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[57] ABSTRACT

A monostable multivibrator including a gate circuit, a
time constant circuit, and an inverter circuit. An input
signal to the gate circuit causes the time constant circuit
which preferably includes a resistor and a capacitor to
charge or discharge. A signal derived from the time
constant circuit is applied to an input bias circuit includ-
ing an emitter follower type transistor circuit associated
with a differential amplifier within the inverter circuit
to control the duration of the monostable output pulse.

7T Claims, 4 Drawing Figures
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1
MONOSTABLE MULTIVIBRATOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a multivibrator and,
more particularly, to a multivibrator which 1s useful for
a pulse count type FM demodulation circuit.

The well known pulse count type FM demodulation
circuit operates by producing pulses each having a fixed
width and being synchronized in phase with each per-
iod of the signal to be demodulated, and by integrating
the pulses. The fixed width pulses may be produced by
first wave-shaping the signal to be demodulated in an
amplitude limiter and then applying that wave-shaped
signal to a differentiating circuit which converts it into
negative or positive going pulse signals. Use of pulse
signals obtained in this manner, however, results in poor
detection efficiency and thus, a poor signal to noise
ratio. To overcome such disadvantages, a monostable
multivibrator may be used to expand the pulse width. In
superheterodyne receivers, it is necessary to carefully
tune the received signal so that it will be centered in the
frequency band of the band-pass filter used in the inter-
‘mediate frequency amplifying stage to most effectively
minimize signal distortion. Most receivers of this type
are provided with tuning meters to permit easy selec-
tion of the appropriate tuning point. A DC output signal
from the FM demodulation circuit i1s typically used to
drive the tuning meter to indicate the signal tuning
point. When the DC output signal of the demodulation
circuit drifts due, for example, to a change in the power
source voltage or the temperature, the tuning meter
incorrectly indicates the tuning point. The pulse count
type FM demodulation circuit is capable of excellent
linearity but conventional monostable multivibrators
used in such circuits are very sensitive to temperature
variations. Accordingly, such DC output signals from
the circuits may change with the temperature variation,
thus providing incorrect signal tuning indications, re-
sulting in incorrect tuning. When this happens, there 1s
adverse signal distortion.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to
provide a monostable multivibrator producing pulses
- each having a fixed pulse width which is independent of
temperature variations.

Another object of the present invention is to provide
a monostable multivibrator producing pulses each hav-
ing a fixed pulse width which is independent of vana-
tions in the power source voltage.

Still another object of the present invention 1§ to
provide a monostable multivibrator adapted to be used
with a pulse count type FM demodulation circuit.

The monostable multivibrator according to the pres-
ent invention has a gate circuit, a tirne constant circuit,
and an inverter circuit. The inverter circuit comprises a
differential amplifier, the input bias circuit of which
includes an emitter follower type transistor circuit.

Other objects and features of the present invention
will be apparent from the following description taken in
connection with the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are circuit diagrams showing conven-
tional multivibrators; fand}

FIG. 3 is a circuit diagram showing an embodiment
of a monostable multivibrator according to the present
invention [.}, and

FIG. 4 is a waveform diagram showing certain wave-
forms occurring in the circuit of FIG. 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

Before proceeding with the description of the present
invention, it will be helpful to briefly consider the con-
ventional monostable multivibrators of FIGS. 1 and 2.
As shown in FIG. 1, a monostable multivibrator com-
prises a gate circuit 1 having two transistors Q; and Q2
with the collectors thereof connected together, a time
constant circuit 2 including a capacitor C and a resistor
R, and an inverter circuit 3 including a transistor Q3. A
trigger pulse is applied to the base of the transistor Q,
thereby causing an output pulse to be produced at the
collector of the transistor Q3. The conventional mono-
stable multivibrator circuit in FIG. 2, on the other hand,
uses, a NAND gate G and an inverter G; which, for
example, may be conventional TTL (transistor-transis-
tor logic elements). NAND gate [G1]} G and inverter
F'G2] G; in FIG. 2 correspond, respectively, to the
gate circuit 1, and the inverter circuit 3 of FIG. L

These conventional multivibrator circuits are defi-
cient in that the pulse width of the output pulse changes
with [the} temperature. This problem[,] exists even
if the elements C and [R1] R; of the time constant
circuit 2 are kept substantially constant, for example, by
the use of low drift mica capacitors and metallic resis-
tors. This occurs because the threshold level of the
inverter circuit 3 depends on temperature because Vgg
of the transistor Q3 of FIG. 1, and the threshold level of
the inverter Gz in [the] FIG. 2 change with [temper-
ate] remperature. The change of the threshold level of
the inverter circuit 3 may be attributed to the fact that
the amount of charge stored in a capacitor i1n a differen-
tiator circuit is a function of the voltage applied across
the capacitor.

The inverter circuits used in monostable multivibra-
tors such as in FIGS. 1 and 2 ideally should have an
input resistance value of zero (0) Ohms in the steady
state and infinity (o0 ) Ohms when inverting pulses. This
can cause difficulties when the intervals between adja-
cent pulses become too narrow but the transistor in-
verter switch Qi in FIG. 1 and the TTL inverter ele-
ment G2 shown in FIG. 2 satisfy the input resistance
value requirement quite well.

The inverter circuits 3 shown in FIGS. 1 and 2 are
operated so that the [emitter-collector] collector-emit-
ter circuit of the transistor is saturated and the associ-
ated [the] carrier storage time[[,] thereby causes a
delay in the output signal from the inverter. The
amount of delay [on temperature variation] is a func-
tion of temperature according to the device electronics
of the circuit elements (e.g., transistors). Thus, the pulse
width of the output pulse of the multivibrator provided
by the inverter 3 changes with temperature.

The pulse width of the output pulse of the monostable
multivibrators of FIGS. 1 and 2 1s approximately equal
to the sum of the time constant determined by the time
constant circuit 2 and the threshold level of the inverter
circuit 3, and of the delay time associated with the in-



Re. 30,839

3

verter circuit 3. The pulse width, therefore, varies with
temperature.

A monostable multivibrator according to the present
invention 1s shown in FIG. 3 having an input terminal
IN, a gate circuit 1, a time constant circuit 2 and an
inverter circuit 3. OUT; and OUT; designate output
terminals. The gate circuit 1 comprises a pair of transis-
tors Q and 2, the collectors of which are connected
together and the emitters of which also are connected
together. The common collectors are connected to + B
power source through a resistor Rjpand the emitters are
grounded. The base of the transistor Q 1s connected to
the input terminal IN. The time constant circuit 2 com-
prises a capacitor C and a resistor R). The capacitor C
1s connected at one end to the common collectors of the
transistors Q1 and (Q; and at the other end to the resistor
R1. The resistor R, is connected at one end to the +B
power source. The inverter circuit 3 comprises a differ-
ential amplifier including transistors Q4 and Qs. The
emitters of the transistors Q4 and Qs are connected to-
gether and also connected to a constant current source
S1. The collectors of transistors Q4 and Qs are con-
nected to the +B power source through resistors R;
and R, respectively. The base of the transistor Q4 is
connected to the connection point of the capacitor C
and the resistor R; and to the emitter of the transistor
Q¢- The base of the transistor Qg 1s connected to the
connection point of resistors R4 and Rs which are con-
nected in series fashion between ground and a —B
power source. The collector of the transistor Q¢ is con-
nected to the —B power source. With this circuit ar-
rangement, the transistor Qg operates as an emitter fol-
lower to apply a bias voltage to the base of the transistor
Q4. The base of the transistor Qs is connected to the
connection point of a resistor Rg and the emitter of the
transistor Q7. The transistor Q7 is biased by the voltage
divided by resistors Rg and R7. The transistor Q7 also
operates as an emitter follower similar to the transistor
Qe, and provides a bias voltage to the base of the transis-
tor Qs. The resistance values of the resistors R4to R are
appropnately selected so that the base potential of the
transistor Q4 is higher than that of the transistor Qsin a
normal condition. The output signal [OUT 2 from the
inverter circuit 3 provided] at the collector of the
transistor Q4 [and is also applied] is applied to the base

of the transistor Q3 of the gate circuit 1 through a resis-
tor Ro.

The inverter circuit 3 of FIG. 3, therefore, includes,
in effect, a differential amplifier circuit including tran-
sistors Q4 and Qs. Accordingly, the influence of the
temperature change on the base-emitter voltages is very
closely the same for both of the transistors Q4 and Qs, as
well as for the transistors Qg and Q7. This circuit ar-
rangement, therefore, minimizes the vanation of the
threshold level of the inverter because the effects of
temperature variation tend to cancel each other. Addi-
tionally, the range of the collector current of the transis-
tor Q4 is restricted due to its connection to the constant
current source Sj, with the result that the transistor Q4
Is not saturated. The carrier storage time in transistor
Q4 1s reduced, thereby causing the change of the carrier
storage time with temperature to be very small or negli-
gible.

The monostable multivibrator according to FIG. 3 is
designed such that, in the stationary state, the transistors
Q1, Q2 and Qs are turned off while the transistors Qg,
Qe and Q7 are turned on.
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When a positive trigger pulse is applied to the base of
the transistor Qi, the transistor Q) is switched on, caus-
ing 1ts collector potential to drop. As a result the base
potential of the transistor Q4 drops, thereby switching
transistors Qg4 and Qg to the off state. The turning-off of
the transistor Qq, in turn, causes the transistors Q3 and
Qs to be switched on. In this manner, the state of the

-monostable multivibrator is changed from its stable

state to its unstable state. When the transistor Q3 is
turned on, the stored charge in the capacitor C begins to
discharge through the resistor R; and the collector-
emitter circuit of the transistor Q. As a result, the base
potential of the transistor Q4 increases according to the
time constant determined by the resistor R; and the
capacitor C. When the base potential of the transistor
Q4 reaches the threshold level, the transistor Q4 is again
turned on. When transistor Q4 switches on, its collector
potential drops, which, in turn, causes the transistor Q3
to turn off. At the same time, the transistor Qg is turned
on and the capacitor C is rapidly charged through a
path including the resistor R, and the collector-emitter
circuit [including] of the transistor Qg, with the result
that the monostable multivibrator is instantaneously
restored from its unstable state to its stable state. FIG.
[4(A)] 4(B) shows a waveform corresponding to the
base potential of the transistor Q4 when the circuit of
FIG. 3 operates as just described.

In the circuit of FIG. 3, a resistor Rj; (not shown)
may be connected between the base of the transistor Qq
and the — B power source, in lieu of the transistor Qg. If
this were done the capacitor C would then be charged
through the combination of the resistors R, Ry, and
Rio, when the monostable multivibrator is restored
from the unstable state to the stable state, and the restor-
ing time would depend on the time constant determined
by the resistors Rj, Rj; and Rjg, and the capacitor C.
The result would be an elongation of the restoring time
from the unstable to the stable state, as shown in FIG.
[4(B)] 4(A4) which illustrates the base potential wave-
form of the transistor Q4 for such a case. In contrast,
with the circult of FIG. 3, the emitter follower transis-
tor Qg is used as the base-bias circuit of the transistor Q4
and thus the charging current to the capacitor C flows
through the collector-emitter circuit of the transistor
Qs. Due to this arrangement, the restoring time from
the unstable state to the stable state can be very rapid.
Therefore, if the repetition rate of the triggering pulses
1s increased, the monostable multivibrator of FIG. 3 i1s
able to accurately follow the triggering pulses, and at
the same time provide fixed pulse width output pulses.

As mentioned above, the monostable multivibrator of
[ the invention] the present invention includes the gate
circuit, the time constant circuit and the inverter circuit.
The inverter circuit comprises a differential amplifier.
An emitter follower transistor is used for the input bias
circuit of the inverter. With such an arrangement, the
threshold level of the inverter and the time delay due to
the carrier storage tune are substantially independent of
any temperature change. Further, the restoring time
from the unstable state is reduced with the result that
the pulse width of the output pulse may be kept con-
stant. Consequently, if the monostable multivibrator of
the invention is applied to pulse count FM demodula-
tion circuit, the variation in the DC detector output is
minimized or prevented, thereby eliminating signal
distortion due to incorrect tuning using the tuning me-
ter.
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Various other modifications of the disclosed embodi-
ment will become apparent to persons skilled in the art
without departing from the spirit and scope of the in-
vention as defined by the appended claims.

What 1s claimed is:

1. In a monostable multivibrator having a gate circuit,
a time constant circuit connected to the gate circuit, and
an tnverter circuit, the improvement wheretn said in-
verter circuit comprises a differential amplifier having
two inputs and having an input bias circuit including a
pair of transistors each biased connected as an emitter
follower, the emitters of said pair of transistors con-
nected are each to respective inputs of said differential
amplifier, the bases of said transistors respectively con-

10

nected to first and second bias means, and the emitter of 15

one of said transistors additionally connected to the
time constant circuit.

2. An improved monostable multivibrator according
to claim 1 wherein said differential amplifier comprises
a pair of transistors, the collectors of which are adapted
to be connected to the positive side of a power source,
and the emitters of which are connected to each other
and adapted to be connected to the negative side of a
power source through a constant current source.

3. A monostable multivibrator comprising;

a gate circutt;

a time constant circuit including a capacitor and a

resistor, said capacitor being connected at one end
to said gate circuit and at the other end to one end

of said resistor, the other end of which is adapted to 30

be operably connected to the positive side of a
POWET SOUICE;

an inverter circuit including first, second, third, and
fourth transistors, the collectors of said first and
second transistors being adapted to be operably
connected to the positive side of a power source,
the emitters of said first and second transistors
being connected to each other and being adapted to
be operably connected to the negative side of a
power source, sald third and fourth transistors
being connected 1n emitter follower circuit ar-
rangements, the collector of said first transistor
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also being operably connected to said gate circuit
and to a first output terminal, the base of said first
transistor being connected to the emitter of said
third transistor, the collector of said third transistor
being adapted to be connected to the negative side
of a power source, the emitter of said third transis-
tor also being connected to the connection point
between said capacitor and said resistor, the collec-
tor of said second transistor being connected to a
second output terminal and the base of said second
transistor being connected to the emitter of said
fourth transistor, and the collector of said fourth
transistor being adapted to be connected to the
negative side of a power source; and

first and second bias means, the base of said third

transistor being connected to said first bias means,
and the base of said fourth transistor being con-
nected to said second bias means.

4. The monostable multivibrator according to claim 3
wherein the emitters of said first and second transistors
are connected to the negative side of a power source
through a constant current source. |

5. The monostable multivibrator according to claim
3, wherein said gate circuit includes a pair of transistors,
the collectors of which are connected to each other and
to one end of said capacitor, and are adapted to be
operably connected to the positive side of a power
source the emitters of which are connected to each
other and to ground, the base of one of said gate circuit
transistors 1s connected to an input terminal, and the
base of the other of said gate circuit transistors is opera-
tively connected to the collector of said first transistor
of said inverter circuit.

6. A monostable multivibrator according to claim 3
wherein said first and second bias means each comprise
a resistance connected between the negative side of a
power source and ground. .

7. A monostable multivibrator according to claim 3
wherein the output from multivibrator 1s provided from

either said first or second output terminal.
% 3 ¥ x ¥
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