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This invention relates to electron tubes, and more par-
ticularly to the electrode arrangement and envelope struc-
ture in such tubes.

With the advent of the distributed amplifier, a tube is
required with features that will allow one to design a
distributed amplifier for maximnm performance. A dis-
tributed amplifier is an amplifier that provides amplifi-
cation over a broad frequency bandwidth which is much
broader than the bandwidth of a conventional cascade
amplifier. To make the distributed amplifier compstitive
in price and to improve its performance over other sys-
tems, the amplifier requires a tube that has a large gain-
bandwidih prodect and a gocd physical separation be-
tween grid and plate terminals, such as a ground plane in
between, and the tube should present 2 minimum of grid
loading. The tube should also be economical to build.

A small, compact, economical tube capable of produc-
ing a relatively large amount of power in the higher fre-
quency range is described in Patent MNo. 2,471,005. The
tube has the fellowing features: external ancde and a
socketing base consisting of eight pins disposed in a circle
around a center prong. The control grid terminal is the
center prong and the cathode terminal is one or more of
the eight pins. The screen grid terminal is an anmular
meial ring coaxial with the eight pins. This tube has

he advantages of producing high power, being capabie
of operating at high frequencies, and having simple
socketing means.

An object of this invention is to provide a tube with
the above advantages for distributed amplifier service.

The main object of this invention is to provide an im-
proved electron tube for use in distributed amplifier
service,

Anocther object of this invention is to provide a tube
with a high gain-bandwidth product and with a low grid
loading.

Another object of this invention is to provide a tube
which can be operated with a gain less than one and
which will have a corresponding increase in bandwidth
over a tube with a higher gain.

Another object of this invention is to provide a tube
with reduced cathode-grid capacitance and reduced cath-
ode-plate capacitance.

Another object of this invention is to provide a tube
with low inductance.

Ancther object of this invention is to provide a tube
with coaxial terminals and with the cathode terminal dis-
posed between the plate terminal and control grid terminal.

Another object of this invention is to provide a tube
which permits simple, effective wide bandwidth screen by-
passing.

Yet another cobject of this invention is to provide a
tebe wkich is caily designed for a distributed am-
piifier and yet employs the widely accepted eight-pin
socketing arrangement empioyed by the tube disclosed
in Patent No. 2,471,005.

A still further object of this invention is to provide an
improved electron tube.

The invention possesses other objects and features of
dvantage, some of which, with the foregoing, will be
et forth in the following description of the invention.
Ti not limited to this specific embodiment,
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but cther embodiments may be adapted within the scope
of the claims.

Referring to the drawing:

The single FIGURE of the drawing is a vertical cross-
sectional view of the novel tube.

Basically the novel tube comprises a vacuum envelope
containing concentric tubular electrodes, an anode i0, a
control grid 1%, and a cathode 12, and a plurality of
coaxial terminals axially spaced along the envelope wall
with the cathode terminal disposed between the plate termi-
nal and the control grid terminal. A screen grid 13 is
shown in this embodiment.

The envelope is made of two sections, a header sec-
tion 15 and an anode section 16. The header section
15 includes a diclectric disk 18, preferably ceramic, with
eight pins 1% protruding therethrough and bonded air-
tight to the disk 8. The pins 19 are disposed in a cir-
cular array around a central indexing prong 21 disposed
concentrically on disk 18 and bonded airtight thereto.
Around the periphery of one surface of disk 18 is bonded
U-section metal ring 22 with its flanges 23 and 24 turned
away from the ancde section 6. The cathode 12, being
tubuiar, is supported on a tubular support 26, mounted
on a conical ring 27, which is brazed io a ring 28. One
end of ring 28 is bonded to flange 23 of ring 22. The
cathode 12 is heated by a resistance coil 31 which is
mounted across two electrical leads, a long central lead
32 and a short jaterally displaced lead 33. The leads 32
and 33 are connected to two of the pins 19 by metal rib-
bons 34. Two ceramic heat shield disks 35 are sup-
poried on leads 32 and 33 by ‘wires 35.

The contrcl grid 11 being of wire construction and
cylindrical in form is disposed outside of and concentric
with the cathode 12 and is mounted on a conical metal
ring 38 which is in turn mounted on the inner end of the
six remaining pins 9. The conical ring 27 which supports
the cathode has suitable apertures 39 through which the
six pins 19 extend. The screen grid 13, like the coatrol
grid, being also of wire construction and cylindrical in
form, is disposed outside the control grid and concentric
thereto. A conical ring 48 mounted on the inner end
of an M-section metal ring 41 supports the screen grid in
place. The M-section ring 41 is insulated by a ceramic
ring 42 from an L-section ring 43 which has one of its
legs brazed to the flange 24 of ring 22. A ceramic back-
ing ring 44 is bonded to ring 41 opposite the ceramic sepa-
rating ring 42. Ring 41 and ring 43 form separate con-
centric external terminals for the screen grid and cath-
ode respectively. The close proximity of these similar
conceairic terminals permits simple, efective, wide band-
width high frequency bypassing between the cathode and
screen grid electrodes with the aid of a simplified capacitor
built into a suitable socket.

As mentioned above, the object of this invention is to
rovide an improved tube for a distributed amplifier
A typical distributed amplifier system is dis-
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asberg, and I. D. Noel published in volume 36, page
56 of the Proceedings of the Imstituie of Radio Engi-

One of the main puirposes for using this system
obtain an amplifier system which is not limited to
the maximum “bandwidih-gain product” for a given tube
type as governed by a cascade amplifier system. The
distributed amplifier system will amplify a signal, even
though a tube type used therein has a gain less than unity,
because a distributed ampiifier adds in phase the output
signal from each tube. Thus in a distributed amplifier
system the total gain is the product of all the individual
gains in each tube.

Since in a distributed amplifier system the object is to
obtain an amplifier with a broader bandwidth than the
cascade amplifier system, the distributed amplifier can

\D fet



3,111,600

‘ . 3

be made stili broader by using a tubs type which is in-
herently broad-band and developed for use in the ampli-
fier. The bandwidih of a tube is known to increase by
decreasing its gain or by decreasing the cathode-control
grid capacitance and by decreasing the plate-cathode
capacitance. One of the features of this novel tube
which enables the reduction of the grid-cathode capaci-
tance is the conical grid support ting 38 which flares
away from the cathode support 26. The bandwidth is
also increased by having the inductances of the elecirode
leads reduced to a minimum by the use of coaxial leads,
such as rings 28, 27 and 26 for the cathode, and ring 38
connected to the six pins 19 for the grid, and by making
these terminal rings large. In this embodiment the
screen grid terminal and the cathode terminal are on the
circumfersnce of the envelope, and the terminal for the
control grid is the plurality of pins 19. This structural
arrangement for supporting the control grid not only
lowers the inductance of the tube but supports the con-
trol grid more tigidly within the envelope than the struc-
tural arrangement used in the prior art, and permits
greater isolation of the input and output circuits by
reducing the common lead inductance which is the in-
ductance of the cathode lead. The grid 1 is supported
on at least six pins 19, but all eight pins 19 can be used
to support the grid i1 or any number less than six.
However, since the inductance of the grid-lead is deter-
mined by the number of pins 19 which are used as the
grid terminal, the inductance is decreased by the use of
more pins. The control grid terminal is not restricted
to pins but can be a concentric metal ring. The dis-
closed embodiment is preferred because of its simplified
socketing.

The anode section 16 consists of the anode 16 bonded
t0 a ceramic ring 59 by the aid of an L-section metallic
sealing ring 51 which has one leg bonded to ring 59 and
the other leg brazed to the anode. A ceramic backing
ring 52 is bonded to the ring 51 opposiie ring 30. An-
other L-section metal sealing ring 53 is bonded to the
other end of ring 5@ with another ceramic backing ring
84 bonded to ring 53 opposite ring 50. The two sections
15 and 16 are assembled and a weld 56 is formed on the
ends of rings 41 and 53, sealing the sections airtight.
The anode 19 in this embodiment comprises a multiplicity
of parts including a heavy ring 68, a short tube 61, and
an aperiured disk 62 through which a “nipped-off”’ ex-
haust tubulation 63 is inserted and protected by cap 64.
Cooling fins 65 are brazed to the anode.

The heavy ring 68 of the anode has a cylindrical aper-
ture 66. To reduce the cathode-plate (i.e., output)
capacitance to a mininum, the length of aperture 68 is
equal to the length of the active cylindrical-section of
the cathode 12 and grids i1 and 13. This is accom-
plished by countersink 67 formed on one side of ring €9.
The conical surface of the countersink 67 since it slopes
away from the cathode causes the output capacitance to
diminish. Only the cylindrical wall of the aperture 66
is very close to the cathode thereby contributing to the
increase of the output capacitance. The short tube 61
being attached to the oufer periphery of ring 68 spaces
the disk 62 from the cathode whereby an enlarged cham-
ber is formed above the cathode. This novel structure
of the anode further contributes to lowering the capaci-
+tance of the output circuit by placing disk 62 and tube 61
further from the cathode. Since the electrical character-
istics of the tube determine the spacing between the aper-
ture 66 and the cathode, this spacing is fixed and the
cathode-plate capacitance will have a minimum value.
The other portions of the anodes, such as countersink 67,
tube 61, and disk 62 being placed a substantial distance
from the cathode, the capacitance between them and
the cathode is very small and they add very litile to the
cathode-plate capacitance.

The inductance of the input circuit, that is the cathode
4nductance and the control grid inductance is further re-
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duced by a “stepped” portion 63 on the heavy ring 68.
This stepped periion €3 allows the anode to extend to-
wards the cathode thereby shortening the over-all length
of the tube. This shortening of the tube of course means
that the supporting structures for the cathede and con-
trol grid are shorter and therefore have less inductance.
It should be noted that the use of stepped portion 63
permits the tube to be shortened while at the same time
maintaining sufficient space between rings 51 and 53 to
prevent arcing across these rings on the outside of the
tube. The combination of “stepped” portion 63 and
countersink 67 on ring 60 provides a ring which has suffi-
cient thickness to conduct heat from the center of the
tube to the cooling fins 65, reduces the cathode-plate
capacitance, prevents external arcing between electrode
erminals, and minimizes the inductance of the cathode
12ad and the control grid lead.

What is claimed is:

1. An eleciron tube comprising a vacuum eavelepe,
electrodes including a comtrol grid, a cathode, and an
anode, said electrodes having terminals extending to the
outside of said envelope wall, the terminal for said
cathode being annular and disposed between the termi-
nals of said anode and said contrel grid.

2. An electron tube comprising a tubular vacuum en-
velope, coaxial electrodes including a conirol grid, a
cathode, and an anode, said electrodes having terminals
extending to the outside of said envelope wall, the termi-
nal of said anode being disposed adjacent one end of said
envelope, the terminal of said grid extending through the
other end of said envelope and comprising at least two
terminal pins, and the terminal of the cathode disposed
between the terminals of said anode and said conirol grid.

3. The electron tube of claim 2 wherein said cathode
is supported on a first conical ring, the terminal for said
cathode is a metal ring extending through said envelope
wall, said first conical ring is mounted on the interior end
of said metal ring, and said grid is mounted on a second
conical ring, said second conical ring being mounted on
the interior end of said pins.

4. An electron tube comprising a tubular vacuum enve-
lope, coaxial cylindrical electrodes including a cathode, a
control grid, a screen grid and an anode disposed within
said envelope, said electrodes having terminals extending
to the outside of said envelope wall, the cathode terminal
being annular and disposed between the terminmals for
said anode and said control grid.

5. An electron tube comprising a tubular vacuum enve-
lope, coaxial cylindrical electrodes including a cathede, a
control grid, a screen grid and an anode disposed within
said envelope, said electrodes having coaxial terminals ex-
tending to the outside of said envelope wall, the terminal
of said anode being disposed adjacent one end of said
envelope, the terminal of said control grid extending
through the other end of said envelope, and the terminal
of the cathode being annular and disposed between the
terminals of said anode and said control grid.

6. The electron tube of claim 5 wherein the coaxial
terminal of said conirol grid comprises a plurality of pins
extending through said other end of the envelope and
spaced around a circle which is coaxial with said annular
cathode terminal.

7. The electron tube of claim 6 wherein said cathode is
supported on a first conical ring having oversized aper-
tures through which said pins extend, the terminal for said
cathode is a metal ring extending through said envelope
wall, said first conical ring is mounted on the interior end
of said metal ring, and said control grid is mounted on a
second conical ring, said second conical ring being mount-
ed on the interior end of said pins, and said screen grid
is mounted on a third conical ring, the terminal for said
screen grid comprises a second metal ring extending
through the envelope wall, and said third conical ring
is supported on the inner end of said second metal ring.

8. An electron tube including an envelope comprising
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a stacked alternate arrangement of metal rings and di-
electric rings, the first of said metal rings forming an
apertured ancde, the second of said metal rings being
spaced from the first and coaxially supporting a cylindrical
screen grid within the aperture of said anode, the third
of said metal rings being spaced from the second on the
opposite side thereof from said first ring, said third metal
ring coaxially supporting a cylindrical cathode within said
screen grid, a control grid terminal disposed through said
enveiope and spaced from said third ring on the opposite
side thereof from said second ring, and means for sup-
porting a control grid coaxially between said cathode and
screen grid and for connecting said control grid to said
control grid terminal,

9. The electron tube of claim 8§ wherein a dielectric disk
closes one end of said envelope, said control grid terminal
includes a plurality of pins disposed coaxially in a circular
array and extending through said dielectric disk, a metal
disk closes the other end of said envelope, a fourth metal
ring is brazed between said metal disk and said first metal
ring, and ccoling fins are attached to said fourth metal
ring.

10. An electron tube comprising a tubular cathode
mounted on a siraight cylindrical cathode support, a ring
terminal for said cathode disposed coaxial thereto, a con-
ical cathode support connecting said ring terminal to said
straight cylindrical support, a cylindrical grid disposed
outside of and coaxial with said cathode, a conical sup-
port for said grid, said conical grid support disposed out-
side of and coaxial to said tubular cathode support, and
terminal pins for said grid connected to said comical grid
support and extending through one end of said tube, said
conical cathode support having oversized apertures there-
in through which said pins extend.

11. An electron tube comprising coaxial cylindrical
electrodes including a cathode, a control grid, a screen
grid, and an anode, a ring terminal for said cathode and
a ring terminal for said screen grid, said screen grid ter-
miral being interposed between said cathode terminal and
said anode, said screen grid having a larger diameter than
said cathode terminal, and said screen grid terminal being
positioned so that it overlaps said cathode terminal along
the tube axis.

12. An electron tube comprising coaxial cylindrical
electrodes including a cathode and anode, said anode com-
prising a heavy ring portion surrounding the cathode, a
tube portion at the periphery of the ring portion and ex-
tending away from said cathode, and a disk portion closing
the other end of said tube portion, the inside wall of said
beavy ring portion having a smaller diameter than the
inside wall of said tube portion.

13. The electron tube of claim 12 wherein said ring
portion has a countersink formed in one end of its aper-
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ture adjacent said disk portion and has a stepped portion
on its side opposite said disk portion.

14. An electron tube comprising coaxial cylindrical
electrodes including a cathode, a control grid, a screen grid
and an anode, a coaxial tubular support for said cathode,
a ring terminal for said cathode connected to said tubular
support, a conical support for said control grid and dis-
posed coaxial and outside said tubular support, said anode
comprising a heavy ring portion surrounding the cathode,
a short tube portion at the periphery of the ring portion
and extending away from said cathode, and a disk por-
tion closing the other end of said short tube, a ring ter-
minal for said screen grid disposed coaxial and between
said anode ring and said cathode ring terminal, said screen
grid terminal having a larger diameter than said cathode
ring terminal, said screen grid terminal being positioned
so that it overlaps said cathode terminal along the tube
axis, a coaxial terminal for said control grid disposed ad-
jacent to said cathode ring terminal and opposite said
screen grid terminal, means for connecting said control
grid to said coaxial terminal.

15. An electron tube comprising a vacuum-tight enve-
lope, electrodes including a cathode, a control grid, a
screen grid, and an anode, said electrodes having ter-
minals extending to the outside of said envelope, said
cathode and screen grid terminals both being annular,
and said cathode and screen grid terminals being posi-
tioned adjacent each other along said envelope with no
other elecirode terminal positioned between them.

16. An electron tube comprising an envelope, elec-
trodes including an anode, a cathode, and a control grid
interposed between said anode and cathode, terminals for
said electrodes on the cutside of said envelope, the ter-
minal for said cathode being annular and interposed be-
tween the terminals for said anode and control grid,
means inside said tube supporting said cathode on said
cathode terminal, means inside said tube supporting said
control grid on said control grid terminal, and said control
grid supporting means extending through said cathode
supporting means in insulated relation thereto.

17. An electron tube as claimed in claim 16 in which a
screen grid is interposed between said control grid and
said anode, and an annular terminal for said screen grid
on the outside of said envelope, said anode terminal be-
ing positioned on one side of said annular cathode and
screen grid terminals, and said control grid terminal being
positioned on the other side of said annular cathode and
screen grid terminals.
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