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This invention relates to electric discharge de-
vices, particularly to discharge devices of the
type Incorporating hollow cavity resonators.

Electric discharge devices or vacuum tubes of

oscillations and op-
erate on the principle of resonant electrical cir-
cuits formed by g dielectric space which is com-
pletely enclosed by a conducting material The
space so formed is referred to as g resonating
chamber of the hollow cavity type. The resona-
tors so formed sre built into the tube structure
and act as one electrode
the frequency determining alements by virtue of
their physical size and characteristic. A beam
of electrons is arranged to enter the resonators
through an opening, The physical configuration
of this cpening and the form of grid structure
which is usually placed therein determines to a
Zreat extent the eficiency of the operation of
the discharge device as a high frequency oscil-
lator,

Various-forms of grid structures have been de-
vised in the past in order to simplify or improve
the mechanical as well as the electrical char-
acteristics of the tube, Because of the substan-

tial energy of the electron beam the grid strue-.

tures should be so opened that few electrons in
the beam impinge thereon, However, one of the
important properties of the resonators used in the
discharge devices is that they are self shielding.
Since the grid constitutes an interruption in the
shielding surface of the resonator, it materially
performance and should be so con-
structed as to modify the self shielding property
of the resonator as little as possible, A problem
of considerable magnitude is thus involved on
the construction of the grid. Of late hose manu-
facturing machinery has been used to form the
grids but this procedure is necessarily cumber-
some and expensive. The Present invention is
directed toward improving the overall efficiency
and operation of such discharge devices by a
novel grid structure which forms a simple me-
chanical assembly and improves the electrical
berformance of such devices.

A particular feature of the invention ig that
the simplified form of grid structure permits an
easy mechanical assembly of several resonators
in such coaxial alignment as to permit the posi-

tioning of the grid elements in & manner which

will offer the least obstruction to the passage of
electrons.

Another feature of the invention is that in the
manulacture of resonators considerable time can

use for the genera-

of the tube and also as'
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be saved in Installing the grid structure in the
opening, making the manufacturing process suit-
able for mass production, . »

Other features and advantages will be apparent
from the following description of the invention,
pointed out in particularity by the appended
claims, and taken in connection with the accom-
banying drawing, in which: -

Figure 1 is a cross sectional view of an ultra
high frequency discharge device incorporating
resonators, .

Fig. 2 is-a sectional view taken along the lines
II-II of Fig. 1 showing the grid opening of the
resonator, and o

Fig, 3 is a perspective view of the grid struc.
ture in accordance with this invention,

Referring to Fig. 1, a discharge device incor-
Dorating cavity resonators is shown in cross sec-
tion. The electrical connections necessary for
completing the circuits in order to place the
tube in operation have been omitted since this in-
vention resides in the physical structure of parts
of the resonating chambers forming an element
of the discharge device. In order to obtain a
better understanding of the improvement result-
ing from this invention, a brief description will
be given of the various tube elements and their
cooperative function. -

The discharge device comprises a cylindrical
metallic container { of a suitable vacuum tight
material such ag copper or steel which is closed by
end plates 2 and 2’, An electron emissive cath-
ode assembly is supported from an insulating
ring 3 secured to the Inner surface of the end
wall 2. The cathode assembly includes a heater
4 enclosed within an emissive cap 5, the outer
surface of which is covered by suitable electron
emissive material such as alkaline earth oxides, .
A disk shaped flange 6 surrounds the cathode §

-and serves as g focusing reflector plate for the

electrons. The terminals 7 and 7’ of the heater
4 are sealed within and electrically insulated from
the body of the discharge device, The inside
of the cylinder § is subdivided by partitions 8, 8
and 9 and these partitions with the wall I form
chambers each having a reentrant portion 10 ang
16" in the form of g coaxial cylinder having end
plates Il and 11’, The space bounded by the
partitions 8 and 9 ang the inner wall 10 and
end plate |1 forms g cavity which by itg physical
dimensions acts as an electrical resonator,
Similarly, the space bounded by the wall i,
the partitions 9 ang 8’, the inner cylindrical sur-
face 10’ and end plate (1 forms another elec-:
trical resonator. Both of these resonating cham-




2

bers are identical in physical size and may be re-
garded as being placed face to face with respect
to their reentrant cylindrical portion formed by
_walls 10, 10’ and end plates 11 and f1’, In the
hollow space a second resonator which is below
_the first one is placed, a loop (2, one terminal
of which is in electrical contact with the wall |
whereas the other is sealed in and insulated
therefrom by the seal 14 and brought out from
the chamber. A collector electrode 15 is placed
within the end wall 2’ and is brought out through
an insulating bushing 16 which also forms a
hermetic as well as an electrical seal, An open-
ing is provided to the inside of the discharge de-
vice by the flanged fitting 7 for connection to a
suitable vacuum pump whereby during opera-
tion a vacuum is maintained within the device.
The electrical circuits which are to be asso-
ciated with the tube will maintain the entire
assembly at a higher positive potential than the
cathode producing thereby an electron flow
therefrom toward the collector electrode I5.
The electron flow through the resonating cham-
bers is restricted by thc opening in the parti-
tions 8 and 8’ and in the end plates Il and II’.
The physical configuration of these openings is

extremely important in the operation of the dis-

charge device as an oscillator and must include
a grid structure in order to provide electrical
shielding between adjacent resonators yet must
offer the lowest possible obstruction for the elec-
trons passing therethrough. .

The operation of the discharge tube as an
oscillator of ultra high frequency energy is due to
the electrical field produced by the flow of elec-
trons penetrating the resonators, The stream of
electrons passing through the first resonator is
subjected to a fleld tending to accelerate certain
of the electrons and decelerate others. The
space between the two resonators forms a neu-
tral field and the accelerated electrons overtake
the decelerated ones whereby at certain pcints
in the space they become bunched. The second
resonator is so disposed that it intercepts the
electrons at the point where they are bunched.
The spacing-of the electron bunches or crowds
is such that when the field of the second reso-
nator is of improper polarity to absorb energy,
the second resonator is traversed by relatively
few electrons.

In the particular tube herein shown by way
of example, the time of passage of an electron
through the second resonator should be small
compared to a period of the resonant frequency.
Therefore, the second resonator should be pro-
vided with an attenuated section where it is to
be traversed by the electrons. It is also neces-
sary that it should be tuned to the same fre-
quency as the first resonator. Consequently, it
must have the same structure. The attenuated
section is provided by the grid openings and
the grid structure placed therein. This struc-
ture must offer a small cross section of metal to
prevent intercepting the electron beam. It also
must have as low resistance as possible to the
current circulating in the resonator wall. Fur-
thermore, it must be of such material as to dis-
sipate a considerable amount of heat. The first
requirement necessitates that the grids be very
thin edgewise and also that they be all exactly
the same shape and size in suitable alignment
between the two resonators. =~

Several forms were tried in the past, some
forming a “honeycomb structure by means of
drilling holes in the end plates 11 and {1’ and
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filing out the edges of these holes to form &

‘honeycomb pattern. Another method employed

was to use wedge shaped prongs radially extend-
ing with their apexes toward the center of the
grid opening. These methods have the disad-
vantage of being mechanically weak, and diffi-
cult to make and cannot easily be inserted in
the opening so that every element forming the
structure will be lined up in exact superposition
with the other elements throughout the open-
ings of the two resonators. In order to make
the mechanical assembly easier, fine wires were
knitted in machines similar to those which pro-
duce stockings in a closely woven pattern and
this wae used to cover the openings. Although
the mechanical assembly was considerably sim-
plified, the alignment of these grids could not
be effected and despite the small surface which
they offer to the electrons the obstruction was
considerable.

In accordance with the present invention, the -
grid structure comprises simple metal ribbons
which are concentric with the grid opening.
This can be seen in Fig. 2 in which the grid
is held by supporting bars 2{ which may be
welded to the inner surface of the plate 8.
These bars support metal rings I8, 19 and 20

placed with their thin edges perpendicular to

the axes of the opening.

In Fig. 3 the perspective illustration shows the
ribbons 18, (9 and 20 and the supporting bar
which may be welded or otherwise secured to
the outer and inner surface of each ribbon.

The simple structure herein shown can be
easily made and placed into the opening by rapid
welding process. The edges present small ob-
struction to the flow of electrons while the width
of the ribbon provides satisfactorily strong and
rigid mechanical assembly as well as good elec-

frical and thermal conductivity. Their sym-

metrical circular configuraticn permits also an
easy alignment between corresponding ribtons of

‘the axially aligned openings. This symmetry and

mechanical strength provides good heat dissi-
pation, each ribbon being fairly wide, and more
efficient operation due to the exact alignment
which can be obtained without undue complexity
in the mechanical assembly. For the material of
the annular grid elements any mefal having a
high product of thermal conductivity and melt-
ing ietaperature may be used. For example,
tungsten, tantalum, molybdenum or copper.

I claim as my invention:

1. In an electric discharge device of the type
incorporating hollow cavity resonators, a grid
structure for said resonators comprising a plu-
rality of concentrically supported annular mem-
bers in the opening of said resonator.

2. In an electric discharge device of the type
incorporating hollow cavity resonators, a grid
structure for said resonators comprising a plu-
rality of concentrically supported annular mem-
bers in the form of ribbons of electrically con-
ductive material in the opening of said reso-
nator.

3. In an electric discharge device of the type
incorporating hollow cavity resonators, a grid
structure for said resonators in the openings
thereof comprising metal ribbons concentrically
spaced having their flat surfaces parallel with
the longitudinal axis of said resonators.

4, In an electric discharge device of the type
incorporating hollow cavity resonators, & grid
structure for said resonators in the openings
thereof comprising metal ribbons concentrically
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spaced having their flat surfaces parallel with the narrow edges of said ribbons being substan-
the longitudinal axis of said resonators, the edge tially perpendicular to the axis of said chamber,
of each of said ribbons being substantially per- whereby the flat surfaces of said ribbons are in
pendicular to said axis, . parallel therewith, both said openings and in-
5. In an electrical discharge device, a plu- 5 dividual ribbons of said two grid structures be-
rality of cylindrical resonating chambers of the ing in concentric alignment respectively.
hollow cavity type having & reentrant coaxial 6. In an electrical discharge device according
cylindrical portion, & circular opening in the  to claim 5, two cylindrical resonators coaxially
blane end of said chamber and a similar opening placed with their reentrant portion face to face,
in the plane end of said reentrant portion, both 1¢ each of said resonators having two openings in
of said openings being perpendicular to the axis which identical grid structures permit open pas-
of said chamber and substantially of equa]l radius, sage through said resonators, every corresponding
a grid structure in each of said openings com- ribbon element of each of said structures being
prising concentrically arranged annular members in substantially exact alignment equi-distantly .
in the form of meta] ribbons affixed to g Sup- 15 from the common axis of said resonators,
porting bar diametrically dividing said opening, ALDEN H. RYAN.
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