SEARCH ROOW
ASSOCTIATED 2,506,733

NERGAARD
CAVITY RESONATOR CIRCUITS

S.
Filed Oct. 21, 1944

L.

ELECTRON DISCHARGE DEVICE AND

J I
May 9, 1950

g e A

b1 m m
k5 5
I o e = = - 1 m w.x
. |
B 3
174 W_ )
\\J\M \\\\ %\ .. N.
W
\ 3
ﬁ\ 3 || s \.Q\ Z
| \ vwn
%, 7¢ 1, V4
e nitiin _
T S T N
A2 | @9/ LKW 2207 W T T
74 \A\\ | # ,\ NDFLI \ “ _
ﬁ& w | ._. a7, 1 | e
Il ¥ : ! _ |
of 74 \ 74 m 01 I ~ P | .
ce \ I " ; ’
£ 4 A 3 i m\,ﬁ | —
2l i —— i i 1 4 N
- b5 11 .
#2) _; iy . Iy
/| . o \

4




Patented May 9, 1950

UNITED STATES

2,506,733

PATENT OFFICE

2,506,733

ELECTRON DISCHARGE DEVICE AND ASSO-
CIATED CAVITY RESONATOR CIRCUITS

Leon S. Nergaard, Princeton, N. J., assignor to
Radio Corporation of America, a corporation

of Delaware

Application October 21, 1944, Serial No. 559,699
(CL 315~-39)

8 Claims.

1

My invention relates to electron discharge de-
vices and associated circuits useful at ultra high
frequencies, and more particularly to such de-
vices employing cavity resonators.

In one known type of ultra high frequency
tube utilizing cavity resonators, the cathode, grid

_ and anode are mounted in that order and pro-
vided with ring type seals and supports serving
as external contacts to the cavity resonators
proper. One cavity resonator, which may be of
the coaxial line type, is coupled between the
cathode and grid leads and supports, and the
other cavity resonator is coupled between the
grid and anode leads and supports. A high fre-
quency tube having this general arrangement of
electrodes and cavity resonators is disclosed in
Figs. 4 and 5 of U. S. Patent No. 2,353,742, granted
July 18, 1944 to E. D. McArthur. The equivalent
of this arrangement is a Colpitt’s circuit, so far
as the basic oscillating circuit is concerned. In
the Colpitt’s circuit, feedback occurs through the
cathode-plate interelectrode capacity, indicated
in Fig. 5 of said McArthur patent by the capaci-
tance element 128. However, in the tube arrange-
‘ment referred to above such interelectrode
capacity is usually too small to provide efficient
oscillation under the required operating condi-
tions. Feedback may be increased by an external
means which may be in the form of a coaxial
line coupled between the two cavity resonators.
At high frequencies, where external cavities are
small, it is not always easy to provide external
feedback of this kind because of voltage break-
down difficulties between feedback loop at the
end of the coaxial line walls and the cavity reso-
nator walls.

In the “tuned-grid tuned-plate circuit,” feed-
back occurs through the grid-plate capacity.
Since this capacity is relatively large, there is
no difficulty in obtaining adequate feedback with-
out external means. However, in the fube de-
scribed above the grid lies between the cathode

and anode. Hence, when the tube is to function

as a tuned-grid tuned-plate circuit using cavity
resonators for high frequencies the cathode-
anode tuned circuit must in some way be brought
through the grid, the grid terminal or its ex-
ternal tuned circuit.

It is, therefore, an object of my invention to
provide an improved type of electron discharge
device and associated circuit of the cavity reso-
nator type and useful as an oscillator.

It is another object of my invention to pro-
vide such an electron discharge device and cir-
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cuit which functions as a tuned-grid tuned-plate 65

circuit with grid-anode feedback, thereby elimi-

-nating the need for external feedback means.

More specifically it is an object of my invention
to provide such an electron discharge device and
cireuit in which the resonators are designed so
that the cathode-anode circuit is brought through
the grid-anode circuit to provide the necessary
coupling of each circuit to the electrodes asso-
ciated therewith.

These and other objects will appear herein-
after.

The novel features which I believe to be char-
acteristic of my invention are set forth with
particularity in the appended claims, but the in-
vention itself will best be understood by reference
to the following description taken in connection
with the accompanying drawing in which Figure
1 is a longitudinal section of an electron dis-
charge device and its associated resonators made
according to my invention, Figure 2 is a section
taken along the line 2—2 of Figure 1, Figure 3
is a side view of the upper portion of an electron
discharge device and associated resonators shown
in Figure 1 and made according to my invention,
and Figure 4 is an equivalent circuit diagram of
Figure 1.

In accordance with my invention I ufilize an
electron discharge device comprising an envelope
10 having within it a cathode I supported from
a ring seal 12 extending through.the envelope,
and a grid 13 enclosing cathode | and supported
on a grid collar 13’, which in turn is connected
to a ring seal {4 sealed through the envelope. An
anode 15 closes the end of the envelope and is
oppositely disposed to the cathode and is provided
with an anode ring 16 and radiating fins 17.

In accordance with my invention I provide a
cavity resonator circuit coupled between the
cathode and the grid and including an inner
tubular member 20 and an outer tubular mem-
ber 21 closed by a conducting ring 22, the reso-
nator being tuned by means of a tuning ring
23. The cathode is capacitively coupled to the
inner tubular member 20 through an insulating
collar 20’ carrying spring fingers 21’ contacting
ring seal 12. The upper end of the resonator is
closed by means of a metal ring 25 having
radial arms 2% and carrying spring contact
fingers 26 in contact with the grid ring 4. The
upper end of the resonator is provided with a
plurality of spaced fingers 24 which are con-
nected to the arms 25, the spacing being pro-
vided for purposes to be described.

The output resonator comprises an external
member 30 provided with a plurality of fingers 34
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extending within the notches 24’ between the
fingers 24 and connected to the inner tubular
member 20 by means of a ring member 35 pro-
vided with the radial fingers 35’, the lower ends
of fingers 34 of the member 30 being connected
to fingers 85’. Thus the two groups of fingers
interlace with each other but are out of contact
with each other. The upper end of the member
30 is closed by a ring member 3{ supporting a
ring 33 having spring contact fingers 33’ con-~
tacting the anocde ring 6. The spring contact
fingers 33’ are insulated from member 21 by
means of the insulating collar 82. Thus the sec-
ond or output resonator is coupled for radio fre-
quency currents between the cathode and the
anode. This arrangement provides a pair of
cavity resonators having a part in common. This
common part must be kept to a small value be-
cause the magnetic fields due to circulating cur-
rents oppose, which causes degeneration. How-
ever, with this construction the conditions re-
quired of a tuned-plate tuned-grid arrangement
utilizing cavity resonators are made possible.

The equivalent circuit of the tube and asco-
ciated cavity resonator tuned circuits is schemati-
cally shown in Fig. 4, wherein the numerals re-
fer to corresponding parts in Figs. 1-3." The in-
terelectrode capacitance between the grid and
the anode, which provides the necessary feed-
back to sustain oscillations, is represented by the
condenser Ci1., The condensers C2 and Cs represent
the blocking capacitances at the insulating col-
lars 20’ and 32, respectively. The cathode-grid
and the cathode-anode cavity resonators are
schematically represented by two tuned circuits
each made up of a capacitance and a parallel in-
ductance. The inter-linked relationship between
the two resonators is not indicated in Fig. 4.

While I have indicated the preferred embodi-
ments of my invention of which I am now aware
and have also indicated only one specific applica-
tion for which my invention may be employed, it
will be apparent that my invention is by no
means limited to the exact forms illustrated or
the use indicated, but that many variations may
be made in the particular structure used and the
purpose for which it is employed without depart-
ing from the scope of my invention as set forth
in the appended claims. The term “anode” as
used in the specification and claims means an
electrode through which a principal stream of
electrons leaves the inter-electrode space, as dis-
tinguished from a positively-charged electrode
which serves only as an electron accelerator.

‘What I claim as new is:

1. An electron discharge device having a cath-
ode, grid and anode, in that order, and a pair
of adjacent cavity resonators respectively cou-
pled between said cathode and grid and between
said cathode and said anode, each of said resona-
tors comprising a plurality of spaced conductors
extending through but out of contact with the
other resonator.

2. An electron discharge device having g cath-
ode, grid and anode, in that order, a cavity res-
onator coupled between said cathode and said
grid, and a cavity resonator coupled between said
anode and said cathode, each of the adjacent
portions of said resonators comprising a plural-
ity of fingers interlaced with but out of contact
with the fingers of the other portion and extend-
ing through the interior of the other portion.

3. An electron discharge device having an en-
velope containing cathode, grid and anode elec-
trodes, each of said electrodes being provided with
ring contacts extending through said envelope, a
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4

cavity resonator having one side coupled to the
cathode electrode ring contact and the other side
coupled to the grid electrode ring contact, the
grid electrode side of said resonator being pro-
vided with a plurality of spaced parallel fingers
and a second cavity resonator coupled between
thé anode electrode ring contact and said cath-
ode electrode ring contact and having fingers ex-
tending between and out of contact with the
fingers of said first resonator and coupled to said
cathode electrode ring contact.

4. An electron discharge device having a cath-
ode, grid and anode, in that order, a cavity res-
onator having one side coupled to said cathode
and the other side coupled to said grid, the cou-
pling between the grid side and the grid being
provided by a plurality of spaced fingers, and a
second cavity resonator -coupled between said
anode and said cathode, the coupling between
the cathode side of said second resonator and the
cathode comprising fingers extending between
and out of contact with the fingers of said first
resonator.

5. An electron discharge device having an elon-
gated envelope containing g cathode, grid and
anode, said cathode, grid and anode each being
rrovided with a ring contact and support ex-
tending and sealed through said envelope; the out-
er portions of said ring contacts being external to
said envelope and a coaxial line type cavity reso-
nator coupled between said cathode ring contact
and said grid ring contact, the portion of said
resonator coupled to said grid ring contact being
provided with a plurality of spaced fingers, and
a cavity resonator coupled between said anode
ring contact and cathode ring contact and pro-
vided with a plurality of fingers interleaved with
but out of contact with the fingers on said grid-
cathode resonator and coupled to said cathode
ring contact.

6. An electron discharge device having g cath-
ode, grid and anode, in that order, a ccaxial line
type cavity, resonator coupled between said cath-
ode and said grid, the coupling between said
resonator and said grid being provided by a plu-
rality of spaced fingers, and a cavity resonator
coupled between said anode and cathode, the
coupling between the second resonator and said
cathode comprising a plurality of fingers inter-
leaved with but out of contact with the fingers di-
rectly.

7. An electron discharge device comprising an
envelope containing a cathode, grid and anode, in
that order, said grid being provided with a ring
contact extending through said envelope, said
cathode and anode having leads extending
through said envelope on each side of said grid
ring contact, a cavity resonator coupled between
said cathode lead and said grid ring contact, and
a second cavity resonator coupled between said
cathode lead and said anode lead, each of said
cavity resonators comprising a portion thereof
extending through the interior of but out of con-
tact with the other resonator.

8. An electron discharge device comprising an
envelope containing ‘a cathode, grid and anode,
in that order, said grid being provided with g
ring contact extending through said envelope,
said cathode and anode having leads extending
through said envelope on each side of said grid
ring contact, a first cavity resonator coupled be-
tween said cathode lead and said grid ring con-
tact, and a second cavity resonator coupled be-
tween said cathode and said anode lead, each of
said first and second cavity. resonators compris-
ing a portion exfending through the interior of



but out of contact with the other portion and
coupled to said grid ring contact and said cath-

ode lead, respectively.
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