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This invention relates to vacuum tubes, such
as electron discharge devices and the like, and
more particularly to such .devices evacuated by
the aid of chemically active vaporizable clean-up

5 agents which, either during or after mechani-
cal exhaust, are vaporized to reduce the pressure
of residual gases and vapors left in the device
by the pumps.

It is common practice to use as & clean-up
agent an active metal, such as an alkaline earth
metal, introduced into the device in the form of
a compound from which the metal may be lib-
erated by heating and decomposing the com-
pound. Various compounds of the active metal
have been intermixed with a reducing agent,
ususlly a powdered metal, which reacts with and
reduces the compound with liberation of the ac-
tive metal when the getter mixture is heated.
Usually the reaction hetween the compound and
the reducing agent is exothermic, and when the
getter mixture is heated to a sufficient tempera-
ture the reaction proceeds with a sudden flash
or explosion, and results in an uncontroliable
liberation of the active metal and the produc-
tion on the bulb wall of a film of active metal.
This film appears to be more or less contami-
nated with reaction products and other impuri-
ties, and tests have shown that the active metal
thus deposited is not in the most desirable and ef-
fective form.

The usual getters are relatively unsatisfactory
when used in the conventional way in metal radio
tubes, which at present are exhausted commer-
cially by heating the metal shell or envelope of
the tube by gas flames during the exhaust. Al-
though the usual getter is placed in intimate con-
tact with the metal shell at a spot which can be
locally heated, difficulty is encountered in raising
the getter mixture to the proper temperature for
starting the flash without over-heating the wall
of the metal envelope.. Particular difficulty  is
encountered in evolving additional active metal
after the getter mixture has once been flashed,
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glthough in many cases & controllable evolution’

45 ¢ gdditional active metal, even after the tube
has been sealed, is very desirable.

One object of my invention is to provide an
improved getter of the active metal type by
means of which a profuse and rapid yet easily
controllable evolution of the active metal may be
obtained.

Another object of my invention is to provide an
improved method of gettering which is useful
in all types of vacuum devices, particularly in

50

vacuum tubes with envelopes of métal, such as
iron.
Still another object of my invention is to pro-

vide a metal radio tube of the oxide coated ther-

mionic cathode type which has and maintains
throughout its useful life a better vacuum than
is feasible in similar tubes exhausted by the con-
ventional methods now in use. .

A more. specific object of my invention is to
provide a source of getter material for vacuum
devices from which controllable supplies of active
getter metal may be readily evolved at will before
and after the device is sealed.

Further objects and advantages of my inven-
tion will appear from the following specification
and detailed description.

In accordance with my invention the active
getter metal is prepared as a compound, such as
an oxygenous compound of the active metal, and
placed in good thermal contact with or coated
on a coherent body or core, such as a wire, of &
metal which at elevated temperature reacts
with the compound to evolve the active metal as
vapor and produce reaction products which are
stable and non-volatile in vacuum at the reaction
temperature. I have found that by heating the

_core the evolution of active metal may at will be

started by raising and stopped by reducing the
temperature of the core, even though the reduc-
tion of the coating compound by the metal of the
core is an exothermic reaction which would be
expected to be uncontrollable when once started.
For example, very pure clean barium, an active
metal with a pronounced getter action in vacuum
tubes, may be conveniently and copiously evolved
at will from a coating containing barium oxide
on a core of tantalum, the melting point of which
is 2850° C. The getter film obtained on the inner
wall -of a vacuum tube with barium evolved in
this way appears to be much cleaner and more
effective than a barium film obtained by the
conventional methods of gettering. I prefer to
use for the coating a compound of an alkaline
earth metal, such as barium carbonate, which is
stable in air, and which when heated is partially
or entirely converted into some oxide of the
metal. The core or coating carrier is, according
to one embodiment of my invention, made in the
form of a resistance heating wire which is pre-
dominantly at its surface of a metal which at
elevated temperature reacts with the coating ma-
terial to release the active metal from that ma-
terial. The coated wire is mounted in. the en-
velope of an electron discharge device and its
ends are connected to a current source to heat
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the wire at will. By proper heating the barium
carbonate may be converted into an oxide of
barium and free metallic barium may then be
evolved from the coating at will by controlling
the heat applied to the core.

The novel characteristics of this invention may
be more fully understood by reading the follow-
Ing specification in connection with the accom-
panying drawing in which:

Figure 1 shows 2n electron discharge device
with a metal envelope and 2 getter made in ac-
cordance with my invention;

Figure 2 is a detailed view of a getier made
in accordance with my invention;

Figures 3 and ¢ show getter units with a fusible
element and a vapor shieid constructed in gc-
cordance with my invention;

Figure 5 shows schematically an arrangement

for heating my improved getter; and-

Figure 6 shows & novel fusible element made
in accordance with my invention. -
In the specific embodiment of my invention il-
lustrated in Figure 1, which shows an application
of my invention to metal tubes, I have shown 2
metal envelope § enclosing an electrode assem-
bly 2 comprising the conventional activated oxide
coated cathode, surrounded by a grid and an an-
ode. The envelops is closed at the lower end by
& header 3 having an exhsust tube 4 through
which the tube iz exhsusted mechanically by
bumps. For cleaning up residusl gas after me-
chanical évacuation of the envelope, I use in one
embodiment of my Invendion s getter § compris-
ing o core or short plece of wire § covered, 58
best shown in Figure 2, with a coating of getier-
ing material compound 7, and located in any de-
sived position within the envelope. By way of
example the getier is shown below the electrode
assembly, with one end of the wire § conuected
to an electrode lead-in conductor 3 and the other
end of the wire connected to the metel envelope.
To shield the eclements in the tube irom any ac-
tive metal which may be thrown off from the get-
ter, s hood or defleciing piate 9 may be placed
over the gefter. After the pressure in the enve-
lope has been reduced to 2 few microns by me-
chanical evacuation suficient current is passed

through the wire § for o sufiicient time to drive

off the required amount of getter vapor and
clean-up residual gases in the envelope. . The
tube may then be sealed and based in the con-
ventional manner. If after aging, gas is found
in the tube, additional getter vapor may be lib-
erated in the envelope merely by heating with a
current by applying a voltage to the wire of the
getter.

Certain alkaline earth metals, such as barium,
have proven to be efiicient gas clean-up agents
for electron discharge devices, but being unstable
in air and difiicult to handle are usuaily prepared
in 8 compound to protect the agents. It has
been proposed, as in the British patent to Widell,
No. 360,003, to evolve barium from s mixture of
an oxygen compound of barium with g reducing
agent such as powdered thorium, although other
powdered metals, such as zirconium, titanium,
hafnium, vanadium and tantalum powder, are
suggested as alternative reducing agents. I have
found that in such mixtures as barium oxide and
bowdered tantalum, the reduction of the oxide
is by an exothermic reaction which is uncontrol-
lable when once started and practically explodes
the mixture, thereby throwing off objectionable
particles, the metallic barium libersted being ap-
barently contaminated and in o much less de-
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sirable and effective state then berium Hberated
In accordence with my invention. I prefer to
miz with & suitable binder, such as nitrocellu~
lose or glycerine, s powdered compound such as
barlum carbonates confaining the active metal
to form a paste which mey be sprayed or palnted
upon a core or carrier with s metal surface gnd
which is convertible by heat into some oxide or
similar salt redueible by the metsl surface of the
core. The reducing agent, however, is not mixed
with the powdered compound of the active metal,
hut i8 according to my invention incorporated
in the carrier or core upon which the powdered
compound is placed. For this purpose I prefer-
ably draw s core, such as s round or flat wire,
from g refractory metal having the necessary re-
ducing properties. A core of tantaium hes been
found to readily evolve barium from the oxides
produced by hesfing a deposited coating of bari-
um carbonate, and to retain its shape 2t fem-
peratures sufficient for coplous evolution of free
metallic barium. To insure o good bond between
the tantalum core and it coating, T prefer to
adé a small amount of barium nitrate or of stron-

tium nitrate to the barlum carbonate. Tantalhum
at high temperatures, such as 1600° C.. hes such

great affinity for oxygen that even as o wire or
similar coherent body 1% 2eis 2g o powerful reduc-
ing eagent on oxides intimeiely associnted with
i} and readily drews the OXygen from the barinm
oxide in the coating. The resciion products,
probably oxides of tanfalum, have been found
to be pariicularly stabie ang non-volatile in high
vacuum at the reaction emrerature, snd, unlke
the oxides of several othep metals which will
reduce barfum oxide, are nod set free in the en-
velope and do not reduce the vacuum or impair
the emissivity of an activajed oxide coated cath-
ode. As the reducing asent is 2 coherent body
or core the reaction between the reducing agent
and the active metal compound is confined to
the interface between the surface of the core
and its coating. The reaction is easily started
and stopped by controlling the temperature of
the core, although the resction of tentalum and
barfum oxide is excthermic, Apperently the rate
of reaction is govermed by the temperature of
the core and by the rate at which the oxygen Is
drawn from the metal oxide through the inter-
face of the core and iis coating inio the core.
I have found the addition of strentiuvm carbonate
to the coating compound improves the mechani-
cal properties of the coating st elevated {er-
peratures, the melting point of strontium ogide
being about 3009° C. which is well above the re-
action temperature of barium oxide,

I have found $hat good results may ke obtained
by winding .005 inch tentslum wire info a cofl
about .05 inch in diameter, .08 inch long, and
with a pitch of about 100 turns per inch, and
coating the coll with about 21 milligrams of
barium-strontium-carbonate prepared by precip-
tating the double carbonate from & solution of
barium and strontium nitrates by the addition
of sodium carbonate. To 150 grams of the double
carbonate is added 7% grams of barium nitrate
and 7% grams of strontium nitrate in 200 to 360
cubic centimeters of water. ‘To improve the
spraying properties of the coating . material, 1
t0 2% glycerine may be added. This mixzture is
ball-milled sufiiciently to insure thorough mixing
and very small particle size and is appled to the
coil by spraying or dipping, and dried in gir.

The coated coil of tentalum wire is mounted
in the envelope of the discharge device, and g
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current passed through the coil to raise its tem-
perature successively to 800°, 1000°, 1200°, and
1300° C] for periods respectively of six seconds
each while the device is belng mechanically ex-
hausted. This serles of heat treating steps has
been found to convert the carbonate coating into
a coating from which free metallic barium may
be evolved at will. While the vacuum in the
tube is maintained at s pressure of only-a few
microns the tube Is sealed and the temperature
of the coil is raised to a temperature above the
reaction temperature of the barium oxide and
below the melting point of strontium oxide, pref-
erably about 1600° C., by passing about 1.6 am-
peres through it, and held at that temperature
for sbout one minute, thereby driving off sub-
stantial quantities of free metallic barium, and
strontium, when strontfum is included in the
compound. Electron discharge devices gettered
in sccordance with my invention have been found
to be particularly free of residual gases, the get-
tering action in all cases being positive and re-
sulting in extraordinarily low gas ‘pressure.
While tantalum as a core material has given good
results and is preferred, zirconium has been suc-
cessfully used, and columbium may be used.
These metals may if desired be drawn or plated as
a shell or cover on a refractory mandrel or wire
of high melting point material.

Current may be supplied to the getter carrier
or core through two auxiliary lead-in wires pref-
erably sealed in the stem of the tube, or, where
metal envelopes are used, one auxiliary lead-in
wire may be added and the heating circuit com-~
pleted through the metal of the envelope. How-
ever, my novel getter may he employed, accord-
ing to another feature of my invention, without
the addition of any auxiliary lead-in wires, Ac-
cording to this feafure of my invention, the get-
ter heating coll is connected in series with a fus-
ible element between one electrode lead-in, say
a fllament heater wire, and another electrode
jead-in wire, or the envelope of the tube, when the
envelope is of metal. TUpon completion of the
gettering process, the circuit through the getter
wire may be opened by melting the fuse with
an excessive current. . The getter heating coil,
the fuse, and a shield for directing the vapor
evolved from the getter may be conveniently as-
sembled as a unit, one form of which is shown
by way of example in Figure 3. 'The heater coil
of getter B is connected between two support
wires 10 and #i sealed, as shown, into a press
12 at the end of a ceramic cylinder {3, of glass,
aluminum oxide, or similar material. A third
wire 14 sealed centrally in the press is welded to
o bracket on the metal header and is electrically
connected to support wire {1 by a short length
of fusible wire {5, such as nickel, about .003
inch in diameter. Support wire 16 is connected
to an electrode lead-in conductor {6 from which
the necessary current may be obtained to heat
the getter core. With .003 inch nickel fuse wire
and .005 inch tantalum wire 1.6 amperes suffl-
clently heats the getter coil to drive off the free
metallic barium, and a sudden current of 2.2

" amperes melts the nickel wire. Thus upon com-
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pletion of the gettering operation, the electrode
lead-in conductor may be electrically disconnect-
ed from the metal header merely by increasing
the current through the getter coil and the series
connected fuse. The cup formed by the glass
cylinder about the getter coil protects the elec-

" trodes from the discharged vapors which are di-

rected outwardly against the envelope.

3

Pigure 4 shows another getter assembly em-
bodying my invention. A U-shaped metal tab 20
with outwardly extending vapor deflection plates
21 13 compressed upon two sheets 22 of insulating
material, such as mica, between which is clamped
two wires 28 and 24. The getter coll 8 is con~
nected between an ear or extension 28 of the tab,
and wire 24. The fusible wire 15 i3 connected
between -conductors 23 and 24. By attaching the
metal teb to the header or shell of a metal en-
velope and by connecting wire 28 to an electrode
lead-in conductor, current may be sent through
the fuse and getter coll in series and, as in the
embodiment shown in Figure 3, may be heated
to the gettering temperature and then electrically
burned out.

Figure 5 shows another embodiment of my in-
vention particularly adapted to metal tubes for
heating the getter coil § without the addition of
extra lead-in wires or without the use of a fuse.
As shown disgrammatically, the heater cofl § is
connected at one end to the anode or to some
other electrode which has an appreciable capacity
with the metal shell of the envelope. By im-
pressing a high frequency potentidl across the
series getter heating coil and condenser formed
by the metal shell and the anode, sufficlent cur-
rent may be passed through the coll to raise it to
gettering temperature,

Another convenient method of electrically
open-circuiting the getter heating coil is shown
in Figure 6. About the heater wire 8 is placed a
ring of nickel 86 which, it has been found, alloys
with the tantalum and reduces its melting tem-
perature so that the wire 8 at that point, upon
increasing the current flow to a value above the
necessary gettering value, melts and open circuits
the wire at that point.
~ Many modifications may be made in my in-
vention without departing from the spirit thereof,
and I do not desire therefore to imit my inven-
tlon to what has been shown and described ex-
cept as such lmitations occur in the appended
claims.

I claim:

1. A getter consisting of & coherent body of
metal which at temperatures at which the body
is self-sustaining reacts with alkaline earth
oxides to liberate the alkaline earth metals and
produce reaction products stable and non-vola-
tile at reaction temperature, and a coating com-
posed of an alkaline earth reducible by sald core
metal and a refractory metal oxide with a melt-
ing point higher than said reaction temperature
and in intimate contact with said core.

2. An envelope enclosing an activated oxide
coated thermionic zathode and cooperating elec-
trodes, a getter in sald envelope comprising a
metal core, and a coating contalning barium
oxide and strontium oxide on the core, sald core
being of a metal that reacts at a temperature be-
low the softening point of the core with the
barium oxide to liberate barium and produce re-
action products having no appreciable effect on
emissivity of the cathode.

3. The method of producing a gettering metal
in an evacuated vessel which comprises introduc-
ing into said vessel a carbonate of a first alkaline
earth metal and a carbonate of a second alkaline
earth metal adherent to a coherent carrier of a
metal capable of reacting with the oxide of the
first mentioned alkaline earth metal at a temper-
ature below the melting point of the oxide of
the second alkaline earth metal to liberate the
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first alkaline earth metal copiously and produce
reaction products which are stable and non-vola-
tile in vacuum at reaction temperature, decom-
posing said carbonates to form on said carrier the
oxides of said alkaline earth metals, and heating
said carrier to a temperature below the melting
point of the oxide of the second mentioned al-
kaline earth metal for a suficient period of time
to liberate the first alkaline earth metal.

4. A getter comprising a metal core, and s
coating containing two alkaline earth compounds
on sald core, said core comprising a metal which
reacts with one of said compounds to liberate the
active metal of said one compound at a temper-
ature below the melting point of the two com-
pounds and produce reaction products which are
stable and substantially non-volatile in vacuum
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at reaction temperature and below the tempera-
ture at which sald core softens,

5. The method of manufacturing envelopes
contalning electrodes and s gas clean-up agent
having a refractory body with a surface contain-
ing a metal of the group consisting of tantalum,
columbium and zirconium, and a coating com-
posed of an alkaline earth oxide and strontium
oxide, comprising mechanically exhausting said
envelope, heating safd electrodes, reducing saic
alkaline earth cxide by electrically heating said
body, and then liberating sufficient free alkaline
earvii metal to clean up residual gases in the en-
velope by heating said body to a temperature
between the vaporization temperature of the
metal of the alkaline earth and the melting point
of said strontium oxide.

ERNEST A. LEDERER.
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