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(Granted under the act of March 3, 1883, as
amended April 30, 1928; 370 O. G. 75%)

The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
us of gny royalty thereon.

This invention relates to improvements in
electronic tubes, and more particularly to im-
provements in oscillator tubes for the generation
of ultrahigh frequency energy.

A number of difficulties arise with high-power
oscillator tubes working at ultrahigh frequency.
It is difficult to obtain enough cathode area for
adequate electron emission. There is a sharp
break in the tuned filament circuit (with respect
to radio frequency energy) between the relatively
thin wire leads of the cathode and the more mas-
sive external part of the filament~tuning circuit.

One particular oscillator tube which is eficient
and desirable in many respects is the tube dis-
closed and claimed in a copending application of
Harold A. Zahl, Serial No. 473,556, filed January
25, 1943. This tube raises a difficulty because,
in order to obtain adequate cathode emission, four
electrode assemblies or so-called “barrels” have
been employed, instead of two. The four fila-
ments require four pairs of leads, and four glass
stems to seal the leads, all of these stems being
located relatively close together, thus making the
tube a difficult glass-blowing job and assembly
job.

One object of the present invention is to gen-
erally improve electron emission tubes. Another
object of the present invention is to overcome the
difficulties and disadvantages pointed out above.
Another object of our invention is to obtain maxi~
mum cathode emission with minimum power con-
sumption for cathode heating. Another object
of our invention is to provide a cathode-tuning
circuit which is very efficient for radio frequency
oscillation. Still another object of our invention
is to provide an efficient tube of simplified con-
struction.

To accomplish the foregoing objects and other
objects, some of which hereinafter appear, our
invention resides in the electron tube elements and
their relation one to the other as are hereinafter
more particularly described in the following speci-
fication. The specification. is accompanied by
drawings in which: )

Figure 1 is a front elevation of an electronic
tube embodying features of our invention ;

Figure 2 is an end elevation of the same;

Figure 3 is a longitudinal section through g3
cathode unit made in accordance with our inven-
tion;
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Figure 4 is a longitudinal section through the
anode lead of the tube;

Figure 5 is a schematic diagram explanatory
of a feature of the tube;

Figure 6 is a modification thereof;

Figure 7 is a diagram schematically showing
the external tuned circuits of the tube;

Figure 8 is a plan view of the anode structure
of the tube;

Figure 9 is a front elevation of the same;

Figure 10 is an end elevation of the same;

Figure 11 shows a detail of the anode structure;

Figure 12 is a plan view of the grid structure;

Figure 13 is a front elevation of the same;

Figure 14 is a transverse section taken approxi-
mately in the plane of the line 14—i4 of Figure
12; and

Figure 15 is a section taken approximately in
the plane of the line 15—I5 of Figure 3, and is
explanatory of a step in the fabrication of the
cathode unit.

Referring to the drawing, and more particu-
larly to Figures 1 and 2, the particular tube there
shown comprises spaced anodes 12, connected by
anode-to-anode circuits or loops 14, Grids 16
are disposed within the anodes 12 and are con-
nected by tuned grid circuits or loops 18. Cath-
odes (not visible in Figures 1 and 2) are disposed
within the grids 16 and are carried at the upper
ends of tubular cathode leads 20. The anodes are
supported by anode leads 22, and the grid circuits
are supported by leads 24.

The operation of this particular tube may be
explained with reference to schematic Figures 5,
6 and 7. Figure 5 shows how the anodes 12 are
connected by a preferably U-shaped resonant
anode circuit {4, while the grids 6 are connected
by a second preferably U-shaped resonant circuit
18. The cathodes are indicated at 26. Referring
now to Figure 6, it will be seen that the circuit is’
substantially the same, except that two tuned
grid and anode loops have been provided on oppo-
site sides of the grids and anodes. It will be
understood that the oppositely-directed anode
circuits 14 correspond to the structural parts 14
shown in Figures 1 and 2, and that the oppositely-
directed grid circuits I8 correspond to the struc-
tural parts 18 shown in Figures 1 and 2.

The external wiring is schematically shown in
Figure 7. For the sake of clarity this is based
on the simplified showing of Figure 5. In Fig-
ure 7, it will be seen that external anode leads 22
are shorted by an adjustable shorting bar 28.
The anodes may be operated at either ground po-
tential or at a high positive potential (with re-
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spect to direct current) and this is applied by
means of a lead 38 The cathode leads 28 are
tuned by means of an adjustable shorting bar 32,
and the cathodes may be connected either to
eround or o a source of high negative potential
(with respect to direct current). In the present
case they are grounded at 34. An appropriate
grid biasing potential may be applied fo the grids
through another connection 24.

The power output from the tube may be taken
from either the anode circuit or the cathode cir-
cuit. This may be done by means of an appro-
priate transmission line, but in the present case
the output is schematically shown as being de-
livered directly to the poles of ‘an antenna §8.

‘The features of the present invention relating
to the cathode unib may be described with refer-
ence to Figure 3 of the drawing, in which the
cathode 26 is a cylinder made of a suitable
cathode metal (for example, sheet nickel) and is
secured in coaxial relation to a tube 38 made of
a suitable lead-in metal (for example, Kovar).

“The cathode cylinder is closed at the top by means
of a flanged disk or cap'48. Tube 38 preferably
has o diameter approaching that of the cathode,

and in the specific unit illustrated the structure
appears to be one continucus clement, the differ-
ence in thickness for the cathode being very
slight, although exaggerated in the drawing for

the sake of clarity. 'The coaxial relation of the 3

cathode and cathode lead is very desirable for
efficient - conduction of high radio frequency
energy, and constitutes one of the main advan-
tages of the present improved cathode unit.

" The heating filament 42 may be made of tung-
sten or other: suitable metal. To -energize the
filament, & pair of leads may be used within. the
tube 38, but we prefer to connect the upper end
:of the fAlament to the disk 48.as shown, so that
.the ecircuit may be completed by the addition of
2 single wire 44 running through tube 88. 'This
‘wire is supported near its lower.end by means
of-an insulation or glass bezd 46. The wire 44
and glass bead 6 are preferably substantial in
dimension so that the wire will require no further
stpport to:keep:it in the-desired preferably co-
axial position. The lower end of filament 42 is
_conneeted to the upper end of wire'44 by means of
-g, small metallic connector-48, This is-generally
cylindrical and provided with a small hole at the
-tep to receive the lower end of the filament, and a
large hole at the bottom to receive the top end of
-wire 44.

Toassemble the parts of the tube, the upper end
of the filament:is welded to disk:48 before disk
49 is ‘welded to cylinder 26. The lower end of

. filament 42 is welded to connector 48 before cylin-
.der -26 is secured to {ube 38. The wire 44 is
‘secured within tube 33 by means of glass bead 46
_hefore the cathode assembly . is secured -to -the
lead 28. The two assemblies -are then put’ to-
gether, the lower end of the cathode cylinder 26
heing welded to the upper end of tube:38. Dia-
metrically - opposed holes 58 are provided near
the upper end of tube 38, and by working through
these holes, the operator makes sure that con-
nector 48 is in proper position on wire:44, follow-
ing which the conuector and wire are welded to-
gether by means of electrodes passing from oppo-
site sides through the holes, as is indicated by
the electrodes 2 in Figure 15,

To complete the cathode unit, a:glass sleeve 54
is fused around tube 388, this being preparatory to
subsequent sealing of the tube to the glass stem
.of the main-envelope.
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Spurposes.

5 ab 12,

-tate sealing to the "glass envelope.

An important benefit of the eylindrical cathode
ig itc large area, thus making possible substantial
electron emission. However, to heat a large
eviindrical caihode instead of a thin filament
raises considerable difficulty. We have found
hat it is feasible to use an oxide coating for the
cathode even ‘though the cathode is used in a
relatively powerful oscillator for transmission
When using an oxide coating, the
cathode will operate at relatively low temperatire
anid the cathcde may therefore be sufficiently
heated without difficulty by means of a simple
internal heater filament, as above described. An
appropriate coating of barium or strontium car-
bonate or & combination of these compounds is
applied to the cathode surface, from which the
desired oxide coating is later formed while the
tubeis on the pump. The carbonate coating may

‘conveniently be applied after completion of the

structure of the cathcede unit.
The anode structure.is. illustrated.in Figures

'8, 8.and 10 of the drawing. ‘The anodes are sheet

metal cylinders'38. These are made of a suitable
heat-resistant metal such as tantalum. The

-anodes are.secured on opposite sides of the anode

circuits or loops. More gpecifically, the loobs are
made of channels 58 and 88, closed at the ends
by U-shaped pieces 62. The inwardly-furned
flanges 68 of the channelsiare cut away at the
canter as indicated at 68, thus facilitating bend-
ing of the metal to conform to the cylindrical
anodes 58. Top and bottom plates 68 and T0
may be secured to the anodes, and have their
inwardly-directed -ends overlaying the channels
The anodes may be completed by cooling
fins 74, which in the present case are trough-
shaped pieces.of metal having. bent-over ends.
The backs of the troughs are secured to the out-
side of the cylinders 56, while the ends are secured
to the top and bottom. plates 68 and 70. It will
be understood that all of the:parts.of the.struc-
ture are secured together by welding or other
appropriate methed.

Reverting to Figures 1 -and 2, the anode struc-
ture is supported by the ancde leads 22, which
extend upwardly: through: the glass envelope of
the tube. The leads -22 are connected to the

.anode structure: by means of .yoke-shaped pieces

of metal 76. The construction of these will be
clear from inspection of Figures10 and-11. Each
consists of a-plece: of sheet metal of inverted
U-shape, the lower ends of the legs being bent
sidewardly at 18 and welded to the top plates 68
of the ancdes. - The yokes.are so dimensioned as
to be located diametrically of the.anodes, as is
best chown .in Figure -8. -In order to facilitate
detachable attachment .of the anode lead, each

‘yoke is. provided . with an. internal.threaded boss
80, the lower end of which is slit to straddle the

yoke 18, and is secured thereto, as by means of a
pin 82 which is preferably welded in position.

The anode lead itself is shown in Figure 4, in
which it will be seen that the lower part 84.is
solid and is threaded. at 85 to mate with the
threaded hole 88 of the yoke (Figures 10 and 11).
The upper part’'88 (Figure 4). of the anode lead is
tubular and is preferably made of Kovar to-facili-
The solid
part 84 and the tube 98 are secured together, as
by means of welding or the use of a pin~92, or
both. The upper-end of tube 90 is sealed by a
plug 84, which may be welded in position.

The grid structure is-shown in’ Figures 12, 13
and ‘14 of the -drawing. The grids-are’made of
vertical wires 100, the lower ends of which-are
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welded on the outside of a. short tube or mandrel

182, The wires are preferably in pairs, that is,
relatively long wires are reversely bent at the
top, and the open lower ends are secured to the
mandrel. The upper ends may be bent inwardly
to partially close the upper end of the grid, as is
best shown at 104 in Figure 12. 'The resulting
wire cage may be reenforced by circular wires
106. :

The grid circuit structure is made of ‘metal
channels 108 and {10, closed at the ends by
U-shaped pieces 112. Sheet metal ears (14 are
added at the ends to receive the support wires 24
(Figures 1 and 2), which pass through the glass
envelope of the tube.

The grids are secured to the grid circuits by
pieces of sheet metal 116 (Figure 12), which are
bent around the mandrels 102. The ends of the
pieces 116 are turned outwardly and are secured
directly to the outside of the channels 108, 110.
It will be understood that the supports 116 are
so dimensioned as to locate the grids coaxially
within the anodes.

Reverting to Figures 1 and 2, it will be seen
that the glass envelope 120 is generally cylindri-
cal, with the tuned circuits 14 and 18 disposed
longitudinally thereof. The envelope is exhaust-
ed through a tubulation {22. The grid leads 24
pass through downwardly-projecting glass stems
124, These are spaced widely apart and are far
from the other stems of the tube. 'The anode
leads 22 pass through upwardly-directed glass
stems 126. These are remote from the other
stems, thus facilitating the glass-blowing opera-
tion, and insuring against breakdown under high
voltage. The cathode leads 20 pass downwardly
through glass stems [28. These are remote from
the other stems, and are far more convenient to
make than is the case with the four-barrel tube
of the patent application, Serial Number 473,556,
aforesaid, in which four independent glass stems
are located in closely adjacent relation.

It may be helpful to set forth the specific di-
mensions of a few tubes made in accordance with
the present invention. These tubes were designed
to oscillate at about 600 me. In the case of the
particular tube illustrated, the cathode was made
of 0.005"* thickness nickel and had a diameter of
0.395"’. The overall length of the cathode was
13g’’. The effective or oxide-coated length of the
cathode was 1’’. The cathode can was mounted
on a seamless nickel-plated Kovar tube, having a
diameter of 0.375’’.

The sides of the grid loop were made of 0.010’’
channeled tantalum, the vertical inside width of
the channel being %’’. The ends were closed by
U-shaped pieces of tantalum having a thickness
of 40 mil. The length of the grid loop was 4’’
inside, and the width of the grid loop or spacing
between its sides was 54¢’’ inside. The inside di-
ameter of the grid cage was 0.528’’. The length
of the grid cage was 1%3’’. The cage was made

- of 20 equally-spaced wires, the wires being 12 mil
platinum-clad molybdenum. 'The band at the
base was 10 mil tantalum having an axial length
of 11457,

The anode loop was made of 0.020’’ thickness
tantalum, the width or vertical dimension of the
channel being 1”’. The U-shaped pieces closing
the ends of the channels were made of tantalum,
having a thickness of 40 mil. The length of the
anode loop was 4%%’’ inside and the width or
spacing between sides was 34’/ inside. The anode
tubes were made of 0.020’" tantalum having an
inside diameter of 0.794’’. 'The length of the an-
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6
ode was 1”’, ahd the spacing betweenn centers of
the two anodes was 1%’”.

In another example having a larger barrel, the
cathode was made of 0.005’* thickness nickel
formed on a mandrel having a diameter of 0.515'",
The overall length of the cathode was 154’’.. The
effective or oxide-coated length of the cathode
was 1’’. The cathode can was mounted on g
seamless Kovar tube, having a diameter of 3B,

The grid loop was dimensioned as before. The
diameter of the grid cage was 0.635’ o. d. and
0.611’’ i, d. The overall length of the grid cage
was 138’’. The cage was made of 32 equally-
spaced wires, the wires being 12 mil platinum-
clad molybdenum. The grid was made on a
copper mandrel having a diameter of 0.629’".

The anode loop was dimensioned as before.
The anode tubes were made of 0.020’’ tantalum
having an inside diameter of 0.794’’. The length
of the anode was 1’ and the spacing between
centers of the two anodes was 1%’’.

In still another tube, the cathode diameter was
increased still further from 0.515’ to 0.652’’. In
both. of these cathode units, the XKovar cathode
lead was kept at g diameter of only 34’’, thus
necessitating an inward step (preferably slop-
ing or frustro conical) between the cathode can
and the Kovar lead. This was done mainly be-
cause seamless Kovar tubing is not at present
available in sizes larger than 3/, and we en-
countered difficulty in maintaining proper vac-
uum when using seamed instead of seamless Ko-
var tubing. Moreover, there is greater difficulty
in sealing a glass stem to a lead when the diam-
eter is too great. It should be noted, however,
that even with a reduction in diameter between
the cathode and the tubular lead, there still re-
main the important advantages that the lead: is
symmetrically and coaxially related to the cath-
ode, and that the lead is a large-diameter, efficient
conductor for ultrahigh frequency energy.

It will be understood that the foregoing specific
dimensions are given solely by way of exempli-
fication, and not in limitation of the invention.

It is believed that the construction and assem-
bly of our new electronic tube, as well as the ad-
vantages thereof, will be apparent from the fore-
going detailed description. It will also be under-
stood that our new cathode unit is of value for
use in tubes different from that here disclosed,
although it is of particular value for the present
tlbe.

It will be apparent that while we have shown
and described our invention in a preferred form,
changes and modifications may be made in the
structure disclosed without departing from the
spirit of the invention as sought to be defined in
the following claims.

We claim:

1. An oscillator tube for generating ultrahigh
frequencies, said tube comprising an elongated
envelope, an approximately elliptical circuit dis-
posed inside the envelope in the direction of the
axis of the envelope, a second approximately el-
liptical circuit disposed generaly parallel to the
first, anodes secured directly on the outside of
each side of said first ecircuit, a grigd disposed
within each anode, the ends of said grids project-
ing beyond the ends of said anodes and being se-
cured directly to the sides of said second circuit,
cathodes inside said grids, each cathode includ-
ing a cylindrical can having g heating filament
therein, tubular cathode leads extending from the
cathodes transversely of the enveloped axis
through the side wall of the envelope, additional
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filament-heating leads:running through said tu-
bular cathode leads, grid-leads extending through
the envelope, and anode leads extending:from the
anodes through the envelope.in a direction trans-
verse to the-envelope axis.

2. An oscillator ‘tube for:generating ultrahigh
frequencies, said tube comprising a generally: cy-
lindrical elongated evacuated: glass “envelope,.an
approximately elliptical circuit disposed -inside

.the envelope in the direction-of the:axis of the i

envelope, a second approximately elliptical cir-
cuit -disposed generally parallel to'the firstiin re-
.generatively-coupled relation thereto, anodes se-
cured-directly: on the outside of each side of said

first circuit, a grid disposed within each anode, :

the ends of said grids projecting beyond the ends
of said anodes and being-secured directly to the
sides of said: secondcircuit, cathodes inside said
grids, each cathode including 'an oxide-coated
cylindrical can having a heating filament there-
in, tubular cathode leads -extendinig from the
cathodes transversely of the envelope axis
through the side:wall of the envelope, said tubu-
lar cathode leads having a diameter substantially
-equal to that of the cathede cans, additional fil-
ament-heating leads running through:said tubu-
lar cathode leads, grid leads extending from the
remote ends of the grid:circuit through the en-
velope, and tubular anode -leads extending from
the anodes through' the envelope in a ‘direction
transverse to the envelope axis.

3. A cathode structure comprising -a -tubular
member, a heating filament at one end of said
member, a filament lead extending from the other
end of said member to a point therein in the
vicinity of said filament, said member -having.an
aperture at said point to permit entry of a tool
for fastening said filament to said lead.
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-4, A cathode structure comprising a tubular
memniber, a heating filament at one end of said
member, one end of said filament being confnected
to said member, the other end of said filament
having a connector welded thereto, a filament
lead extending from the other end of said Imem-
ber to0-a point therein in the vicinity of said con-

- nector, said member having an aperture at said

point to permit entry of a tool for fastening said
connector to said lead.
HAROLD A. ZAHI.
GLENN F. ROUSE.
. JOHN E. GORHAM.
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