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This invention relates to electronics in general, 
and particularly to electron flow devices, such as 
electronic rectifiers, X-ray tubes, radio tubes, 
and such other devices as employ electron emit 
ting elements. 
An important object of the invention is the 

provision Of a new and improved electron emis 
sion element adapted to be heated for electron 
emission at a relatively low temperature; a fur 
ther object being to use columbium for electron 
emission. : : V- 
Another : object of the invention ?is the " provi 

Sion, in an electron flow device, of an electron 
emission element comprising columbium sup 
ported on a suitable structure. Such as tungsten, 
molybdenum, or other high: melting pointma 
terial. ' ' . . ." . . . 

Another object of the invention is the provi 
sion of a columbium emitter indirectly heated, 
as by means of a suitable electrically energized 
filament, whereby electron emission is obtained 
at low operating temperatures well below the 
normal operating temperature of a conventional 
tungsten electron emitting filament, thereby ren 
dering indefinite life to the tube; also, the heat 
ing of the anode is more uniform and the effi 
ciency of the device is greatly enhanced. 
Another object of the invention is "theº provi 

sion of an electron emitter made of columbium, 
either in the form of a strip, coil, tube or other 
Wire; a further object being to form the emitter 
as a support member of material having a high 
melting point and having a coating of colum 
bium forming an emitting surface. 
A further object is to provide an electron flow 

device including an anode and a columbium 
electron emitting element so constructed and ar 
ranged that it will shield a co-operating heater 
filament to thus protect the filament from the 
electrostatic force between it and the anode with 
out creating an undue space charge with respect 
to the anode, to make possible a relatively large 
uniform emitting surface of the cathode, to per 
mit the proper and ideal design of the cathode 
from the standpoint of high voltage stresses, to 
make possible greater electronic emission for a 
given amount of heater or filament wattage, as 
well as to provide for greater efficiency in gen 
eral and more rugged construction. 
A still further object is the provision of an 

improved electron emitting element in the form 
of a cylindrical member having a columbium 
emitting surface. . . . x. • - . . 

Still another object of the invention is to form 
an electron emitting element of columbium, and 
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2 . . . . . . 
further that the thermionic - emitting tempera 
ture of columbium is substantially 1700 to 1900' 
Kelvin, being considerably lower than tungsten 
and tantalum, the two pure metallic thermionic 
emitters heretofore generally employed. 
Numerous other objects and advantages will 

be apparent throughout the following Specifica 
tion. - - - 

The accompanying drawing illustrates a se 
lected embodiment of the invention, and the 
views therein are as follows: - 

Fig. 1 is a sectional view taken longitudinally 
through an electronic rectifier embodying the 
invention; - 

Fig. 2 is a sectional view on the line. 2-2 of 
Fig. 1; , , , 

Fig. 3 is a fragmentary sectional view showing 
a modified arrangement of filament mounting; 
and 

Fig. 4 is a detail sectional view of a modified 
cathode structure in which the columbium emit 
ter is substantially elongated to provide a get 
tering or gas absorbing effect. 
To illustrate the invention, the drawings show 

an electron flow device f embodying an anode 
3 and a cathode 4 enclosed in a Sealed envelope 
2, suitable conductor means being provided for 
connecting the anode and cathode in electrical 
operating circuits externally of the envelope. 
While the invention is not limited to the shape 
of the anode, the same is shown as a hollow cup 
shaped element enclosing the electron emitting 
portions of the cathode. 
The electron emitting portion of the Cathode 

comprises columbium which functions to emit 
electrons at a temperature of 1700° to 1900°. Kel 
vin. " " This is ' substantially bellow the temperature 
at which tungsten and tantalum emit electrons 
so that devices embodying my present invention 
avoid the disadvantages inherent to devices en 
bodying conventional emitters. 
: The columbium emitter element of my pres 
ent invention may comprise an element of pure 
metal, or the element may comprise a Support of 
metal, such as tungsten or molybdenum, having 
a high melting point, the support being coated 
with columbium to form the electron emitting 
Surface thereof. r 
The emitting element, however formed, may 

be heated for electron emission either by direct 
application of electric power to the element Or 
by mounting the element in position to be 
heated indirectly by suitable heating means. 
Where it is desired to heat the emitting element 
by direct electrical action, the same may be 
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formed either as a coil, Wire Or Strip of pure 
columbium, or of other metal coated with colum 
bium, and means may be provided to connect the 
element with a suitable electrical power source. 
Where the element is heated by indirect action, 
it may be operatively associated with a suitable 
heater. To this end, the emitting element may 
Comprise a coil inductively associated with an 
induction coil or may be formed as a plate, Strip 
or shell in heat exchange relation with re 
spect to a heater, preferably an electrically en 
ergized coil or filament of metal such as tungsten. 
The particular structure herein shown for the 

purpose of illustrating the invention comprises 
an electronic device in the form of a rectifier tube 
, although the several features of the invention 
are not limited to rectifiers but may be utilized 
to advantage generally in electron flow devices, 
including X-ray tubes, radio tubes, and such other 
devices where thermionic emission is desired from 
a pure metallic Source. 
The rectifier tube , as shown in the drawing, 

comprises a sealed envelope 2 of suitable mate 
rial, Such as glass or metal, glass being specifically 
shown in the drawing. The envelope 2 contains 
the anode 3 and the co-operating cathode 4. The 
envelope 2 may be arranged in any convenient 
or preferred form, but is shown in the drawing 
as being a tubular glass shell having re-entrant 
necks 5 at opposite ends of the shell. The anode 
3 and the cathode 4 are respectively supported 
On the said necks at the opposite ends of the 
envelope in any suitable fashion, although I 
prefer to employ supporting and sealing means 
of the sort shown in my previous U. S. Patents 
Nos. 2,250,323 and 2,336,769, respectively issued 
July 22, 1941 and December 14, 1943. In this con 
nection, the necks 5 define openings which are 
closed by seal members 6 and 7 of generally cup 
shaped configuration. These sea members 6 and 
are preferably made of sheet metal. Each of 

said members 6 and 7 has an annular rim which 
forms a glass-to-metal seal 8 with the inwardly 
facing end of the neck 5 on which the seal men 
ber is mounted, to thus seal the end of the en 
velope. 
The seal member 7, at one end of the envelope, 

carries the anode 3, which preferably comprises 
a 'Cup-shaped element formed with a stem 9 which 
projects outwardly of the end of the envelope 
through an opening formed in the seal member 
, the stem 9 being sealed in said opening and 
carrying a bracket 9a, within the envelope, on 
which the cup-shaped anode element is mounted, 
as by rivets or other fastening. 

he seal member 6, at the other end of the 
envelope, carries the cathode 4 which, as shown, 
preferably comprises an electron emission elle 
linent Suitably mounted on Support means carried 
by the seal member 6. 
According to the present invention, the elec 

tron emission element comprises columbium and 
is preferably Supported in position within and 
Surrounded by the cup-shaped anode 3. . The 
Columbium emission element may be formed as a 
filament for direct connection in an electrical 
heating circuit or may be formed as a separate 
element and heated to a proper electron emitting 
temperature by a heater element O which is pref 
erably made of tungsten. 
The cathode structure 4, as shown in Fig. 1, 

Elaay be mounted and sealed on the envelope by 
means of a support and sealing structure of the 
sort shown in my U. S. Patent No. 2,250,323, such 
structure comprising a disk-like head , prefer 
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4. 
ably of metal, which head is mounted on a stud 
2 extending in an opening formed in the seal 
member 6, the stud being sealed in Said opening 
and having portions extending outwardly of the 
envelope. The head f f carries a tubular skirt 
3 secured at one end on the head and extending 

at the other end in position enclosing the glass 
to-metal seal 8. The skirt thus encloses a space 
í 4 between the seal member 6 and the head i f, 
which space is in open communication with the 
interior of the envelope 2 through the annular 
space defined between the end of the skirt 3 
and the glass-to-metal seal 8. Within this space, 
means may be provided for performing a getter 
ing operation during the fabrication of the tube 
in order to insure the maintenance of a high de 
gree of vacuum within the envelope. This oper 
ation is accomplished by means of a loop of get 
tering wire 9 in the space 4, said wire being con 
nected at one end to the stud 2 and at the other 
ead to a conductor 20 which extends outwardly 
of the envelope through a suitable seal in the 
member 6. By applying electric potential be 
tween the Wire 2.0 and an extension of the stud 
2, outwardly of the envelope, the gettering wire 
may be energized to perform its gettering func 
tion. Within the envelope. - 
The opposite ends of the filament to may be 

lanolunted on, electrically connected to, and Sup 
ported by conductor stems 5 and 2f which ex 
tend through openings 6 formed in the head ff. 
The ends of the stems may be mounted on and 
insulated from the head by fitting the openings 6 
with grommets T which receive the stems f5 and 
2 and which, in turn, are sealed in the Openings 
as by welding or brazing. The stems are slap 
ported in and electrically insulated from the 
gronmets and the head if by means of globules 
of glass f8, which support the steans in the grom 
met and seal the grommet opening around the 
stems. Within the space 4, the ends of the stems 
5 and 2 are electrically connected, as by clamps 

22, with conductors. 33 which extend through 
openings in the seal member 6, said openings be 
ing provided with grommets 24, like the gronamets 
f7, in which the conductors 23 are sealed by 
means of glass globules similar to the globules 8, 
all as taught in my aforesaid U. S. Patent No. 
2,250,323. The filament do thus is electrically 
connected with the conductors 23 which extend 
outwardly of the envelope, such connection being 
accomplished by way of the stems f5 and 2-f which 
are electrically insulated from the head . . . . . 
The filament 0, which is the heater for the 

cathode 4, may be made of columbium and thus 
form an electron emitter in accordance with the 
present invention, or the filament may comprise 
tungsten coated with columbium as an emitter. 
However, the filament may be used merely as a 
heater element enclosed or eneased within a cy 
lindrical tube 25 made of columbium, or of other 
metal coated with columbium. In either case, the 
tube 25 will have a columbium surface 26 for 
emitting electrons. The columbium cathode 
emitter 25 is thus arranged to be indirectly heat 
ed by the heater which, in such case, may be 
made of tungsten or other suitable material. 
While the drawings disclose the use of a tubular 
or cylindrical columbitum emitter 25, it is of course 
understood that the emitter may be of any suit 
able size and shape for the purpose intended; and 
the emitter may be supported on the head ff in 
any suitable or convenient fashion, as by mount 
ing it on support brackets 27 carried by one or 
other of thesterns 5 and 2. 
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The use of columbium for electron emission in 
directly heated by the tungsten filament iO pro 
duces results greatly superior to: any conventional 
electron" emission material, and the operating 
temperature of a device embodying the invention 
is considerably below that of like devices employ 
ing other emission materials and still produces 
greater efficiency and effectiveness. Tempera 
tures of 1700° to 1900 Kelvin obtain emission 
which is more than adequate for various applica 
tions, and the temperature of the tungsten heat 
er filament is Well below the normal Operating 
temperature of tungsten. The use of columbium 
as a cathode emitter does not produce high Space 
charges in the tube itself and still protects the 
filament to prevent the formation of any substan 
tial electrostatic force between the filament and 
the anode. The heating of the anode is uniforn 
whereby localized melting of the anode is over 
come. In addition, low filament current elimi 
nates the burning out of the filament. More 
over, the cathode emission per watt of filament 
consumption is very great. In addition, the 
thermionic emitting device, as herein disclosed 
and comprising the columbium tube or equivalent 
columbium structure, makes possible a large uni 
form emitting surface of the cathode, as well as 
making it possible for the proper design of a 
cathode from the standpoint of high voltage 
stresses. Also, the use of columbium has the fur 
ther advantage in that it can be formed more 
easily than tungsten, tantalum, or other emission 
materials. The thermionic emitting tempera 
ture is approximately 600 Kelvin lower than 
tungsten, and thereby prolongs the life of the 
filament and the cathode emitter itself. Co 
lumbium makes possible more emission for a 
given heater or filament Wattage. 
The tubular emitter 25 is preferably arranged 

concentrically about the tungsten filament fo 
and may be supported in position by molybdenum 
ribbons 27 welded or otherwise secured to the out 
side of the tube 25 and to the upstanding Support 
stem 2. The filament O is connected at its 
upper end to the stem 2, and at its lower end to 
the stem I 5, preferably by Wrappings of 5 mil 
(.005 inch) molybdenum wire, as indicated at 28 
in the drawing. The construction is such that 
the columbium tube is rigidly supported and is so 
arranged with respect to the filament that there 
will be no obstruction to the emission of elec 
trons. It will be seen that the cathode emitter 
25 is electrically connected with one of the con 
ductors 23, outwardly of the envelope, through 
the support stem and the molybdenum ribbons 
27. 
An electron flow device functions by the flow 

of electrons emitted from the cathode and travel 
ing to and impinging upon the anode. When the 
flow device is constituted as a rectifier, the Stream 
of electrons passing between the cathode and 
anode form a conduction path along which elec 
trical current may flow in one direction only be 
tween the anode and cathode. This uni-di 
rectional flow phenomena, is utilized for the pur 
pose of rectifying alternating or fluctuating elec 
trical energy in order to provide uni-directional 
electrical power. 
The columbium emitter 25, regardless of its 

shape or where its operative position may be, 
is capable of electron emission by indirect heat 
radiation or by electron bombardment through a 
difference in potential between the filament and 
the columbium. Also, the emission from the co 
lumbium may occur by the electronic bombard 
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6 
ment plus radiant heat from the filament to the 
columbium emitter. ; : . . . . *** För tungsten filament O’ may be substituted a 
filament or heater made of columbium, and such 
columbium filament may be in the form of a 
helix, as shown, with respect to the tungsten, or 
the columbium filament may be a tube or a strip or it may assume any shape proper to perform 
the function intended. The columbium emitter 
as herein disclosed may be indirectly heated by 
co-operation-with a separate heating filament, or 
may be heated directly by making the heater or 
filament itself of columbium. : s In some applications, as indicated in Fig. 3, it 
may be desirable to ground one or other of the 
stems'? 5 or 2 on the head instead of mounting 
them both in insulating grommets. This may 
be accomplished by press-fitting the stem to be 
grounded in an opening or socket f 6a, in the head 
f, as taught in my U. S. Patent No. 2,250,323, in 
which case one of the connection conductors 23 
may be eliminated and connection with the 
grounded stem accomplished through the support 
stem f2, outwardly of the envelope. At least one 
stem, however, must be insulated from the head 
and end seal. Where one of the stems is ground 
ed, the emitter 25 may be connected either to the 
grounded or to the insulated stem, but if connect 
ed to the insulated stem, the emitter also must 
be insulated from the head . 
As shown in Fig. 4, the columbium emitter 25 

may be provided with an integral elongated lower 
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end 3f extending considerably below the bottom 
end of the filament O. The part of the emitter 
above the projection or elongation may attain 
a temperature range of between 1700 and 1900 
Kelvin during operation. However, the tempera 
ture range of the projection or elongation may 
vary from 1700 Kelvin at the upper end 32 of 
the elongation 3 to about 600 Kelvin at the low 
er end 33 thereof. The elongation 3 actis con 
tinuously as a getter preventing the formation of 
gaseous matter within the envelope. The use of 
columbium, therefore, not only acts as a greatly 
improved emission element, but when extended, 
as shown in Fig.4, the elongation 3 acts as a gas 
absorber, eliminating gaseous material within the 
envelope. In this embodiment, the lower end of 
the tube may be supported on the head and 
thus electrically connected thereto, in which case 
electrical connection with the emitter may be had 
outwardly of the envelope through the stem 2 
and its extension. To this end, it is desirable to 
employ a modified cathode support structure of 
the sort shown in my U. S. Patent No. 2,336,769, 
in Which the head is supported on and electri 
cally connected with the seal member 6 by the 
skirt f3 instead of by the extension of the stem 2 
inwardly of the seal member. Elimination of the 
inwardly extending portion of the stem 2 allows 
for supporting the stems f5 and 2 centrally on 
the head . Alternately, the tube 25 may be 
supported on the head by suitable insulating 
means, in which case electrical connection of the 
emitter may be had outwardly of the envelope 
by connecting the tube 25 with one or other of the 
stems S or 20. 
The tube 25 also may be formed with a closed 

top 34 whereby the filament is entirely enclosed 
within the tube and thus completely shielded 
from electrostatic forces that otherwise might 
prevail between the anode and filament when 
the device is in Operation. 
The invention provides an extremely efficient 

thermionic emitting device for use in connection 
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with rectifying tubes, X-ray tubes, radio trans 
mitting tubes, and other vacuum tubes where pure 
thermionic emission is desired. The construction 
is such that the filament is properly located and 
supported without any obstructions, as is the case 
where º a spiral support is provided for the filla 
ment. Moreover, the use of a columbium cathode 
emitter, indirectly heated by a tungsten filament, 
or by making the filament of columbium for di 
rect emission, permits lower operating tempera 
tures well below the normai operating tempera 
ture of tungsten, thereby rendering indefinite life 
to the tube. The heating of the anode is uniform, 
and the efficiency of the device is greatly en 
hanced. The use of the columbium as herein dis 
closed also acts as a getter in that gases within 
the envelope are absorbed or eliminated. 
Changes may be made in the form, construc 

tion and arrangement of the parts without de 
parting from the Spirit of the invention, and the 
right is hereby reserved to make all such changes 
as fairly fall within the scope of the following 
claim. 
The invention is hereby claimed as follows: 
An electron flow device comprising an enclos 
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ing envelope, a Cathode emitter having a colum 
bium surface arranged inside of said envelope, a 
filament heater, arranged adjacent said surface 
and indirectly heating said surface, a conductor 
stem for the filament, and getter means of colum 
bium on the emitter extending below the end of 
the filament a predetermined distance and acting 
as a getter. 

ZED. J. A.L.E.E. 
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