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In amplifiers containing a multiplier tube it is frequently
of advantage to use means for preventing overloading of
this tube. Such overloading may, for example, be pro-
duced by overdriving the tube.

As an example of the use of multiplier tube amplifiers
menticn may be made of light-spot scanners for stationary
pictures or for cinematographic films.

Usually the amplification of these amplifiers is con-
trolled by hand or antomatically, when dark and bright
pictures, for example diapasitives or filmparts, are scanned
in succession. This amplification control is usually pro-
duced by varying the voltage across a few multiplier stages
which are chesen within the middie-range of the series
of stages. When a very bright picture is scanned after a
dark one or when the scanned film is suddenly finished or

interrupted, the current in the last stages or in the anode .

circuit may become very large and may be likely to dam-
age the multiplier tube because of the fact that the setting-
back of the amplification-control always becomes opera-
tive with some time delay.

The inventicn relates to safety circuit arrangements for
a multiplier tube. It is an object of the invention to pro-
vide a circuit arrangement, by which the tube is auto-
matically protected against overload which may be due
to overdriving.

According to the invention, at least one secondary emis-
sion electrode of the tube is connected to the cathode of
a dicde and also, through a resistance, to a point of con-
siderably lower potential, the anode of the diode being
connected to a terminal of a voltage-supply source, which
terminal is positive with respect to the cathode of the tube,
so that the current flowing through the diode is reduced
by the value of the current from the said electrode, and
that, when the current from the electrode exceeds a pre-
determined value, the diode is cut off and the voltage
across the resistance is increased.

The inventien will now be described more fully with ref-
erence to the accompanying drawing, in which:

Fig. 1 shows the electron multiplication characteristic
curve of a secondary-emission electrede, and

Fig. 2 shows the circuit arrangement of one embodi-
ment cf the circuit in accordance with the invention.

The embediment shown in Fig. 2 contains a multiplier
tube 1 having a photo-cathode 2, six secondary emission
electrodes 3, 4, 5, 6, 7 and 8 and an anode 9. Threugh
a load resistance 10, the anode 9 is connected to the posi-
tive terminal of a voltage supply source 11 of, for ex-
ample, 600 volts, the negative terminal of which is direct-
Iy connected to the photo-cathede 2. In addition, the
anode 9 is connected to an output terminal 13. A voltage
divider is connected between the positive terminal of the
source 11 and the cathode 2. This voltage divider com-
prises a resistor 14 of fixed value, two rheostats 15 and 16
and four voltage stabilizing gas-discharge tubes 17, 18, 19
and 28. All these components together form a series-
circuit and the electrodes 3 to 8 are each connected to a
suitable junction of two successive parts of the voltage

[543

10

20

30

[N
pei

2

divider. The elecirode 7 is connected to the junction of
the discharge tubes 18 and 19 through a diode 21, for ex-
ample a germanium diode, the anode of which is con-
nected to the said point. The electrede 7 is also con-
nected, through a resistor 22, to the junction of the rheo-
stat 18 and the discharge tube 17, and also to the elec-
trode 5.

The curve shown in Fig. 1 is a typical example of the
electron multiplication characteristic of a secondary emis-
sion electrode. It will be seen that the multiplication
factor M gradually increases with increase of the voltage
V. between this electrode and the preceding electrode and
that, when this voltage reaches a pre-determined value
(for example 85 volts), the multiplication factor M in-
creases in a lesser degree and even decreases at still higher
voltage (for example 110 volts), a state of saturation
being reached.

When the value of the rheostat 15 is reduced, the volt-
age between the electrodes 3 and 4 and the electron multi-
plication on the electrode 4 decreases. The same holds
for the rheostat 16, the voltage between the clectrodes 4
and 5 and the electren multiplication on the electrode 5.
A decrease of the voltage across the rheostats 15 and
16 entails an increase of the voltage across the resistor 14.

5 Howsver, the electron multiplication on the electrode 3

can only slightly increase and decreases again at even
higher vcltages, so that the overall amplification of the
circuit arrangement decreases.

The circuit arrangement described may, for example, be
used for television image-viewing purposes, as an amplifier
in a light-spot scanner for stationary pictures or for cine-
matographic films. With normal irradiaticn of the photo-
cathode 2, the resistor 22 passes a current which is deter-
mined by the value of this resistor and by the voltage
across the discharge tubes 17 and 18. However, the diods
21 passes a current which is equal to the current through
the resistor 22 reduced by the value of the current from the
electrode 7. So long as the diode is conductive, the volt-
age on the electrode 7 remains substantially equal to the
stabilized voltage at the junction of the discharge tubes 18
and 18. When the irradiation of the photo-cathode in-
creases sharply, with constant amplification on the elec-
tredes 4 and 5 the current in the stages 7—8, 8—9 and
in the anode circuit might exceed the maximum permis-
sible value. However, the value of the resistor 22 is
chosen such that, at a voltage equal to that of the dis-
charge tubes 17 and 18, it just passes a current the value

- of which is considered to be the permissible maximum for
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the electrode 7. When the current to the electrode 7
reaches this value, no current flows any more through the
diode 21. Consegquently, this diode is cut off, so that the
voltage cn the electrode 7 is no longer stabilized. As a re-
sult, this voltage increases with increase in the current
passing through the resistor 22 and the amplification on
the electrode 7 slightly increases with the veltage and sub-
sequently decreases in accordance with the curve shown
in Fig. 1. In contradistinction thereto, the amplification
on the next following electrode 8 decreases considerably
so that the overall amplification of the tube decreases and
the current in the stages 7—8 and 8—9 and in the anode
circuit is held at a safe level.

The operaticn of the circuit arrangement described
amounts to a high degree of negative feedback which is
only produced in the resistor 22 when a pre-determined
current level is excceded. This negative feedback is
higher as the value of the resistor 22 increases, Thus,
it is of advantage to connect the end of the diode 21 Te-
mete from the resistor 22 to a point the potential of which
is considerably lower than that of the elecirode (for ex-
ample electrode §) preceding the secondary-emission elec-
trode concerned (for example electrode 7). Consequent-



2,846,591

3

ly, in the circuit arrangement described, the said end of
the resistor 22 might be connected to the electrode 4 or 3
or even to the cathode 2. It might alternatively be con-
nected to the electrode 6, in which case the autcmatic pro-
tection would be less effective.

In the case of a multiplier tube having onlv cne
secondary-emissicn electrede, or if the currents in the last
amplification stage and in the anode circuit alone are to
be limited, the voltage V, between the single or last
secondary-emission electrodz and the preceding electrode
(for example the cathode) must be chosen such that the
electron multiplication factor M on the said secondary-
emission electrode reaches about its maximum value under
normal conditions (for example 4.5 at V,=110 volis in
Fig. 1).

When a pre-determined value of the electron current to
the secondary emission electrode is exceeded, the voltage
V. increases and the amplification M decreases, so that the
current in the last stage and in the ancde circuit of the
tube is limited to a safe value.

What is claimed is:

1. A safety circuit for an electron multiplier tube hav-
ing a cathecde, an anode, and at least one secondary emis-
sion electrode, said circuit comprising a voltage supply
scurce having negative and positive terminals respectively
connected to said cathode and ancde and having a first
intermediate voltage terminal and a second voltage ter-
minal which has a negative polarity with respect to said
first intermediate voltage terminal, a rectifier having an
anode connected to said first intermediate voltage terminal
and having a cathode connected to said secondary emis-
sion electrode, and a resistance connected between said
secondary emission electrode and said second voltage ter-
minal, said resistance having a value such that said rec-
tifier is conductive during normal operation of said tube
and becomes nonconductive when the current from said
secondary emission electrode exceeds a predetermined
value.

2. A safety circuit for an electron multiplier tube having
a cathode, an anode, and at least two secondary emission
electrodes arranged to have electrons from a first one
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thereof multiplied by a second one thereof, said circuit
comprising a voltage supply source having negative and
positive terminals connected respectively to said cathode
and anode and having a first intermediate voltage ter-
minal, a second voltage terminal having a negative polarity
with respect to said first voltage terminal, and a third volt-
age terminal having a negative polarity with respect to said
second voltage terminal, means connecting said second
secondary emission electrode to said first voltage terminal,
a rectifier having an anode connected to said second volt-
age terminal and having a cathode connected to said first
secondary emission electrode, and a resistance connected
between said first secondary emission electrode and said
third voltage terminal, said resistance having a value such
that said rectifier is conductive during normal operation
of said tube and becomes nenconductive when the current
from said first secendary emission electrode exceeds a pre-
determined value,

3. A circuit as claimed in claim 2, including means for
stabilizing the voltages at said second and third voltage
terminals with respect to the voltage at said first voltage
terminal. :

4. A circuit as claimed in claim 2, in which said tube
includes a third secondary emission electrode arranged to
supply electrons to said first secondary emission electrode,
and means conected to bias said third secondary emission
electrode at a voltage intermediate in value to the voltages
at said second and third voltage terminals.

5. A circuit as claimed in claim 4, including means for
stabilizing the voltages at said second and third voltage
terminals with respect to the voltage at said first voltage
terminal.

References Cited in the file of this patent
UNITED STATES PATENTS

2,160,797 Teal o _ May 30, 1939
2,160,798 Teal _ May 30, 1939
" FOREIGN PATENTS

478,153 Great Britain .o _____ Jan. 13, 1938



