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Eugene E. Pentecost and William F. De Boice, Long
flfeach, Calif,, assignors to North American Avia.
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Filed Aug. 8, 1956, Ser. No. 602,789
6 Claims. - (CL 331-144)

This invention relates to multivibrators and particu-
larly to a multivibrator utilizing a saturable reactor as
the timing element.

Either vacuum tubes or transistors may be used in this
circuit depending on the particular application require-
ments.

A multivibrator is an electronic oscillator whose oper-
ation and frequency may either be controlled by its own
internal circuitry and is therefore called “free running”
or may be controlled by an external trigger source.

Although. it may be externally synchronized, the device
of this invention .exhibits its greatest advantages when
operated under free running conditions, especially where
frequency stability requirements are critical. .In normal
Tesistor capacitor multivibrators, frequency stability is
critically dependent on resistor and capacitor values as
well as vacuum tube or transistor conduction character-
istics. . As all of these values vary with temperature, it is
difficult to maintain extreme frequency stability. This
problem is most accentuated where transistors are used
due to their particular temperature instability. = The de-
vice of the invention includes a saturable reactor as a
timing element in place of resistance capacitance circuits,
For best results a reactor with a core material with a
nearly rectangular hysteresis loop is recommended. The
volt-second timing characteristics of such a saturable re-
actor are’ relatively indepedent of temperature experi-
mentation indicating a variation of only about 3 percent
from 60° to 180° F.

In -this invention, multivibrator frequency is almost
entirely dependent on the timing characteristics of the
saturable -reactor and supply voltages. There is rela-
tively little dependence on vacuum tube or transistor char-
acteristics or circuit resistance elements. This makes
stability primarily dependent on- well-regulated power
sources which are readily obtainable as compared with
temperature stabilized resistance and capacitance ele-
ments. ‘

The use of this invention is particularly advantageous
where a low frequency of oscillation is desired: At such
frequencies, resistance-capacitance multivibrators require
either bulky paper type or unstable electrolytic capacitors.
A saturable reactor for operation at such frequencies

- meed be little larger than capacitors used in high fre-

quency multivibrators. Such space saving considerations
are of great importance in modern electronic equipment,
especially in airborne applications.

The invention herein described provides a more stable
multivibrator and one which particularly lends itself to
compact. design for low frequency operation.

It is an object therefore of this invention to provide an
improved multivibrator.

It is another object of this invention to provide a multi-
vibrator more stable in operation under varying tempera-
ture conditions.

It is a further object of this invention to provide a
multivibrator whose frequency characteristics will be less
liable to change over long periods of operation,
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It is a still further object of this invention to provide a
multivibrator for low frequency operation capable of
more compact construction.

Other objects of invention will become apparent from
the following description taken in connection with the ac-
‘companying drawings in which:

Fig. 1 is a schematic of the device of the invention
employing transistors;

Fig. 2 is a schematic of the device of the invention em-
ploying vacuum tubes;

And Fig. 3 is a schematic of the device of the invention
employing vacuum tubes utilizing screen grids in the
control circuitry.

Referring to Fig, 1, the multivibrator is composed of
transistors 5 and 6, the emitters of which are connected
to the cathode of a zener diode 16 whose anode is con-
nected to ground. A zener diode is a specially designed
device which maintains a precise back breakdown voltage.
The collector of each transistor is connected through a
respective resistor 1 and 2 to a B4 supply. A saturable
reactor 7 is connected between the tramsistor collectors.
Resistors 3 and 4, respectively, connect each transistor
collector -to the base of the other tramsistor. The base
of each transistor is respectively connected through re-
sistors 8 and 9 to ground. The above configuration ap-
plies where transistors 1 and 2 are of the NPN type. In
an NPN transistor, conventional current flow is from
collector to emitter. In PNP transistors conventional cur-
rent flow is from emitter to collector. - Consequently, if
PNP transistors were used, the power connections would
have to be reversed, with B+~ connected to point 15 and
point 17 connected to ground. Connections to zener
diode 16 would have to be reversed slso so its cathode
would be connected to point 15, All other connections
would remain the same. The transistors function in the
multivibrator circuit as switching devices which are alter-
nately conductive and cut off. The emitter and collector
act as switching terminals for the circuit, while the base
acts as a confrol terminal for conirolling conduction and
cut off.

Referring to Fig. 2, the multivibrator is composed of
vacuum tubes 18 and 19. . The circuitry is otherwise as
described for transistors (for the case of NPN type), the
vacuum tube plates act as switching terminals corre-
sponding to transistor collectors, the cathodes act as sec-
ond switching terminals corresponding to emitters and
the grids act as control terminals corresponding to bases.

Referring to Fig. 3, the multivibrator employs tetrode
vacuum tubes 20 and 21. Pentodes could be similarly
used. Circuitry and operation. is the same as described
above except as follows: . (1) saturable reactor 7 is con-
nected between the screen grids of tubes 20 and 21 rather
than between the plates; .(2) power is fed from B+ to
each screen grid through a respective resistor 22 and 23;
and (3) the screen grids rather than the plates are cou-
pled through resistors 3 and 4, respectively, to the grids
of the opposite tubes. This adaptation is particularly
useful where power output is desired as it.enables isola-
tion of the load from the frequency determining circuitry.
. Let us assume free running operation of this device.
If the first transistor 5 is conducting, then the potential
at the collector, point 10, will approach that at emitter
point 14, the internal resistance of a tramsistor being
relatively low during conduction. The second transistor
will be held cut off by the potential fed to its base from
point 1@ through resistor 3, as this potential is some-
what less than the voltage on the emitter of the second
transistor 6, as determined by the voltage divider com-
posed of the resistors 3 and 9 to ground. Transistor
emitter voltage is fixed by voltage reference, zener diode
16. The zener diode establishes a precise bias voltage

- on the emitters which tends to stabilize the frequency of
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operation of the multivibrator. With the second tran-
sistor cut off, the potential at its collector, point 11, ap-
proaches that of B--. The potential at point 10, as
previously mentioned, approaches that of the voltage
reference source at point 14. This potential difference
between points 11 and 1¢ is across satirable reactor 7.
Due to the high inductive reactance of this reactor there
will be little current flow through it initially. How-
ever, after a certain amount of time which is dependent
on the potential applied to the reactor and its volt-sec-
ond characteristics, the reactor core will reach saturation
and the impedance will suddenly drop to a value equal
approximately to the D.-C. resistance of its windings.
This will initiate a sudden rise in current through the
saturable reactor resulting in a voltage drop ‘across re-
sistor 2 which will appear at point 11. As the conduc-
tion path for the reactor is through the first transistor,
the voltage at point 11 will approach that of the reference
source at point 14. This voltage will be reflected as a
cut off bias at the base of the first transistor, point 12,
as determined by the voltage divider formed by resistors
4 and 8§ to ground. The first tramsistor consequently
will be cut off, and the voltage on its collector at point
10 will rise to approximately the B+- value. This volt-
age rise will be reflected through resistor 3 to the base
of the second transistor and cause it to start conducting.
This completes one half cycle of operation. The process
will now start again with the second tramsistor conduct-
ing and conduction through the saturable reactor in the
opposite direction. Such conduction will continue until
the reactor’s saturation point is again reached, at which
time we will again have a reversal of conduction. The
frequency of oscillation is determined by the time it takes
for the saturable reactor to reach its saturation point.
This is a function of the voltage applied to the reactor
and the saturation characteristics of the particular re-
actor used. Output signal may be taken from the col-
lector of either transistor, points 10 or 11 and ground,
or from the base of either transistor, points 12 or 13.
The circuit of this device as described can be ex-
ternally synchronized and utilized for any of the normal
functions of a free running multivibrator such as fre-
quency division or precise synchronization with a trigger
pulse. Synchronization pulses can be fed to the base
of either transistor and can be either negative or posi-
tive in polarity. Where precise synchronization is de-
sired, it is necessary that the multivibrator be designed to
free run at a frequency slightly below the synchronizing
frequency. -
Typical circuit values for Fig. 1 are as follows:

A. Resistors:

R —— -- 10K
2 e = — 10K
3 e -— _— - 50K
. S - - -- S0K
8 o - -~ 150K
O 150K

B. Transistors § and 6 are standard types such as type
904A.

C. Zener diode 16 is in this particular design type IN201,
but type will vary with individual design considerations.

. Saturable reactor 7 is wound on a saturable core
made of a 50% nickel and 50% iron alloy, the num-
ber of windings being calculated for the frequency of
opzration desired.

‘E. The B-- D.-C. source is 55 volts.

Although this invention has been described and illus-
trated in detail, it is to be clearly understood that the
same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of this invention being limited only by the terms .of the
appended claims.

We claim:

1. In a multivibrator circuit, 2 D.-C. power source, a

2,954,582 .

10

4

first and ‘second transistor, said transistors having at least
a collector, emitter and a base, a saturable reactor con-
nected from the collector of said first transistor to the
collector of said second transistor, a first resistor con-
nected from said D.-C. power source to the collector of
said first transistor, a second resistor connected from
sdid D.-C. power source to the collector of said second
transistor, a third resistor connected from the collector
of said first transistor to the base of said second transistor,

a fourth resistor connected from the collector of said.

second transistor to the base of said first transistor, a
fifth resistor connected from the base of said first: tran-

_ sistor to the negative terminal of said D.-C. power source,
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a sixth resistor conmnected from the base of said second
transistor to the negative terminal of said D.-C. power
source, a voltage reference source, the emitter of said
first transistor connected to the emitter of said second
transistor and this connected to said voltage reference
source.

2. In a multivibrator circuit a first and second vacu:

um tube, said vacuum tubes having at least an anode,
cathode and grid, a saturable reactor connected from

the anode of said first vacuum tube to the anode of
said second vacuum tube, a D.-C. power source, a first-

resistor connected from said D.-C. power source to the
anode of said first vacuum tube, a second reésistor con-
nected from said D.-C. power source to the anode of
said second vacuum tube, a third resistor connected from
the anode of said first vacuum tube to the grid of said
second vacuum tube, a fourth resistor connected from
the anode of said second vacuum tube to the grid of said

first vacuum tube, a fifth resistor connected from the-

grid of said first vacuum tube to the negative terminal

of said D.-C. power source, a sixth resistor connected

from the grid of said second vacuum tube to the negative

terminal of said D.-C. power source, a D.-C. reference’

source, the cathode of said first vacuum tube connected
to the cathode of said second vacuum tube and this con-
nected to said D.-C. reference source.

3. In a multivibrator circuit a first and second vacu-

um tube, said vacuum tubes having at least an anode,
cathode, control grid and screen grid, a saturable reactor
connected from the screen grid of said first vacuum tube
to the screen grid of said second vacuum tube, a. D.-C.
power source, a first resistor connected from said D.-C.
power source to the screen grid of said first’ vacuum

tube, a second resistor connected from said D.-C. power"

source to the screen grid of said second vacuum tube, a
third resistor connected from said D.-C. power source

to the anode of said first vacuum tube, a fourth resistor

connected from said D.-C. power source to the anode of
said second vacuum tube, a fifth resistor connected from

the screen grid of said first vacuum tube to the control-
grid of said second vacuum tube, a sixth resistor con-"
nected from the screen grid of said second vacnum tube’

to the control grid of said first vacuum tube, a seventh

resistor connected from the control grid of said first
vacuum tube to the negative terminal of said D.-C. power

source, an eighth resistor connected from the control
grid of said second vacuum tube to the negative terminal
of said D.-C. power source, a D.-C. reference source,
the cathode of said first vacuim tube connected to the
cathode of said second vacuum tube and this connected
to said D.-C. reference source. o :
4. In a multivibrator, a first -and second 'electronic
active element switching device, said switching devices

each comprising at least an electron emitting electrode, -

an electron collecting electrode and a control électrode,

a power source connected in circuit with each of said

switching devices, a first impedance -connected inter-

mediate said electron collecting elecirode of said first,

switching device and said power source, a second im-
pedance connected intermediate said electron collecting
electrode of said second switching device and said power
sourge, a saturable inductive reactor connected between
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the electron collecting electrode of said first and second
switching devices, a third impedance coupling said elec-
tron collecting electrode of said first switching device to
the control electrode of said second switching device, a
fourth impedance coupling said electron collecting elec-
trode of said second switching device to the control elec-
trode of said first switching device, and a voltage ref-
erence source, the electron emitting electrodes of said
first and second switching devices being connected to-
gether, this common connection being connected to said
voltage reference source.

5. In a multivibrator, a first and second electronic
active eclement switching device, said switching devices
each comprising at least electron emitting, electron col-
lecting and control electrodes, a direct current power
source, a first impedance connected intermediate said
power source and one of said electron emitting and
electron collecting electrodes of said first switching de-
vice, a second impedance .connected intermediate said
power source and onme of said electron emitting and
electron collecting electrodes of said second switching
device, said one electrode of said first switching device
corresponding to said one electrode of said second switch-
ing device, a bias reference source, the other of said
electron emitting and electron collecting electrodes of
said switching devices being connected to one side of
said reference source, a saturable inductive reactor con-
nected intermediate said one of said electrodes of said
first switching device and said one of said electrodes of
said second switching device, a third impedance cou-
pling said one of said electrodes of said first switching
device and said control electrode of said second switching
device, and a fourth impedance coupling said one of
said electrodes of said second switching device and said
control electrode of said first switching device.
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6. In a multivibrator, first and second active element
switching devices, each of said switching devices having
at least an electron collecting electrode, an electron
emitting electrode and a control electrode, a saturable
inductive reactor connected between said electron col-
lecting electrode of said first switching device and said
electron collecting electrode of said second switching
device, a D.-C. power source, first and second impedance
elements separately connected between said power source
and said collecting electrodes of said first and second
switching devices, respectively, a third impedance ele-
ment connected between said electron collecting elec-
trode of said first switching device and said control elec-
trode of said second switching device, a fourth im-
pedance element connected between said electron col-
lecting electrode of said second switching device and
said control electrode of said first switching device, a
voltage reference source, the emitting electrodes of said
switching devices being connected together and to said
reference source, fifth and sixth impedance elements
separately connected ‘between the negative terminal of
said D.-C. power source and the control electrodes of
said first and second switching devices, respectively.
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