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14 Claims,

This invention relates to ultra high frequency
circuit, and particularly to constructions in which
certain tube elements are directly incorporated in
the circuit.

The tubes now used in ultra high frequency cir-
cuits are of clumsy shapes and have poorly ar-

- ranged leads which are responsible for substan-

tial inductance and high frequency resistance in
ultra high frequency ecircuits that are built
around the tubes. The output of the prior tubes
has been limited by these faults and by the grid
dissipation, i. e, grid currents due to electrons
captured by the grid in their flow from cathode
to plate. A recently produced ultra high fre-
quency tube of the water cooled anode type ex-
hibits a grid current of from one-fifth to one-
half of the anode current when used as an oscil-
lator..- The output of this tube tends towards
zero as the wave length is shortened to one meter.

Objects of the present invention are to provide
tubes having grids of novel design that are not
bombarded, and ultra high frequency circuits in-
cluding such tubes. An object is to provide ultra
high frequency circuits in which no leads are
required between the tube elements and the os-
cillatory and water circuits. More specifically,
objects are to provide ultra high frequency cir-
cuits and self-excited oscillations having a tuned
output circuit of the Lecher type, the parallel
conductors of the Lecher system being hollow
water cooled tubes constituting the anodes of the
tubes.

These and other objects and advantages of
the mutually adapted tubes and circuits will be
apparent from the following specification when
taken with the accompanying drawings in which:

Fig. 1 is a schematic transverse section through
a tube embodying the invention;

Fig. 2 is a perspective view of the same;

Figs. 3 and 4 are schematic diagrams of mul-
tiple element water-cooled tubes:

Fig. 5 Is a transverse sectional view through a
double screen grid tube;

Fig. 6 is a side elevation of the same;

Fig. 7 is a sectional view substantially on line

1—1 of Fig. 5;

Fig. 8 is an exploded view of the cathode and
grid electrodes of the double tube;

Fig. 9 is an enlarged detail view of the cathode
and cathode shield elemerits;

Fig. 10 is a perspective view of an ultra high
frequency oscillator including triode tubes such
as shown in Fig, 4;

Fig. 11 is a fragmentary front elevation of a

(CL 250—27)

similar oscillator iIncluding a double assembly
tube of the Fig. 5 type; and

Fig. 12 is a side elevation, with parts in section,
of a single tube triode oscillator. .

Certain features of the invention as applied to
tubes for use at ultra high frequencies may be
incorporated in simpler tube constructions, as
shown in Figs. 1 and 2, which may be operated
at radio and lower frequencies with effciencies
not obtainable with prior tubes. The tube ele-
ments comprise an anode A having a semi-cylin-
drical section which merges into a flat heat-
radiating flange, a filamentary cathode C, pref-
erably a flat strip or ribbon extending parallel to
the axis of the semi-cylindrical plate section,
& cathode shield CS at the side of the fllament
opposite the anode, and a grid G in the form of
& pair of parallel ribbons extending along oppo-
site sides of the space between the cathode and
anode. The elements are supported within an
evacuated envelope T in the usual manner by
their leads, the cathode shield CS being con-

_nected to one of the cathode leads.

This electrode assembly has the general form,
as viewed in cross-section, of an electron gun and
the control grid lies outside of the electron stream
and is not bombarded during use of the tube as
an oscillator. Tubes of this design have been
operated at ultra high frequencies with grid cur-
rents reduced to the order of one one-thousandth
of the plate current, thus substantially eliminat-
ing overheating of the grid as a factor limiting
eficiency and/or the highest frequency of op-
eration. With an anode A of tantalum and a
construction of substantially the dimensions of
the patent drawings, the tubes of Figs. 1 and 2
have converted about 75 watts of power at ultra
high frequencies. This is equivalent to the per-
formance of prior small ultra high frequency
tubes of more complex or expensive construction
and operating without cooled anodes.

Tubes of higher power output may be con-
structed, as shown in Fig. 3, by a multiple assem-
bly of a plurality of “electron gun” units about
a central tubular anode A’ through which water
may flow to cool the anode. An assembly of six
units, as shown in Fig. 3, has been operated with
high efficiency at wave lengths of the order of
one meter; the six filaments being of tungsten
0.050’" wide, 0.001’’ thick and 1’’ long, with the
flaments equally spaced to deflne a cylindrical
surface of about 0.75’’ diameter. Amplification
constants between 30 and 50 were obtained, and
the tube exhibited very linear plate character-

" istics that intersect the zero current axis smooth-
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1y, i. e. they exhibit sharp cut off characteristics.

‘For operating conditions leading to maximum

power output, the grid current remained ‘vanish-
ingly small; of the order of %1000 of plate gur-
rent. .

. . 4
Increasing the cathode surface will give grez\xter :

power converting capacities, and such increase in
the cathode surface may be obtained through
the use of more and/or of longer cathode ribbons.
Exceedingly compact constructions may be ob-
tained with the electrode geometry shown
schematically, and on a larger scale, in Fig. 4.
The cathode shield CS’ takes the form of a cyl-
inder having radial ribs that define compartments

in which the cathode ribbons C are located, the

grid G’ being formed by ribbons or strips in
radial alinement with the ribs of the cathode
shield.

Screen grids may be desirable to simplify neu-
tralization problems when modulating over an
extended frequency band, as in television trans-
mission, and the screen grid will comprise rib-
bons or strips in alinement with the control grid
ribbons. The incorporation of two sets of elec-
trode assemblies in one envelope is especially ad-
vantageous in screen grid tube constructions as
this simplifies a connection of the two screen
grids by a low impedance conductor. An appro-
priate design, as shown in Fig. 5, comprises two
electrode assemblies that each Include the ele-
ments shown in Fig. 4 and, in addition, an inner
set of grid ribbons constituting a screen grid.
The electrode assemblies may be in close proxim-
ity since each is within its cathode shield cylin-
der and the bar connecting the screen grids may
therefore be quite short.

As shown in Figs. 5 to 9, the hollow anode of
the vacuum tube is an oxygen free high conduc-
tivity copper tube 1 ithat extends centrally
through a glass envelope 2 that is preferably of
the type designated 707DG by the Corning Glass
Company. The opposite ends of copper tube |
extend through and are silver soldered respec-
tively to a rigid sleeve 8 and to a sylphon bellows
4 which, in turn, is soldered to a sleeve 3. These
sleeves are “Kovar” (a glass sealing alloy) and
they are connected to the main body 2 of the
envelope by intermediate sections § of T04AJ
glass manufactured by the Corning Glass Com-
pany. The different coeficients of expansion of
the copper and glass necessitate the sylphon bel-
lows or expansion joint at one anode seal.

The cathode ribbons are connected bhetween
rings 6, T at the bottom of the assembly and an
upper ring 8 that is yieldingly supported from the
ring T by telescoping connections that each com-
prise a wire 9 connected by a hollow glass bead
10 to a wire {1 having a cupped washer 12 secured
thereto to carry a light tungsten spring 13 that
bears against a washer {4, the wire I extend-
ing freely through washer |4 and the looped end
of a wire 15 that is attached to the ring 8. The
rings 6, T are preferably formed as loops in the
ends of relatively long wires, thus leaving pro-
jecting ends 6’, T’, respectively, that extend
through the envelope 2 to serve as the cathode

terminals and to support the cathode assembly.

Alternate cathode elements 16, 16z extend be-
tween ring 8 and rings 6, 7, respectively, the ring
8 being of somewhat smaller diameter than rings
6 and 1, and short studs 6a, Ta being spot welded
to rings 6, 1, respectively, to make connection to
the lower ends of the cathode elements. The
cathode screen comprises the cylinder §71 and
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radial ribs I8 which are carried by the ring T and
terminate short of the upper cathode ring 8.

The control grid assembly comprises upper and
lower rings 18 that are connected by a wire sup-
port 20 to which the grid lead 21 is attached.
The grid elements 22 are secured to the rings 19
in radial alinement with the shield ribs 18. Sim-
ilarly, the screen grid assembly includes upper -
and lower rings 23 that are spaced by a wire 24 .
and carry short studs- 25 between which the 19
screen grid ribbons 26 are connected. In a double
assembly tube, the relatively rigid wires 24 of the
screen grids are connected by a shorting bar 27
to which the terminal 28 is secured. The cathode
shield eylinder 1T is apertured to pass the ter- 15
minals 21 and 28 that support the control grid
and screen grid, respectively.

A typical ultra high frequency oscillator em-
ploying triode tubes is shown in Fig. 10. The
copper tube anodes | of two vacuum tubes VT, of 20
the design shown schematically in Fig. 4, are ar-
ranged vertically and connected above and be-
low the vacuum tubes VT by U-shaped copper:
tubes 28 having branches 30 that are connected
to the water-circulating rubber or glass tubes 31. 25

Soldered connections are employed between the
anode tubes | and the tubing 29 of the anode
and water circuit and junctions other than those
indicated may be at any desired points in the
anode circuit. This copper tubing constitutes a 30
substantially rigid structure and insulating mem-
bers 32 engage the cross-bars of the U-shaped
tube members 29 to provide the mechanical sup-
port for the vacuum tubes.

The perimeter of the rectangular structure gg
formed by the anode tubes | and connecting
tubes 29 is somewhat In excess of the longest elec-
tromagnetic waves that are to be generated and
shorting bars 33 are adjustably mounted on the
parallel anode tubes 29 to tune this external 4o
anode circuit to the desired frequency. It is to
be noted that the bars 33 are not necessarily
placed symmetrically with respect to the vacuum
tubes, but may be so adjusted that the tube im-
pedance matches the anode circuit impedance. ¢35
The plate voltage lead 34 is connected to a pipe
30 and is illustrated as including a choke 35 but
this and other illustrated chokes are perhaps not
necessary when the voltage supply leads are con-
nected, as shown, at voltage node points. 50

The grid circuit comprises the conventional
quarter-wave circuit provided by the parallel con-
ductors 36 and -adjustable shorting bar 37, the
conductors 36 being connected by a bar 38 to
which the grid biasing source may be connected 55
through lead 39 and choke 40. The cathode or
filaments of the tubes are supplied in series by &
coaxial conductor system comprising a U-frame
41 of copper tubing which is connected toc one
terminal of each filament and Insulated wires 60
42 which extend through the legs of the frame
41 and are connected to the other filament ter-

. minals. A shorting bar 43 is adjustable along

the frame 41 to tune the filament circuit to the -
quarter-wave length of the generated oscilla- 65
tions. The heating circuit leads #8 are connected
through chokes 45 to the outer tube 44 and the
internal wire 42’, respectively. The grid and
fllament circuits are rigid assemblies that are
supported from insulating members 32’ at the 710
centers of the cross-members of these U-shaped
circuit elements.

The illustrated circuit functions as an oscilla-.
tor as the grid-plate capacities of the tubes pro- - °
vide sufficient power for driving the system at 78
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the selected frequency. Power may be trans-
mitted from the oscillator to a load circuit along
a Lecher system or a coaxial line. The transfer
can be accomplished inductively through a loop
placed near the anode circuit or by connecting
the line conductors to the two sides of the anode
circuit. The latter system has the advantage
that the line impedance may be matched by at-
taching the line terminals at the proper distance
10 from one of the shorting bars 33. The anode cir-
cuit is thus flexible and permits a balancing with
both the line and the tube impedances. The
illustrated circuit has been operated at high
efficlency at wave lengths between 0.75 and 2
15 meters, and is of course operable outside those
limits. Modulation voltages may be applied be-
tween the cathodes and anodes or, preferably,
in view of the high amplification, between the
cathodes and control grids. The substantial
g0 elimination of grid currents that is characteristic
of the new tubes permits highly efficient grid
circuit modulation.

The mechanical design is somewhat simpler
when a double unit tube VI’ is used in place of

o5 the separate tubes VT of the Fig. 10 circuit. The
assembly of a double tube VI and a tuned anode
circuit is shown in Fig. 11, and the parts of the
anode circuit are identified by the same refer-
ence numerals as in Fig. 10, but will not be de-

30 scribed in detail. The grid and filament circuits
may be substantially as shown in Fig. 10.

A preferred oscillator circuit for extremely
short waves Is shown in Fig. 12, which illustrates
the correct design for a single tube analogue of

" 35 the described push-pull oscillator. Tube VT is
of the described construction having a hollow
anode { that is soldered to tube sections 29’ that
are connected to the cooling water circuit pro-
vided by insulating tubes 31. The grid lead 36’

40 and the coaxial filament circuit lead 41’ are
parallel and connected by an adjustable capaci-
tive shorting bar 48 to form a quarter-wave
Lecher system. The main Lecher system com-
prises the anode tube | and an outer copper

43 shell 47 that is closed except for the necessary

- openings for the grid and filament leads .to the
tube and the slots for the adjustment of shorting
disks 48 that tune the anode circuit. A coaxial
transmission line comprising an outer conductor

50 48 and internal conductor 80 is connected to the
shell 47 and anode { at one side of the oscillator
tube VT. This oscillator is self-shielding and
non-radiating as the high frequency electric and
magnetic fields are conflned to the interior of

53 the shell 41, except at the specified openings and
these, if desired, may be provided with auxiliary
shielding.

Amplifier and oscillator circuits using the new
tubes operate at high efficiency as the grids are

60 not bombarded and the tube anodes are directly
incorporated in the tuned circuits. The ultimate
high frequency limit of an oscillator is deter-
mined by circuit neatness and the time required

- for an electron to travel from the cathode to

65 anode. The time of flight of the electrons may
be shortened by increasing the applied voltages
as the tube grids are not bombarded and there-
fore do not impose a limit on the applied volt-
ages. The grids previously employed did set

70 such a limit due to the heating of the grids to
emitting temperature by bombardment.

Claims to the tube constructions herein dis-
closed are presented in my copending application
Serial No. 247,933, filed Dec. 27, 1938, Patent No.

[}

78 2,204,306, dated June 11, 1940, “Vacuum tubes.” ‘

It is to be understood that the circuits and
tubes herein described are illustrative of the in-
vention and that various modifications that may
be developed by those skilled in the art fall with-
in the spirit of my invention as set forth in the s
following claims.

I claim:

1. In a high frequency circuit, a Lecher system
including two parallel conductors and adjustable
shorting members connecting said conductors 10
near the outer ends thereof, an evacuated en-
velope surrounding the intermediate portion of
one of said conductors, cathode and grid elements
within said envelope cooperating with said en-
closed intermediate portion of the conductor to 18
form a vacuum tube, and means for impressing
potentials between said cathode element and re-
spectively said grid elements and said enclosed
conductor.

2. In a high frequency circuit, the invention 20
as claimed in claim 1, wherein said enclosed con-
ductor is tubular, in combination with insulated
connection means for passing a cooling fluid
through said tubular conductor.

3. In a high frequency circuit, a Lecher system 23
including two parallel conductors and adjustable
shorting members connecting said conductors
near the outer ends thereof, an evacuated en-
velope surrounding the intermediate portion of
one of said conductors, cathode and grid ele-
ments within said envelope cooperating with the
enclosed conductor to form a vacuum tube, and
means for impressing potentials between said
cathode element and respectively said grid ele-
ments and said enclosed conductor, said cathode as
element comprising a plurality of members ar-
ranged in cylindrical symmetry about the con-
ductor, and said grid elements being disposed
longitudinally at each side of the space between
each cathode member and said conductor. 40

4. In a high frequency circuit, a plurality of
conductive members constituting a Lecher sys-
tem, one of said members being a tubular con-
ductor, an evacuated envelope surrounding an
intermediate portion of said conductor, and cath- 45
ode and control grid elements cooperating with
sald conductor to form a vacuum tube, said con-
ductor constituting the anode of the vacuum
tube and extending beyond the opposite ends
thereof. 50

5. In a high frequency circuit, the invention as
claimed in claim 4 wherein said elements com-
prise a plurality of spaced cathode members ar-
ranged in a cylindrical surface coaxial with said
conductor, and grid members longitudinally dis-
posed at each side of the space between each
cathode member and the conductor. !

6. In a high frequency circuit, the invention as
claimed in claim 4 wherein said elements com-
prise a plurality of spaced cathode members ar-
ranged in a cylindrical surface coaxial with said
conductor, cathode shield means extending in
spaced relation along the outer surface and the
sides of each cathode member, and grid members
longitudinally disposed at each side of the space
between each cathode member and the conductor.

7. In a high frequency circuit, a Lecher system
including a tubular conductor, an evacuated en-
velope surrounding an intermediate portion of
said conductor, the enclosed portion of said con-
ductor constituting the anode of a vacuum tube,
a cathode comprising a plurality of flat ribbons
lying substantially in a cylindrical surface co-
axial with said anode conductor, said cathode
ribbons being spaced circumferentially, a grid 73
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comprising flat ribbons extending Jongitudinally
of the anode conductor and disposed radially in
alinement with spaces between adjacent cathode
ribbons. ’

8. In a high frequency circult, a Lecher system
comprising parallel tubular conductors and ad-
justable shorting members connecting the same
adjacent the opposite ends thereof, an evacuated
envelope surrounding an intermediate portion of
each conductor, cathode and grid elements within
each envelope cooperating with the enclosed con-
ductor section to form a vacuum tube, and means
for impressing energizing potentials between the
cathode and the grid elements of each tube and
between the cathode elements and the Lecher
system. )

9. In a high frequency circuit, the invention as
claimed in claim 8, wherein said means includes a
quarter-wave Lecher system between the grid ele-
ments of the respective tubes, and coaxial con-
ductors for supplying heater current to the cath-
ode elements of the tubes in series, said coaxial
conductors being arranged as a quarter-wave
Lecher system.

10. In a high frequency circuit, a Lecher sys-
tem comprising concentric tubular conductors
and adjustable shorting members electrically
connecting the same adjacent the opposite ends
thereof, an evacuated envelope within the outer
conductor and surrounding an intermediate por-
tion of the inner conductor, cathode and grid ele-
ments within said envelope and cooperating with
the enclosed section of the inner conductor to
constitute a vacuum tube, and means for impress-
ing energizing potentials between the cathode and
grid elements of the tube and between the inte-
rior conductor and sald cathode element.

11. In a high frequency circuit, the invention

2,224,649

&g clalmed In claim 10, in combination with insu-
lated connection means for circulating a cooling
fluid through sald interlor conductor.

12. In a high frequency circuit, a primary
Lecher system comprising a central conductor

. and coaxial tubular conductor, with adjustable

shorting members connecting the end portions of
said conductors, an evacuated envelope within the
tubular conductor and surrounding an intermedi-
ate portion of the central conductor, and cathode
and grid elements within sald envelope cooperat-
ing with said central conductor to form a vacu-
um tube, a coaxial conductor system for supply-
ing heating current to the cathode element, &
conductor parallel to said coaxial conductor sys-
tem constituting a grid lead, a capacitive short-
ing connection between sald coaxial conductor
and said grid lead conductor to tune the same as
a Lecher system, and means for impressing &
positive potential on the central conductor of
said primary Lecher system.

13. In a high frequency circuit, the invention
as claimed in claim 12, wherein said cathode ele-
ment comprises a plurality of fllamentary con-
ductors lying in a cylindrical surface coaxial with
the enclosed central conductor, and said grid ele-
ment comprises radially disposed members at
each side of the space between said cathode rib-
bon and the central conductor.

14. In a high frequency circuit, the invention
as claimed in claim 12, wherein said cathode ele-
ment comprises a plurality of spaced flat ribbons
lying in a cylindrical surface coaxial with the en-
closed central conductor, and said grid element
comprises radially disposed flat ribbons at each
side of the space between each cathode ribbon
and the central conductor. '

WILBUR T. HARRIS.
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