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4 Claims., (CL 330—212)

This invention relates t0 a regenerative circuit and
more particelarly to a regenerative circuit which utilizes
the inherent interelectrode capacitance of an amplifying
device.

The presence of oscillations caused by regenerative
feedback in high gain amplifier circuiis, as fixed tuned
intermediate frequency amplifiers, is well-known, and
while often undesirable, has been used in the past in
various ways, as to provide a beat frequency oscillation
in a camier wave receiver. It is further known that a
regenerative feedback increases the gain and selectivity of
a circuit. The present invention is concerned with a
novel circuit arrangement for providing a controlled re-
generative feedback in a simple and economical manner.

One feature of the invention is the provision in an elec-
tronic circuit of a variable regeneration circuit, including
an amplifying device having a confrol element and an out-
put element with inherent capacity therebetween, and an
adjustable conirol device connected with the amplifying
device for varying the effect of the inherent capacity.
Another feature is that the amplifying device includes a
shield element between the contro! element and the out-
put element and a variable impedance control device is
connected with this shield element for varying the effect
of the inherent capacity between the output element and
the control element.

More specifically, in circuits utilizing an amplifying
device having a control grid, an anode and a suppressor
erid, with the control grids and anode circuits returned to
a reference potential, a variable resistor is connected from
the suppressor grid to the reference potential, in shunt
with a portion of the inherent capacitance between the
anode and conirol grid, and variation of the resistor ef-
fects a corresponding variation of the regenerative cou-
pling between the anode and control grid.

Further features and advantages will readily be ap-
parent from the following specification and from the draw-
ings, in which:

FIGURE 1 is a schematic diagram of a circuit embody-
ing the invention; and

FIGURE 2 is a schematic drawing showing pertinent
portions of the equivalent circuit of FIGURE 1, used in
an explanation of the operation of the invention.

As mentioned above, it has been known in the past that
regeneration may be utilized in a tuned intermediate fre-
quency amplifier circuit to provide a beat frequency os-
ciilation for carrier wave reception. An example of such
a circuit is found in Wilbur 2,556,993, which shows cou-
pling provided between the plate circuit and the control
grid circuit of an intermediate frequency amplifier by a
length of insulated wire located adjacent the tube socket
and capacitively. coupled, by stray capacitance, to the
anode and control grid circuits. When the wire is shorted
to ground, it effectively grounds the stray capacitance and
reduces the coupling between the plate and grid circuits.
When the wire is removed from ground, however, it pro-
vides adequate coupling to sustain oscillation. This cir-
cuit operates satisfactorily in a receiver utilizing metal
tubes which have a high stray capacitance and are at a
relatively high impedance level. It has been found, how-
ever, that it is unsatisfactory in a receiver utilizing minia-
ture tubes which have relatively low stray capacitance.

The present invention makes use of the interelectrode
capacitance between the elements of an amplifying device
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or tube. It has been found that if the suppressor grid of
the pentode intermediate frequency amplifier, which is
usually weturned directly to the cathode, is floating or
unconnected, sufficient feedback is present from the anode
to the control grid through the interelectrode capacitances
of the tube to sustain oscillation, in receivers using both
455 ke. and 1650 kc. intermediate frequencies. How-
ever, this oscillation is not controlled and is undesirable
from this standpoint as the beat frequency signal for a
cartier wave receiver. In accordance with the present
invention, as will be discussed in detail below, a variable
control device, as a resistor, is connected from the sup-
pressor grid to ground, providing a control over the re-
generation of the circuit and thus of the beat frequency
and the selectivity of the stage.

During the course of the following description, specific
values and types will be designated for various circuit
elements. It will be understood that this specific infor-
mation is given primarily for the purpose of disclosing an
operative embodiment of the invention and many changes
and modifications will readily be apparent to those skilled
in the art.

Turning now to the drawings, FIGURE 1 shows the
invention as embodied in an intermediate frequency fixed
tuned amplifier (f=455 kc.) having an input circuit cou-
pled through transformer 1§ with the output of the first
detector stage or a preceding intermediate frequency am-
plifier of a radio receiver. The tuned secondary 16a of
the coupling transformer is conmected with the control
grid 11 of a pentode amplifier tube 12, as a 12BA6, and
is returned to a suitable source of automatic gain control
potential, not shown. Cathode 13 of the amplifier is re-
turned to a reference potential or ground 14 through bias
resistor 15, 270 ohms, shunted by capacitor 16, 0.047 uf.
The anode or plate 17 is connected through tuned cir-
cuit 18 with a suitable source of positive potential, not
shown. The output of the stage is coupled through trans-
former 19 to succeeding circuits. The screen grid 26 of
the amplifier tube is connected with the source of positive
potential and bypassed to ground through capacitor 21,
0.005 puf.

In accordance with the invention, the suppressor grid
24, which forms a shield between control grid 11 and
anode 17, has connected with it a variable resistor 25,
1500 ohms, which is returned to ground 14. The inter-
position of the resistance 25 in the circuit of the sup-
pressor grid modifies the shielding effect of the suppressor
grid in such a manner that the regeneration of the cir-
cuit increases as the value of the resistance of the circuit
increases. With the maximum resistance in the circuit
the amplifier acts much as if the suppressor were floating
and the regeneration provided by the interelectrode ca-
pacitance coupling between the plate and control grid
are adequate to sustain oscillation. As the value of the
resistance in the suppressor circuit is decreased, the fre-
quency of oscillation changes slightly and, at a critical
point, the regenerative feedback becomes insufficient to
sustain oscillation. This provides a second mode of
operation in which the regeneration is utilized to increase
the gain and selectivity of the amplifier, effectively in-
creasing the Q of the amplifier.

Of course, the beat frequency oscillations and, in gen-
eral, the increased selectivity, are desirable only with
CW or carrier wave reception. Accordingly, when the
amplifier is utilized in receiving an amplitude modulated
wave, switch 27 is operated to connect the suppressor grid
24 to ground 14. In the CW position, the short across
variable resistor 25 is removed and at the same time the
tuned grid circuit 18a is returned to ground 14 through
resistor 28, 470 ohms. This eliminates the effect of the
automatic gain control potential which is generally
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masked or rendered inaccurate by the operation of the
beat frequency oscillator.

In FIGURE 2 the inherent capacity between various
of the elements pertinent to this invention, is shown.
Again, the tuned input circuit 18« is connected with the
control grid 11 of pentode amplifier 12. The cathode
13 is returned to ground 14, the anode 17 is conmnected
through a tuned plate lcad circuit 18 with a sourcs of
positive potential to which the screen grid 28 is also con-
nected. The interelecirode capacitances which are of
interest in comnection with this invention include the
plate-to-control grid capacitance 38, the plate-to-
suppressor grid capacitance 31 and the suppressor-grid to
control-grid capacitance 32. The direct plate-to-contrcl
grid capacitance is extremely small, of the order of
0.0035 puf., while the plate-to-suppressor and suppresscr-
to-conirol grid capacitances 31 and 32 are generally of
the order of several micromicrofarads. ith the sup-
pressor grid grounded, omly the direct piate-to-control
grid capacitance is effective and it is not large enough
to provide sufficient regenerative feedback to sustain
oscillaticn at a practical frequency. The plate-to-sup-
pressor and suppressor-to-contro! grid capacitances, bsing
grounded at the suppressor, afford no coupling between
the plate and control grid. However, if the suppressor
is left floating, i.e. unconnected, capacitances 31 and 32
are effectively connected in series between the anocde and
control grid providing a relatively large amount of re-
generative feedback., The variable resistor 25 conmnected
with the suppressor grid affords a control of the regenera-
tive feedback by varying the impedance level of the sup-
pressor grid. As the value of the resistance increases,
the regenerative coupling bstween the anode 17 and con-
trol grid 11 is increased. :

In addition to providing a beat frequency oscillation
and a gain and selectivity control as described above,
the variable regeneration circuit may be utilized for the
generation of a lccal carrier in receivers designed for
reception of double sideband and single sideband trans-
missien. It is important that the variable control ele-
ment connected between the suppressor grid and ground
may be a pure resistance as this eliminates a variation
of the circuit operation with frequency.

While I have shown and described certain embodi-
ments of my invention, it is to be understood that it is
capable of many modifications. Changes therefore, in
the construction and arrangement may be made without
departing from the spirit and scope of the invention as
disclosed in the appended claims.

I claim:

1. In a radio receiver having a tuned intermediate fre-
quency ampilifier section, a beat frequency cscillator of
the character described, comprising: a pentode interme-
diate frequency amplifier having, in order, cathode, con-
trol grid, screen grid, suppressor grid-and anode elements
with inherent capacity between said elements; means pro-
viding a common reference potential; a source of posi-
tive operating potential having a negative terminal con-
nected to said reference potential; an input coupling
circuit connected between said control grid and said ref-
erence potential means, and tuned to the receiver inter-
mediate frequency; an output coupling circuit connected
between said anode element and the source of operating
potential, and tuned to the receiver intermediate fre-
quency; circuit means connecting said cathode element
to said reference potential means; circuit means connect-
ing said screen grid to said source of operating potential;
and a direct coupled impedance circuit connected between
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said suppréssor grid and said reference potential means,
said impedance circuit being_adjustable to vary the im-
pedance level of said suppressor grid with respect to said
reference potential at said receiver intermediate fre-
guency, and to vary the effective inherent capacity be-
tween the said anode and control grid elements, providing
a ccatrolled regenerative feedback between said anode
and control grid, seid impedance circuit being free of con-
nection with a voliage source.

2. The circuit of claim 1 wherein sald impedance cir-
cuit includes a variable resistor connected between said
suppressor grid and said reference potential means.

3. The circuit of claim 1 wherein said impedance cir-
cuit includes a control switch coanected in parallel with
an impedance element and actuatable between an ampli-
tude modulation receiving position with the switch
shorted across said element, and a carrier wave receiving
position in which said suppressor grid is connscted with
said reference potential through said impedance element.

4. in a radio receiver having a tuned intermediate
frequency amplifier section, a beat frequency oscillator
of the character described, comprising: a pentede inter-

- mediate frequency amplifier having, in order, cathode,

control grid, screen grid, suppressor grid and anode ele-
ments with inherent capacity between said elements;
means providing a reference potential; a source of oper-
ating potential positive with respect to said reference
poiential; an input coupling circuit connected between
said contrel grid and said referemce potential means,
and tuned to the receiver intermediate frequency; an out-
put coupling circuit connected between said anode ele-
ment and the source of operating potential, and tuned
to the receiver intermediate frequency; means connect-
ing said cathede eclement to said reference potential
means; means ccnnecting said screen grid to said source
of operating potential; a suppressor grid circuit includ-
ing a resistor connected from said suppressor grid to
said reference potential means and adjustable to vary
the impedance level of said suppressor grid, and the effec-
tive inherent capacity between said ancde and control
grid elements, providing controlled regenerative feed-
back from said anode to said control grid, said suppressor
grid circuit being characterized by an absence of ex-
ternaily applied potential; a source of automatic gain
control potential- having a point of connection with
said tuned input circuit; and a double throw switch with
a movable contact connected with said reference poten-
tial means and having a carrier wave receiving position
connecting said peint of connection between said auto-
matic gain control signal socurce and said tuned input
circuit to said reference potential means, and an ampli-
tude modulation receiving position connecting said sup-
pressor grid with said reference potential means, said
switch shorting across said resistor.
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