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ACCELERATION TUBES
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Massachusetts
Application June 17, 1957, Serial No. 666,150
15:Claims,. (ClL 313--7).

This"invention relates to'a” new type-of high vacuum
pump which employs® an active metal getter such ™ as
bariim-in combination with-an activating - agent such as
ionization. . In particular, the invention comprehends a
getter-ion pump which forms an integral part of a particle
acceleration tube. In one embodiment of the invention,
heat for: the evaporation’of a' barium getteris  provided
from' a" heat source .outside” the acceleration “tube to:be
evacuated.  In another ‘embodiment-of the invention; the
amounts.of barium available for evaporation'are in‘excess
: :0f 10 grams. - High=vacuum pumps constructéd accord-
ing "tothe “invention are capable” of majntaining a high
vacuunt in“sealed-off ‘acceleration tubes of the megavolt
class. These tubes, in a sense, represent a- difficult vac-
uum’ problem’ because” they contain - not only' the gas
ingrediénts of glass and metal, but also the vapors of the
hydrocarbons used to formy strong glass-to-metal joints
between the multiple: glass and metal materials.

Active inetal ‘getters 'such as evaporated barium do not
absorb’ mariy organic  materials so. that* active metals “are
1ot effective’ in” maintainirg a high - vacuum in systems
which™ are sealed . with™ or' contain organic’ materials;
However, the combination of such a getter with anactivat-
ing agent, such as ionization or heat, is effective in’ re-
moving from an enclosed regioh, not only the common
getterable gases, such as hydrogen;, nitrogen;, oxygen, atid
witer vapor, but also the previously: non-getterable gases
inclading the noble’ gases (helium, argon, krypton, etc:)
and’ certain -molecules such " as hydrocarbon vapors. .In
the case of' the ungettérable’ compound " molecules, the
miechanism probably “involves first their ‘dissociation info
the- simple- getterable ingredients: It may: also involve,

471t does in the case of the noble gases, the activation of'

the' molecules without dissociation. Such activation, even
though' to a sub-jonization level; would tend to render
these  molecules” capable of attachment to an ‘active metal
gitter.

It'Has long been known thiat ‘many substances such as’
barium; potassium, thorium;, magnesium, and zirconium

are capable’ of absorbifig considerable quantities “of ordi-
nary gas'molecules. The usé of barium ‘and other getters
is.a common device in the manufacture of radio tubes

and other” permanently sealed-off ‘systems. These gen-.
of " getter material,’

erally employ - very small quantities
generally less than 10 or 100 milligrams.

It has likewise been understood for many yeafs that
the- presence “of ionization in an evacuated’ enclosure Té-
stlts'irf the absorption of tesidual gas; including even the
noble gases” which " are not absorbed ‘by an”acfive mietal
getter alone. - Such absorption” of ‘Tesidual gas was noted

in'the old gas-filled X-ray tubes employing cold cathodes.

Thése X-ray tibes derived their electron current through:

positive: ioh  bombardment- of the cathode, the positive
ions™ being formed by collisions of the’ electrons in- the

beam with" the Tesidual 'gas” molecules: In" such’ tubes:
ssary.to provide a’source of gas to prevent the,
gradual' cleanup of ‘the-tube into"a non-operative high'

it'was nece

yacuum - condition:” Such cleanup' i’ the’ presénce  of
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ionization was also noted by many " investigators” using
closed systems containing " jonization gages as a. means
of nieasuring high vacunm pressure.

- It is ot believed, however, that the prior art contains
descriptions of getter ion pumping  devices particularly.
adapted to the evacuation of sealed-off systems wherein’
the fate of evolution of gas exceeds. 10~7 millimeter-liters:
per second, whether, due to the.large size of the system
or to gasket material or to organic cements or to other
causes. Such systems: include, but are not limited to,
multiple-electrode. high-voltage acceleration: tubes having:

~organic. seals, which cannot be heated to conventional
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outgassing témperatures, and linear accelerator tubes,
which may employ a type of metal gasket .seal having a
melting. point t66 low to permit conventional outgassing
techniques. - Therefore, . while in the following - detailed
déscription the invention is described with particular refer-
ence’ to. a- multiple-electrode high-voltage acceleration’
tube, “the invention.is. not limited thereto, . but’ includes
other . types . of “ séaled-off systems wherein the rate of

(- evolution of gas may exceed 10~7 millimeter-liters per
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second.: - One such. system is.the so-called “tandem” par-
ticle 'accelerator, wherein negative “lons ate dccelerated.
towards a high-voltage términal and then, -after passing
through a gaseous. ‘stripper” region; afe accelerated away
from' the terminal; “the “stripper” ' region continuously
evolves gas which must be pumped,

Vactium devices. may be divided. info two: categories:
(1). those. which. are permanently’ sealed-off for the: life
of.the device, -and . (2) those which are_ continuously
pumped to ‘maintain the high vacuum, - The use of gétter
matérial. has  generally “been confined . to permanently
séaled-off . devices. Which' have been very ‘carefully out:
gassed " and_pumped. down to & high. vacuum prior to
seal-off, and the function of the getter has been confined
to :absorbing. the residual gases which remain -after such.
outgassing, - pumping, -and- seal-off. These preliminary
steps. of outgassing and pumping have been thought essen-
tial in.connection with. sealed-off devices, with the getter
playing a subsidiary role. . ‘Both processes must be carried:
out . with- great’care, and ‘are particularly difficult in the
case of:systemis. containing. electrodes at high potential,
more specifically, in excess of 100 Kilovolts. . Sich a high
voltage device is-hard to construct. They. must maintain
high' vacum_ over. extended periods. and . great - care . is
requited in their manufacture. - Metal for .the electrodes
often. must -be oxygen free and the electrodes: often- are
outgassed ‘prior t6 installation in the. tube. assembly. " The
assembly - is ' subjected. to vigorous heat. treatment and-
opération’ prior. to' seal-off using. high speed diffusion

- pumps. and.fraps to collect the emitted gases. - Further-
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mote, in order to free such substances of organic vapors,,
painstaking ' dévelopmenfs. have been made of glass and
metal which are mechanically. compatible,” which-can-be
joined and'still withstand ™ the high temperature cycling
réqiiired "in the. foimer outgassing procedure. The intro-
duction:of ‘any soiircé of vapor .is_scrupulously - avoided,
and-.even. so. the life of such tubes is. often limited by
gassiness, which may result’from -inadequiate outgassing.
procedure. ‘

-Devices which cannét be outgassed for one reason or
aniother have always. been continuously pumped;, presum-
ably bécatise the idea of a continuous _evolution of- gas
within the container to be evacuated suggests a continuous
puinping “system.. Accordingly, in_the initial ' develop-
ment.of-high-voltage acceleration tubes, wherein the high-
energy charged particles release gases by bombardment
of ‘the.solid surfaces within the tube, continnous pumping,
systems were always used. - In. the sealed-off acceleration:
tubes which. were later developed, it was found necessary.
to take ' exttémely: elaborate steps. to outgas and pump,
down" the acceleration” tabes ‘prior to seal-off. Such



vigorous treatment reduces the evolution of gas within
these acceleration tubes down to or below that prevalent
in small radio tubes and accordingly either no getter is
used,. or only a small quantity -such as that used in con-
ventiona] radio tubes. ’

The idea of using an adequate amount of getter mate-
rial coupled with an independent source of excitation and
ionization for the permanent evacuation of unoutgassed
high-voltage acceleration tubes has not been considered
prior to this invention. The reasons for this include, in
additicn to those hereinbefore mentioned, the undesirable
éffects resulting when the getter material is exposed either
to high energy charged particles or to high voltage
gradients.  ‘Moreover, if this idea had been proposed
earlier, it would have been rejected as unworkable. It
has been well known in the art that if the cases normally
entrained in an unoutgassing cubic centimeter of copper
are released, the quantity of gas thus released will amount
to hundreds of cubic centimeters at atmospheric pres-
sure. In accordance with the invention, a sufficiently
large quantity of getter material is used to absorb gases
during the life of the evacuated device, and the getter
material is shielded from the high energy charged par-
ticles and from intense electric fields. Moreover, the
getter material is not permitted to become overheated,
whereby the tendency of the getter to migrate is min-
imized. In a preferred embodiment of the invention,
the getter material is vaporized so as to form an extended
surface by a heat source external to the chamber to be
evacuated. ) .

" In accordance with the invention, it is possible to com-
bine materials without excessive regard for their out-
gassing properties. Glass and materials may be chosen
for their electrical characteristics and may be joined with
an organic seal or low-melting-point solder or metal
gasket. The tube need not be subjected to any tempera-
ture cycling or operated prior to seal-off. Before the
pump of the invention is used, the tube need be evacuated
only with a mechanical pump to a pressure of 10—2 mil-
limeters of mercury or thereabouts. Even this use.of a
mechanical forepump may be eliminated, since the pump
of the invention is capable of operating even at atmos-
pheric pressure. Moreover, the invention is applicable
to tubes characterized by very high gradient requirements
such as acceleration tubes, operating at a total voltage
of the order of several million volts and with electrical
- gradients lengthwise of 500 kilovolts per foot or more.
~ The invention may bést be understood from the detailed
description thereof having reference to the accompanying
drawing in which:

Fig. 1.is a side view, partly in longitudinal central
section and partly broken away, of a multiple-electrode
high-voltage acceleration tube incorporating a high vac-
uum pump jn accordance with the invention;

. Fig. 2 is a perspective view. of a longitudinal central
section of a portion of the acceleration tube of Fig. 1;
and

Fig. 3 is a side view similar to that of Fig. 1 but show-
ing the evaporation device by means of which the getter
is evaporated in accordance with the invention. .

Referring to the drawings, there is shown in Figs. 1-3
an acceleration tube of the general type disclosed in
United States Patent No. 2,460,201 to Trump and Cloud
and comprising a multiplicity of alternating insulating
rings 1 and apertured electrode disks 2 terminating at one
end in a cathode 3 and at the other end in an extended
anode 4. - Such an acceleration tube may be adapted to
accelerate various types of charged particles, such as posi-
tive ions, negative ions or electrons, and merely by way
of example the acceleration tube shown in Fig. 1.in an
X-ray tube wherein electrons emitted at the cathode 3 are
accelerated onto a gold target 5 for the production of
X-rays.. The tube is assembled in a vacuum-tight manner
and is then evacuated through a.copper tube 6 in the
cathode 3 of the acceleration tube by a mechanical pump

. 7 78,008,804 .
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(not shown). For example, the tube may be pumped
down in this manner for 3 days. The tube is then sealed
off by pinching the copper tube 6 and 7 so as to form a
cold-welded seal. The tube is then evacuated to a high
vacuum by means of the getter ion pump which has been
made integral with the acceleration tube in accordance
with the invention and which will now be described in
detail. T

The getter jon pump comprises in combination an ion-
ization gauge 8 and a getter chamber 9, both of which
form part of the extended anode 4 and which are there-
fore at ground potential except as noted hereinafter. The
jonization gauge 8 operates on well-known principles
whereby electrons are accelerated towards an electrode,
but are hindered from reaching said electrode by the
small dimensions of the electrode and by the deflecting
action of a magnetic field. In the drawing, the electrode
toward which the electrons are accelerated comprises a
filamentary ring 10 which is supported by four short
rods 11 of .030-inch stainless steel wire attached. to an
apertured electrode disk 12. This filamentary ring 10 is
supported in the magnetic field which exists between two
ring magnets 13. Some mild steel pieces 14 provide a
path for the return flux and shield the charged particles
being accelerated by the acceleration tube from the mag-
netic field. The magnets 13 are at ground potential and
a positive potential of 2800 volts is applied to the fila-
mentary ring 10 by a suitable power supply 15. Elec-.
trozs Petween the ring magnets 13, whether produced by
field emission from the surface of the magnets 13 or by.
ionization due to cosmic rays or otherwise, are accel-
erated towards the filamentary ring 10; but the magnetic
field, which may be of the order of 103 gausses, causing
the clectrons to travel in helical paths so that they do not
strike the filamentary ring 10 until after they have
traveled great distances. As a result, the device acts. as
an ionization gauge. That is to say, the device ionizes
the gas in its vicinity, and the resultant current between
the magnets 13 and the filamentary ring 10 is a measure
oOf the gas pressure within the acceleration tube and may
be read on the meter 16. :

Below the ionization gauge 8 is provided a grounded
getter chamber 9. Pieces of barium 17 are placed in
the bottom of the chamber 9, and the top is enclosed by’
an aluminum plate 18 which is provided with a series of
apertures 19 and to which is attached one or more baffles
20. 'Each bafile 20 may comprise, for example, a 50-mesh
stainless steel screen which is spot welded in tubular.
form. The upper wall 21 of the chamber 9 is surrounded
by a thick tube 22 of mild steel which is permanently
welded to the chamber 9. The lower wall 23 of the.
chamber 9 is thinner than the upper wall 21 and.the
mild steel ring 24 which surrounds it is removed during
evaporation of the getter. The purpose of the mild
steel members 22 and 24 is to shield the charged particles
being accelerated by the acceleration tube from external
magnetic fields such as those produced by the drive motor
of an electrostatic accelerator in which the tube might
be placed. - '

" Referring now to Fig. 3, during evaporation of the
barium getter, the lower wall 23 of the chamber 9 is sur-
rounded by an oven 25, while the upper wall 21 of the
chamber 9 is surrounded by a water-cooled jacket 26.
The barium 17 is heated to evaporation temperatures,
such as 820° centigrade, in the oven and the barium
vapor is condensed principally on the inner surface of the
upper wall 21 of the chamber 9 but also on the baffles 20.
Surfaces on which the barium getter is deposited .are
shielded from later being struck by the beam of charged
particles by providing cylindrical tubular members 27
through which said beam fravels. It will now be seen
that the apertures 19 in the top plate 18 are necessary
in .order that any gas within the acceleration tube may

" travel therethrough and be trapped by the getter.
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As stated hereinbefore, an important - feature .of the'
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invention is the provision ‘of heat for the evaporation. of
the getter from: a- heat source. outside:the acceleration
tube to be evacuated. In accordance with this. aspect of
the invention, it is only necessary that. the actual. heat
source .be .external to the evacuated région and not-ex-
posed . thereto. Thus, for example; the external heat
source.of the invention may comprise-a hollow metal tube
which is introduced into the evacuated region through@
vacuum-tight-seal and within which a heating élement is
provided. The heat source is thus external to the evac-
uated region and.is separated.therefrom by the hollow
metal tube, which is grounded and vacuum tight.

In our work we have-employed an active metal ‘getter,
preferably. barium, in combination - with: ionization. to
pump on the complex- gaséous-ingredients.of high voltage
acceleration tubes. We have preferentially used barium
as the active metal getter and have included relatively
large amounts of barium in these pumps in order to give
them extended pumping times ranging into years. - Even
a small pump of this type for. example is commonly
given between 10 and 100 grams of barium, and pumps
are now being designed which contemplate an initial
loading of pounds of barium.

In one embodiment of the invention the pump-is of
the intermittent -type. The barium is evaporated onto
a cold- surface which subsequently absorbs over an ex-
tended period of time the gas molecules “which come
in contact with it. ' On a typical acceleration:tube of the
megavolt-cldss, a single evaporation, for example; may
subsequently maintain a high voltage-insulating- vacuum
within the tube for a period ranging.from 1 month to 1
year. . This pump, however, is capable of repeated evapo-
ration cycles whenever further fresh gettering surfaces be-
come necessary.

The invention also. comprehends a container loaded
with getter-coated surfaces and provided with a source
of ionization.  Such containers could be bolted on any
system requiring the maintenance of a high vacuum and
then connected to it by opening a valve. This would
in effect be a getter-ionization pump in which the evapo-
ration has been accomplished in advance.

Having thus described the method of the invention,
together with a preferred embodiment of apparatus for
carrying out the method, it is to be understood that al-
though specific terms are employed, they are useéd in a
generic and. descriptive . sense and not - for purposes of
limitation, the scope of the invention being set forth in
the following claims. -

We claim:

1. In combination with a sealed-off system containing
electrodes at high potential, means for exciting ‘and ion=
izing the: residual gas within said sealed-off system, a
metallic getter within said sealed-off system, and means
for shielding said excitation-ionization means and said
getter from the ‘electric fields associated - with said high
potential. ‘

2. In combination with a sealed-off system containing

electrodes at high potential, means for exciting and ion-
izing. the residnal gas: within said ' seal-off system, -a
metallic getter within said sealed-off system, -and a heat
source external to said sealed-off system and adapted to
evaporate said getter.

3. In combination with a sealed-off system containing
electrodes at high potential, means for exciting -and ion-
izing the residual gas within said sealed-off ‘system, an
amount of barium within said sealed-off system at least
of the order of 10 grams, and a heat source external to
said sealed-off system and adapted ‘to ‘evaporate said
barium periodically. '

4. In combination with apparatus for.the acceleration

of charged particles including a tube traversed by a stream

of charged particles, the constriiction of said tube being
such that the rate of evolution of -gas-therein may ex-
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ceed 10~"millimeter-liters per-second, a gettef-ionization
pump integral with:said“tube. I
. -5."In combination with apparatus for the acceleration
of “charged: particlés- including a- tube: traversed by &
stream-of: charged-particles, the' construction -of said tube:
being-stich ‘that the-rate of evolution of gas- therein' may
exceed 10-7 millimeter-liters per second, a getter-ioniza-
tion-pump within- said tube and concentric with the path
of'said-stream-of ‘accélerated charged particles:

6. In combination with apparatus for the-acceleration
of charged particles ificluding a-tibe traversed by a stream
of:charged: particles; the construction of said tube being
such' thatthe- rate-of evolution of gas therein may ex-
ceed 10-% millimeter-liters per: sécond; means within said.
tibe for-ionizing-the residual gas-in said tube, a getter
within said tube having an extensive surface area, and’
means for shielding said ionization means and said getter
from the beam of charged particles accelerated by said
tube. during operation thereof.

7. Apparatus in’ accordance with claim 6 wherein said
getter comprises: barium.

8. Apparatus in accordance with claim -7 wherein said
getter comprises barium in an amount at least of the order
of 10 grams. ‘

9. In combination - with ‘a multiple-electrode accelera-
tion tube comprising a series of alternating- insulating
rings and apertured- electrodes cemented by a synthetic
resin and closed ‘off ‘at one end by ‘an-end ‘piece and at
the other end by a tube extension, a getter-ion pump.in-
tegral with said acceleration tube.

10. .In combination with a multiple-electrode -accelera-
tion tube comprising a series of alternating insulating
rings ‘and ‘apertured . electrodes closed off at” one ‘end
by an.end piece and at the-other end by ‘a grounded
tube extension, a" getter-ion pump integral within - said
grounded tube extension.

11. ‘A multiple-electrode  acceleration tube comprising
in combination® a. series of alternating insulating rings
and apertured electrodes cemented by a synthetic resin
and closed off at one end by a cathode and at the other
end by an anode extension, a pair of axially aligned ring
magnets: supported within said anode extension, a fila-
mentary ring supported between said ring magnets in axial
alignment therewith, means for imparting a positive volt-
age.to said filamentary ring with respect to said ring
magnets, a’ getter within said anode extension having an
extensive surface ‘area, and at least one tubular shield
supported-axially ‘within said anode éxtension so as 1o
shield " said ionization means and said getter from the
beam of electrons -accelerated by said tube ‘during op-
eration thereof.

12." A method ‘of assembling a high-vacuum sealed-off
system without outgassing the same, which method com-
prises: the following steps: assembling a system and her-
metically sealing the same with the exception of an aper-
ture for ‘pumping; said system having therein an amount
of ‘metallic getter at least of the order of 10 grams: and
ionization means, said assembly being performed: with-
out outgassing so that the rate of evolution of gas with-
in said system may exceed 107 millimeter-titers per sec-
ond, -evacuating “said system “to- fore-vacuum pressure
through said aperture, hermetically sealing said aperture
50 as:to seal off said system, evaporating said metallic
getter by means of a heat source external to said sealed-
off :systern, .and cooling an extensive surface area within
said sealed-off systém so that the evaporated getter con-
denses thereon.

13. A'methed of assembling an acceleration tube which
method comprises the following steps: cementing together
a multiplicity-of altérnating insulating rings and apertured
electrodes; sealing to' the end thereof an end-piece having
a small tube therethrotgh and'a tibe extension, respec-
tively,: said tube extension having therein a large amount
of barjum and ionization means; evacuating said accelera-



7
tion tube to fore-vacuum pressure through said small tube
in said end-piece; pinching. off said small tube so as to
seal off said acceleration tube; evaporating said barium
by means of a heat source external-to said acceleration
tube; and cooling an extensive surface area within said
tube extension so that the evaporated barium condenses
thereon. )

14. A method in accordance with claim 13 wherein
the amount of barium evaporated is at least of the order
of 10 grams.

15. In combination with a sealed-off system for the
acceleration of charged particles whose envelope includes
materials which do not permit the application of tem-
peratures substantially above 200° C. for outgassing pur-

tpm.
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