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3,277,314
. BIGH EFFICIENCY, MULTIVIBRATOR
Robert M. Muioz, Los Altos, Calif., assignor to the
United States of America as represented by the Admin-
mistr ?: of the National Aeronautics and Space Admin-
atlon
Filed Sept. 26, 1963 Ser, No. 310,506
5 Claims. (Cl. 367--88.5)

‘The invention descrnbed herein may be manufactured
and used by or for the Govemment of the United States
of America for governmental purposes without the pay-
ment of any royaltws thereon or therefor.

This invention relates to improved semxconductor multi-
vibrator circaits.

Multivibrator circuits are of three types, namely,
astable, bistable or monostable. An _astable multivibra-
tor is free-running, that is, self—oscxllatmg A monostable
multivibrator has one stable state of operation and a sec-
ond quasx-stable state A trigger pulse applied to a mono-
stable ty, pe mulnvxbrator causes the circuit o shift to its
quasi-stable state. After a ‘given penod of time the
monostable multivibrator circuit retums to its stable state.
A blstab]e multivibrator (often referred to as a flip-flop)
is a multivibrator in which the two active elements are
biased so that the circuit has two stable states and a trig-
ger pulse is requlred to make a change or switch from
one state to the other. The stable states of the bistable
multivibrator or the ﬂxp-ﬂop are referred to as the set and
reset states. This same termmology is used to desagnate
- the two pulse mputs of the multivibrator, namely, set in-
put and reset input. The bistable multivibrator has two
pulse mputs The output of the bistable multivibrator is
often given the Boolean tags of “one” and “zero.” An
input pulse at the set input sets the multivibrator and a
high output voltage (one) is produced at the output.
When an input pulse is applied to the reset mput the multi-
vibrator is reset and a low voltage (zero) is produced at
the output. . Many bistable multivibrators have comple-
mentary outputs. That is, a (zero) is avallable at one
terminal at the same time that a (one) is available at
another terminal.

In many applications of electronics, the efficient use of
power is of relatively little importance but with the advent
of satellite instrumentation, power efficiency has become
a critical factor. Of the many . circuits used in, satellite
electronics, only a few approach 100 p"rcent efﬂcxency
This invention is one falling within that category.

The nature .of the coupling elements between the two
active elements in a multivibrator détermines whether it
is. menostable, bistable or astable. The general purpose
of ‘the monostable circuit.is to produce a rectangular
pulse-of constant width. . The start of the puise is deter-
mined by an mput sngnal (not necessarily periodic) and
the pulse width is determined by physical constants within
the circuit. . Circuits of this type are used widely in the
fields of radar, sonar, communications, television, com-
puting and instrumentation., A conventional iransistor
monostable mulixvxbrator is illustrated in FIG. 1. In this
circuit, transistor (; is normally cut off and transistor Q,
is normally conducting because of the current. that flows
through R, into the base of transistor Qs Under these
conditions, the voltage drop across R; must be greater
than e, (the potential produced by power supply Ep),
the base voltage of transistor Q4 to insure that transistor
Q, is cut off. When a negative pulse appears at the col-
lector of transistor Q;, it passes through capacxtor C; to
the base of transisior -3 causing a reduction ‘in current
I, which in turn reduces the voltage drop across resistor
R; to a value less than e, This action furns transistor
Qi on and positive feedback in the circuit rapidiy switches
transistor Q; to saturation and tramsistor Qy to cut off.
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This condition of saturation remains until resistor B,
charges capacitor C; thus allowing transistor Q, to con-
duct again (the time constant R;C; determines the pulse
duration). Then the reverse action occurs to return the
circuit fo ifs original stable state. While transistor @y is
condueting, a current I; flows through resistors Ry and Ra.
Ore requirement for stability is that current I, be less than
current I,.  The total average power P, consumed by this
circpit can be expressed as follows:

P=e,[Ii+ (- L) (I—1f)]
where
t=pulse duration
f==repetition rate and )
ep,=the potential of the power supply E,.

This represents a very inefficient use of power because
much of it is used only to maintain the circuit in readi-
ness and only a small amount is consumed in the load
resistor Ry, especially if the pnlse duration i is small. The
eﬁicxency, E, of this circuit is given by the following ex-
pression:

e LifR,
LA (L= 1) (L~ R+ R;)

If I, and I, are approximately equal, and if R, is much less
than R;, this equation reduces to:

E=tf -

. For low repetition rates and for short pulse durations,
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this circuit has very low efficiency.

. In the circuit of FIG. 1, the ouiput current flows
through resistor R; and causes a voltage drop. The
total output voltage is the power supply potential e, less
the saturation voltage of transistor Q; and the voltage
drop across resistor Rg. ;

The purpose of the astable multivibrator is to produce
periodic waveforms of high harmonic content, for ex-
ample, rectangular waveforms, square waves, trapezoids,
and pulses. Proper selection. of circuit parameters de-
termines the frequency and symmetry of these waveforms,
FIG. 2 illustrates a conventional transistor astable multi-
vibrator. In this circuit, the time constants C;R; and
C3R, determine the frequency of operation and the time
constants R,C; and RyC, determine the recovery of the
circuit. When transistor Q; is saturated, transistor Qg
draws no current until capacitor C; is charged through
resistor R; and transistor Q; just begins to conduct.  The
voltage at the collector of transistor Q; drops and passes
through capacitor C,, lowering the base voltage of tran-
sistor Q; and bringing it out of saturation. This allows
the collector of transistor Q to increase in voliage which
increase is coupled through capacitor C; 1o the base of
transistor Q,, causing positive feedback. The recovery
of the collector of transistor Q; to the voltage ¢; (the
potential of power supply E;) is limited by the time con-
stant C;R; because capacitor C; is effectively tied to
ground through the base of transistor Qg Collector re-
covery limits the amount of dissymmetry in the output
waveform. If capacitor C; is made large with respect
to capacitor C, to produce a highly asymmetric output
waveform, the time that the collector has to recover 16
potential e, is reduced in direct proportion. The effi-
ciency of the circuit is limited in a manner similar to that
of the conventional monostable multivibrator shown in
FIG. 1 and can be expressed by the same equation used
to measure the efficiency of that circuit.

Accordingly, it is an object of this invention to provide
an improved semiconductor multivibrator that is subst
tially 100 percent efficient.
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Another object of this invention it fo provide an im-
proved multivibrator that produces an output voliage
which is nearly equal to the power supply voliage.

A further object of this invention is to provide an im-
proved transistor multivibrator with a shorter responss
time which allows the shortest possible rise and fall times
in the output waveform.

In accordance with the invention, transistors of the op-
posite conductivity type are coupled in a novel manner to
form a muliivibrator. The complementary transistors
are connected in series with each other and a load resist-
ance. The load resistance is connected to the collector
of the first transistor. The emitter of the first transistor
is connected directly to the emitter of the second transis-
tor. Current flows in both transistors simultaneosuly, or
alternatively, both transistors are cut off. This arrange-
ment produces a nearly 100 percent efficient multivibrator.
The series connection of the two complementary transis-
tors results in a reduction in the effective collector shunt
capacity and provides a shorfer response time. A cir-
cuit embodying the invention may be any one of the three
types of multivibrators, namely, monostable, bistable, or
astable. A single network coupling the complementary
transistors determines whether this circuit is monostable,
bistable or astable.

The novel features of this invention as well as the in-
vention itself, both as fo its organization and method of
operation, will be best understood from the following de-
scription, when read in connection with the accompanying
drawings, in which like reference symbols refer to like
parts, in which:

FiG. 1 is a circuit diagram of a conventional semicon-
ductor monostable multivibrator;

FIG, 2 is a circuit diagram of a conventiona] fransistor
astable multivibrator;

FIG. 3 is a circuit diagram of a monostable multi-
vibrator embedying this invention;

FIG. 4 illustrates waveforms associated with the cir-
cuit of FIG. 3;

FIG. 5 is a circuit diagram of an astable multivibrator
embodying this invention;

FIG. 6 illustrates waveforms generated in the circuit
of FIG. 5; and

FIG. 7 is a circuit diagram of a bistable multivibrator
embodying this invention.

The embodiment shown in FIG. 3 contains a NPN
transistor 11, the emitter of which is connected to the
emitter of a PNP transistor 12. The collector of tran-
sistor ‘11 is connected to one of output terminals 14, a
load resistor 13, and a capacitor 16. The remaining
output terminal is grounded. The positive and negative
terminals of a power supply 17, generating a potential e,,
are connected to resistor 13 and ground, respectively. The
negative terminal of a power supply 18, generating a po-
tential ey, is grounded and the positive terminal is con-
nected to the cathode of a diode 19, a resistor 21, and a
resistor 22. The anode of diode 19 is connected to
capacitor 16 and a resistor 23. Capacitor 16 is con-
nected to the collector of transistor 11 and resistor 23
is connected to the base of iransistor 12, Resistor 21
is connected between the cathode of a diode 24 and a
coupling capacitor 26. Capacitor 26 and diode 24 are
connected in series between one of input terminals 27
and .the base of transistor 12, The other input terminal
is grounded,

In operation, both transistors 11 and 12 are normally
cut off because no voliage appears between the base of
transistor 11 and the base of transistor 12. When a'nega-
tive puise appears at the imput ferminals 27, it passes
through coupling capacitor 26 and the input diode 24
to the base of transistor 12, causing transistor 12 to con-
duct. The voltage
duced since the emitter of transistor 12 is connected to
the emitter of transistor 11, This causes transistor 11
to begin conducting. Current then flows through resistor

at the emitter of transistor 11 is re-
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13 producing positive feedback because of the volinge
drop across resistor 13, The circuit guickly saturates and
remains saturated until capacitor 6 is discharpged through
resistor 23 (capacitor I€ and resistor 23 determine the
pulse duration) and removes the forward bias current
from transistor 12 at wwhich time the reverse action cc-
curs and the transistors switch to the cut-off state. Re-
covery of the circuit is accomplished when capacitor 16
charges through resistor 13 and diode 9. Some of the
circuit waveforms are illustrated in FIG. 4.

FIG. 4 illustrates the input waveform, the output wave-
form, and the waveform between the junction of capacitor
16 and resistor 23, point a, and ground for the circuit de-
picted in FIG. 3.

In the conventional fransistor monostable multivibrator
illustrated in FIG. 1, the output current flows through
resistor R; and causes a voltage drop. The tfotal output
voltage is the power supply voltage ey less the saturation
voltage of tranmsistors Q; and Q, and the voltage drop
across resistor Rz, In the circuit of FIG. 3, however,
the output voltage is equal to the power supply voliage
less only the saturation voltages of transistor 11 and 1Z2.
This insures pulse height stability and produces a higher
outpuf voltage for a given power supply. The ouiput
voltage is nearly equal to the power supply voltage. The
reduction in the effective collector shunt capacity, by
series conmmnection of iransistors 11 and 12, contributes
to the speed of response of the circuit and allows the
shortest possible rise and fall times in the output wave-
form. The power consumed in the circuit of FIG. 4 is
only the power consumed in the load plus the very small
power consumed in the base circuit of fransistor 12 dur-
ing switching. Stand-by power is zero. Thus, the circuit
is substantially 100 percent efficient. . This makes the
circuit ideally suited for those applications where power
consumption is of the utmost importance, for example,
in satellite instrumentation. ]

The astable embodiment illustrated in FIG. 5 has no
stable states and provides a free-running oscillator. An
R-C circuit comprising capacitor 33 and resistor 34 is
connected between the base of a PNP {ransistor 32 and
the collector of an NPN transistor 31, the capacitor 33
being connected to the collector of the laiter transistor.
The emitters of transistors 31 and 32 are directly coupled.
The collector of transistor 31 is connected to capacitor 33,
a resistor 36 and one of output terminals 39. The other
output terminal is connected to ground. The positive
and negative terminals of a power supply 37, generating
a potential e,, are connected to resistor 36 and ground,
respectively. The positive and negative terminals of a
power supply 38, generating a potential e;, are connected
to the base of transistor 31 and ground, respectively.
The anode of diode 42 is connected to resistor 34 and
capacitor 33 and the cathode is connected to resistor 41.
A power supply 43 is connected between ground and
resistor 41, the positive terminal of the power supply
‘being connected to ground.  ‘The negative terminal of
power supply 38, and the collector of transistor 32 are
all grounded.

The circuit shown in FIG. § is self-starting and no input
pulse is required. Transistors 31 and 32 act similarly
to the transistors in the monostable multivibrator circuit
of FIG. 3 in that they both are saturated or are both cut
off at any given time, When transistors 31 and 32 are
saturated, capacitor 33 discharges through resistor 34,
Iiiode 42 is employed as a disconnect diode 1o isolate
capacitor 33 and resistor 34 from sesistor 41. Two of
the waveforms generated in the circuit of FIG. 5 are il-
ustrated in FIG. 6. The period 1; during which time
transistors 31 and 32 are saturated is regulated by the
time constant Ry,Css wherein Ry is the resistance of re-
sistor 34 and Cg; is the capacitance of capacitor 33. The
period ¢, during which time the transistor 31 and 32 are
cut off is controlled by the time constant (Ry;-+R363Cas
wherein Ry, is the resistance of resistor 41. When tran-
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sistors 31 and 32 are cut off and capacitor 33 is charging,
the voltage at the base of transistor 32 is going more
negative. As the forward bias is increased, transistor 32
begins to conduct. This causes the emitier voltage of
transistor 32 to drop and, accordingly, so does the emit-
ter voltage of transistor 31. Transistor 31 then conducts
and a voltage drop is produced across resistor 36 which
drop is coupled back to the base of transistor 32 through
capacitor 33 ‘and resistor 34. This regenerative action
drives transistor 31 and 32 into saturation. The conduc-
tion of transistor 31 and transistor 32 results in the dis-
charge of capacitor 33 through resistor 34. The base
current of transistor 32 becomes more positive and fi-
nally transistor 32 falls out of conduction and transistor
31 does likewise. Once transistors 31 and 32 are cut
off, capacitor 33 again charges through diode 42 and
resistor 41 and the cycle repeats itself,

Resistor 34 may be made very small and resistor 41
made very large without affecting the circuit adversely,
thus permitting a high degree of asymmetry in the multi-
vibrator output. This makes the circuit an ideal gen-
erator of pulses, Since current flows through the tran-
sistor 31 and 32 only during the interval of output pulse
generation (#,), the circuit is nearly 100 percent efficient.
The series arrangement of the transistors reduces the ef-
fective collector capacity and decreases the rise and fali
time of the output waveform.

In the bistable embodiment shown in FIG. 7, two com-
plementary transistors 46 and 47 are connected in series.
Transistor 46 is of the NPN type and transistor 47 is of
the PNP type. The emitters of these transistors are di-
rectly coupled together. The collector of transistor 46
is connected 1o one of output terminals 48, a resistor 49
and a resistor 51. Resistor 51 and a resistor 52 are con-
nected in series between the collector of transistor 46
and the negative terminal of a power supply 53, resistor
52 being connected to the power supply. The positive
terminal of power supply 53 is connected to the collector
of transistor 46, ground, and the negative terminal of
a power supply 54. The positive terminal of power sup-
ply 54 is connected to a resistor 58, a resistor 59, and a
resistor 61. A coupling capacitor 62 is connected between
one of set input terminals 64 and the cathode of a diode
5§6. The other set input terminal is connected to ground.
A coupling capacitor 63 is connected between one of
the reset input terminals 66 and the cathode of a diode
57. The other reset input terminal is connected to ground.
The anode of dicde 56 is connected to the base of tran-
sistor 46 and resistor 58. The anode of diode 57 is
connected to the base of transistor 47, resistor 51 and
resistor 52. The positive and negative terminals of
a power supply 67 are connected fo resistor 49 and
grouad, respectively.

In operation, the bistable circuit is in either the reset
stable state wherein both transistors 46 and 47 are satu-
rated or in the set stable state wherein transistors 46 and
47 are cut off. When a negative-going input signal is
applied to either set of input terminals the circuit switches
to the other stable state where it remains until another
trigger pulse is applied to the other set of input terminals.
Assume that transistors 46 and 47 are cut off and the cir-
cuit is in the set stable state. A negative trigger pulse
applied at input terminals 66 will be coupled through ca-
pacitor €3 and diode 57 to the base of transistor 47. This
pulse will increase the forward bias of transistor 47,
causing it to conduct and decrease the emifter voltage of
transistors 46 and 47. Transistor 46 will likewise conduct,
producing a voltage drop across résistor 49, The voliage
drop will be reflected back to the base of transistor 47
and the regenerative action will drive transistors 46 and
47 into saturation. The circuit will remain in this stable
state (reset) until a negative-going pulse is applied o
the inpuf terminals €4. Such a pulse will be coupled
through capacitor 2 and diode 56 io the base of tran-
sistor 46. The pulse will reverse-bias transistor 46 and
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drive it info cut off. The positive pulses applied to the
emitfer and base of transistor 47 will likewise cause that
transistor 10 be cut off. . The circuit will then remain in
the set stable siate until a negative-going pulse is ap-
plied 1o the reset input terminals §6. The series connec-
tion of transistors €6 and 47 results in a reduction in
the effective collector shunt capacity and results in an ouni-
put waveform with improved rise and fall times. An
improvement in power efficiency may be achieved over
that of a conventional bistable multivibrator if the proba-
bility of occurrence of the set state is greater than that
of the reset state.

There has thus been described a novel transistor multi-
vibrator circuit which may be employed to function either
as a monostable, an astable or a bistable element. The
multivibrator provides an improved output waveform, im-
proved power efficiency and an improved output voltage
amplitude.

Although the invention has been described in consid-
erable detail, it is to be understood that such description
is illustrative rather than limiting, as the invention may
be variously embodied otherwise than is shown and is to
be interpreted only as claimed.

I claim:

%. A multivibrator circuit comprising a first semicon-
ductor device of one conductivity type, a second semi-
conductor device of another conductivity type, each of said
devices including a base electrode, a collector electrode
and an emifter electrode, the emitter electrodes of said
first and second semiconductor devices being coupled to-
gether, a resistor, a power source, said resistor and said
power source being series connected and connected be-
tween the collector electrodes of said semiconductor de-
vices, biasing means connected between said base electrode
of said first semiconductor device and said collector elec-
trode of said second semiconductor device, an R-C circuit
connected between said collector electrode of said first
semiconductor device and said base electrode of said sec-
ond semiconductor device, means for coupling said R-C
circuit to said biasing means, first and second rectifying
means, said first rectifying means being coupled between
said biasing means and said R-C circuit, input signal cou-
pling means, said second rectifying means being coupled
between said input signal coupling means and said base
electrode of said second semiconductor device, and a re-
sistor coupled between said first and second rectifying
means.

2. A multivibrator circuit in accordance with claim 1
in which said input signal coupling means includes a cou-
pling capacitor, a pair of input terminals and a pair of
output signal terminals connected across said collector
electrodes of said semiconductor devices.

3. A multivibrator circuit comprising first and second
transistors of opposite conductivity type, said transistors
each having a base electrode, a collector electrode and
an emitter electrode, said emitter electrodes of said first
and second transistors being coupled together, a power
supply, a load resistor, said resistor and said power sup-
ply being connected in series and connected between said
collector efectrodes thereby reducing the effective collector
capacity, a first biasing means coupled between said base
electrode of said first transistor and said collector elec-
trode of said second transistor, a series R-C circuit cou-
pled between said collector electrode of said first transistor
and said base electrode of said second transistor, and a
second biasing means coupled between the midpoint of
said R-C circuit and said collector elecirode of said sec-
ond fransistor.

4. A multivibrator circuit according to claim 3, where-
in said second biasing means comprises a rectifier, a re-
sistor and a power supply, said rectifier, said resistor and
said power supply being connected in series with said re-
sistor being interposed between said rectifier and said
power supply.




3,277,314

7

5. A bisiable multivibrator comprising first and second
transistors each having base, emilter and collector elec-
trodes, said emitier slecirodes of 'said iransistors being
coupled fogether, s first resisior and a power supply con-
nmected in scries between said collecior elecirodes of said
first and second {ransistors, a set inpat, a first diode and
a first capacitor coupled between said set input and said
base electrode of said first transisior, a reset input, a sec-
ond diode and a second capacitor coupled between said
reset input and said base electrode of said second tran-
sistor, a pair of resistors serially connected between the
junction of said first diode and said first capacitor and
the junction of said second diode and said second capaci-
tor, first biasing means coupled to said pair of resistors,
said diodes and said base electrode of said first fransistor,
second biasing means coupled beiween said base and col-

i¢
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8
lector elecirades of said sscond fransistor, and 2 resisior
coupled between said collector electrode of said first
iranzistor and said base slectrode of said second franuiston.
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