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3 Claims.

This invention relates to a system for the gen-
eration of saw-tooth synchronized voltages based
on the particular features of secondary emission
tubes. This invention has for its object the gen-
eration of said voltages of adjustable shape and
magnitude, the frequency being controlled by ex-
ternal impulses by means of a single tube of the
secondary emission type and an electronic cou-
pling being employed between the secondary
cathode and anode of the same tube.

The systems commonly used for obtaining
synchronized saw-tooth voltages employ two
tubes which separately accomplish two different
functions. The first tube is used in a pulse gen-
erating circuit which may be synchronized by
external impulses; the second tube, which is
actuated by the pulses generated by the first one,
is employed in a saw-tooth voltage generating
circuit. The magnitude and shape of the signals
may be properly adjusted. According to this in-
vention a simple and efficient system has been
developed which by uniting the two functions in
one secondary emission tube affords the genera-
tion of saw-tooth voltages of great linearity and
of adjustable magnitude.

As is well known, secondary emission tubes,
have an active surface (secondary cathode)
which, when struck by electronic bombardment,
emits additional electrons in a larger number
named secondary electrons.
primary electrons, which are emitted by the pri-
mary cathode and controlled by the grid, reach
through the screen grid the secondary cathode
which thus emits further electrons (secondary
electrons) in a larger number, that are then at-
tracted by the plate to which a broper voltage is
applied. Consequently, the current flowing
through the secondary cathode has g negative
direction and the secondary cathode-primary
cathode path may be considered as a negative re-
sistance. Moreover, it is known that by placing g
positive resistance in parallel with a negative re-
sistance a current will be set up, the value of
such current being steady or unsteady; more
particularly, the current is unsteady where the
positive resistance has an actual value higher
than that of the negative resistance. In this
case, theoretically, an indefinite increase in cur-
rent and voltage at the terminals of the set of
resistances in parallel will take place. In prac-
tice, such increase-in current will reach the
limits afforded by the shape of the negative re-
sistance characteristic curve, which is never per-
fectly linear and of indefinite length. In the
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the negative resistance is represented by the sec-
ondary cathode-primary cathode path and its
value may vary from a minimum, determined by
the tube characteristic, to a maximum coinciding
with the infinite value as a function of the
potential difference existing between the control
grid and the primary cathode; the minimum
value of the negative resistance corresponds to
the zero value of said potential difference, while
the maximum value will obviously correspond to
cut-off. Therefore, by placing between primary
cathode and secondary cathode an ohmic re-
sistance having an actual value higher than the
minimum value of the secondary cathode nega-
tive resistance, it is possible to go over from g
steady to an unsteady condition, or vice versa, by
simply adjusting in the proper way the control
grid voltage. When set for stability, the voltage
appearing on the secondary-cathode will be the
product of the current by the positive resistance.
When set for instability, said voltage will in-
crease, the velocity depending upon the time con-
stant of the circuit, until it reaches the maximum
limit of the current supplied by the cathode under
these particular conditions of operation. It is
clear that this instability is not due to the cou-
pling between the secondary cathode and control
grid. By introducing this coupling, for instance
by means of a capacity, the instability phenome-
non is emphasized since, owing to this coupling,
the value of the negative resistance of the sec-
ondary cathode-primary cathode path is actually
decreased.

In this case it follows that, owing to the de-
creased value of the negative resistance during
the dynamic condition, the instability phenome-
non may also be obtained with positive parallel
resistances of a relatively small value, in any case
smaller than that of the negative resistance in
a static condition which would not take place
unless said coupling is resorted to. The invention
is based on this condition in order to accomplish
the first operation, that is, the generation of
synchronized impulses. Current impulses may
also be generated by virtue of either capacity or
Inductive coupling between the secondary-
cathode and the control-grid while the synchro-
nizing signals may be applied through a capacity
either to the secondary-cathode or the control
grid.

Current impulses may also be generated by
virtue of either capacity or inductive coupling
between the secondary cathode and screen grid;
in this way, the control grid remains free and
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may be used for synchronization by means of
external signals. ’

Therefore, the grid impedance of the sec-
ondary emission tube is not bound to the char-
acteristics of the impulse generating circuit and
may be of any value. Moreover, through the
strong controlling action of the control grid on
the emission of the tube, synchronization may be
effected with synchronizing signals having con-
siderably small voltage and current parameters.

Synchronization may also be effected by oper-
ating on either the secondary cathode or the
screen grid. ,

Consequently, the circuit lends jtself to a
double synchronization, firstly, a synchronization
which I call “main” synchronization may be
made through the control grid and; secondly, a
synchronization which I call “driven” Synchro-
nization, may be made through either the sec-
ondary cathode or the screen grid. If the two
synchronizing signals are of a different fre-
quency, the impulsés may be generated by the
secondary cathode on  superposition of both
actions of the synchronizing signals.

Finally, in the case of regeneration between the
secondary cathode and screen grid the coupling
may be obtained through direct connection.

The accompanying drawings show, by way of
example only, some embodiments of the inven-
tion,

Figure 1 shows the diagram of a self-excited
impulse generator synchronized by external posi-
tive impulses;

Figure 2 is a diagram showing the shape of the
voltage on the secondary cathode of the syn-
chronized impulse generator, of which Figure 1
shows the diagram.

Figure 3 shows a diagram of a blocked impulse
generator operating under the action of syn-
chronizing impulses only being a modification of
the circuits included within the dash-line rec-
tangle of Fig. 1 and may be substituted for the
circuits included within said rectangle.

Figure 4 shows the diagram of a saw-tooth im-
pulse generator by means of a condenser dis-
charge.

Figure 5 shows a method of adjusting the tooth
chape. ’

Figure 6 shows the diagram of a double-syn-
chronization impulse gererator with a capaci-
tative coupling between the secondary cathode
and screen grid. ’

Figure 7 shows a further modification. in which
the reactive coupling is obtained through direct
connection.

Referring to Fig. 1 which considers only the
first operation, that is, the generation of syn-
chronized impulses having certain characteristics,
no use is made of the anode tube.

The tube adopted for this purpose may be a
Philips 4696 type or any other tube having similar
characteristics in which 2 is the secondary cath-
ode, 3 the screen grid, 4 the control grid, 5 the
cathode and 6 ‘the anode. 1 are the anodic
gupply terminals. : :

In this case, the control grid 4 is not biased,
but is directly connected to ground and, therefore,
to the primary cathode through resistors 10 and
11, the purpose of which will be explained herein-
after. Consequently, according to what we have
detailed above, the negative resistance of the
secondary cathode-primary cathode path reaches
its maximum value. 'The resistor 15 connected
between the secondary cathode and high voltage
supply supplies to the secondary cathode an
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initial positive voltage, so that at the start the
primary electrons can reach the cathode. Iis
value is such that the cathode is biased with 30
or 40 volts. The screen grid voltage is taken
from the voltage divider 12, i4: the voltage is
sree from any variable component owing to the
filtering action of the condenser I3.

A resistor 8 is connected between the secondary
cathode and primary cathode and its value is such
that the set of resistors 8 and (5 considered in
parallel have an actual value higher than that of
the primary cathode-secondary cathode path. In
accordance with the statements made above, the
cireuit is in an unsteady condition and as a
consequence, the secondary cathode voltage in-
creases independently per se. Af this point it
should be noted that, on account of the capacitive
coupling existing between the secondary cathode
and control grid, the instability phenomenon
might arise even for values considerably smaller
than that of the resistor 8.

The design of the circuit could therefore be
rased on this circumstance, that is on the actual
value taken by the negative resistance in a
dynamic condition.

However, the operation of the circuit is the
same and the instability is caused by an excess
positive resistance as compared with the amount
of negative resistance, considering the phenome-
non in either a static of dynamic condition. In
this example, however, for the sake of simplicity,
T consider the first case only. The condenser 9
is connected to the secondary cathode and is in
series with resistor 10 which is connected to the
control grid; its charge increases by effect of the
grid current of the tube and the current flowing
through resistor 11, The grid then takes a slight
positive potential, that lasts all the time during
which the secondary cathode voltage increases.
As soon as this increase ceases, owing to char-
acteristic limitation, the positive grid voltage
beging to decrease effecting a further charge of
condenser 9.

The result is a decrease in the secondary cur-
rent and corresponding voltage. At a certain
point the grid current ceases and the condenser
3 then tends to maintain its charge owing to the
relatively high value of resistor 11. Consequently,
the control grid voltage becomes negative causing
a further decrease in the secondary cathode volt-
age. It is clear that the phenomenon goes
through a second phase, reverses to the first one
with increasing velocity, until the secondary
cathode has reached the bias voltage supplied by
the voltage divider 8, 15. Under such condition,
however, owing to the large charge of condenser
g, the tube is blocked and the condition lasts
until the condenser has discharged itself (through
resistor 11) to such an extent as to restore the
unsteady condition. Thereupon ancther cycle,
equal to the one just described, takes place. The
generation of a series of impulses is thus obtained,
said impulses being of a relatively small duration,
separated by short intervals of time which de-
pend upon the time constant of the network 8, 11
and the anode supply condition.

The duration of each impulse depends instead
upon the time constant 9, 10 since resistor 10
affects the time needed for charging up con-
denser 9 during the unsteady phase. The voltage
impulse on the secondary cathode is positive and
its shape is of the type shown in Fig. 2. The
voltages V are plotted on the ordinates and the
times ¢ on the abscissae. 'The voltage 30 desig-
nates the impulse magnitude -and its value is
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determined by the tube characteristic and oper-
ating conditions. Time 32 depends upon the value
of capacity 9 and resistor 10 and the larger these
values the greater the time will be.

The slope of the ascending angd descending por-
tions depends greatly upon the value of resistor
¢ and the tube internal capacity. By suitably ad-
Justing the elements of the circuit it is possible
to vary all the characteristics of the impulse.

The impulse generator just described is self-
excited and may be synchronized by external posi-
tive impulses fed on the secondary cathode., For
certain uses, however, it is preferable for the
generator to be normally blocked and operate
only under the action of the synchronizing im-
pulses. As shown in Fig. 3 which shows a modi-
fication of the circuits included in the dash-line
rectangle in Fig. 1, this is obtained by simply sup-

plying to the control grid a negative bias voltage’

18 such as to keep the tube in g steady condition,
A positive impulse of sufficient magnitude ap-
plied through the terminals 11 and a coupling
condenser i6é to the secondary cathode reaches
the control grid through condenser 9 causing an
unsteady condition ang therefore generating an
impulse in the manner explained above. The
second operation which is the generation of saw-
tooth synchronized voltages, is .effected by em-
bloying the plate of the tube which remained
out of use when performing the first operation.
In fact, during generation of the impulse, the
anode resistance of the tube, starting from an
infinite value corresponding to cut-off reaches g
minimum value, corresponding to the maximum
magnitude of the impulse and depending upon
the characteristics of the tube and supply oper-
ating conditions, resuming the infinite value when
the impulse ceases. This variation in resistance
is employed according to the invention for the
generation of the saw-tooth voltage by means of
the discharge of a condenser. In Fig. 4, a practi-
cal arrangement of this system is shown, Ateach
impulse capacity 238 is partially discharged and
charges up again during the intervals between the
various impulses with g velocity depending upon
the value of resistor 22 or by varying the value
of capacity 28 and the larger the value of these
elements the smaller the magnitude will be, In
order to obtain an efficient discharge of con-
denser 23, its capacity should not exceed certain
limits, which depend upon the value of the anode
resistance of the tube. In the example of Fig, 4,
in which the capacity is assumed to be of a fixed
value, the magnitude adjustment is obtained by
means of resistor 22 and the variation in the
saw-tooth slope, that is (referring to Fig. 5) the
setting of time 33 and 24, is obtained by adjusting
the duration of the impulse according to the cir-
cumstances previously set forth; the time 34 be-
ing substantially equal to the duration of the im-
bulse producing the discharge of condenser 23.

In the circuit diagram given in Fig. 4, it is
possible to go over from an almost steady condi-
tion (blocked impulse generator) to an unsteady
condition (self-excited generator) by simply ad-
Justing the bias voltage of the tube by varying
resistor 22. The capacity 20 should be of a low
reactance for the frequencies concerned and
always much lower than the value of resistor 19,
The condenser 24 (the reactance of which should
be much lower than the value of resistor 8) per-
mits by varying the tap 26 the adjustment of the
regeneration effect and the slope of the ascending
and descending portions of the impulses.
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just described is particularly suited for the syn-
chronization in television receivers or the actua-
tion of the time axis in cathode ray oscilloscopes
and the like.

In Fig, 6 the reactive coupling is again between
the secondary cathode and screen grid through
capacity 85, but there is-a double synchronization,
namely a “main” synchronization applied to ter-
minals 37 and a “driven” synchronization applied
to terminals 11.

The considerations set forth above also apply to
this embodiment as regards the degree of re-
generation, instability condition, generation of
the saw-tooth voltage operated by the anode cir-
cuit, ete.

In Fig. 7 the reactive coupling between the
screen grid and secondary cathode is obtained by
means of direct connection.

What I claim is: .

1. In a saw-tooth synchronized wave generator,
in combination a secondary emission high-
vacuum thermionic tube including a primary
cathode, a control grid, a screen grid, a secondary
cathode emitting secondary electrons, and an
ancde, in the order hamed, means for conveying
the electrons emitted by the primary cathode
through the control grid and screen grid and
means for conveying the secondary electrons to
the anode; a reactive circuit generating impulse
waves of a constant magnitude and considerable
energy, in which the reactive effect is obtained by
utilizing the negative resistance offered under
certain feed conditions by the secondary cathode-
primary cathode path in said secondary emission
tube, said circuit being connected to the elec-
trodes of the secondary emission tube comprised
between the primary cathode and the secondary
cathode both included ; means for synchronizing
said impulses by external impulses containing less
energy and actuating said electrodes; a saw-tooth
generating circuit formed by the internal anode
resistance of the secondary emission tubke, its
value being controlled by the impulses generated
ky the reactive circuit through the electronic.cou-
pling existing between the secondary cathode and
the anode of said tube and by a capacity con-
nected between the anode and primary cathode
in said tube, said capacity being beriodically
charged by the current flowing through s re-
sistance connected to said capacity and to a
source of direct voltage, and discharged by said
internal anode resistance of the secondary emis-
sion tube, the discharge effect, prevailing during
said synchronized Impulses and the charge effect;
prevailing during the time intervals between two
successive impulses.

2. In a saw-tooth synchronized wave genera-
tor, in combination g secondary emission high-
vacuum thermionic tube including a primary
cathode, a control grid, a screen grid, a second-
ary cathode emitting secondary electrons, and an
anode, in the order hamed, means for conveying
the electrons emitted by the primary cathode to
the secondary cathode through the control grid
and screen grid and means for conveying the
secondary electrons to the anode; a direct cur-
rent anode supply source, means for applying to
the screen grid and the secondary cathode in said
secondary emission tube two bositive biasing volt-
ages with respect to the primary cathode, the
values of said voltages being lower than the total
voltage supplied by said current source, means
for applying a Positive biasing voltage to the pri-
mary cathode with respect to the bias voltage
existing on the control grid of said tube; a cir-
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cuit generating impulse waves of -considerable
energy, including a resistor having one terminal
connected to the control grid of said tube and
the other terminal connected to an impedance
connected to the negative terminal of the direct
current source, means for coupling in phase the
secondary cathode to the junction point com-
prised between said resistor and said impedance
in order to reduce the negative differential re-
sistance offered by the primary cathode-second-
ary cathode path under certain feed conditions
in the secondary emission tube, an impedance
connected between the primary cathode and sec-
ondary cathode, the ohmic value of said imped-
ance being larger for the operating frequencies
than the minimum value of said negative differ-
ential resistance, said circuit generating impulses
owing to the instability phenomena which hap-
pen whenever the instantaneous value of the
control grid negative voltage with respect to the
primary cathode is Jower than a certain limit
value, this value depending upon the character-
istics of the tube and the value of said imped-
ances; means for applying to said impulse wave
generating circuit positive synchronizing im-
pulses of lower energy, which, affecting said in-
stantaneous grid voltage may produce, if of suf-
ficient magnitude, said instability conditions
which cause the circuit to generate an impulse

the duration of which, in & certain degree, de- g

pends upon the value of said resistor connected
to the control grid of said secondary.emission
tube, the magnitude of said impulse depending
upon the characteristics of said tube, the supply
voltages and the characteristics of the anode cir-
cuit of said tube; a saw-tooth wave generating
circuit including & capacitor connected between
the anode of said secondary emission tube and
negative terminal of the direct current source
and a resistor connected between said anode and
the positive terminal of said source, said con-
denser being discharged at each impulse gen-
erated by the impulse wave generator by the
anode current of the secondary emission tube,
the value of said current being controlled by said
impulse generator through the electronic cou-
pling existing between the secondary cathode
and anode inside said tube, said condenser being
instead charged by the current flowing in the re-
sistor connected to said anode during the time
intervals which happen between two successive
impulses, setting up a4 the terminals of said con-
denser a voltage variable with time according to
a saw-tooth shape, said voltage being in syn-
chronism with the external impulses applied to
the impulse generating circuit and its magnitude
depending greatly upon the values of said capac-
itor and resistors.

3. In a saw-tooth synchronized wave genera-
tor, in combination a secondary emission high-
vacuum thermionic tube including a primary
cathode, a control grid, a screen grid, a second-
ary cathode emitting secondary electrons, and
an anode, in the order named, means for con-
veying the electrons emitted by the primary cath-
ode to the secondary cathode through the con-
trol grid and screen grid and means for convey-
ing the secondary electrons to the anode; a direct
current anode supply source, means for applying
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to the secondary cathode in said secondary emis-
sion tube two positive biasing voltages with re-
spect to the primary cathode, the values of said
voltages being lower than the total voltage sup-
plied by said ecurrent source, means for applying
a positive biasing voltage to the primary cathode
with respect to the bias voltage existing on the
control grid of said tube; a circuit generating
impulses of considerable energy, including a re-
sistor connected between the secondary emission
tube conirol grid and the negative terminal of
the direct current source, & resistor one terminal
of which is connected to the screen grid of said
secondary emission tube, while the other termi-
nal is connected to an impedance connected to
the positive terminal of the direct current source,
means for coupling in phase the secondary cath-
ode to the junction point comprised between said
resistor and said impedance in order to reduce
the negative differential resistance offered by the
primary cathode-secondary cathode path under
certain feed conditions in the secondary emis-
sion tube, an impedance connected between the
primary cathode and secondary cathode, the
ohmic value of said impedance being larger for
the operating frequencies than the minimum
value of said negative differential resistance,
said circuit generating impulses owing to the in-
stability phenomena which happen whenever the
instantaneous value of the control grid negative
voltage with respect to the primary cathode is
lower than a certain limit value, this value de-
pending upon the characteristics of the tube and
the value of said impedances; means for apply-
ing to said impulse wave generating circuit posi-
tive synchronizing impulses of lower energy,
which, affecting said instantaneous grid voltage
may produce, if of sufficient magnitude, said in-
stability conditions which cause the circuit to
generate an impulse the duration of which part-
1y depends upon the value of said resistor con-
nected to the screen grid of said secondary emis-
sion tube, the magnitude of said impulse depend-
ing upon the characteristics of said tube, the
supply voltages and the characteristics of the
‘anode circuit of said tubes; 2 saw-tooth wave
generating circuit including a capacitor connect-
ed between the anode of said secondary emission
tube and negative terminal of the direct current
source and a resistor connected between said
anode and the positive terminal of said source,
said condenser being discharged at each impulse
generated by the impulse wave generator by the
anode current of the secondary emission tube,
the value of said current being controlled by said
impulse generator through the electronic cou-
pling existing between the secondary cathode
and anode inside said tube, said condenser being
instead charged by the current flowing in the
resistor connected to said anode during the time
intervals which happen between two successive
impulses, setting up at the terminals of said con-
denser a voltage variable with time according
to a saw-tooth shape, said voltage being in syn-
chronism with the external impulses applied to
the impulse generating circuit and its magnitude
depending greatly upon the values of said capaci-
tor and resistors.
GIUSEPPE ZANARINI.



