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3,024,423
ELECTRICAL APPARATUS
Alexis Azelickis, Morton Grove, Ill., Milion N. La.nford,
Columbus, CGhio, and Raymond L. Osborn, Skokie, IH,
assignors to Oak Manufacturing Ceo., Crystal Lake,
IM., a corporation of Delaware
Continuation of application Ser. Neo. 677,320, Aug; 9,
1957. This apphication July 1, 19606, Ser. No. 46,431
3 Claims., (CL 330—7%)

This invention relates to electrical apparatus and more
particularly to an amplifier utilizing two cascaded tubes
in series.

It is possible to arrange two or more triodes or vactuum
tubes having more than three electrodes in series rela-
tionship with the anode of the first tube conductively con-
nected to the cathode of the second tube and so on to
additional tubes so that the space discharge regions are
in series.

A well known arrangement of such series connected
tubes has been widely used in television and is generally
known as a cascode arrangement. In such an arrange-
ment, the input is between the cathode and grid of the
first or lower tube while the output is between the anode
and ground of the upper or second tube. The anode of
the first tube is conductively connected to the cathode
of the second tube.

Various modifications of this cascode arrangement are
known, each such modification having its own peculiar re-
quirements and advantages.

As a consequence of the present invention, a cascaded
pair of vacuum tubes may be operated over greatly in-
creased ranges with regard to signal voltages and fre-
quencies without impairing the stability and operativeness
of the amplifier as a whole.

As an example, a cascode stage may be provided in
connection with TV operation. In the case of a TV re-
ceiver, such a stage may consist of two three element
tubes. The lower tube has the signal input connected be-
tween the control grid and cathode. The upper tube
provides the output between the anode and gronnd. Un-
der normal conditions, if either tube is cutoff, the stage
should not operate and there should be no output. How-
ever at high frequencies such as are used in TV, the
inter-electrode and stray capacitances are significant, If
the lower tube is cutoff, current at some frequencies may
still get through to the cathode of the upper tube. This
may also be true if the lower tube is neutralized.

While current at the neutralized frequencies will not
get through, assuming the lower tube is at cutoff, current
at frequencies above and below the neutralized frequency
may get through. In such case, the cascode stage may
operate with current at unneutralized frequencies with-
in the desired signal frequency spectrum being passed
through the upper tube. Such an effect is highly unde-
sirable and impairs the objective aimed for in applying
gain control voltage to the lower tube. This objective
is to cut off the entire stage without amplitude distortion
of the transmitted signal currents.

It is clear that in order to avoid the above objection-
able effects and to meet the above objection it is neces-
sary to insure that the top tube cuts off before the lower
tube.

There may be other occasions when the cutoff char-
acteristics of the lower tube of a cascode stage should
be controlled differently from the cutoff of the entire
cascode stage.

In order that the invention may be fully understood,
reference will be made to the drawings wherein exem-
plary embodiments are illustrated. It is understood that
variations may be made without departing from the
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scope of the invention as defined by the appended claims.

In the drawings,

FIGURE 1 is a circuit diagram of a simple form of the
invention.

FIGURE 2 is a circuit diagram of a modified form of
the invention.

FIGURES 3, 4 and 5 show some characteristic curves
of the operation of conventional cascode circuits and the
operation of a circuit embodying the present invention.

Referring first to FIGURE 1, vacuum tubes 19 and 11
are illustrated as being connected in cascaded relation.
The vacuum tubes are here shown as triodes but it is
understood that either or both tubes may have additional
electrodes if desired. Vacuum tube 10 has cathode 12
connected to ground through bias resistor 14 shunted by
bypass capacitor 15. Vacuum tube 10, which may be
considered as the first tube in this cascaded stage, has
control grid 17 and anode 18. Anode 18 is connected
through junction point 19 to cathode 28 of vacuum tube
11.

Vacuum tube 11 has control grid 21 and anode 22.
Control grid 21 is connected to junction point 24 which in
turn is connected to ground through resistor 25 shunted
by bypass capacitor 26. Control grid 21 is also con-
nected to B plus through resistor 28. Anode 22 is con-
nected to one terminal of a network 36 having connection
31 to B plus. Network 36 has an output for the am-
plified potentials. It is understood that a direct current
path between B plus and anode 22 must be provided.
Otherwise network 30 may be any kind, having any de-
sired type of impedances.

The input of the stage so far described is between con-
trol grid 17 and ground while the output is between the
output of network 3¢ and ground. Coupling capacitor
27 is in the input signal channel. The cascode stage so
far described is conventional.

The bias of control grid 17 of the lower tube 10 will
be maintained at a desired value by resistor 14 and bypass
capacitor 15 and also by a potential impressed on con-
trol grid 17 from some A.G.C. (automatic gain control)
source. It will be noted that tube 11 has its control grid
21 biased at predetermined value by what is in effect a
vgltage dividing network consisting of resistors 28 and
25.

Assume that the A.G.C. control increases the negative
bias on control grid 17. The mutual conductance of
tubes 20 and 11 are effectively decreased by the increase
in negative bias of control grid 17 of tube 16; In the
circuit so far described, if the value of resistor 28 is sub-
stantially equal to the value of resistor 25 and tubes 10
and 11 are similar in type then the entire stage will have
a generally sharp cutoff.

If the value of resistor 28 is less than the value of
resistor 25 (the bias on control 21 is made more positive)
then the cutoff for the entire stage is rendered more re-
mote. By this is meant a gradual decrease in space cur-
rent through the stage with increase in the negative bias
of control grid 17 of tube 10 until gradually the space
current disappears.

If the value of resistor 28 is greater than that of 25
(the bias of control grid 21 becomes more negative) then
the cutoff characteristics of the cascode stage are sharp-
ened even more and amplifier gain drops.

In accordance with the present invention, we have
fundamentally altered the operation of the cascode stage
and greatly enhanced the capabilities of the cascaded
tubes by providing resistor 34 connected between anode
18 and the B plus supply. Resistor 34 must be high
enough so that the current bypass path around upper tube
11 will not have tco low a resistance compared to the
plate to cathode resistance of upper tube 1. Since the
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tube resistance may vary over a wide range, some inter-
mediate value for resistance 34 will have to be taken.
In general, tube operating conditions and desired cutoff
characteristics will determine a desirable value for re-
sistor 34. The actual value is not critical within a sub-
stantial range which may readily be determined by one
skilled in this art. Except for high negative bias poten-
tials on the control grid of the upper tube when the
cathode to plate resistance of the upper tube will become
as high or higher than resistor 34, most of the current
passing through lower tube 10 will also pass through up-
per tube 11 and be effective at the output of the cascode
stage.

Considering the above circuit, there are situations
where it is desirable to have remote cutoff on tube 10
and still maintain the sharp cutoff characteristics of the
full cascode stage. This desirable result is achieved by
the addition of resistor 34 which functions as a current
supply resistor for vacuum tube 10 when second tube 11
is cut off.

We have found that the smaller the value of resistor
34 is, the more remote becomes the cutoff characteristic
of tube 10 and the sharper the cutoff of second tube 11
as well as the entire cascode stage.

Referring now to FIGURE 2, there is illustrated a
modification of FIGURE 1. Tube 10’ has control grid
17’ and anode 18’ as in FIGURE 1. Between control
grid 17 and anode 18’ there is tube capacitance Cgp.
This capacitance may be neutralized.

Anode 18’ is connected to cathode 20’ through in-
ductor 40. Cathode 20’ is also connected through in-
ductor 41 to junction point 42. Inductors 40 and 41
may form part of one or more tuned circuits in a tuner.
From junction point 42 tuning capacitor 43 is connected
to ground. From junction point 42 neutralizing capaci-
tor C, is connected back to control grid 17",

Tube 11’ has its control grid 21’ connected at a suit-
able point on a potential divider network in exactly the
same manner as FIGURE 1. Anode 22’ is connected
to a suitable output load 45 and is connected through
conductive impedance 46, to B plus. In this modification,
conductive impedance 46 (which in practice may consist
of a simple load resistor) is distinct from output load
45 which may be one or more impedances to insure good
load transfer characteristics. Resistor 34’ is connected
between B plus and cathode 2¢.

In the circuit illustrated in FIGURE 2, the stage may
be used for handling a band of frequencies in a televi-
sion channel. Capacitor C, may be adjusted for neu-
tralization at say the middle of the band. However the
channel band is wide enough so that neutralization is not
effective at the edges of the band, A tuner operating
with such a cascode stage not having resistor 34" will
thus exhibit a notching wherein the middle of the band is
substantially suppressed while the edges of the band are
passed to top tube 11’ in case tube 10’ cuts off first.

A circuit embodying the invention has been found to
reduce substantially cross-modulation type of interfer-
ence. Such an interference results from the non-linear
operating characteristics of the vacuum tubes and is ac-
centuated in relatively sharp cut-off tubes with certain
values of A.G.C. potential on the control grid of the
lower tube.

It may be desirable to counteract the increased sharp-
ness of cutoff of composite gain of the entire cascode
stage with changes in A.G.C. potential when resistor 34
is used. This may be obtained by connecting resistor 48
between the cathode and control grid of the upper tube.
With zero grid bias on grid 21’ (with reference to cath-
ode 20”) resistor 48 will have little if any potential across
it. However, as A.G.C. potential on grid 21’ becomes
more negative, the bias potential between control grid
and cathode of the upper tube increases, and the current
through resistor 48 increases. This current increase tends
to reduce the bias potential between the control grid and
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cathode of the upper tube exerting a negative feedback
type of regulation of the potentials on the upper tube.
This tends to make the cutoff characteristics of the upper
tube and that of the cascode stage as a whole more re-
mote. By changing resistor 48 to a higher resistance
value, the regulating and remoting action obtained will
be reduced.

A typical circuit embodying the invention as illustrated
in FIGURE 2 may have the following component values.

Tubes 10" 11" o 6BS8
B plus potential v volts__ 260
Resistor 14’ —_ _ ohms__ 100
Capacitor 15’ _ —— mmf__ 330
A.G.C. resistor —ee e ohms-—- 22,000
Capacitor Cy oo —e—mmf_. 33
Capacitor 43 - e mmf_.. 12
Resistors 25°, 28’, each ... ohms_.. 820,000
Resistor 48 .. _______ ——do_... 68,000
Capacitor 26" o mmf__. 1,000
Resistor 34 - _-ohms.- 330,000
Capacitor 27" mmf__ 47

Inductors 49, 41 and capacitor 43 as a group and load
45 are selected to provide desired resonance at a TV
channel in the V.H.F. band. The cascode stage as a
whole may be designed along conventional lines apart
from resistors 34 (or 34’) and 48. The bypass capaci-
tors for B plus are conventional. Tolerances are usual
plus or minus 10%.

Referring now to FIGURES 3 to 5 inclusive, curves A
illustrate the characteristics of conventional cascode cir-
cuits, such as in FIGURES 1 and 2 with resistors 34, 34’
and 48 omitted. In FIGURE 3 the mutual transconduct-
ance (Gp) of the lower tube is plotted against the bias
on the control grid of the lower tube of a cascode con-
nected circuit. In this circuit resistors 25 and 28 are
equal. In FIGURE 4 the mutual transconductance of
the overall cascode connected tube is plotted against the
bias on the control grid of the lower tube. FIGURE 4
shows the corresponding curves where the y-axis values
are in terms of mutual transconductance of the cascode
stage.

In both figures, the A curves show the generally sharp
cutoff characteristics of a conventional circuit. Curves
B show what happened when resistor 34’ was added. The
lower tube cutoff was made more remote (FIGURE 3)
while the over-all cutoff of the cascode stage was sharp-
ened (FIGURE 4). When resistor 48 was added (both
resistors 34’ and 48 are now in) the lower tube cutoff
characteristic as shown by curve C was sharpened with
reference to curve B (FIGURE 3). The cutoff character-
istics of the entire stage was rendered more remote by
adding resistor 48, as shown by curve C in FIGURE 4.

FIGURE 5 shows the corresponding curves A, B and C
for cutoff characteristics of the upper tube 11 (or 11’).
In this figure, the bias on the control grid of the lower
tube (10 or 19’) is plotted against the bias on the upper
tube (11 or 11’).

In curve A, the negative bias on the upper tube reaches
a steady maximum value after the bias on the lower tube
reaches about —5 volts. In curve B (resistor 34" added)
the bias on the upper tube increases very fast with in-
crease of lower tube bias, simultaneously causing very fast
cutoff of the upper tube plate current. Curve C shows
the moderating effect on the fast cutoff of the upper tube
when resistor 48 is added.

In connection with FIGURES 1 and 2, it is understood
that a resistor between cathode 28 and grid 21 of upper
tube 11, corresponding to resistor 48 in FIGURE 2 may
be added.

In fact FIGURES 1 and 2 differ principally in the cir-
cuits to which the invention may be applied. In all
cases, a resistor 34 or 34’ is essential. Resistor 48 may
be added if desired. By controlling the absolute values
of resistors 34 (or 34’) and 48 as well as controlling the
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relative values of resistors 25 and 28, the operating points
of the tubes and general circuit design factors, a wide
range of operating characteristics may be provided. The
values given for circuit components and characteristic
curves are merely exemplary. The particular curves refer
to circuits having the component values tabulated.

This is a continuation of our abandoned application
Serial No. 677,320, filed August 9, 1957,

What is claimed is:

1. For use in a TV receiver, a cascode stage for opera-
tion in conjunction with a tuner, said stage having a lower
triode with a cathode, control grid and anode, said
cathode being grounded for high frequencies, the signal
and gain control input being between control grid and
ground, tuning means connected between the anode and
ground, said tuning means including at least one inductor
between the anode and a grounded capacitor, a neutral-
izing capacitor connected between the anode circuit and
control grid, said lower tube operating at high gain and
being neutralized at about the middle of the frequency
band for which the stage is tuned, an upper triode having
its cathode connected through an inductor to the anode
of the lower tube, the upper tube anode being connected
to one terminal of the cascode output, the other output
terminal being grounded, means including a source of B
potential having one terminal grounded and the other ter-
minal connected to the upper tube anode, voltage dividing
means connected across the B potential source and having
an intermediate potential point connected to the upper
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tube control grid, a grounded capacitor connected to said
upper tube grid, said cascode stage thus far being con-
ventional and exhibiting an undesirable notching, where-
by a strong signal on the lower tube input may cause
lIower tube cut-off, said lower tube inter-electrode capaci-
tances permitting signals to go through at unneutralized
frequencies near the limits of the tuned band of frequen-
cies, and means for suppressing said notching effect while
still retaining the lower tube circuit advantages, said
means comprising a resistor connected between the other
B terminal and cathode of the upper tube, said resistor
having a sufficiently high value in comparison to the upper
tube cathode to plate resistance to provide desired cut-
off characteristics for the lower tube under operating
conditions.

2. The circuit according to claim 1 wherein a second
resistor is connected between the grid and cathode of the
upper tube whereby the sharpness of cut-off for the entire
cascode stage is reduced.

3. The circuit according to claim 2 wherein said lower
tube tuning means includes two inductors in series be-
tween the lower tube anode and grounded capacitor.
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