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PROCESS OF MAKING ELECTRON DISCHARGE DEVICE =

No Drawing,

This invention relates o process of making
electron discharge devices and more particu-
larly to filaments
electron discharge devices for radio and simi-
lar apparatus. .

The objects of the invention are to provide
a filament having a high electron emission ; to
provide means for utilizing elements in sub-
stantially uncombined
dinarily be handled becayse

the air; to provide means for overcoming

an oxidized or similar coating in the finished

electron discharge device; to provide a coat-
g on the filament prior to placing the same
in the electron discharge device which may
be readily removed from the filament after
the filament is sealed within the electron dig-
charge device; to provide a coating which

will not only be removable but which will

protect the filament against further oxida-
tion and will reduce the oxide of the filament
to 1ts element or base; to thus obtain a fila-
ment having maximum efficiency with mini-
mum difficulty; to provide a filament and
process of treating the same
1t effective after sealing in place in o bulb
to avoid the necessity ' '
gas reducing agency to the plate; to employ
a coating on the filament for also reducing
the residual gases in the bulb; to obtain a re-
duction of the residual gases and removal of
the oxidized coating at reduced temperature ;
to reduce losses from unnecessary volatiliza.-
tion of the electron emissive substance or its

oxide; to also reduce losses from electrical

defects, inactive filaments and avoid unneces-
sary bombardment of the filament by positive
oases
of; to secure |
electron discharge devices, and to obtain other
advantages and results as may be brought out
1n the following description. '
In carrying out my invention, T
employ an electron emissive filament, as one
instance of which T may mention a thoriated
lament, although 1t 1s to be understood that
there are other filaments which may be also
used. Generally speaking, electron emissive
are, and especially the element

preferably

!

used I connection with

state which cannot or-
of oxidizing or

stood that the invention _
otherwise combining with gases present in

for rendering

of applying a residual

present before reduction there-
simplicity of construction of
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thorium is, very easily ;oxid'iZed',l and in fact,
S0 easily oxidized that merely exposing the :
element to the atmosphere will result n its

becoming coated with its oxide.
ment wire is usually in an oxidized state
when received or ready
an electron discharge device,

and my inven-

55

Tor incorporation in

tion contemplates the utilization of such oxi-

dized filament, although it is to be under-

come oxidized. | - _
The filament wire is first placed in a bulb
of suitable size and shape which can be

¢vacuated and sealed in which the filament

1 60
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may be given g coating, The coating which

I prefer to apply is protective in itg nature
50 that where the pure or sub
electron emissive element 18

ment 1s again exposed to

ment to its pure or substantially pure state.
Within the said bulb, I preferably include g
biece of nickel or similay carrier having some
magnesium on it. The magnesium 1s “ex-
ploded” that 18, heated to such a point that it
vaporizes and deposits on everything within
the bulb, thus forming the protective coating
above mentioned upon the filament wire.

upon the tube from the exterior thereof.
While various
may be employed satisfactorily, I have found
that a fairly high audio frequency pulsating
current gives excellent results, Tt 1s to be
understood also, that the action of this pul-
sating current upon the filament wire is ob-
tained without direct electrical contact there.-
with. Ags another means

the atmosphere. -

stantially pure
_ being used, the
coating will prevent oxidation when the fila-
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T_here are a number of ways in which _-sufﬁ-_- '
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types of pulsating currents

H
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for heating the

plate for exploding the magnesium, the car-

rier or piece of nickel may b

a strip connected at its ends through the bulb

to an exterior source of potential by which

e 1n the nature of =
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~heretofore being upon

). the filament 1s inserted

0. manufactured it has

2

sufficient current may be applied for ren-
dering the same incandescent. Other means
are known for accomplishing the same re-
cult and further description thereof is con-
<idered unnecessary at this time. Suffice 1t
to say that suitable means have to be em-
ployed for heating the carrier or nickel for
exploding the magnesium and 1t is within
the scope of the invention to
having direct contact or no contact as may
be found most desirable. 1t may further
be stated that because of the greater mass of
the carrier or nickel, it will become
much more readily than the filament. which
has relatively little mass,
heating for exploding the magnesium will not
have a bad effect upon the filament.

~ After the filament has hecome thus coated.
the bulb is broken or otherwise removed and
in the tube of an elec-
tron discharge device in the usual manner.
After the operative parts of the electron dis-
charge device are sealed within the tube, the

filament is lichted and the magnesium coat-
5. ing upon the filament reduces the oxide of the
olectron emissive substances to a pure ot sub-

stantially pure state and also reduces the re-
sidual gases contained within the tube.

Tn electron discharge devices heretofore
been necessary to obtain
bombardment of the plate by the tungsten In
he filament because of the fact that the ex-
posed part of the thorium would not be in a
pure O substantially pure state until atter
the magnesium was exploded, the magnesium
the plate. It is to be
noted in the present Process that the mag-
nesium is directly upon the filament and the
electron emission 18 obtained irom the tho-

40- ;jum or similar substances shortly after the

flament is lighted. Xurthermore, the tem-
perature to which the filament has to be light-
ed in order to obtain this emission 1s Vvery
much less, and in fact, may be estimated as

45. one-half of the temperature to which the

fAlament had to be lighted under the old proc-
ess of exploding the magnesinm from the
plate. Obviously, 1 am thus enabled to pro-
duce electron discharge devices with less like-

h

60 1jhood of burning out the filament in the

process of manufacture and reduce losses in
a greater numbper of cases from what hereto-
fore has been kmown as inactive filament.
Under the old process it often occurred that

55, incufficient emission could be obtained from

the tungsten to explode the magnesium, al-
though the filament might otherwise be in
perfect condition. Under the present proc-
ess, by utihzing magnesium directly upon the

60 filament, the proportion of electron discharge

B0

devices wherein the filament is inactive 1S re-

duced very considerably. The present proc-
ess also-obtains a areater amount of the oxi-
dized electron emissive substances reduced
than .in the prior electron vombardment

employ means.

heated

and therefore the

1,897,480

method, because of the close association of
the magnesium and 1ts resultant increased ve-
ducing effect upon the oxide of the filament
in preference t0 reduction by residual gases.
Thus, in other words, I am enabled to obtain
o filamment of greater purity and having great-
or electron emissive qualities than when the
magnesium is exploded from the plate.

1% is to be understood that it 1s detrimental
to a Alament wherein various substances are
nsed, to heat the filament to any tempera-
ture which will have a tendency to volatilize
the electron emissive substances of the fila-
ment. In the use of thorium, as referred to
in the prior description, as the electron
emissive substance it is to be noted that the
thorium oxides are much more volatile than
the tungsten and under the old system
necessitating raising the tungsten to a
higher temperature for bombardment of
the plate, there were large percentages of
losses - of thorium and thorium oxide
from the filament. Of course o]l of the
theriom and thoriwm oxide lost from the fil-
oment means just that must less of the ac-
tive electron emissive material and a less
ofhcient device. Likewise, under the old
nethod of bombardment of the plate by the
tungsten, the gases present in the tubes be-
come ionized by the electron emission from
the filament, and having a relatively large
mass and traveling with considerable speed
nnder the voltage applied and therefore will
strike the filament with considerable force
chipping off rotive material with which the
curface is coated. In the process of the pres-
ent invention, the time interval during whiclh
the gases are present prior to their reduction
is comparatively very short, and theretore
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the losses due to chipping by these roving v

positive ions will he reduced to a minimum
and the filament will therefore be left with
a greater amount of active material upon its
surface. =~ '

~ As an additional feature of the present in-
vention, 1t is ohserved that aging of the de-
vice is obtained while the other operations
are in process tipon the tube. In other words
the filament may be lighted while the tube
is on the pump or after the tube is finished.
The filament is lighted slowly and brought
to the proper temperature. oradually. T also
wish to point out at this time that the fila-
ment may be shaped either before or after 1t
has been treated or coated 1n the original
bulb. : '

In constructing an electron discharge de-
vice in this manner, it will be noted that it 1s
unnecessary to heat the plate therein as here-
tofore done for exploding magnesium upon
it, the magnesium being directly vaporized
or exploded by the flament. In this way,
T enable a tube to be manufactured and re-
sidual gases reduced without any detrimental
effect upon the plate such as warping, melt-
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1ng, ete. However, if so desived magnesinm

may aiso be applied to the plate, and ex-
ploded

sium on the filament.
nesium on the first, the surface
the filament will be coated with electron emis-
sive substance which can then bombard the
plate with much less detrimental effect than
has heretofore been possible.

Obviously detail changes and modifica-
tions may be made in the manutacture and
use of my invention, and T do not wish to be
understood ag limiting myself except as set
torth in the tollowing claims when construed
in the light of the prior art,

Having thus described my invention, T

1. A process of manufacturing filaments
COMPTISINg incorporation of an electron
em’ssive substance partially oxidized there-
n, and coating said filament by depositing
thereon by vaporization quantity of mag-
nesium for reducing the oxide of the electron
emissive substance, -

2. A filament COMprising an electron emjs-
s1ve substance and its oxide, and a coat'ng of
vaporized magnesium on the filament for re-
ducing the same. -

o. The process which comprises coating an
clectron emissive filament in g vacuum with
a protective and reducing coating of mag-
nesium, mounting said filament w2thin a con-
tainer, evacuating the container and flagh-
g the coating by heating the filament simul.
taneously to reduce
ent, and to clean up residual gases within
the container. |

4. The process of manufacturing an elec-
fron em’ssive filament containing thorium
and its oxide, which comprises vaporizing
onto the filament g coating of magnesium
while in one evacuated 1 ceptacle, removing
the magnesium coated filament from the first
receptacle and mounting it in a second evacu-
ated receptacle, and eradually heating the
coated filament to flash the magnesium while
1 said second receptacle. "

0. The process of manufacturing an elec-

tron emissive filament containing an elee-

tron emissive substance with 1ts oxide, which
comprises mounting said filament in a first
evacuated container and vaporizing onto said
filament g coating of magnesium while n
sald container, removing said coated filament
from the first container and mounting it in
a second evacuated container, and gradually
heating the coated flament to cause a chem-
ical reaction between the coating and the fila-

nent while 1n gaid second container to reduce

the filament oxide.

6. The process of manufacturing :
tron emissive filament which comprises in-
corporating in the filament gn electron emis-
sive substance and its oxide, mounting the
flament in g first evacuated container, vapor-

tron emissive filament

the oxides in said fila- -

nestum while in gaid container, removing the
said container, and seal-
Ing it into an electron discharge device, and
gradually
flash the magnesium
¢vacuated container.

7. The process of manufacturing an elec-
which comprises in-
corporating thorium and jte oxide in said
filament, mounting the filament in an evgen.
atec container, vaporizing onto the filament
a2 coating of magnesium while n said con-
talner, removing the coated filament from
said container and mounting it in an electron
discharge device, and gradually heating the
coated filament ‘while in the electron dis-
charge device to secure a chemical reaction
between the Magnesium coating and the
thorium oxide to render the filament elec-
tronically active, . _

S. The process of manufacturing a metallic
electron emissive filament which comprises
Incorporating an electron emissive substance
‘n said filament, vaporizing onto said filament
in an evacuated container 2 quantity of mag-
nesium to provide said filament with g pro-
tective co

While in the second

1t In another avacuated

9. The process of manutacturing an elec.

tron emissive filament which comprises in-
Corporating in said filament an electron emis-
sive substance, placing the filament, together
with a quantity of magnesium in a bulb,
evacuating the bulb, depositing the mag-
nesium by vaporization onto said filament,
removing the filament from said bulb and
mounting it in another bulb, gradually heat-
g said filament while in said other hulb,
and simultaneously evacuating said othep
bulb to cause said
cXisting on the filament. _
10." An electron emitter comprising a thori-
ated filament having thereon g coating of
vaporized magnesinm, o '
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heating the coated filament to

ating of the vaporized magnesium,
- conoving said coated filament and mountin

coating to reduce the oxides
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