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1

This invention relates to a circuit-arrangement
for protecting an amplifying tube, which is load-
ed by an impedance in class AB-, B- or C-setting,
from overloading and, more particularly, of push-
pull connected final tubes in class B-setting. As
is well known with amplifying tubes in any of the
aforesaid-settings there is a risk of overloading of
the tubes if the load impedance is too low.

This applies, for instance, to amplifiers for
radio-relay exchanges, in which the load of the
amplifier varies in accordance with the number
of listening subscribers or in the case of short-
circuits.

In order to obviate overloading provision is
made according to the invention, for controlling
the effective input voltage in accordance with
the value of the load impedance. This control is
governed by the difference between a voltage
taken from the input circuit of the tube to be
protected and from the input circuit of an am-
plification stage preceding this tube respectively,
and.a voltage taken from the output circuit of the

“said tube, :

In the present case the term “control” should
be understood to mean control in the widest sense
that is to say any control as a result of which
the effective voltage supplied to the grids of these
tubes (i. e. the voltage which occurs during that
part of the cycle of the alternating grid voltage
during which anode current passes through the
tube) has a smaller amplitude than it would be
the case without control.

~In order that the invention may be clearly un-
derstood and ecarried into effect, it will now be
explained more fully with reference to the accom-
panying drawings in which several embodiments
thereof are represented by way of example.

In the embodiment shown in Fig. 1 a voltage
proportional to the output voltage is applied to
the first grid, and a voltage proportional to the
input is applied to the second grid of an auxiliary
tube. The two voltages are in phase-opposition
and their value is such that, if the final tubes are
adequately loaded, the auxiliary tube does not

carry anode current, even if the voltage taken

from the output increases. It does, however, if
this voltage decreases. The anode current may
be rectified and may influence the negative grid
bias and consequently the mutual conductance of
the final tubes and /or of one or more preced-
ing amplifying tubes, as a result of which the ef-
fective input voltage of the final tubes decreases.

In the embodiment shown in Fig. 3, the circuit-
arrangement of which is similar to that in Fig. 1,
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2
tubes I and 2 is reduced due to a voltage obtained
from the anode circuit of two auxiliary tubes
[{and 11",

In a variant of the two embodiments shown in,
Fig. 4 a rectified portion of the output voltage
influences, according to the invention, the mutual
conductance of an auxiliary tube i, the input
voltage being fed to a control-grid of this tube.

The embodiment shown in Fig. 5 is different
{rom that shown in Fig. 1 inasmuch as one of
the voltages is operative in the cathode circuit,,
the other is the grid circuit of the auxiliary tube
i,

The circuit-arrangements shown in Figs. 1, 3, 4
and 5 will now be explained more fully.

The input voltage is fed through terminal &,
4 to the control-grids of the two final tubes | and
2 operating in class B-setting (Fig. 1). The
anode circuit of these tubes comprises an out-
put transformer 5, the secondary part of which
is loaded by loads which are connected to termi-
nals 6, T together represent a load resistance 8.

A voltage is taken from the second secondary
winding of transformer § and supplied through
a resistance 9 to a grid 19 of an auxiliary tube
tl.

The input voltage is supplied to a grid 12 of
this tube through a condenser I3 and a resistance
14, The phase-displacements owing to this con-
denser I3 and resistance 14 and those due to the
resistanice 9 and a condenser 15 provided, if re-
quired, in the eircuit connected to grid 10 are
such that in the case of a purely ohmic char-
acter of load 8 the voltages set up at grids 10 and
{2 are in phase-opposition. Usually only small
phase displacement are allowed. The amplitudes
of these voltages and the bias of grids i0 and 12
are chosen to be such that with the maximum
permissible value of load 8 the grids just do not
carry grid current.

Moreover, the ratio between the amplifudes of
these voltages is such that at maximum load their
control effects on the anode current practically
neutralize one another, so that the auxiliary tube
either does not carry anode current or carries
a constant anode current.

If the load increases excessively due to diminu-
tion of the resistance 8, which involves g decrease
of tha voltage induced on the second secondary
winding, current pulses will occur in the anode
circuit of the auxiliary tube. As a result thereof
a rectified voltage is set up across a.smoothing
condenser 16 which voltage influences the nega-
tive grid bias of final tubes | and 2 in a manner
such that the grids become more negative (C-



2,567,272

3

setting) and the mean anode current of the final
tubes decreases again. If, however, the load he-
comes smaller than the maximum permissible
value, due to an increase of resistance 8, the am-~
plitude of the anode current pulses will not in-
crease, since owing to the grid current occurring
a voltage drop is produced across resistance 8§,
owing to which the grid 19 becomes more nega-
tive and the anode current is limited in a known
manner. If required, this effect may be increased
by providing a dicde 17 which is connected to the
grid 19.

From the displacement of the working points
of final tubes | and 2 distortions will accrue,
which can be obviated by controlling by means
of the voltage produced across condenser #€ not
the bias of the final tubes, but the mutual con-
ductance and consequently the amplification fac-
tor of amplifying tubes (not shown) preceding
the final stage, as a result of which the effec-
tive input voltage of the final tubes decreases if
the load becomes too low.

The operation of the circuit-arrangement
shown in Fig. 1 will now be explained hereinafter
with reference to the characteristic curves shown
in Fig. 2.

In Fig. 2 the curve a illustrates the power
of the final amplifying tubes | and 2 obtained
from the anode supply with a direct voltage U,
as a function of the alternating voltage Vg sup-
plied to the control-grid; this power is equal
to USVg. Curve b represents the power S2Vg?R
supplied to the load impedance R, curve ¢ repre-
senting the power USVg—S2Vg2R dissipated in
tubes { and 2.

In this expression S represents the mutual
conductance, Vg the alternating grid voltage of
the tubes.

Since the power dissipated in the tubes should,
at the most, be equal to the permissible anode
dissipation Wk, i. e. Wk=WSVg—S2Vg2RE, it fol-
lows that the limit value Rk of resistance R is

USVg— Wk
Rhk= SZng

Curve d in Pig. 2 represents this limit value
as a function of Vg, the dotted part relating to
such values of Rk which cannot be realized phys-

ically. Af values of R smaller than Rk, i. e. the,

range in the R—Vyg area between curve d and
the Vg-axis, the tubes are consequently over-
loaded.

By taking the measures according to the in-
vention it is ensured that at any value of the
load resistance the effective voltage Vg is kept
beyond the range located between the Vg-axis
and this curve d.

If, in effect, the effective alternating grid volt-
age is proportional, as is the case in Fig. 1, to
the positive difference between a voltage CiVg
proportional to the grid voltage Vg of the final
tubes and a voltage C2SVgR taken from the out-
put, than, as a voltage Vi to be amplified and
supplied to the input circuit of the final stage,
Vg=Vi—C3(C1Vg—C2SVgR—C4), where C; to Ca
are constants, so that

V_(]=.V’L.+ 0304_
14003 —C.C.8R

i. e. as a function of R a hyperbola, represented
by the dot-and-dash curve e in Fig. 1. By a
proper choice of constants C:1 to Cs curve e may
be located as closely as possible above curve d.

A further embodiment of the invention is
shown in Fig. 3, in which corresponding circuit
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elements bear the same reference numerals as
in Fig. 1. In this circuit arrangement provision
is made of two push-pull connected auxiliary
tubes 9 and 9’ to the grids 10 and 19’ of which
the voltage proportional to the output voltage,
and to the'grids 12 and 12’ of which the voltage
proportional to the input voltage of final tubes
{ and 2 is supplied.

The anode circuit of these tubes comprises
a transformer {8, on the secondary winding of
which a negative feedback voltage is induced
if the voltage across the output circuit of the
amplifier is too low owing to an excessively small
value of load resistance 8.

The secondary winding of transformer {8 is
connected in series with the secondary winding
of the input transformer 19, so that the voltage
supplied to the grids of tubes |, 2 is reduced by
the voltage produced across the first-mentioned
winding, as a result of which the effective voltage
set up at the grids decreases.

It is pointed out that in the circuit-arrange-
ment shown in Fig. 2 a decrease of the voltage
supplied to the grids also occurs if the input
voltage is excessively high or if it is not sinusoidal.

In the circuit-arrangement shown in Fig. 3
the input voltage Vi must not exceed a definite
value. The adjustment is, however, simpler than
in the circuit-arrangement shown in Fig. 1, since
there is less need of taking phase-displacements
into account.

In the cireuit-arrangement shown in Fig. 4 the
voltage proportional to the output voltage is sup-
plied to the dicde {7 through a resistance 9.

Across condenser I5 a voltage is set up which
influences the mutual conductance of the guxil-
iary tube (I, by controlling the bias of grid 10.

The voltage to be amplified, which is fed to
tubes , 2, is supplied to this grid or to another
grid of the auxiliary tube 11,

The voltage which is produced across con-
denser {6 and, similarly to the circuit-arrange-
ment of Fig. 1, increases again according as the
difference between the input and the output volt-
age increases, again influences e. g. the mutual
conductance of amplifying tubes (not further
described) preceding the final stage.

Instead of causing the output voltage to in-
fluence the mutual conductance of the auxiliary
tube t1 according to Fig. 4, the input voltage
may be used for this purpose. In this case the
polarity of rectifier 17 is required to be reversed.

In the circuit-arrangement shown in Fig., 4
the control is not affected if the amplifier is
loaded by a complex impedance, in contradistine-
tion to the circuit-arrangements shown in Figs.
2 and 3, in which strong control cccurs even
at a small complex load. This circuit-arrange-
ment has, however, a limitation in that the con-
trol depends to some extent upon the curve form
of the incoming signal.

Fig. b represents, by way of example, one em-
bodiment of the invention in which one of the
voltages is operative in the cathode circuit of
auxiliary tube il. Otherwise the circuit-arrange-
ment is entirely identical with that of Fig. 1 and
has the same reference numerals. Similarly one
of the voltages may be introduced with the
cathode-circuit in the circuit-arrangements
shown in Figs. 3 and 4.

In the circuit-arrangements as described in
the foregoing a voltage proportional to the grid
voltage of the final tubes is supplied to the aux-
iliary tube. As an alternative, however, the
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characteristic curve d in Fig. 2 may be closely
approximated by supplying, instead of a voltage
proportional to the voltage applied to the grids
of tubes 1, 2, a voltage which is proportional
to the output voltage of one of the amplifying
tubes preceding the final tubes or pr_oportional
to the input voltage Vi of the final stage. '

What I claim is: . :

1. An overload protection circuit for an ampli-
fying system having a source of desired signals,
an amplifier stage adapted for operation in class
AB, B or C coupled to said source and a load
impedance coupled to the output of said ampli-
fier stage, comprising an electron discharge tube
having cathode, input and output electrodes de-
fining an input circuit and an output circuit,
means coupled to said amplifier stage to derive a
first potential proportional to the output voltage
of said amplifier stage, means to apply said first
potentidl to the input circuit of said discharge
tube, rectifier means coupled to the input circuit

of said discharge tube to limit the amplitude of
said first potential to a given value, means cou-
pled to said source to apply a second alternating
potential to the input circuit of said discharge
tube, means coupled to the output ¢ircuit of said
discharge tube to derive therefrom a control volt-
age at amplitude values of said first potential
helow said given value, and means to vary the
amplitude of said desired signals at the outputb
of said amplifier stage proportional to the value
of said control voltage.” -

2. An overload protection circuit for an ampli-
fying system having an input stage providing a
source of desired signals, an amplifier stage
adapted for operation in class AB, B or C coupled
to said input stage and a load impedance cou-
pled to the output of said amplifier stage, com-
prising an electron discharge tube having cath-
ode, input and output electrodes defining an input
circuit and an output circuit, means coupled to
said amplifier stage to derive a first alternating
pote‘ntial’proportional, to the output voltage of
said amplifier stage, means to apply said first
alternating potential to. the input circuit of said
discharge tube, rectifier means coupled to the
input circuit of said discharge tube to limit the
amplitude of said first alternating potential to a
given value, means coupled to said input stage to
derive a second alternating potential propor-
tional to the amplitude of said desired signals,
means to apply said second alternating potential
to the input circuit of said discharge tube, means
coupled to the output circuit of said discharge
tube to derive therefrom a control voltage at am-~
plitude values of said first alternating potential
below said given value, and means to vary the
amplitude of said desired signals at the output
of said amplifier stage proportional to the value
of said control voltage.

3. An overload protection circuit for an ampli-
fying system having an input stage providing a

source of desired signals, an amplifier stage

adapted for operation in class AB, B or C cou-
pled to said input stage and a load impedance
coupled to the output of said amplifier stage,
comprising an electron discharge tube having
cathode, input and output electrodes defining an
input circuit and an output circuit, means cou-
pled to said amplifier stage to derive a first al-
ternating potential proportional to the output
voltage of said amplifier stage, means to apply
said first alternating potential to the input cir-
cuit of said discharge fube, rectifier means cou-
pled to the input circuit of said discharge tube
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6
to limit the amplitude of said first alternating po-
tential to a given value, means coupled to said
input stage to derive a second glternating poten-
tial proportional to the amplitude of said desired
signals, means to apply said second alternating
potential to the input circuit of said discharge
tube, means coupled to the output circuit of said
discharge tube to derive therefrom a unidirec-
tional control voltage at amplitude values of said
first alternating potential below said given value,
and means to vary the amplitude of said desired
signals at the output of said amplifier stage pro-
portional to the value of said unidirectional con-
trol voltage. ' :
4. An overload protection eircuit for an ampli-
fying system having an input stage providing 2
source of desired signals, an amplifier stage
adapted for operation in class AB, B or C cou-
pled to said input stage and a load impedance -
coupled to the output of said amplifier stage,
comprising an electron discharge tube having
cathode, input and output electrodes defining an
input circuit and an output circuit, means cou-
pled to said amplifier stage to derive a‘first al-
ternating potential: proportional to the output
voltage of said amplifier stage, means to apply
said first alternating potential to the input cir-
cuit of said discharge tube in a given phase, rec-
tifier means coupled to the input circuit of said
discharge tube to limit the amplitude of gaid first
alternating potential to & given value, means cou-
pled to said input stage to derive a second al-
ternating potential proportional to the amplitude
of said desired signals, means to apply ‘said sec~
ond alternating potential to the input- circuit of
said discharge tube in phase opposition to ‘said
given phase, means coupled to the output circuit
of said discharge tube to derive therefrom a uni-
directional control voltage at amplitude values of
said first alternating potential below said given
value, and means to vary the am‘plii_;udé of said
desired signals at the output of said amplifier
stage proportional to the:value of said unidirec-
tional control voltage.: - T
5. An overload protection circuit for an ampli-
fying system having a source of desired signals,
a push-pull amplifier stage adapted for opera-
tion in class AB, B or C coupled to said source
and a load impedance coupled to the output of
said amplifier stage, comprising an electron dis-
charge tube having cathode, first control grid,
second control grid and output electrodes, means
coupled to said amplifier stage to derive a flrst
alternating potential proportional to the output
voltage of said amplifier stage, means to apply
said first alternating potential to the first control
grid of said discharge tube, rectifier means cou-
pled to the first control grid of said discharge
tube to limit the amplitude of said first alter-
nating potential to a given value, means coupled
to said source to apply a second alternating po-
tential to the second control grid of said dis-
charge tube, means coupled to the output elec-
trode of said discharge tube to derive therefrom
a unidirectional control voltage at amplitude
values of said first alternating potential below
said given value, and means to vary the ampli-
tude of said desired signals at the output of said
amplifier stage proportional to the value of said
control voltage. .
6. An overload protection circuit for an ampli-
fying system having a source of desired signals,
a push-pull amplifier stage adapted for opera-
tion in class AB, B or C coupled to said source and
a load impedance coupled to the output of said
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amplifier stage, comprising a pair of electron
discharge tubes coupled in push-pull and each
having cathode, first control grid, second control
grid and output electrodes, means coupled to
said amplifier stage to derive a first alternating
potential proportional to the output voltage of
said amplifier stage, means to apply said first al-
ternating potential to the first control grid of
each of said discharge tubes, rectifier means cou-

pled to the first control grids of said discharge ]

tubes to limit the amplitude of said first alternat-
ing potential to a given value, means coupled to
said source to apply a second alternating poten-
tial to the second control grids of said discharze
tubes, means coupled to the output electrodes of
said discharge tubes to derive therefrom a con-
trol voltage at amplitude values of said first al-
ternating potential below said given value, and
means to vary the amplitude of said desired sig-
nals at the output of said amplifier stage propor-
tional to the value of said control voltage.

7. An overload protection circuit for an ampli-
fying system having a source of desired signals,
a push-pull amplifier stage adapted for opera-
tion in class AB, B or C coupled to said source
and a load impedance coupled to the output
of said amplifier stage, comprising an electron
discharge tube having cathode, input and output
electrodes, means coupled to said amplifier stage
to derive a first alternating potential proportion-
al to the output voltage of said amplifier stage,
rectifying means coupled to the input electrode
of said discharge tube, means to apply said first
alternating potential to said rectifying means to
limit the amplitude of said first alternating po-
tential to a given value and to apply a bias volt-
age proportional to the amplitude of said first
alternating potential to the input electrode of
said discharge tube, means coupled to said source
to apply a second alternating potential to the
input electrode of said discharge tube, means
coupled to the output electrode of said discharge
tube to derive therefrom a unidirectional control
voltage at amplitude values of said first alter-
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nating .potential below said given value, and
means to vary the amplitude of said desired sig-
nals at the outpuf of said amplifier stage pro-
portional to the value of said control voltage.

8. An overload protection circuit for an ampli-
fying system having a source of desired signals,
a push-pull amplifier stage adapted for opera-
tion in class AB, B or C coupled to said source
and a load impedance coupled to the output of
said amplifier stage, comprising an electron dis-
charge tube having cathode and input electrodes
defining a cathode-input electrode circuit and
having an output electrode, means coupled to
said amplifier stage to derive a first alternating
botential proportional to the output voltage of
said amplifier stage, means to inject said first
alternating potential into the cathode-input elec~
trode circuit of said discharge tube, rectifier
means coupled to said cathode-input electrode
circuit to limit the amplitude of said first alter-
nating potential to a given value, means coupled
to said source to apply a second alternating po-
tential to the input electrode of said discharge
tube, means coupled to the output electrode of
said discharge tube to derive therefrom a uni-
directional control voltage at amplitude values
of said first alternating potential below said giv-
en value, and means to vary the amplitude of
said desired signals at the output of said ampli-
fier stage proportional to the value of said con-
trol voltage.

PIETER KLAAS BUYS.
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