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1

This invention relates to electron discharge
devices, particularly to electronic tubes adapted
for use at ultra-high frequencies and cavity ar-
rangements for use therewith.: The invention es~
pecially contemplates the provision of a screen-
grid tube of the tetrode type capable of yielding
relatively large power outputs at frequencies ex-
tending into the microwave region, e. g., to 3,000
megacycles or higher. It also includes tunable
cavity arrangements particularly useful in com-
bination with the tube of the invention. While
primarily intended for ultra-high frequency use,
the tube design may be employed in lower fre-
quency ranges and with tuning circuits other
than cavities.

The generation of power at ultra-high fre-
quencies, and efficient amplification at such fre-
quencies, are important problems at the present
time. The widespread use of radio frequencies

for sound broadcast, television, commercial and =

government use, has made it necessary to go to
higher and higher frequencies in order to avoid
interference. Also these higher frequencies, es-
pecially in the microwave region, tend to travel

in straight-line paths like visible light, and this *

broperty has resulted in many special uses.

In transmitters increased power gives greater
range, and the limited amount of power that can
be generated with present-day tubes and equip-

ment is a serious drawback to the use of ultra- :

high frequencies for many purposes.

At the present time, it is common to use single-
ended triodes, such as the well-known “light-
house” tubes for the amplification and genera-
tion of power at ultra-high frequencies.
tubes are relatively convenient to use and permit
fairly simple cavity type tuning lines. However,
as the frequency is increased the efficiency of such
tubes and their ability to generate power rapidly
decrease. In particular, when the cathode is
maintained at R. P. (radio frequency) ground
potential, the grid-anode capacitance gives rise
to feedback which imposes an upper frequency
limit on the operation. As a result, such triodes
have been operated with the grid grounded in or-
der that, with a grid separation circuit, feedback
effects may be reduced. This is often done de-
spite the sacrifice in gain. FEven so, the frequency
range through which significant amounts of
power canbe generated is limited.

At lower frequencies it is common to employ
tetrodes having a sereen grid which reduces the
anode~control grid capacitance and hence re-
duces the feedback problem. Attempts have been
made to employ tetrodes at ultra-high frequen-
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cies and some success has been attained. Such
tubes also have frequency ceilings which are de-
termined primarily by interelectrode capacitances
and lead inductances. In particular, the induct-
ance of the R. F. screen grid-cathode potential
equalizing lead and the capacitance still remain-
ing between anode and control grid produce feed-
back which substantially reduces the gain below
that possible 4t lower frequencies.. Neutralizing
circuits make possible some improvement in out-
put at ultra-high frequencies, but it is still de-
sirable to reduce these adverse factors as much as
pogsible in order to raise the frequency ceiling
still further. Furthermore, neufralizing circuits
often result in limiting the frequency band
through which a given circuit can conveniently
be tuned. In addition single-ended operation of
such multigrid tubes introduces some difficult

‘problems in the design of suitable cavities for

use therewith.

The ratio of feedback voltage (due to capaci~
tive feedback) to output voltage can be expressed
approximately as follows: :

e Cop
E Q]j;oin”l—cpg

In this equation e, E are feedback and output
voltages, respectively; Cpe is the anode-control
grid capacitance; Cm is the input capacitance,
and Qin is the input figure of merit.

It is immediately clear that a decrease in feed-
back and hence improvement in volfage gain can
be obtained by decreasing Cpe or decreasing Q.
In order to reduce Cpg it is desirable to shield the
anode as completely as possible from the control
grid of the tube, and the tube of the present in- -
vention is especially designed to accomplish this.
The Qin depends primarily upon Cin, Upon cavity
design, and upon electron loading due to current
in the grid-cathode region. Cm should be kept
as low as is consistent with proper electron ac-
celerating voltages and minimum transit time.
The cavity itself should have as low losses as pos~
sible.

Inasmuch as tuning cavities, when used, must
cooperate with the tube electrically as well as
mechanically, it is important in designing a tube
to keep in mind the design of appropriate cavi-
ties for use therewith in order to avoid a tube
design which will impose detrimental restrictions
on cavity design. In-other words, both tube and
cavity design must proceed simultaneously in or-
der to obtain the best overall performance. Ac-
cordingly, the present invention includes a cavity
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design which is particularly useful in combina-
tion with the double-ended tube of the invention.
The combination permits simple coupling to in-
put and output circuits, and simple connections
for filament and D. C. (direct current) operat-
ing biases without passing through resonator
cavities or reguiring complicated means for by-
passing the cavities. It also possesses important
advantages as regards efficiency and ease of
tuning.

Tn order that a tetrode may be operated satis-
factorily at ultra-high frequencies, it is important
to have the screen grid and the cathode at the
same R. F. potential, or as close thereto as pos-
sible. This promotes optimum gain and wide fre-
quency tunability. It also facilitates optimum
cavity design in that the power input cavity can
be connected between the screen grid and the
control grid, yet be effectively connected between
cathode and control grid. Likewise, the output
cavity can be connected between screen grid and
anode, and yet be effectively connected betweer
cathode and anode.

To couple the screen grid to the cathode, so as

to maintain them at the same R. F. potential, it ¢

has been suggested to pass the connection through
the control grid support or to externally couple
the screen grig and cathode. Neither of these
means are entirely satisfactory and, in accordance
with the present invention, a short R. F. coupling
hetween screen grid and cathode is provided in-
ternally of the tube without piercing the control
grid or its support. Inasmuch as the various tube
electrodes and their supports are commonly part

of the tuned cavity circuits in ultra-high frequen~ o

¢y applications, the tube of the present invention
insures that the several tuned cavities are well
isolated so that undesired coupling therehetween
is eliminated.

In accordance with the broad aspects of the
present invention, a tube is provided having cath-
ode, control grid, screen grid and anode electrodes
in the form of surfaces of revolution. Advan-
tageously the surfaces of revolution are similar

and the electrodes are mounted in coaxial rela- 43

tionship. In order to maintain the screen grid at
the same R. F. potential as the cathode, one edge
of the screen grid is internally capacitively cou-
pled to the adjacent edge of the cathode by means
of a thin dielectric layer.
also advantageously has the form of a surface of
revolution, and the symmetry and continuity of
this capacitive coupling assures a highly effective
R. . connection between screen grid and cathode.
Advantageously the capacitive coupling is lo-
cated immediately outside the effective area of
the cathode and screen grid, and the connecticns
from these electrodes to the capacitive coupling
are caused to converge so as to partially pass
around the intervening control grid to reduce the
separation therebetween and hence permit coh-
taining a relatively high capacitance. The con-
nection for the control grid is then taken from
the edge thereof opposite the capacitive coupling,
the space between the corresponding edges of
the screen grid and cathode being left open.
Conductive members, preferably in the form of
surfaces of revolution, are provided which extend
from the several electrodes to the exterior of the
tube to form suitable terminal connections. In-
asmuch as the type of internal R. F. conneciion
provided in accordance with the invention elimi-
nates any need for passing connections through
the control grid or its support, advantageously the
connections from the electrodes are substantially

The dielectric layer 5
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imperforate. Preferably all electrodes and con-
nections thereto have rotational symmetry and
are arranged coaxially. This facilitates proper
courling besween external tuning cavities and the
electrodes themselves.

In accordance with the preferred embodiment
of the invention, the electrodes are cylindrical
and the control grid, screen grid and anode cylin-
ders are of successively increasing diameter. In
this manner the ancde is on the outside of the
tube so as to be readily accessible for cooling.
Also the connections from the several electrodes
to the exterior of the tube are tubular and ar-
ranged in coaxial relationship. The tubular con-
nections from control and screen grids are
brought out at one end of the tube, and that from
the cathode brought out at the other end at sub-
stantially the same diameter as the screen grid
connection. Annular connections are then pro-
vided at each end of the tube for the anode.

Due to this arrangement of external terminal
connections, the input to the tube may be applied
between screen grid and control grid, and the
output taken between screen grid and anode so
that both cavities may be at the same end of the
tube. In addition a cathode-anode cavity may
he provided at the opposite end of the tube, and
this double-endsd output cavity construction is
especially important in the upper portion of the
frequency range of operation. By making the
cathode terminal of substantially the same di-
ameter as the screen grid ferminal, the screen
grid-anode cavity at one end of the tube may
have the same diameter as the cathode-anode
cavity at the opposite end of the tube. This pro-
motes efficiency and permits the two cavities to
be tuned simultaneously by suitable ganging
means.

In another embodiment of the invention, an
ultra-high frequency double tetrode is provided
having many of the features above discussed, in-
cluding the internal R. F. coupling arrangement
between screen grid and cathode of each section.
In this tube all electrodes are cylindrical and
concentrically arranged, thereby permitting ef-
ficient operation with external tuning cavities of
relatively simple design. In this embodiment in-
ternal neutralizing capacities between the control
grid of each section and the anode of the opposite
section are provided in order to still further in-
creage the frequency ceiling of the tube.

In accordance with a still further embodiment
of the invention, a tube is provided in which the
surfaces of revolution are planar rather than
cylindrical. While the cylindrical construction is
preferred, the planar design has certain virtues of
its own which are advantageous for some uses.

As indicated above, it is important to make the
capacitance of the internal R. F. coupling be-
tween screen grid and cathode sufficiently large
to form an effective R. F. coupling at the fre-
quencies for which the tube is intended to op-
erate. In particular it is highly desirable to
make the capacitance of the R. F. coupling large
compared to the control grid-cathode interelec-
trode capacitance. When the input is. applied
between screen grid and control grid, as specifical-
ly described hereinafter, the capacitance of the
R. F. coupling is in series with the interelectrode
capacitance between control grid and cathode.
Thus, with the R. ¥. coupling capacitance large
compared to the control grid-cathode capaci-
tance, most of the input voltage will appear ef-
fectively hetween control grid and cathode, and
the voltage drop acrcss the R. F. coupling will be
negligible. The desired capacitance in the R. F.
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coupling may be obtained by proper selection of
the dielectric material, by making the dielectric
layer sufficiently thin, and by making the area
. of the coupling sufficiently large. These design
factors are well known in the art-and a suitable
choiee of pammeters t0 meet the stated require-
ments may rsadily be made in any partlcular ap-
plication.

In addition to-the shleloung property of the
screen grid provided in the tubes of the present
invention, there is also some reduction in transit
time of electrons due to the high 'D. C: ‘potential

which may be applied to the screen grid, and this -
reduction in transit time results in some power -

factor improvement. The current gain of a tet-
rode made in accordance with the present in-
vention permits it to be used to produce greater
power than present tubes, or to reduce the num-
ber of tubes in a given situation.

Besides the desirable electrical characteristics-

above mentioned, the preferred tubes of the pres-
ent invention embody structural features which
permit them to be made very rugged. Such
ruggedness is highly important in many modern
applications where tubes as well as other compo-
nents are required to withstand great accelera-
tions.

The invention will be more fully understood by
referring to the following detailed description, of

several specific embodiments thereof, taken in 3

conjunction with the drawings in which:

Fig. 1 is a cross section of g preferred tube em-
bodiment of the invention, taken along the axis
thereof;

Fig. 2 is a cross section taken along line 2—2 of
Fig. 1;

Fig. 3 is a view, partly in cross section, showing
the tube of Fig. 1 in a preferred type of cavﬁ;y ar-
rangement;

Fig. 4 is a cross section of a double tetrode em-
bodiment of the invention, taken along the line
4—4 of Pig. 5;

Fig. 5 is a cross section taken along line 5—5
of Fig. 4;

Fig. 6'is a cross section of a planar type tetrode,
taken along the axis thereof; and

Fig. 7 is a cross section taken along the line
1-—7 of Fig. 6.

Referring now {o Fig. 1, an indirectly heated

cathode structure is shown in which a filamen- 5

tary heater {0 is connected between an axial con-
ductive supporting rod {{ and cylindrical cath~
ode 2. As shown in Fig. 2, advantageously the
filament is arranged in several coils extending
between the supporting rod i and cathode 2.
desired, for added strength, rod {i may be con-
tinued through the tube axially to the opposite
end thereol and secured therein by an annular
insulating ring which allows movement axially
but not radiaily. Rod t{ is fixed in the end wall
{4 of a metallic cup whose side wall {5 is eylin-
drical and arranged coaxially of the tube to form
a suitable filament terminal.

The cup wall {5 is joined by an annular ceramic
ring seal {6 to an axially concentric metallic
cylinder §7 which form an external terminal con-
nection for the cathode 12. As shown, the con-
nection is - a tubular conductor and connects to
the cylindrical cathode by the conical sections
{8, {9 and cylindrical section 29, in order to re-
duce the diameter to that of the smaller cathodse.

An anode supporting conductive cylinder 22
of larger diameter is joined to cylinder 17 by
ceramic ring seal 2i. Anode 22 is an axially con-
centric annular metal ring and advantageously

IT
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is formed of mietal having high electrical and
heat conductivity. The cylindrical face 23a of
the anode is the active area, and the axial length
thereof is advantageously substantially the same
as that of the effective area of cathode 12, Anode
23 is advantageously located at approximately
the geometric mid-point of the tube axis so as to
obtain strength and ruggedness, enabling the
tube to withstand high accelerations. - Anode 23
is provided with axial flanges 24 and 25 for con-
venient attachment to ecylindrical -~ supports.
Flange 24 is secured to supporting cylinder 22
and flange 25 is secured to a similar supporting
cylinder 28. .Radial heat radiating fins 27 are
affixed to the outer face of the anode-to facilitate
air cooling.

The tube as a whole is provided with conven-
ient mounting means by means of two plates 38
and 31 of square outline as shown in Fig. 2, but
provided with ecentral holes to accommodate the
They may be bolted together at
their corners and the overall structure forms a
convenient air baffle for the circulation of cool-
ing air.

Mounting plates 38 and 3{ are insulated from
the anode by means of dielectric rings 28 and 29.
Radio frequency connections to the anode are
provided by means of short tubular conductors
32 and 83. These are arranged concentrically
with the tube axis and are preferably of the same
diameter.

Anode supporting cylinder 28 is joined to the
cylindrical screen grid terminal 35 by a ceramic
ring seal 38. Advantageously the diameter of the
screen grid terminal 35 is the same as that of the
cathode terminal 17. Terminal 35 is reduced in
diameter by conical section 36 anhd supports the
screen grid 371. The latter is in the form of a
cylindrical wire mesh surrounding the cathode 12
and extending axially substantially the same dis-
tance as that of the cathode and anode.

Conductive cylinder 42 having an end wall 4!
forms the control grid terminal and has an ex-
panding conical section 43 which supports the
control grid 44. The control grid is also a cylin-
drical wire mesh positioned coaxially of the tube.
A suitable terminal 13 is attached to end wall 43.

The internal R. F. capacitance coupling be-
fween screen grid and cathode is formed by
means of a thin dielectric ring 39. On the outer
side of dielectric ring 39 is a eylindrical conductor
38 attached to the lower end of screen grid 37
through the hairpin bend 48. On the opposite
side of dielectric ring 38 is a cylindrical portion

- 20 of the tubular cathode connector. The hair-

pin ‘bend 48 maintains the screen grid in place
and allows expansion upon heating without bow-
ing the grid. Advantageously the cylindrical por-
tion 38 has the same diameter as that of the
screen grid so that there is no tendency to dis-
tort the screen grid cylinder. By forming bend
40 in the inwards direction as shown, it forms
a barrier which would help prevent only con-
ductive particles which might drop from the elec-
trodes-in operation from reaching the dielectric
38, and impairing its insulating properties.
Inasmuch as it is desirable to make the capaci-
tance between segments 38 and 20 high compared
to that between the control grid and cathode, di-
electric ring 88 is advantageously made very thin,
and the screen grid and cathode tubular supports
are made to converge the necessary amount. As
pointed out above, it is desirable.to have section
38 of approximately the same diametér as screen
grid 37. Accordingly the diameter of the cathode
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support conductor is increased by conical section
{9 5o that the spacing between sections 20 and 38
is sufficiently small. Thus the cathode conductor
passes around the intervening control grid 44 to
close the gap to the screen grid.

By forming the R. F. coupling between screen
grid and cathode at adjacent edges of the re-
spective electrodes, the space between the other
edges of the electrodes is left open to permit di-
rect connection to be made from the other end
of the tube to the control grid. The construc-
tion is simple and rugged and does not require
any leads to be passed from the cathode to the
sereen grid through the control grid or the sup-
porting conductor 43 of the control grid.

In accordance with ordinary electronic tube
practice, the internal volume of the tube is highly
evacuated. As will be apparent from the fore-
going description, the evacuated chamber is

formed by the anode, the various ceramic ring

seals, and portions of the terminal and support
structures for the electrodes.

Referring new to Fig. 3, the tube of Fig. 1 is
shown in a coaxial tuning cavity arrangement.
The input cavity is formed by concentric metallic
cylinders 45 and 46. These cylinders are provided
with spring contacts 47, 48 extending around the
periphery thereof which grip the cylindrical con-
trol grid terminal and screen grid terminal of
the tube, respectively. The cylinders are short-
circuited by the sliding annular metallic plunger
49. to form a tunable control grid-screen grid
cavity, Advantageously the spring fingers 48
make a D. C. contact with the screen grid ter-

minal 35, whereas. the fingers 47 make an R. F. :

contact with the control grid cylinder 42 but are
D. C. insulated therefrom by the thin dielectric
ring 58 (Fig. 1). Although dielectric ring 50 is
shown as part of the tube structure, it could be
omitted from the tube and appropriate provision
made in the cavity structure for D. C. insulating
the cylinder 45 with respect to control grid ter-
minal 62, while providing an R. F. connection
thereto.

Another larger coaxial conductive cylinder 51
is provided with spring coentact fingers 52 to grip
ancde terminal ring 33 which is R. F. connected
to the anode but D. C. insulated therefrom by
dielectric ring 22 (Fig. 1). Cylinders 45 and 5
are short-circuited by the annular
plunger 53 to form a tunable screen grid-anode
resonant cavity.

Radio frequency input to the screen grid-con-
trol grid cavity may be supplied through a coaxisl

line to conductor 54 mounted in plunger 49 by an .
insulating sleeve 55. 'The outer conductor of the

coaxial cable may be connected to plunger 49.
Conductor 54 is carried through an annular slot
5§ to form a loop §7 which terminates on the
plunger £2. This provides an inductive coupling
loop within the cavity as is well known in the
art. Similar provision is made for an output con-
nection from the screen grid-anode cavity by
means of inductive coupling loop 58 leading to a
coaxial line through central conductor 59
mounted in insulating sleeve 61. It will be under-
stood that any desired coupling means may be
smployed for supplying R. F. input to one cavity
and deriving R. F. output from the other. Vari-
ous probes or loop constructions are known in
the art and may be employed to suit the par-
ticular application.

A tunable cathode-anode cavity is provided at
the other end of the tube by means of conductive
cylinders 62 and 63 having spring contact fingers

metallic .
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64, 65 which grip the cathode terminal 17 and
anode terminal 32, respectively.

Cylinders 62 and 63 are short circuited by ad-
justable plunger §8. In the embodiment shown,
cylinder 62 is D. C. connected to the cathode,
whereas cylinder 63 is R. F. connected to the
anode but D. C. insulated therefrom by means
of dielectric ring 28 (Fig. 1). Suitable heating
current is supplied from an appropriate power
source 65 through transformer 67 to the heater
support rod {{ and cathode teminal IT. It will
be observed that due to the construction of the
tube and cavity, connections for supplying heat-
ing current to the tube are outside of the resonant
cavities.

Inasmuch as the screen grid is R. F. coupled
to the cathode internally of the tube, the cavities
tuned by plungers 53 and 68 jointly irom a tun-
able double-ended tube cavity. It is desirable
to adjust plungers £3 and 68 simultaneously, al-
though completely symmetrical movement is not
absolutely essential. Simultaneous adjusiment
may be provided by suitable gang means indi-
cated by the dotted line 69.

Although it is preferred to employ the double-
ended output cavity of the invention, the tube
may be operated with a single-ended cathode-
ancde cavity if desired, particularly over the
lower portion of the frequency range for which
the tube is designed. For example, the lower
cavity in Fig. 3 may be eliminated, and shielding
employed to reduce radiation. Double-ended
tuning, as illustrated, is especially advantageous
for the higher frequency ranges.

Suitable stops are provided to enable accurate
positioning of cavities and tube, to prevent injury
to seals, etc. End plates 329 and 31 limit the
movement of outside cylinders §3 and 51, and in-
sulating disk 71 mounted on inner cylinder &5
provides a stop for the inner cylinder.

While appropriate D. C. operating potentiais
may be applied in any desired manner, it is pre-
ferred to ground cylinder 5{, as here shown, thus
maintaining cylinders 46 and 43 likewise
grounded through plungers 53 and 49. Cylinder
46 is D. C. connected to screen grid terminal 35
and hence the screen grid is maintained at greund
potential. This permits this end of the cavity to
be touched without danger of injury frecm high
voltages. The cathode is maintained below
ground potential by the selected value of screen
grid voltage, and the voltage —Es is shown ap-
plied to cylinder 63 which is conductively con-
nected through plunger 68 and cylinder 82 to the
cathode terminal {7. The anode may be main-
tained at a suitable potential equal to the selected
anode voltage Enr minus the screen grid voltage
Esg, and the corresponding voltage (Ev—UEsg) ap-
plied to any one of the cooling fins 27 which are
conductively connected to the anode.

If the control grid is held at a negative D. C.
potential with respect to the cathode, with the
screen grid at ground potential, the resultant
voltage to ground will be (—Esg —Egy). This volt-

= age may be applied to terminal {3 en end plate

43 of the control grid terminal. It is important
to prevent any portion of the grid cylinder 48§
from touching the conductive end 43 of the con-
trol grid terminal, and this may be convenliently
accomplished by inserting an insulating layer T!
at the end of the cylinder 45. This also serves as
a stop between cavity and tube, as bhefore men-
tioned.

In operation the input R. F. voltage is applied
through the coupling loop 57 to the screen grid-
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eohtrol grid cavity.  As before mentioned, the
capacitance of the R. F. coupling between screen
grid and eathode is made high compared to the
interelectrode capacitance between the control
grid and cathode, Since the two capacitances
are in series, most of the input voltage is applied
between control grid and cathode. Stated dif-
~ferently, by making the coupling capacitance
sufficiently large, the R. F. screen grid potential
is at all times substantially the same as that of
the cathode, so that the input voltage is applied
effectively between cathode and control grid.

The optimum ratio of R. F. coupling to control
grid-cathode capacitance depends on the specific
design of the tube and the range of frequencies
over which it is intended to operate. Generally
the R. F. coupling capacitance should be larger
than the control grid-cathode capacitance. In
-order to insure that when a signal is applied be-
tween screen grid and control grid, most of it
will appear between control grid and cathode,
the R. F. coupling capacitance may advantage-
ously be several times the control grid-cathode
capacitance. Indeed, from this point of view the
larger the ratio of capacitances the better.
However, other factors often wiil make it desir-
able not to select too high a ratio, and the opti-
mum ratio must be left to the judgment of the
tube designer in any particular application. A
ratio of five is often adequate. It may alsc be
said that usually it will be desirable to select an
R. F. coupling capacitance whose reactance wiil
not exceed about 10 ohms over the frequency
range for which the tube is designed to be op-
erated.

Regardless of the particular value selected, the

structure provided by the present invention af-
fords a simple internal R. F. coupling between
screen grid and cathode which permits obtain-
ing any desired capacitance over a wide range
with minimum accompanying inductance.

The R. F. output is derived from the screen
grid-anode cavity by means of coupling loop 53.
Here again, inasmuch as the screen grid is at sub-
stantially the same R. F. potential as the cathode,
the output is derived effectively from the cathode-
anode circuit. For the same reason, the tuning
cavity between the cathode and anode at the
other side of the tube is essentially a continuation
of the tuning cavity between screen grid and

anode, and the two cavities may be treated as a _

double-ended cathode-anode cavity.

Certain precautions are desirable in choice of
dimensions for ultra-high frequency operation.
Referring to- Fig. 1, in order to avoid spurious
oscillations it is desirable to make the central
cavity- within control grid support 43, cathode
12 and cathode support 17—20 small enough so0
that it will. not resonate at any frequency at
which the tube is to be operated. If desired, the
volume of the cavity may be reduced by placing
a -metal cap over the top end of cathode 12, thus
limiting the space to that bounded by the cap,
the grid support 43 and end 41. If the cavity is
still too large, end 41 may be made of glass or
a ceramic. In this case the ‘cavity becomes a
wave guide and the diameter of end 41 may be
made sufficiently small so that the waveguide is
beyond cutoff for any frequency at which the
tube is designed to operate.

Although the specific embodiments described
herein are primarily intended for use at ultra~
high frequencies, the invention is not restricted
to such frequencies. The tube of Figs. 1 and 2,
and those described hereinafter, may readily
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be adapted for use at lower frequencies and may
be made larger for such frequencies so as to
produce more power. Also, although cavity-
type tuning lines are described, since they are
particularly - useful at ultra-high frequencies,
other types of tuning arrangements may be em-
ployed, particularly at lower frequencies.

In choosing. suitable dimensions for operation
at a selected upper frequenecy limit, it is desir-
able to keep the dimensions of electrodes in the
direction of wave motion less than about % of
a wave length. In the embodiment shown in
Fig. 1, this means that the axial lengths of the
cathode, grids and anode should be kept less than
about 7% of the wave length at the upper fre-
quency limit. In this manner the emitting sur-
face of the cathode and the effective areas of
the other electrodes are maintained at approx-
imately the same R. PF. potential throughout
their area at any given instant. If the axial
length is longer, the difference in R. F. potential
at any instant may become appreciable due to
a standing wave effect. Thus as frequency is in~
creased a shorter structure is required.

In order to maintain the output at a high level
despite the required short axial dimension, the
diameter of the cathode may be enlarged to
provide a -sufficient area for obtaining the desired
emission current. Since the anode is arranged
on the outside of the tube envelope, it is avail-
able for convenient cooling and hence the heat
energy may readily be dissipated. ’

A further consideration should be kept in mind
in the tube of the present invention. Inasmuch’
as the screen grid is internally R. P. connected
to the cathode, the standing wave effect over
the total axial length of screen grid, cathode
and R. F. connhection must be considered. It is
advantageous to select dimensions such that this
path does not exceed +% of a wave length in over-
all length at the desired upper frequency limit.

In order to take full advantage of the short
internal R. P. coupling between screen grid and
cathode, it is desirable to reduce the grid-cath~-
ode capacitance as much as possible. Also, in
order to take full advantage of the screen grid,
it is. desirable to make the electrical screening
between anode and control grid, effected by the
screen grid;, as efficient as possible. Increased
efiiciency of screening may be obtained by mak-
ing the mesh of the screen grid finer, or by in-
creasing the thickness of the grid wires, or by
increasing screen grid-anode spacing, or by a
combination of these three parameters.. Thus,
even at ultra-high frequencies, the capacitive re-
actance between anode and control grid may be
reduced sufficiently to prevent any appreciable
feedback.

A further advantage of the tube shown in Fig.
1 is the inherent ruggedness of the structure.
All electrodes and connections thereto are cy-
lindrical or conical, and these shapes inherently
possess considerable mechanical strength. The
size and thickness of the various elements may
be proportioned to give any desired degree of
This is especially important in
modern uses where tubes are often subjected to
great accelerating and decelerating forces;

Referring now to Figs. 4 and 5, an ultra-high
frequency tube of the double tetrode ‘type is
shown, all elements having substantially coaxial
rotational symmetry. A hollow ¢ylindrical
cathode 81 is coated with electron emissive ma-
terial on both sides so as to emit electrons both
radially inwards and radially outwards: It is



2,646,470

11

heated by an internal coil §2 energized from a
suitable source connected to insulated leads 83.

One tetrode is disposed inwards of cathode §1
and is formed by cylindrical control grid 84, cy-
lindrical screen grid 85 and the central cylin-
drical anode 86. The anode 85 is advantageously
formed of a solid block of material having good
electrical and heat conductivity. 'To permit op-
eration st high power levels without overheating,
it is advantageously cocled by circulating cooling
fluid through the coil 87. Ends 88 and 88 of
the central anode block provide connection ter-
minals therefor. Screen grid 85 is supported by
the tubular terminal conduetor 8i which is spaced
from end 88 of the anode by means of ceramic
ring seal $2. Control grid 84 is similarly sup-
ported by tubular terminal conductor 83 spaced
from the screen grid terminal 81 by ceramic ring
seal 94.

The second tetrode comprises the outside area
of cathode 81, control grid 85, screen grid 86 and
outer anode 97. Anode 97 is ring-shaped and
is shown provided with cooling coil 98. If de-
sired, inasmuch as this anode is on the outside

of the tube, it could be provided with fins for ¢

air cooling instead. Control grid 83 is supported
by tubular terminal conductor 85 spaced from
control grid 93 by means of ceramic ring seal
101. Screen grid §8 is similarly supported by

tubular terminal conductor 102 and spaced from 3

control grid 89 by means of ceramic ring seal
193. Anode 91 is secured to conductive cylinders
{04 and 105 which also serve as terminals thers-
for. Cylinder {04 is spaced from screen grid
terminal 182 by ceramic ring seal 188. At the
other end of the tube, cylinder 105 is joined to
cathode 8{ by the ceramic ring seal 187. The
cathode 81 is in turn joined to the central anode
terminal 89 by ceramic ring seal 108. The closed
chamber formed by the ceramic ring seals, anodes
and terminals is evacuated in the usual manner.

Internal R. F. connections between screen grids
and cathode are provided in this tube in a man-
ner similar to that described in connection with
Pig. 1. To this end the lower end of screen grid
85 is provided with a conducting tubular sup-
port (69 and the support is R. F. coupled to
cathode 8f by means of the thin dielectric ring
{11. To this end screen grid support 10§ and
cathode 81 are caused to converge around the
end of control grid 8§4. In this case, the screen
grid support 109 is enlarged in diameter by the
annular section 112, so that the dielectric i1l
can be sufiiciently thin.

In the outer tetrode a similar R. F. connection
between screen grid 96 and cathode 81 is pro-
vided by means of the conductive tubular sup-
port (13 and thin dielectric ring 114.

As pointed out in connection with the tube of
Fig. 1, the internal R. F. connection between
screen grid and cathode of each tefrode section
makes it possible to apply the input between
control grid and sereen grid of the corresponding
section, and still apply the input effectively be-
tween control grid and cathode of that section.
This is accomplished without piercing the control
grid or its support in any way by the R. F. cou-
ling, and the coupling is continuous around the
tube with perfect symmetry. Likewise, the out-
put can be taken from the upper end of the tube
between corresponding screen grids and anodes,
and still have the output taken effectively from
petween respective cathodes and anodes. Again,
as in the case of the tube of Fig. 1, the double-
ended construction permits connecting suitable
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tuning anode-cathode cavities between cathode
81 and terminal 88 of the central anode, and
between cathode 81 and terminal 185 of the
outer anode, at the lower end cf the tube. Thus
a tuning cavity arrangement similar to that of
Fig. 3 may be employed in connection with the
tube of Fig. 4, except that additional cavities are
required due to the double tetrode arrangement.
Neutralizing connections between anodes and
control grids of opposite sections may bhe em-
ployed in order to still further increase the fre-
quency ceiling of the tube. In Fig. 4 neutraliz-
ing connections are shown between each control
grid and the anode of the other tetrode section.
This is accomplished by connections which are
directly connected to each grid and capacitively
coupled to the anode of the other section. Fig.
4 shows a pair of connections ({5 between con-
trol grid 85 of the outer section and anode 86
of the inner section. They are formed of wires
which pierce the cathode and are insulatedly
supported therein. The ends adjacent the anode
are advantageously enlarged to form a good ca-
pacity coupling. Similarly, control grid 84 is
capacitively coupled to anode 97 by conductors
116 which pierce the cathode and are insulatedly
supported therein. While one pair of neutraliz-
ing connections between each grid and the op-
posite anode may sometimes suffice, it is often
desirable to employ two or three pairs spaced at
intervals around the tube. Fig. 5 illustrates two
pairs of neutralizing connections between each
erid and the opposite anode. Irregular spacing
around the tube may be employed if desired
in order to suppress any odd frequency modes
which might be set up if the spaces were even.
Referring now to Figs, 6 and 7, an electron
discharge device of the tetrode type is shown in
which the active areas of the electrodes are simi-
lar surfaces of revolution of the planar type.
A cathode 121 is provided in the form of a cir-
cular disk having an electron emissive area ex-
tending from the outer or peripheral edge thereof
to the inner edge adjacent the thin dielectric
disk (22. The active area of the cathode is hence
annular in form. The cathode is supported by
a tubular imperforate conductor 123 which leads
to the exterior of the tube and forms a terminal
for the cathode. Indirect heating is provided by
means of a suitable coil (24 here shown as wound
in toroidal form. ILeads 125 extend from suitable
points on the toroidal winding through insulating
disks 126, 1271 to terminals (28 exterior of the
tube. In order to increase heating efficiency, an
annular metallic ring {29 of U-shaped cross sec-
tion is provided and supported from the cathode
conductor by means of insulating ring 1{3i.
The annular control grid 132 is supported by
means of conductor 133 which extends to the
exterior of the tube to form a suitable terminal
for the grid. Conductor 133 is spaced from cath-
ode conductor i23 by the ceramic ring seal 134.
The screen grid 135 is supported at the outer
edge thereof by conductor i36 having a conical
section of increasing diameter leading to a cy-
lindrical section which extends exterior of the
tube to form a suitable terminal for the screen
grid. Conductor {36 is spaced from control grid
conductor 133 by the annular ceramic seal 137.
The anhode {38 is shown in the form of a solid
bloek of material which is preferably of high
electrical and heat conductivity. Although the
face 139 of anode {28 is shown in the form of
a circle, it will be understood that the active
areg thereof is substantially that opposite the
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ahnular screen grid. 135 and: hence: is likéwise
annular in form. If desired, of course; the:cen-
ter portion of the anode at: face 139 could. be
cut out. Anode. 138 is attached. to. metallic ring
141- and the:latter is:secured to the screen grid
support 136 by the ceramic: ring seal 142.

5

Like the tubes described: hereinbefore, that.

of Pig. 6 is provided with an internal R. F;
coupling” between screen grid and: cathode:
this end a supporting conductor (43:is: attached
to the inner-edge of screen grid (35 and.is:dished
to pass partially around the.inner edge of con-
trol-grid 132, thereby leaving only a- small space:
between conductor 143 and the. adjacent por-
tion of the cathode disk-12f. A thin disk: 122
of a suitable dielectric material is: interposed

To:

10

to form an R. F. coupling between screen grid -

and cathode. :

The tube of Fig. 6 may be employed with
tuned: coaxial: cavities: in' a. manner similar: to
that described: in connection with Fig .3. With
the tube constructed as: shown, a control: grid-
cathode cavity may be formed of concentric cyl-

inders and: connected: to the lower end of the:
tube, connections being made to terminals 133

and 123 for this purpose. - A similar tunable-cav-
ity- may: be connected' between screen grid and
anode at the upper end of the tube, connections
being made: to- screen- grid terminal 133 and
anode (38. Inasmuch as-the screen grid is R. F.
coupled to- the cathode, the output cavity at
the upper end of the tube is effectively connected
between cathode and anode. If it:is desired to
D. C. insulate one or more of the electrodes,
suitable R. F. connections: thereto may be pro-
vided as described. in- connection with the fube
of Fig. 1. Alternatively, D. C. insulation may
be provided in the cavity: structure:

With the specific construction shown in Fig.
6, the: input cavity is connected between con-
trol grid and catheode, and the output-cavity be-.
tween screen grid and anode. If desired, termi-
nal {33 for the control grid could be bent up-
wards instead of downwards, so that the input
cavity could be connected between control grid
and screen grid as described in connection with
Fig. 3. With such g construction, the input cav-~
ity would of course be physically outside of the
output cavity and at the same end of the tube.

In. connection with the cavity arrangement:
described in connection with- Fig. 3; and the
modifications described for use with the tubes
of Figs. 4 and 6, it will be. understood -that
suitable: supporting means are provided for the
several cylinders to hold -them in proper spaced
relationship, and that suitable mounting means
for the cavity arrangement as a whole: will be
employed. These supporting and mounting
means may be provided in various manners well
known to those skilled in the art, and accord-
ingly have not been specifically illustrated herein.

The invention has been described hereinbe-
fore in connection with several specific embodi-
ments thereof. It will be apparent to those
skilled in the art that many modifications are
possible within the spirit and scope of the in-
vention. It will also be understood that many
details of the specificc embodiments may be
changed to suit the particular applications con-
templated.

I claim:

1. An electronic discharge. device comprising
an: evacuated. chamber, a cathode electrode and.
cooperating control grid, screen grid: and anode
electredes in. the form. of  similar surfaces. of
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revolution mounted in said chamber and spaced
apart in the order named in a direction sub-
stantially normal to the surfaces thereof, said
cathode, control grid and screen grid electrodes
having corresponding first and second edges re-
spectively, conductive members in the form of
surfaces of revolution extending from the first
edges of said screen grid and control grid elec-:
trodes respectively to the exterior of said en-
velope, an internal capacitive coupling of substan-
tially rotational symmetry between the second
edges of said screen grid and cathode electrodes:
having a capacitance substantially higher than
the control grid-cathode capacitnee of said de-
vice, and a conductive member in the form. of
a surface of revolution extending from one edge:
of said cathode electrode to the: exterior of said
chamber .

2. An ultra-high frequency tetrode comprising
an evacuated chamber, a cathode electrode and
cooperating control grid, screen grid and anode
electrodes in the form of similar surfaces of revo-
lution mounted in coaxial relationship in said
chamber and spaced apart in the order named;

- said cathode, control grid and screen grid elec-

trodes. having corresponding first and second
edges respectively, said anode electrode having
a terminal exterior of said chamber and coaxial
with said electrodes, conductive members in the

30 form of surfaces of revolution extending from
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the first edges of said screen grid and control
grid electrodes respectively to the exterior of said
envelope and coaxial with said electrodes, an
internal capacitive ccupling including a thin di-
electric. layer of substantially rotational sym-
metry between the second edges of said screen
grid and cathode electrodes arranged coaxially
with said electrodes and having a ecapacitance
substantially higher than the control grid-cath-
ode capacitance, and a conductive member in the
form of a surface of revolution extending from
one. edge of said cathode electrode to the ex-
terior of said chamber and coaxial with said elec-
trodes.

3. An ultra-high frequency tetrode comprising
an evacuated chamber, a cathode electrode and
cooperating control grid, screen grid and anode
electrodes in the form of similar surfaces of revo-
lution mounted in coaxial relationship in said
chamber and spaced apart in the order named,
said cathode, control grid and screen grid elec-
trodes having corresponding first and second
edges respectively, said anode electrode having a
terminal exterior of said chamber at one end

;. thereof and coaxial with said electrodes, conduc-

tive members in the form of surfaces of revolu-
tion extending from the first edges of said ‘screen
grid-and control grid electrodes respectively to
the exterior of said envelope and ¢oaxial with
said electrodes, the conductive member from the
screen. grid: extending to - said one-end of the
chamber, an internal radio frequency capacitive
coupling including a thin dielectric layer of sub-
stantially rotational symmetry coaxially arranged
between the second edges of said screen. grid and
cathode electrodes and close to the effective areas
thereolf, said second edges-of the screen grid and
cathode electrodes having converging connections
fo said.coupling closely adjacent the intervening
control grid and the capacitance of the coupling
heing substantially higher than the control grid-
cathode capacitance, and a conductive member
in the form of a surface of revolution extending

from one edge-of said cathode electrode to.the
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exterior of said chamber at the other end thereof
and coaxial with said electrodes.

4. An electron discharge device comprising an
evacuated chamber, a cylindrical cathode elec-
trode and cooperating coaxial cylindrical control
grid, screen grid and anode electrodes mounted
in said chamber and spaced apart in the order
named, coaxial tubular conneciions from said
screen and control grid electrodes respectively to
one end of said chamber, a coaxial tubular con-
ductor from said cathode to the other end of said
chamber, and an internal coaxial annular capaci-
tive coupling hetween said screen grid and cath-
ode electrodes at the ends theveof toward said
other ‘end of the chamber, said capacitive cou-
pling having a capacitance substantially higher
than the grid-cathode capacitance of said device.

5. An ultra-high frequency tetrode comprising
an evacuated chamber, a cylindrical cathode elec-
trode and cooperating coaxial cylindrical control
grid, sereen grid and anode electrodes mounted in
said chamber and spaced apart in the order
named, said cathode, control grid and screen grid
electrodes having corresponding first and second
ends respectively, coaxial tubular conduciors
from the first ends of said control grid and screen
grid electrodes respectively to the adjacent first
end of said chamber, a coaxial tubular conductor
from the second end of said cathode electrode to
the adjacent second end of said chamber, and
an internal coaxial annular capacitive coupling
including a thin dielectric layer between the sec-
ond ends of said screen grid and cathode elee-
trodes having a capacitance substantialiy higher
than the control grid-cathode capacitance.

6. An ultra-high freguency tetrode comprising
an evacuated chamber, a cylindrical cathode elec-
trode and cooperating coaxial cylindrical control
grid, sereen grid and anode electrodes mounted in
said chamber and spaced apartintheordernamed,
said cathode, control grid and screen grid elec-
trodes having corresponding first and secongd ends
respectively, coaxial tubuiar conductors from the
first ends of said control grid and screen grid
electrodes respectively to the adjacent first end

of said chamber, a coaxial anode terminal at °

said first end of the chamber, a coaxial tubular
conductor from the second end of said cathode
electrode to the adjacent second end of said
chamber, and a relatively short tubular conduc-
tor extending from the second end of said screen
grid electrode in close proximity to the tubular
conductor from the cathode electrode with a thin
ring of dielectric interposed between the conduc-
tors to form an internal radio frequency capaci-
tive coupling between screen grid and cathode.

7. An electron discharge device comprising an
evacuated chamber, a cylindrical cathode elec-
trode and cooperating coaxial cylindrieal control
grid, screen grid and anode electrodes mounted
in said chamber and spaced apart in the order
named, said cathode, control grid and screen
grid electrodes having corresponding first and
second ends respectively, coaxial tubular con-
ductors from the first ends of said control grid
and screen grid electrodes respectively to the ad-
jacent first end of said chamber, a coaxial tubular
conductor from the second end of said cathode
electrode to the adjacent second end of said
chamber, an internal coaxial annular capacitive
coupling between the second ends of said screen
grid and cathode electrodes having a capacitance
substantially higher than the control grid-
cathode capacitance, and a coaxial cylindrical
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terminal coniection for said anode at each end
of said chamber.

8. An ultra-high frequency tetrode comprising
an evacuated chamber, a cylindrical cathode elec-
trode and cooperating coaxial cylindrical control
grid, screen grid and anode electrodes mounted
in said chamber and spaced gpart in the order
named, said cathode, control grid and screen
grid electrodes having corresponding first and
second ends respectively, coaxial tubular con-
ductors from the first ends of said control grid
and screen grid electrodes respectively to the
adjacent first end of said chamber, a coaxial
tubular conductor from the second end of said
cathode electrode to the adjacent second end of
said chamber, a relatively short tubular con-
ductor extending from the second end of said
screen grid electrode in close proximity to the
tubular conductor from the cathode electrode
with a thin ring of dielectric interposed between
the conductors to form an internal radio fre-
quency capacitive coupling. hetween screen grid
and cathode, and a coaxial cylindrical terminal
connection for said anode at each end of said
chamber.

9. An ultra-high frequency tetrode comprising
an evacuated chamber, a cylindrical cathode elec-
trode encircled by cooperating coaxial cylindrical
control grid, screen grid and anode electrodes of
increasing diameter in the order named, said elec-
trodes being mounted in said chamber, coaxial
cylindrical terminals of increasing diameter at
onhe end of said chamber connected respectively
to the adjacent first ends of the control grid and
screen grid electrodes by coaxial tubular con-
ductors, coaxial cylindrical anode terminals at
each end of said chamber radio frequency con-
nected to said anode electrode but direct cur-
rent insulated therefrom, said anode terminals
having a like diameter larger than the screen
grid terminal, a coaxial cylindrical terminal at
the other end of said chamber of substantially
the same diameter as the screen grid terminal
and connected to said cathode electrode by a
coaxial tubular conductor, and a relatively short
tubular conductor extending from the second
end of said screen grid electrode in close proxini-
ity to the said tubular conductor from the cath-
ode electrode with a thin ring of dielectric inter-
posed between the conductors to form an in-
ternal radio frequency capacitive coupling be-
tween screen grid and cathode.

10. An ultra-high frequency tetrode compris-
ing an evacuated chamber, a cylindrical cathode
electrode encircled by cooperating coaxial cylin-
drical conirol grid, screen grid and anode elec-
trodes of increasing diameter in the order named,
said electrodes being mounted in said cham-
ber, coaxial cylindrical terminals of increasing
diameter at one end of said chamber connected
respectively to the adjacent first ends of the con-
trol grid and screen grid electrodes by coaxial
tubular conductors, coaxial eylindrical anode
terminals at each end of said chamber connected
to said anode electrode, said anode terminals hav-
ing a like diameter larger than the screen grid
terminal, a coaxial cylindrical terminal at the
other end of said chamber of substantially the
same diameter as the screen grid terminal and
connected to said cathode electrode by a coaxial
tubular conductor, a relatively short tubular con-
ductor of substantially the same diameter as said
screen grid and connected to the second end
thereof through a folded section, a thin ring of
dielectric material interposed between said short
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tubular conductor and the adjacent section of
said tubular conductor to the cathode-to thereby
form a radio frequency coupling between screen
grid and cathode, said adjacent section being of
larger diameter than said cathode to ‘at least
partially pass around said control grid and re-
duce the radial distance to said short tubular
conductor, the capacitance of said radio fre-
quency coupling being large compared to the con-
trol grid-cathode interelectrode capacitance.

11. An ultra-high frequency tetrode compris-
ing an evaecuated chamber, a cylindrical cathode
electrode encircled by cooperating coaxial cy-
lindrical control grid, screen grid and anode elec-
trodes of increasing diameter in the order named,
said electrodes being mounted within said cham-
ber and having substantially equal active lengths
in the axial direction, external coaxial cylindri~
cal terminals at one end of said chamber of

larger and smaller diameter than said -screen.

grid and control grid electrodes respectively, said
terminals being connected to the adjacent first
ends of the respective electrodes by substantially
imperforate tubular conductors having conical
sections of decreasing and increasing diameter
toward respective screen grid and control grid
electrodes, coaxial cylindrical anode terminals at
each end of said chamber of like diameter larger
than the screen grid terminals, said anode ter-
minals being radio frequency connected to said
anode electrode but direct. current insulated
therefrom, a coaxial cylindrical terminal at the
other end of said chamber of substantially the
same diameter as the screen grid terminal and
connected to the adjacent second end of said
cathode electrode by a coaxial substantially im-
perforate tubular conductor having a conieal sec-
tion of decreasing diameter toward the cathode
electrode, a relatively short tubular conductor of
substantially the same diameter as said screen
grid and connected to the second end thereof
through a folded section adapted to maintain
the screen grid in tension, a thin ring of dielee-
tric material interposed between said short tubu-
lar conductor and the adjacent section of said
tubular conductor to the cathode to thereby form
a radio frequency coupling between screen grid
and cathode, said adjacent section being of larg-
er diameter than said cathode and passing at
least partially around the second end of the con-
trol grid and closely adjacent thereto to reduce
the radial distance to said short tubular conduc-
tor, the capacitance of said radio frequency cou-
pling being large compared to the control grid-
cathode interelectrode capacitance.

12. An ultra-high frequency double tetrode
comprising. an evacuated chamber, a cylindrical
cathode electrode, an inner tetrode section in-
cluding said cathode electrode and cooperating
coaxial cylindrical control grid, sereen grid and
anode electrodes of decreasing diameter in the
order named, an outer tetrode section including
said cathode electrode and cooperating coaxial
cylindrical control grid, screen grid and anode
electrodes of increasing diameter in the order
named, said electrodes being mounted in said
chamber, coaxial tubular conductors from one
end of said chamber to the adjacent first ends
of the control grid and screen grid of each tet-~
rode section respectively, and an internal coaxial
annular radio frequency capacitive coupling be-
tween the second end of each screen grid and the
adjacent end of the cathode.

13. An ulfra-high frequency double tetrode
comprising an evacuated chamber, a cylindrical
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cathode electrode, an inner tetrode section in-
cluding said cathode electrode and cooperating
coaxial cylindrical control grid, sereen grid and
anode electrodes of decreasing diameter in the
order named, an outer tetrode section including
said cathode electrode and cooperating coaxial
cylindrical control grid, screen grid and anode
electrodes of increasing diameter in the order
named, said’ electrodes being mounted in said
chamber, coaxial inner and outer eylindrical ter-
minals at one end of said chamber connected to
inner and outer anode electrodes respectively and
intervening coaxial cylindrical terminals of pro-
gressively .increasing diameter connected to the
adjacent first ends of the inner screen and con-
trol grid electrodes and outer control grid and
in the order named
through coaxial tubular conductors, coaxial in-
ner and outer cylindrical terminals at the other
end of said chamber connsacted to inner and outer
anode electrodes respectively, a coaxial cylindri-
cal terminal at said other end of the chamber
connected to said cathode electrode through a
coaxial tubular conductor, and an internal co-
axial annular capacitive coupling including a
thin -dielectric ring between the second end of
each screen grid. electrode and the adjacent end:
of the cathode electrode, the capacitance of each
woupling  being substantially “higher thanh the
control grid-cathode capacitance of the corre-
sponding tetrode section. .

14. An ultra~high frequency double tetrode
comprising an evacuated chamber, a cylindrical
cathoede- electrode, an inner tetrode section in-
cluding said cathode electrode and cooperating
coaxial cylindrical control grid, sereen grid and
anode electrodes of decreasing diameter in the
order named, an outer tetrode section including
sald cathode electrode and cooperating coaxial
cylindrical -control grid, sereen grid and anode
electrodes of increasing diameter in the order
named, said electrodes being mounted in said .
chamber, coaxial inner and outer cylindrical
terminals at one end of said chamber connected
to inner and outer anode electrodes respectively
and infervening coaxial cylindrical terminals of
progressively increasing diameter connected to
the adjacent first ends of ‘the inner screen and
control grid electrodes and outer econtrol grid
and screen grid electrodes in the order named
through coaxial tubular conductors, coaxial in-
ner-agnd outer -cylindrical terminals at the other
end of said chamber connected to inner .and
outer anode electrodes respectively, a coaxial
cylindrical terminal at said other end of the
chamber connected to said cathode electrode
through a coaxial tubulay conductor, an internal
coaxial annular capacitive coupling including g
thin dielectric ring between the second end of
each screen grid electrode and the adjacent end
of the cathode electrode, the capacitance of each
coupling being substantially higher than the
control grid-cathode capacitance of the corre-
sponding tetrode ssction, and internal neutral-
izing connections hetween each control grid elec-
trode and the anode of the other section, said
neutralizing connections being direct connected
to the corresponding control grid and capaci-
tively connected to the corresponding anodes.

15. An ultra-high frequency tetrode compris-
ing an evacuated chamber, an annular planar
cathode surface in said chamber, coaxial annu-
lar planar control grid and screen grid electrodes
and a planar anode surface in said chamber and.

- spaced from said cathode surface in. the order
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ramed, coaxial terminals of rotational symmetry
arranged exteriorly of said chamber and con-
nected to the outer edges of said cathode sur-
face and said control and screen grid electrodes
respectively, a coaxial terminal arranged ex-
teriorly of said chamber and connected to said
anode surface, and conductive sections of rota-
tional symmetry connected to the inner edges
of said cathode surface and screen grid elec-
trode with a thin layer of dielectric of substan-
tially rotational symmetry disposed between the
conductive sections to form an internal capaci-
tive coupling having a capacitance substantially
larger than the control grid-cathode capacitance.

16. An ultra-high frequency tetrode compris-
ing an evacuated chamber, an annular planar
cathode surface in said chamber, coaxial annu-
lar planar control grid and screen grid electrodes
and 2 planar anode surface in said chamber and
spaced from said cathode surface in the order
named, a coaxial cylindrical anode terminal at
one end of said chamber connected to said anode
surface and an encircling coaxial cylindrical
screen grid terminal connected to the oufer edge
of said screen grid electrode by a coaxial con-
ductor of rotational symmetry, coaxial cylindri-
cal terminals at the other end of said chamber
connected to the outer edges of the cathode sur-
face and control grid electrode respectively by
coaxial conductors of rotational symmetry, con-
ductive sections of rotational symmetry connect-
ed to the inner edges of said cathode surface
and scresen grid electrode and converging arcund
the inner edese of the control grid to reduce the
separation therebetween, and a thin layer of di-
electric of substantially rotational symmetry dis-
posed between said conductive sections to form
therewith an internal radio frequency coupling
hetween screen grid and cathode having a ca-
pacitance substantially larger than the control
grid-cathode capacitance.

17. Ultra-high frequency electronic apparatus
comyrising, in combination, a tetrode having
control grid, sereen grid and anode terminals at
one end, thereof in coaxial relationship, said
terminals varying in size in the order named,
anode and eathode terminals at the other end of
said tetrode in coaxial relationship, and an in-
ternal radio frequency capacitive coupling he-
tween the screen grid and cathode of said tet-

rode; coaxial tuning cavities connected at said ¢

one end of the tetrode between control grid and
sereen grid terminals and between screen grid
and anode terminals respectively, and a tuning
cavity at the other end of the tetrode connected
between cathode and anode terminals, whereby
said cavities between screen grid and anode
and between cathode and anode form a double-
ended output cavity.

18. Ultra-high frequency electronic apparatus
comprising, in combination, a tetrode having
cylindrical control grid, screen grid and anode
terminals at one end thereof in coaxial rela-
tionship, the diameters of said terminals pro-
gressively varying in the order named, coaxial
cylindrical anode and cathode terminals ab the
other end of said tetrode, the said anode ter-
minals having substantiaily the same diameter
and the said screen grid and cathode terminals
having substantially the same diameter, and an
internal radio frequency capacitive coupling be-
tween the screen grid and cathode of said tet-
rode, an input tuning cavity having coaxial
cylindrical walls connected to said control grid
and screen grid terminals, and output tuning
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cavities having coaxial eylindrical walls respec-
tively connected to the anode and screen grid
terminals at said one end of the tetrode and to
the anode and cathode terminals at said other
end of the tetrode, whereby said output tuning
cavities cooperate to form a double-ended out-
put cavity.

19. Ultra-high frequency electronic apparatus
comprising, in combination, a tetrode having a
cylindrical ecathode encircled by coaxial cylin-
drical control grid, screen grid and anode in the
order named, coaxial cylindrical control and
screen grid terminals of increasing diameter at
one end of said tetrode connected respectively to
the adjacent first ends of the control grid and
sereen grid by tubular conductors, coaxial cylin-
drical anode terminals at each end of said tetrode
connected to said anode, said anode terminals
having a like diamefer larger than the screen
grid terminal, a coaxial cylindrical cathode ter-
minal at the other end of the tetrode of substan-
tially the same diameter as the screen grid ter-
minal and connected to the adjacent second end
of said cathode by a coaxial tubular conductor,
and an internal coaxial annular radio frequency
capacitive coupling between the second ends of
said screen grid and cathode; an input tuning
cavity having coaxial cylindrical walls connected
to said control grid and screen grid terminals,
and output tuning cavities having coaxial cylin-
drical walls respectively connected to the anode
and screen grid terminals at said one end of the
tetrode and to the anode and cathode terminals
at said other end of the tetrode, whereby said
output tuning cavities cooperate to form a
double-ended output cavity.

20. An electronic discharge device comprising
an evacuated chamber, a cathode electrode and
cooperating conftrol grid, screen grid and anode
electrodes having the form of surfaces of revolu-
tion mounted in said chamber and spaced apart
in the order named, the active portion of said
cathode, control grid and screen grid electrodes
each having corresponding first and second edges
respectively, connection members having the
form of surfaces of revolution extending from
the first edses of said screen grid and control
grid elecirodes respectively to the exterior of said
envelope, and an internal radio frequency capaci-
tive coupling means having a pair of closely
spaced surfaces closely adjacent and electrically
connected to the second edges of the active cath-
ode and screen grid electrodes respectively and
occupying a position embracing the second edge
of the control grid electrode for maintaining the
cathode and screen grid electrodes at substan-
tially the same radio frequency potential.

21. An electronic discharge device comprising
an evacuated chamber, a cathode electrode and
cooperating control grid, screen grid and anode
electrodes having the form of surfaces of revolu-
tion mounted in said chamber and spaced apart
in the order named in a direction substantially
normal to the surfaces thereof, the active portion
of said cathode, control grid and screen grid
electrodes each having corresponding first and
second edges respectively, connection members
having the form of surfaces of revolution extend-
ing from the first edges of said screen grid and
control grid electrodes respectively to the exterior
of said envelope, and an internal radio frequency
capacitive coupling means comprising opposed
close spaced surfaces having the form of surfaces
of revolution and being located on the second
edge of the cathode and screen grid electrodes
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. tespectively and immediately adjacent the active

portion thereof for maintaining the said screen
grid and cathode electrodes at substantially the
same radio frequency potential.

22. An electron discharge device comprising an
evacuated chamber, a cylindrical cathode elec-
trode and cooperating coaxial cylindrical control
grid, screen grid and anode electrodes mounted
in said chamber and spaced apart in the order
named, coaxial tubular connections extending
from respective adjacent ends of the active por-
tions of said screen grid and control grid elec-
trodes to the exterior of said chamber, and an
internal radio frequency -capacitive coupling
means having a pair of closely spaced surfaces
closely adjacent and electrically connected to the
second edges of the active cathode and screen
grid electrodes respectively and oceupying a posi-
tion embracing the second edge of the control
grid electrode for mainfaining the screen grid
and cathode electrodes at substantlally the same

_radio frequency potential.

23. An electron discharge device comprising an
evacuated chamber, a cylindrical cathode elec-
trode and cooperating coaxial cylindrical control
grid, screen grid and anode electrodes mounted
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in said chamber and spaced apart in the order .

named, coaxial tubular connections. extending
from respective adjacent ends of the active por-
tions of said screen grid and control grid elec-
trodes to the exterior of said chamber, an in-
ternal coaxial annular radio frequency coupling
means between closely spaced cylindrical sur-
faces at the other ends of said active portions of
said screen grid and cathode respectively for
maintaining the screen grid and cathode elec-
trodes at substantially the same radio. frequency
potential, and a coaxial tubular connection from
one end of said cathode electrode to the exterior
of said chamber.

24. An ultra-high frequency tetrode comprising
an evacuated chamber, a cylindrical cathode elec~
trode encircled by cooperating coaxial eylindrieal
control grid, screen grid and anode electrodes of
increasing diameter in the order named, said elec-
trodes being mounted in said chamber, coaxial
cylindrieal terminals of increasing diameter at
one end of said chamber connected respectively
to the adjacent first ends of the active portion
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of control grid and screen grid electrodes by.
coaxial tubular conductors, coaxial cylindrical
anode terminals at each end of said chamber con-
nected to said anode electrode, said anode termi-
nals having a like diameter larger than the screen
grid terminal, a coaxial cylindrical terminal at
the other end of said chamber of substantially
the same diameter as the screen grid terminal
and connected to said cathode electrode by a
coaxial fubular conductor, and an internal coaxial
annular radio frequency -capacitive coupling
means between close spaced portions of the sec-
ond ends of said active portions of said screen
grid and cathode electrodes and closely adjacent
to the active portions thereof for maintaining the
screen grid and. cathode electrodes at substan-
tially the same radio frequency potential.

25. An ultra-high frequency tetrode comprising
an evacuated chamber, an annular planar cath-
ode with an active surface in said chamber, co-
axial annular planar active control grid and
screen grid electrodes and a planar anode with an
active surface in said chamber and spaced from "
said cathode surface in the order named, coaxial
terminals of rotational symmetry arranged exte-

" riorly-of said chamber and connected to the outer

edges of said cathode surface and said control
and screen grid electrodes respectively, and an in-
ternal radio frequency capacitive coupling means
of substantially rotational symmetry between
close spaced surfaces at the inner edge of said
active portions of said screen grid electrode and
cathode surface respectively and embracing the
inner edge of the control grid electrode for main-
taining said screen grid and cathode at substan-
tially the same radio frequency potential.

HOWARD D. DOOLITTLE.
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