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This invention relates to improvements in
thermionic. tubes and more particularly to an
improved filamentary cathode. for. a. vacuum. tube
and. the methed of making the same. See my
copending, application. Number 642,4486.

Heretofore, many problems have arisen in con-
nection with the manufacture of vacuum tubes;
not. the. least of which were: those arising in con-
junetion. with the construction and operation of
the filament. Among other things, the size of
the. filament was one of the controlling factors
in: the construction. In large tubes this did not
involve: too much of a.problem, but in small tubes,
the limitations as to- the size of the filament has
a. definite bearing in its: construction. This will
be: better appreciated when i.is. understood that
in a. vacuum tube it is. desirable to heat the fila-
ment, with some conventional voltage source,
and that the temperature of the filament and its
resistance is: usually a function of its length and
circular mil area as well as the specific resistance
of the material.

In the smaller type tubes, the fllaments are
very often heated by 14 or 1.5. volt voltage
sourees, such-as a dry, wet, or so-called "Mallory”
cell. In order for a filament to be heated to the
desired emitting temperature by a 1.4 or 1.5-volt
cell, it was: necessary {0 provide one of a certain
jength.. The length was also determined by the
specific. resistance of the
current necessary to heat. the filament to. an
emitting. temperature varied with the diameter,
it -was. desirable to draw the wire to a diameter
as small as possible. In order to. use. prier ma-
terials, the filament had to be longer which made
it necessary to fnld the filament in order to get
it into a small space. The folded filament, al-
though. taking up. less longitudinal space, took a
greater transverse Space, thus placing lmita-
tions on the spacing of the tube elements. Fur-
thermore, the folded or the long filament had a
tendency to vibrate when shocked which re-
sulted in microphonic. operation, as well as in-
stapility thereof. The filament, being long and
of small diameter, had less strength and: there
was, therefore, a tendency for it to sag, causing
short. cizcuits. It also had many other disad-
vantages, including that. of complicating the
manner of its support. Small diameter fila~
ments also had a. greater tendency toward hot
spots due to unequalities in diameter which
occurred. during. the: drawing. process.

- Another disadvantage of the previeus. fila-
ments was. the variation: of the. resistance of the:

material upon heating. Normally, all. prior

filament, and since the
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known filaments had a high temperature co-
efficient of resistance which resulted in a low re-
sistance when cold, and which resistance greatly
increased upon heating. This variation in the
temperature coefficient of resistance in nickel, -
for instance, is of the order of 400% from hot to
cold. 'This increase in resistance or change in
resistance after the filament is heated is very
undesirable because it is the direct. cause of cir-
cuit instobilities. The fact that the. voltage
source which is used to heat the filament varied
during its life, being maximum when new and
dropping off after use, caused. very apparent
changes in the tube performance and resultant

changes in circuit performance due to the in-

ability of the current in the filament to follow
proportionate changes in voltage. Such insta-
bilities. were such that in certain instances the
utility of the tube was greatly limited.
Furthermore, in these prior filaments, and
tungsten in particular, when first heated, had a
low resistance; but this resistance increased as.
the heating was prolonged. Thus, the resistance.
did not keep pace with the hesating, causing the

filament to glow brightly at first and then gradu-

ally decrease in brightness to its normal color.
This “fiashing” effect had a tendency to. decrease
the life and stability of the filament. Further-
more, changes in ambient temperature were.
sufficient to .cause resistance changes resulting
in- changes in the emission current. . These
changes were especially undesirable when. the
tubes were used in conjunction with a direet
current amplifier, because in a direct current.
amplifier the absolute values of emission deter~
mines what happens in the circuit, as distin-
guished from an alternating current amplifier
where only incremental changes are of interest.
This effect may be utilized in certain places, such
as a bolometer where a high temperature: co-
efficient is necessary to its operation, but has no
place in a vacuum tube, and more particularly,
is extremely undesirable when the tubes are used
for insirumentation as in nuclear physics, where:
exceptional static emission stability and. circuit
resistance stability is desired.

By my present invention I have discovered an:
improved filament material which has a high:
specific resistance as compared with previously
known filament. This enables a much shorter
filament to be used than heretofore. By the use
of o short filament, longitudinal and transverse
space in the tube are economized. 'This enables.
a very small tube to be made. Tt enables the-
filamment to be heated by conventional voltage
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sources, such as 1.5 volt cell, instead of a frac-
tion thereof, thus greatly enhancing its use. The
manner of supporting the filament is simplified,
allowing & more sturdy support, causing the fila-
ment te be more rigid and eliminating all the dis-
advantages of the long flexible filament. 'The
filament is freely suspended at its ends without
having contact with any other part: of the as-
sembly.  Thus there is no thermal contact with
other parts of the tube which would cause the

10

plate current to assume different values due to -

-mechanical disturbances. I
Furthermore, the filament of my discovery has
a low temperature coefficient of resistance being
of the order of 5 percent from hot to cold. Still
another advantage of the filament of my inven-
tion is that in-my filament, which has low ther-
mal conductivity, a greater efficiency of the fila-
ment in operation is realized, because the fila-
ment heats more evenly throughout its length and
heats to the desired temperature closer to its sup-
port and there is less heat lost throughout the
support. This, as distinguished from the con-
ventional -tungsten or nickel filament which has
its highest temperature at the places most re-
moved from its support and which is quite cool at

its points-of support due to its high thermal con- .

duetivity.

To better illustrate certain aspects of the in-
vention, reference will be had to the accompany-
ing drawing wherein;

Fig. 1 is a full sized elevational view of a tube
embodying the filament of my invention;

Fig. 2 is an enlarged vertical medizal section
thereof; - ’ ]

Fig, 3 is a graph depicting the operation of the
tube of my invention ag compared with 5 com-
mercial hearing aid tube,

The filament of the present invention is par-
ticularly useful in the so-called miniature tubes,
such as is shown in Fig. 1. In the tube, the over-
all length is approximately 1Y% inches, and the
space inside the envelope which houses the tube
element is % inch long. The diameter of the tube
Is approximately 1/32 inch, and the inside diame-
ter is approximately 275 inch. The actual useful
portion of-the filament is 15/33 inch long while
the diameter is .0004 inch and is provided with a
coating of oxides which is .0002 inch thick, bring-
ing the diameter of the complete filament with its
oxide coating t0 .0008 inch.

The construction of such & tube is shown in de-
tail in the greatly enlarged sectional view in Fig,
2. “Here the glass envelope which houses the ele-
ments is shown at 18. - A pair of ceramic members
are provided at Il spaced from the top and bot-
tom of the tube and held in bosition by supports
12 which extend through the press I3 at the base.
One of the supports is adapted to support a getier
14 and the anode {5 is supported between the two
ceramic members. The filament 1§ has its lower
end secured in the lead {8 preferably by insertion
In the hollow end of the lead which is then pressed
and welded. The upper end of the filament is sup-
ported by a spring wire 20 of ‘U shape conform-
ation, one leg of which is welded to the flattened
end 2{ of the support 12 and the other end of
which has a flag 22 of thin metal to which the fila-
ment is welded, :

The preferred filament material of my inven-
tion. comprised s binary alloy of a chromium
and nickel which has a specific resistance of 630
ohms or more per circular mil foot. I also con-
template the use of ternary alloy, however,
wherein other elements than nicke]l and chro-
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mium are present, such as cobalt. This filament
has a high tensil strength at normal emitting
temperature,

A chromium-nickel alloy having 500 ohms per
circular mil foot will also be satisfactory. So
far as I am aware, the more commonly accepted
material for filaments is tungsten or nickel. I
have discovered, however, that. nickel and chro-
mium provide a material having a high specific
resistance, as well as a low temperature cosficient
of resistance.

This material may be drawn down to a diameter
of approximately .0004 inch, which seems to be
the practical limit of minimum diameter to which
it may he drawn.

It also has a temperature coeflicient of resist-
ance such that it only changes in resistance ap-
proximately 5 percent from cold to ho$, as com-
bared with nickel or tungsten which varies over
400 percent from cold to hot. Because the re-
sistance is high, it Permits a filament of larger
diameter to be used and of shorter length for
a given filament current and voltage. This al-
lows the manufacture of tubes of extremely small
size having a straight filament, and which tubes
are characterized by their extreme static stability
as compared with prior small tubes. As a matter
of fact, prior t6 this invention, s severe limita-
tion on the use of these tubes was apparent be- -
cause of the inconsistencies of results in oper-
ation due tc the structure. These tubes may
be operated singly or in parallel with a single
voltage source, and the behavior of the filament-
provides such consistent results that it becomes
particularly useful in D, C. amplifier circuits, such
as are used in electronic instrumentation, cue to
the fact that hetween tubes a close tolerance of
characteristics is attained. This feature is of
perticular importance in D. C. amplifiers or elec-
trometer circuits where  the absolute value of
current is of interest rather than the incre-
mental value such as is used in A. C, circuits.
In such a circuit the control element may have
an input leakage resistance of the order of 1016
ohms and a current of 10~15 amperes and, very
often in such circuits, it is desirable to have the
Alament become a part of the resistance network.
In such cases, if the filament has a high tem-
berature coefficien} of resistance, it becomes &
non-linear component which makes it impossible
to properly balance the circuit. . The filament
maintains a relatively constant emission under
conditions of varying filament current, thus de-
creasing the tendency to drift.

It will be noted that the coating of oxides
used on my filament is extremely thin as com-
pared with previous coatings.

The oxides may comprise the usual barium
and strontium compounds which are preferably
deposited on the filament by cataphoresis in the
form of barium and strontium carbonate crystals.
I have found that it is desirable that these crys-
tals provide the best result if they are not too
small and breferably are of the largest size which
will successfully cataphorize and stil adhere
properly to the filament, )

The coating after being applied to the filament
is converted to oxides during the activating stage
of manufacture.
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invention and in comparison therewith & similar
curve for a socalled “hearing aid” tube. These
curves show the change in emission with cathode
heating current which, although often ignored
in alternating current amplifier design, becomes
of major importance in a direct current instru-
ment. The curve designated “VX tube” is one
made from a tube having the filament of my in-
vention, and the curve “hearing aid” is that of
s commercial tube available on the market. The
“hearing aid” is presumed to have a nickel fila-
ment. In each instance, the grids and plates of
the tubes were connected together to make a
diode and the values were reduced o common

ordinates giving the emission as 100% at 200

m. &. plate current, and at rated cathode cur-
rent to make the curves comparable. The rela-
tive constancy of plate conductance of the “VX”
tube is apparent. The operating range is wider,
and the change in emission current is consider-
ably less.

It will also be noted that the “yX” tube cath-
ode produces a nearly constant difference over
a wide range either side of rated operating cath-
ode current. The hearing aid tube does not have
a well defined saturation point and the conduct-
ance varies greatly with cathode current.

Tt has been found by graphical analysis that
the plate current, in the region in which the tube
is emission limited, varies exponentially; that is,
it follows the expression In=MI/. As a speciiic
instance, the tube shown in Fig. 3 follows the
expression Ip=MI#, where M is a constant de-
pending on the geometry of the tube and power
input to the tube.

able to make tubes for the purpose intended
which have heretofore been impractical of con-
struetion. These tubes have & definite and im-
portant use in connection with the instrumenta-
tion of nuclear physics, allowing simple and
rugged instruments to be made and provide con-
sistent and long life operation.

Having thus described my invention, I claim:

1. A miniature tube for control purposes in-
cluding an evacuated envelope, electrodes dis-
posed in the envelope and including at least an
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anode and an electron emitting cathode, said
cathode being capable of stable operation with
changes in heating potential and comprising- a
single short wire of under three-quarters of an
inch in length and between .0008 and .0004 inch
in diameter, means to support said filament com-
prising a lead in wire extending through a press
in said envelope and a support extending spaced
from the filament, spring means on the end of the

10 support connected to said other end of the fila-

ment to hold it taut, said filament being formed
of an alloy of nickel, chromium and cobalt in
such proportions as to provide & high specific re-
sistance and low temperature resistance coeffi-
cient and low thermal conductivity.

2. A vacuum tube for contrcl purposes for con-
trolling small currents, including an evacuated
envelope, electrodes disposed therein and includ-
ing an electron emitting cathode capable of stable
operation with changes in heater potential com-
prising an alloy of chromium, nickel and cobalt
having a length of between 5. and % inch and a
diameter of between .0004 and 6008 inch and of
high tensile strength, and spring means to hold
the filament taut.

3. A sub-miniature tube for control purposes
including an evacuated envelope, electrodes dis-
posed in the envelope and including an electron
emitting cathode capable of stabie operation with

s changes in heating potential comprising a single

short length of wire formed of an alloy of nickel,
chromium’ and cobalt. in such proportion as to
wrovide high specific resistance, a low tempera-
ture resistance coefficient and having low thermai

. 55 ivity.
By the use of a filament of my discovery, I am conductivity

JOHN A. VICTOREEN.
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