chendaai) aorptiol*ghich leads to a reduction in pressure in the system, Specific
vecuum rises to 5-10"9 mn Hg and the rate of pumping - to several hundred liters per
second, if the atanization of the incandescent titanium filament is combined with
the fonization of the gas by electrons, oscillating in the valum' under the effect
of electric znd magnetic fields 2.

" Pumps for the obtaimment of ultrahigh vacuum, the operation of which is based oa

the sorption of ionized gas in the discharge tube, are also described in certain re
portsd,

As is known, absorption of gas takes place.in crdinary electronic tubes, It is
also observed during the operatioxi of a trielectrode tube of an 1onizafibn mancmet er
(fige3)s Electrons emiﬁed by the filament, become a;ccelera'tod in the field by a posi-
tively charged grid and, colliding with gas molecules, bring about ionization in the
volume, Positive ions are trapped by the negatively charged collector and gensrate
a current,serving for measuring the pressure, When the tuSe is in operation peart of'
tho ions is absorbed by the metal films,forming oo the walls during evaporation of the
"nnmnt; In the rocess of removing ions acertain role is slac played by the negative

cha/rgo of the wall, the mﬁitude of which is determined by the ratio of the number

of electrons, falling on the wall, to the number of secondary electrons,liberated from

' same, Absorption of gas appears to be a shartcaring, when the tube functions in role

of mancmeter (pressure gage); on the other hand, at low pressures this phencmenon cen be

utilized for the obtaimment of ultrahigh vacuum,

2, See V.Alexeff and E,FPeterson Vacuum Technology vole5,1956,p.61
9e See DoAlpert,Journal of Applied Physics vole24,1953, Noe74Ppe860=876,
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’ containing no lubricants, or in ‘vessals.unsoldered at pressures below 10

Measuring pressure of lcss than ?I.O’8
mn Hg with the aid of an oriinary joniza.

tion tudbe (e.gein LM=2 mancmeter) is ham_

- — s St e 1

porgd because of the fact,that during im.
pact of electrons against the grid a soft
~ xeray radiation originates, This radia.

tion, being absorbed by the collector,

produced a photoelectron current,compa.

rable in magnitude to ion current at a

pressure of 10"8 mm Hg and lowere
Measurement of ultrahigh vacuum,ob-
tainable with the aid of en fonization

tube, has became possible thanks to change Fige3eSchematic drawings of an installation
of ionization tubes: left-tube of ionizatiom
in tube construction (sse fige3,right) mnmetex 1M~2; rightetube of ion puxp of
BgyardeAlpert with incandescent cathode,

Cathodes are situated on the outside of [liode of operatione gas absorption,
lecollector;2-grid;3-cathode; L=collector

the grid. In the grid is placed a thin 5-grid;é~cathode,
wire, serving as ion collector, Such an ‘
arrangement of electrodes causes the falling on the collector of a very small fraction :
of x-rays, emitted by the grid, which reduces the current of photoeiectrons.'ma Pos .. 1
4tively charged grid pcreventa the flying out of ions from the volume included in its
interior, this leads to a r:lae in {on current.anﬂ conaequent].y.also in the sensiti g
vity of the mancmeters

Measurements with such type of mancmeter si:;:wed that with the aid of an ionization

0~11 g Hg in systems

b

tube, ‘used in role of pump, the pressure can be reduced to 1

mm Hge The
elimination of lubricants, appears to be a noceaaafry condition for the obtainment of

ultrahigh vacuum, was found to be possible thnnh to the use in theﬁ' cuum part of

FTD-TT=62-1911/1+2 7
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’ the system me$allic valves with metallic packings, allowing to carry out degasificatioa ;;

of the gystem at high temperature,

Experiments have also shown that at repeated pumping of a volume of 1 liter from
a preswsure of 104 m Hg to 10~10 Hg saturation took place with'in one hout of work,
1,008t further repcated startings of new gas portions the pump ceased pumping same,
Setu.ra.tion is explained by the change in wall chaxje in the process of pump operation
because during the absorption of gas is A ' P
disrupted the initial ratio between the | ‘ ] ‘v' (
number of electrons falling on the surface i o

o
and the number liberated from same, [;ﬂi_’l U

Positive metal ions ,obtained during eva- oo

2 cozd ‘

o pmns # CorAh, )
; poration of incandescent cathode filae Fig.leSchemitic or an ion pump Wit cord’
] : cathodes: a=-single section pump; bemultisectiom:
ment,possesses relatively low kinetic pump, Mode of operationmabsorption of gas, .
A-anode; K~-cathode; le=to ehausted vessel
ener gy, therefore even a weak positive 2« to forevacuum

wall charge is capeble of holding back the onslaught of ionse
If pumping begins not with 1074 Hg but with 107 m Hg then the service life

of the pump increases, The rate of pumping out equals 1/liter per min, The shortcaming i

of this pump is the use of an incandescent filament, limited workinz range due to

hizh pressures (1077 mm Hg) and the advent of saturation at a definite service life

R VE e

and that s why the instrumentis not a contimious action pump. In spite of all this,
‘ the pump found broad practical applicatiom, because with its aid can be obtained .
ultrahigh vacuum-of the order of 10™:! mm Hg, 1imiting only by the diffusicn of helium
¥ from the atmosphere through the wells of the vessell.l ‘
Recently 2 vas described a pump,the action of which Is. based on another prin.
: ‘ciole. R . ' R
’ ' 1, In atmospheric air is céntained helium less than 0,001% by volums,

g 2, See E.McReykhrudel', G,V.Smirnitskaya; A.I.Borisenko Radio Engineering and Electro
;f nics volelel956,0442, PPe253=25%

b FID-TT-62-1914/142 .8
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i This pump with cold electrodes,which eliminates deficiencies, connected with the prasen
of incandezcent filament,i achematic of a discharge tube of one of the.ion pump types

:{‘ ) ' 1+hovn in fig.lea. The discharge tube has a ring shaped anode on both sides of

tudinal ragnetic field allows ito msintain the discharge without considerable increase

6 - :I.t)’8 mn Hge The gas jonizaticn mechanism

T
which are situated two disks, which appear to be cold cathodes, The use of the longi J[
in applied vcltage at pressures of 10~ !

by oscillating electrons in a magnetic field is anslogous to the one dascribded abovee

In contrast to the discharge with incandescent cathode, in such type discharge |

sharp cathode sputtering does take placa, i,e.atoarization of the'metal of the cafhodo
under the effect of ion bombardment, The kinetic energy of the metal rarticles flying

out from the cathodesis considerably greater,than in case of thermal -svaporation of

the incadescent cathode filament, The well potential in the given pump does not sube
stantially affect the gas absorption, The metal layer being comtinucusly dusted on

‘on the walls of the tube is absorbing gas 1ntensivelyi consequently there is no satura.

La— .

.tion even at long lasting operation of the pump. The working range of the pump lies

Ry SN,

within limits of fram 1072 to 1077 m Hg; in individual instances the pressure can be
reduced to :|.0'8 - 10'9 rm Hg, The power of the pump can be increased by parallel

connscting & number cf sections (see fig.4,ed), whereby the rate of pumping out rises

AR et it Gt 25 e

proportionally to the number of sections, During the operation of four sections the
ra.to ‘equals 1 liter/sec. The pump is not afraid of a randam rise in pressure and pe
netration of cﬁemical]q aggressive gases. It can be us'ed for creating and mainfain—'
ing ﬁcum in unsoldered systems. Bsing calibrated, it similtaneously controls the

. ga® pressure in the system,
The modern state of high vacuun technoiogy is such, that ion pumps- with respect

t

' ' i to the power of pumping ocut as well as with respesct to meximun pressure - is already

b o e

g~ vstn e

LT

now suitable for utilizaticn in varfous lab conditions and in industry as wells
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