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The present invention relates to electron dis-
charge devices of the type havingsa cathode or
electron emitting element, an anode, and a con-
trol electrode interposed between said elements.

The object of the present invention is to pro-
vide an improved electron discharge device of
the above character, which is adapted to per-
form a plurality of functions in an electrical cir-
cuit, and more particularly to have a variable
10 mutual conductance or transductance independ-

ent of an auxiliary function of the device in an
electrical circuit,
A further and more specific object of the pres-
ent invention is to provide an improved electron
15 discharge device, of the type having an anode
and a control clectrode, with means for varying
the transductance between said elements and
means\,\independent of said elements and the va-
riable transductance, for providing an independ-
20 ent feedback or oscillator circuit, the frequency
of which may remain substantially constant in
response to variations in the transductance of said
device.
A still further object of the present invention
25 Is to provide an improved electron discharge de-
vice of the type having a cathode or electron
emitting element, an anode, and other electrode
elements whereby, in connection with suitable
electrical circuits, it is adapted to perform two
independent functions and to have a variable
mutual conductance or transductance independ-
ent of its other functions in the circuit.

An electronic discharge device embodying the
invention is particularly adapted for use in cir-
cuits hereinafter ‘deseribed, and as shown and
claimed in my copending application, Serial No.
654,421, filed January 31, 1933, entitled “Signaling
systems”, and my joint application with Arthur

V. Loughren, Serial No. 678,406, filed June 30,
40 1933, entitled “Radio- signaling systems”, both
applications being assigned to the same assignee
as this application.

The invention will be better understood from
the following description when considered in con-
nection with the accompanying drawing, and its
scope will be pointed out in the appended claims.

In the drawing, Fig. 1is a cross-sectional view,
and substantially full size, of an electron dis-
charge device embodying the invention;

Fig. 2 is a diagrammatic view of the device of
Fig. 1 illustrating its use in an electrical circuit;
and

Fig. 3 is a similar diagrammatic view of a modi-
55 fication of the device of Figs. 1 and 2, together
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with an electrical circuit with which it is adapted
to operate.

Referring to Fig. 1, 4 is an electron discharge
device having a base member § provided with
suitable terminal prongs 6 and supporting an en- §
closing envelope T within which is located a cen- -
tral, elongated cathode 8 having leads 9 which 4
connect with certain of the base terminals 6. °

The cathode is surrounded by a suitable grid :
structure 10 which, in the present example, is 10
cylindrical in form and extends throughout the -
length of the cathode in spaced relation thereto.
Further, in the present example, the grid is in the
form of a helix comprising a conducting wire,
and is provided with a connection lead i1 with 15
one of the base prongs.

Associated with the cathode and grid electrodes
are two anode or plate electrodes 12 and 13 ar- :
ranged in spaced relation to each other along”
the length of the grid at substantially opposite 20
ends thereof. The anodes are also arranged in *
Spaced relation to the grid electrode 10 and, in
the present example, are cylindrical in formand *
substantially concentric with the cathode and grid
electrodes and in axially spaced relation to each
other along the grid and cathode elements. The
anodes are, therefore, non-concentric in their
relation to each other, but are coaxial with the
cathode, the control grid and each other.

The anode 12 is of smaller area than the anode
13, and is more adjacent to the terminal ends of
the cathode and control grid as indicated. The
anode 12 is, furthermore, a solid-walled, non-
perforated, open-ended tubular member relatively
closely spaced with respect to the grid electrode
10 as distinguished from the anode 13 which is
of an open-ended tubular construction provided
by wire mesh, although either anode may be
solid or perforated as required. The terminal
leads for the anodes 12 and (3 are indicated
at (4 and 15, respectively.

It will be noted that the terminal lead 15 for
the anode 13 is connected with a separate spaced
terminal member 16 at the opposite end of the
device from the remaining terminal elements or
prongs 6. The connection between the lead (5
and the cap terminal {6 is completed by a flexible
lead {71 extending through the envelope 7 into
the cap (6, as indicated, through a sealed joint {8.

The cathode, the control grid, and the smaller
or auxiliary anode 12 are all electrostatically
shielded within a common enclosure provided
by a screen grid structure 19 comprising an inner
grid section 20 and an outer shield or screen
section 21 arranged in non-concentric, substan-
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tially co-axial relation to each other and united
by a plate or centrally perforated cap 22 for one
end of the screen section. Conforming to the
cylindrical construction of the other elements of

5 the device, the screen grid structure is also cylin-
drica! and the grid section 20 is of smaller di-
ameter than the screen section 21, the cap 22 serv-
ing to join the two sections. It will be noted that
the cathode and control grid extend through the

10 perforation in the cap and that the cap lles in a
plane at & right angle to the axis of the cathode
and control grid.

The grid section 28 of the screen grid structure
is closed at its free end by a cap 23, while the free

15 end of the screen section 21 is open to permit the
connection leads to pass through it to the terminal
prongs 6. It will be noted that the screen section
is of sufficient length to extend fully over the elec-
trode elements within it and to completely elec-

20 trostatically shield them from external flelds.
The arrangement is such that the grid section

20 of the screen grid structure is associated with

the anode 13 and, in the present example, is inter-

posed between it and a portion of the control
grid 10. The screen section 21 is more particu-
larly associated with the smaller or auxiliary
anode 12 and the remaining portion of the con-
trol grid 10 which it serves to shield. With this
arrangement it will be seen that the screen iIs

30 completed by the cap or plate 22 and that the two
anodes are electrostatically shielded from each
other by the screen structure.

The construction above described is adapted for
_ compact mounting within an enclosing envelope

35 pecause of the fact that the main anode surrounds
an inner portion of the screen grid structure while
the outer portion of the same screen grid struc-
ture surrounds the other anode, and all elements
are arranged substantially co-axial with the

40 cathode and control grid which extend throughout
the length of the active elements of the device.

Furthermore, the main anode {3 and its termi-
nal I8 are by this construction substantially
entirely isolated electrostatically from the re-

45 mainder of the elements of the electron discharge
device. This construction, therefore, has the ad-
vantage that the load placed upon a circult in
connection with the anode 13 has no appreciable
effect upon the circult associated with the remain-

50 ing elements of the device.

A circuit for which the device 4 is adapted, is
indicated in Fig. 2, to which attention is now di-
rected and wherein the electron discharge device
of Fig. 1 is illustrated dlagrammatically at 24 and
wherein there are provided a cathode 285, a con-
trol grid 26, an anode 21, an auxiliary anode 28
and a screen grid structure 29 comprising a grid
section 30 and a screen section 31, all arranged
as shown in Fig. 1.

60 A control grid 26 is connected with a tuned
signal input circuit 32 and is provided with a
signal output circuit 33 connected with the anode
27, Suitable bias and anode potentials for cir-
cults 32 and 33 are supplied, respectively, from

65 sources indicated at 34 and 35. The auxiliary
anode 28 is provided with a feed-back connection
indicated at 36 with the input circuit 32 and is
connected with a variable tap connection 37 on
the source of potential 35, whereby it is operated

70 gt a positive potential preferably lower than the

potential of the anode 21. A current limiting

resistor 38 is connected in circuit with the auxili-

ary anode 28 and between it and the source 35

and wili hereinafter be referred to. .

The screen grid structure 29 is also operated
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at a positive potential through a suitable con-
nection with the source 35 as indicated by the
variable tap 39, representing any suitable means
for varying the potential delivered to the screen
grid structure. :

With a tube construction as shown and de-
seribed, it has been found that the potential ap-
plied to the screen grid structure may be varied
to vary the mutual conductance between the con-
trol grid 26 and the main anode 21, whereby the
signal output, to the output circuit 33 may be
controlled. It has been found that the mutual
conductance between the control grid 26 and the
auxiliary anode 28 is substantially independent
of the signal output control provided by the screen
grid structure 29 above described. Therefore, a
feed-back connection provided in connection with
the anode 28 may be designed to remain substan-
tially constant while the signal output from the
device 24 is varied. This is a desirable feature in
connection with tuned radio frequency circuits
to which the.advantages of regeneration may be
applied without additional controls.

In the above described manner, the mutual con-
ductance between the control grid and the main
anode may be varied by varying the potential of
the screen grid without appreciably varying the
mutual conductance between the control grid and
the auxiliary anode. At the same time, the screen
grid structure functions as a screen grid between
both anodes and the main anode and the remain-
ing elements of the device.

For wide variations in the control of the sig-
nal output, it is preferable that a constant cur-
rent source be utilized as a source of potential
for the auxiliary anode. Such a constant cur-
rent source may be provided, as shown in the
present example, by a source of substantially
constant voltage 35 together with the series high
resistance 38, the resistance being of the order
of the plate resistance of the plate 28 or pref-
erably higher. ‘This arrangement prevents mate-
rial changes in the current flowing to the auxil-
iary anode 28 for the reason that the potential
drop in the resistor 38 is high compared with the
internal drop through the anode 28. ‘The mutual
conductance between the control grid 26 and the
auxiliary anode 28 will be substantially constant
with variation in the potential of the control
grid 26. It is sufficient, however, that the resis-
tor 38 be of such a value that in the case of
variations in the bias potential for the control
grid 26, a large change in the mutual conduc-
tance between the control grid 26 and the anode
27 will result. The use of the resistor 38 will
of course, necessitate the use of a relatively high-
er potential at the source 35. '

However, if the amplification factor between
the control grid and the auxiliary anode is low
compared with that between the control grid and
the screen grid, then a much lower potential will
suffice to hold substantially constant current to
the auxiliary anode and a substantially constant
mutual conductance between the control grid
and the auxiliary anode.

Among the advantages which may be attrib-
uted to an electron discharge device of the char-
acter described, an important advantage is that
a circuit associated with the auxiliary anode is
substantially independent of the volume control
operation of the device, which may be controlled
by controlling the screen grid. The screen grid
is, therefore, both a control grid for volume and
a screen grid or shield between the anodes and
between one of the anodes, which is the main
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anode in the present example, and the control
grid. The two circuits associated or connected
witn the anodes are, therefore, substantially in-
dependent of each other. Therefore, the use of

5 an electron discharge device as described, per-
mits the gain in an amplifier stage to be con-
trolled at will without substantially affecting the
regeneration, and hence the volume may be con-
trolled without appreciably affecting the selectiv-

10 ity of a receiver in which such an amplifier stage
is used.

Briefly stated, with an electron discharge de-
vice or amplifier tube of the character described
the transductance of one plate can be controlled

15 by variation of the screen grid voltage, leaving
the transductance of the other plate practically
unchanged. In a regeneration circuit, the plate
whose conductance is varied may be utilized as
the amplifier plate, while the other plate may

20 be used for regeneration. In a circuit of this
character, it will be seen that it is possible to
control the gain of an amplifier therein while
maintaining the selectivity constant.

The electron discharge device thus performs

25 two separate functions in an eléctrical circuit,
providing an independent, variable, mutusal con-
ductance in connection with the output circuit,
and the auxiliary function in the circuit shown,
independent of the variable mutual conductance,

30 to provide regeneration.

Referring now to Fig. 3, a modification of the
device of Figs. 1 and 2 is shown at 40. In addi-
tion to the heated cathode, indicated at 41, anode
42, control grid 43, auxiliary anode 44 and screen

35 grid structure 45, the device is provided with
an additional control grid 46. In general, the
electrode arrangement is substantially the same
as that in the preceding device, except that a
heater 47 is provided for the cathode &1 and the

40 screen grid structure is modified to provide for
the second control grid.

The screen grid structure 45 includes a screen
section 48 and a shield section 49 correspond-
ing to that shown in the preceding figures, and in

45 addition is provided with a second screen sec-

tion 50 which is interposed between the second
control grid 46 and the main anode 42. The addi-
tional functions of the structure will hereinafter
be pointed out. The screen grid structure, how-
50 ever, is utilized to control the output circuit for
the main anode by varying its potential in the
same manner as described in connection with
the device shown in Figs. 1 and 2, all independ-
ently of the auxiliary anode and its associated
55 circuits.
In the present example a self bias resistor 5
is provided in the cathode return circuit, from
which the control grid 46 receives a bias poten-
tial through a variable tap 52 and the first con-
60 trol grid 43 receives a bias potential by connection
with a return lead indicated at 53. The control
grid 46 is connected with a tuned signal input
circuit 54, while the control grid 43 is connected
with a second, independent, tuned circuit 55

65 which receives a feed-back potential from the
auxiliary anode 44 through a feed-back coil 56 as-
sociated with said circuit. The main anode 42
is connected with a suitable signal output cir-
cuit 57 as indicated.

70 Operating anode potentials and the positive
controlling potentials for the screen grid structure
are provided by a suitable source such as a po-
tential divider resistor 58 having supply terminals
59 and on which suitable variable taps indicated

5 at 60, 61 and 62, respectively, are provided for

the main anode, control grid structure, and auxil-
iary anode. A current lmiting resistor 63 is
connected in circuit with the auxiliary anode for
the purpose of providing with the potential supply
means, a constant current sousce for the auxiliary
anode, as described in connection with the pre-
ceding embodiment.

The circuit provides a combined detector and
oscillator in one device and wherein the screen
grid structure is a unit functioning simultane-
ously to shield the two anodes from each other,

and the main anode and the second or outer

control grid 46, each from the remaining ele-
ments of the device, whereby the output signal
through the circuit 57 may be controlled inde-
pendently by movement of the contact 6f, or
other suitable control operation, to vary the po-
tential applied to the screen grid structure, The
cathode 44, control grid 43, and auxiliary anode
44 provide, with the circuits 55 and feed-back
connection 56, an oscillator which is electron-
ically coupled with the output ecircuit 51. The
signal control grid 48 is shielded from the remain-
der of the electrodes, and it has been found that
variation of the biasing potential may be ulti-
lized to control the output signal through circuit
§7 independently of the operation of the oscillator
portion. .

Through the combined function of the electro-
static shield and control electrode, the screen
grid structure permits the signals received in the
circuit 54 and the oscillator signals generated in
the circuit 55 to be mixed in the device 48 and
transferred as a beat frequency to the output
circuit 57, while the oscillator and input circuits
are maintained substantially independent of each
other. For the purpose of control, it is prefer-
able that the sections 48 and 50 of the screen grid
structure be provided in the form of grids simi-
lar to the grid section 20 of the device described
In connection with Fig. 1, while the section 49
may be of the screen type similar to that shown
at 21 in said figure.

The advantages of a single unitary screen grid
structure interposed between one Oor more con-
trol grids and a main anode, whereby the mutual
conductance between said main anode and one
or more of the control grids may be varied in-
dependently of the mutual conductance. between
one control grid and an auxiliary anode, may be
provided in connection with circuits other than
those shown in the present example, although
the circuits shown represent the present preferred
electrical circuits adapted to be associated with
& device embodying the invention.

I claim as my invention:

1. An electron discharge device including
cathode means, screen grid means, a control grid,
two anodes, said screen grid means being inter-
posed between said anodes and arranged electro-
statically to shield said anodes from each other,
and a second control grid electrostatically
shielded  from the first control grid and said
anodes by said screen grid means.

2. In a screen grid electron discharge device,
& unitary screen grid structure comprising a grid
section and a screen section, a control grid elec-
trode and a cathode extending through said sec-
tions within the screen grid structure, an anode
within the screen section associated with said
cathode and control grid, and a second anode as-
sociated with the cathode and control grid and
located exteriorly of the grid section of the screen
grid structure.

3. An electron discharge device comprising a
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cathode, a control grid surrounding said cathode,
an anode associated with a portion of the cathode
and control grid, a second anode associated with
a second portion of the cathode and control grid,

5 said anodes surrounding and being co-axial with
respect to the cathode and control grid and be-
ing non-concentric with respect to each other,
and a screen grid structure interposed between
said anodes and electrostatically isolating one of

10 said anodes from the remaining electrodes of sald
device.

4, An electron discharge device comprising a
cathode, a control grid surrounding said cathode,
an anode associated with a portion of the cath-

.15 ode and control grid, a second anode associated
with a second portion of the cathode and control
grid, said anodes surrounding and being co-axial
with respect to the cathode and control grid and
being non-concentric with respect to each other,

20 a screen grid structure comprising a grid sec-
tion interposed between the control grid and one
of said anodes, and a screen section substantially
enclosing the cathode, control grid and the other
of said anodes.

25 5. An electron discharge device comprising a
cathode, a control grid surrounding said cathode,
an anode associated with a portion of the cath-
ode and control grid, a second anode associated
with a second portidn of the cathode and control

30 grid, said anodes surrounding and being co-axial
with respect to the anode and control grid and
being non-concentric with respect to each other,
a screen grid structure comprising a grid section
interposed between the control grid and one of

35 sald anodes, a screen section substantially in-
cluding the cathode, control grid and the other
of sald anodes, a second control grid associated
with said first named anode, and a second screen
section for said screen grid structure interposed

40 between said second control grid and said first
named anode.

6. An electron discharge device comprising
electron emitting means, a screen grid, a con-
trol grid, and two anodes electrostatically

{5 shielded from each other by said screen grid, said
screen grid being in two sections, one being lo-
cated exteriorly of and substantially enclosing
one anode and the other being substantially with-
in the other anode.

2,078,078

7. An electron discharge device comprising
electron emitting means, a pair of control grids,
a pair of anodes, and a screen grid structure pro-

viding an electrostatic shield between said anodes -

and between said control grids, said screen grid
and control grids being located in the electronic
stream of said device between said firat named
means and one of said anodes.

8. An electron discharge device comprising
electron emitting means, a pair of control grids
arranged in series relation to each other in the
electronic path of said device, a pair of anodes
arranged in parallel relation to each other in the
electronic path of said device, and & screen grid
structure providing an electrostatic shield be-
tween said anodes and between said control grids.

9. An electron discharge device comprising
electron emitting means, a pair of control grids,
a pair of anodes, a screen grid structure provid-
ing an electrostatic shield between said anodes
and between said control grids, and said screen
grid structure further providing & control elec-
trode to vary the signal output from said device.

10. A screen grid electron discharge device
comprising a screen grid structure, a regenera-
tion plate electrode and a main plate electrode
electrostatically shielded from each other by said
screen grid structure, sald screen grid structure
comprising a portion controllable to vary the
transductance of sald device through said main
plate electrode, and sald screen grid structure
further comprising a portion constituting means
for maintaining the transductance of the device
through the regeneration plate electrode substan-
tially independent of variations in the trans-
ductance through said main plate electrode.

11. An electron discharge device having a con-
trol grid, a main anode and a regeneration anode,
and means for rendering the transductance be-
tween the regeneration anode and the control
grid substantially constant in response to varia-
tions in the transductance between the control
grid and the main anode, said means including
a unitary screen grid structure a portion of which
is interposed between said anodes and and an-
other portion of which is interposed only be-
tween the main anode and the control grid.

JEROME; C. SMITH.

10

15

20

25

30

35

40

45



