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ABSTRACT OF THE DISCLOSURE

A controllable unit which has a p-n junction, an n-p
junction, a second p-n junction, and a terminal iter-
mediate said n-p junction and said second p-n junction
has a bi-directional control circuit between the p-type
layer of the first p-n junction and the said terminal; and
that bi-directional control circuit is adapted to have
an impedance low enough to enable said controllable unit
to conduct current in both directions.

——— T ———

This invention relates to improvements in control
systems. More particularly, this invention relates to
improvements in devices which can control electric power.

It is, therefore, an object of the present invention to
provide an improved device which can control electric
power.

It is important to be able to apply electric power to
a load, to control the value of that power, and to shut off
that power. In recognition of that fact, control devices
have been developed which could apply electric power
to a load, could control the value of that power, and
could shut off that power However, those control de-
vices have had many components, and hence those con-
trol devices have been expensive and bulky. It would
be desirable to provide a control device which could
apply electric power to a load, could control the value
of that power, and could shut off that power but which
would have only a few components. The present inven-
tion provides such a control device; and it is, therefore,
an object of the present invention to provide a control
device which can apply electric power to a load, can
control the value of that power, and can shut off that
power and which has only a few components.

The control device provided by the present invention
utilizes one or more controllable units and one or more
control circuits for those controllable units; and each of
those controllable units has a p-type layer, an n-type
layer, a p-type layer, and an n-type layer which form
a p-n junction, an n-p junction, and a p-n junction. One
of the p-type layers serves as the anode of the controllable
unit, the other p-type layer serves as an intermediate
terminal for that unit, and one of the n-type layers
serves as the cathode of that unit. The control circuit
is connected between the anode and the intermediate
terminal, and that control circuit will determine the
amount of power which the control device can apply to
a load. In the preferred embodiments of the present in-
vention, the control circuits can enable the control de-
vices to supply power to the loads over the full range
from zero power to full power, and to do so in smooth,
step-less fashion. It is, therefore, an object of the pres-
ent invention to provide a control device that includes
a controllable unit with a p-type layer, an n-type layer, a
p-type layer, and an n-type layer which form a p-n
junction, an n-p junction and a p-n junction, and that
also includes a control circuit connected between the
two p-type layers and that can supply power to a load
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over the full range from zero power to full power, and
to do so in smooth step-less fashion.

Other and further objects and advantages of the pres-
sent invention should become apparent from an examina-
tion of the drawing and accompanying description.

In the drawing and accompanying description several
preferred embodiments of the present invention are shown
and described but it is to be understood that the drawing
and accompanying descripifon are for the purpose of
illustration only and do not limit the invention and that
the invention will be defined by the appended claims.

In the diawing, FIG. 1 is a diagrammatic showing of
one preferred embodiment of control device that is
made in accordance with the principles and teachings of
the present invention, and the control circuit of that con-
trol device is an adjustable resistor,

FIG. 2 is a diagrammatic showing of an adjustable
capacitor which can be used as the control circuit of
the control device of FI1G. 1.

FIG. 3 is a diagrammatic showing of an adjustable in-
ductor which can be used as the control circuit of the
control device of FIG. 1,

FIG. 4 is a diagrammatic showing of a series-connected
adjustable resistor and adjustable capacitor which can
be used as the control circuit of the control device of
FIG. 1,

FIG. 5 is a diagrammatic showing of a series-connected
adjustable resistor and adjustable inductor which can be
used as the control circuit of the control device of
FIG. 1,

FIG. 6 is a diagrammatic showing of a series-connected
adjustable capacitor and adjustable inductor which can
be used as the control circuit of the control device of
FIG. 1,

FIG. 7 is a diagrammatic showing of a series-connected
adjustable resistor, adjustable capacitor and adjustable
inductor which can be used as the control circuit of the
control device of FIG. 1,

FIG. 8 is a diagrammatic showing of a series-connected
switch and adjustable resistor which can be used as the
control circuit of the control device of FIG. 1,

FIG. 9 is a diagrammatic showing of an adjustable re-
sistance bridge which can be used as the control circuit
of the control device of FIG. 1,

FIG. 10 is a diagrammatic showing of an adjustable
capacitance bridge which can be used as the control cir-
cuit of the control device of FIG. 1,

FIG. 11 is a diagrammatic showing of an adjustable
inductance bridge which can be used as the control cir-
cuit of the control device of FIG, 1,

FIG. 12 is a diagrammatic showing of another preferred
embodiment of control device that is made in accordance
with the principles and teachings of the present invention,

FIG. 13 is a diagrammatic showing of a further pre-
ferred embodiment of control device that is made in
accordance with the principles and teachings of the pres-
ent invention,

FIGS. 14A-14C are representations of oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was one megohm,

FIGS. 15A~15C are representations of - oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was three hundred and thirty
thousand ohms,

FIGS. 16A~16C are représentations of oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was ten thousand ohms,

FIGS. 17A~17C are representations of oscillograms
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obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was five thousand ohms,

FIGS. 18A-18C are representations of oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the chmic value
of the control circuit was one thousand ohms,

FIGS. 19A-19C are representations of oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was one hundred and eighty ohms,

FIGS. 20A-20C are representations of oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was one hundred ohms,

FIGS. 21A-21C are representations of oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was fifty ohms,

FIGS. 22A-22C are representations of oscillograms
obtained with the control device of FIG. 1 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was ten ohms,

FIG. 23 is a diagrammatic showing of a preferred em-
bodiment of control device that is made in accordance
with the principles and teachings of the present invention
and that has two controllable units and one control cir-
cuit therefore,

FIGS. 24-31 are representations of oscillograms ob-
tained with the control device of FIG. 23 when the load
was a forty watt incandescent lamp and the ohmic value
of the control circuit was six and six-tenths megohms,
five and six-tenths megohms, three and three-tenths meg-
ohms, one and eight-tenths megohms, one megohm, five
hundred and sixty thousand ohms, one hundred thousand
ohms, and ten ohms, respectively.

FIG. 32 is a diagrammatic showing of a preferred
embodiment of control device that is made in accordance
with the principles and teachings of the present invention
and that has three controllable units connected to form
a three-phase bridge,

FIG. 33 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that can be used as a
flip-flop circuit,

FIG. 34 is a diagrammatic showing of a further control
device that is made in accordance with the principles and
teachings of the present invention and that can be used
as a flip-flop circuit,

FIG. 35 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that can be used as a
D.C. flip-flop circuit,

FIG. 36 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that can be used as a
speed control for an electric motor,

FIG. 37 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that can be used as a
time delay circuit,

FIG. 38 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that can be used as a
“slow to make” control circuit,

FIG. 39 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that can be used as a
“slow to break” control circuit,

FIG. 40 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that can have a signal
injected into the eontrol circult of the controllable unit
thereof,

FIG. 41 is a diagrammatic showing of a control device
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that is made in accordance with the principles and teach-
ings of the present invention and that has an adjustable
bridge and an adjustable resistor in the control circuit
of the controllable unit thereof,

FIG. 42 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that has sensing elements
and an adjustable resistor in the control circuit of the con-
trollable unit thereof, and

FIG. 43 is a diagrammatic showing of a control device
that is made in accordance with the principles and teach-
ings of the present invention and that has a condition-
sensing element in the control circuit of the controllable
unit thereof.

Referring to FIG. 1 in detail, the numeral 50 generally
denotes a controllable unit which is made in accordance
with the principles and teachings of the present inven-
tion; and that unit has four layers 52, 53, 55 and 54. The
layer 52 is a p-type layer, the layer 53 is an n-type layer,
the layer 55 is a p-type layer, and the layer 54 is an
n-type layer. The layer 52 serves as the anode for the
unit 50; and the layer 54 serves as the cathode for that
unit. A terminal 56 is secured to the layer 55; and that
terminal serves as an intermediate terminal for the unit
50. The layers 52, 53, 55 and 54 of the controllable unit
50 will preferably be made from silicon pellets in which
p-type impurities and n-type impurities have been intro-
duced. However, where desired, the layers 52, 53, 55 and
54, of the unit 50 could be made from pellets of another
material such as germanium.

A junction 62 connects one side of a load 67 to the
anode 52 and to a terminal 58; and the other side of that
load is connected to one side of a suitable source of alter-
nating current by a conductor 64. A conductor 66 ex-
tends from the cathode 54 to the other side of that
source of alternating current. As a result, the load 67 and
the anode-cathode circuit of the controllable unit 50 are
connected in series across the source of alternating cur-
rent. The numeral 60 denotes a terminal which is con-
nected to the intermediate terminal 56; and an adjustable
resistor 68 is shown connected between the terminals 58
and 60. That adjustable resistor is the contro] circuit for
the controllable unit 50; and it constitutes a bi-directional
path for current flowing from conductor 64 via load 67,
junction 62, terminal 58, adjustable resistor 68, terminal
60, intermediate terminal 56, layer 55, the p-n junction
between the layers 55 and 54, layer 54, and conductor 66,
and for current flowing from conductor 66 via layer 54,
the n-p junction between layers 54 and 55, layer 55,
intermediate terminal 56, terminal 60, adjustable resistor
68, terminal 58, junction 62, load 67, and conductor 64.

If the adjustable resistor 68 has a high ohmic value, in
the range of several megohms, the controllable unit 50
will be essentially non-conductive when the conductors
64 and 66 are connected to a suitable source of alternat-
ing current. The voltage supplied by that source of alter-
nating current will divide across the load 67 and the unit
50; and that voltage also will divide across that load,
the adjustable resistor 68, the layer 55, the junction be-
tween the layers 55 and 54, and the layer 54. When the
conductor 64 is positive relative to the conductor 66,
the p-n junction between the layers 55 and 54 will be
biased in the forward direction, but the voltage drops
across the load 67 and the adjustable resistor 68 will be
so large that the voltage across the p-n junction will be
too small to render that junction conductive. As a result,
that junction and the overall controllable unit 50 will re-
main substantially non-conductive, When the conductor
66 is positive relative to the conductor 64, the n-p junc-
tion between the layers 54 and 55 will be biased in the
reverse direction; and, as a result, that junction and the
overall controllable unit 50 will remain substantially non-
conductive.

If the ohmic value of the adjustable resistor 68 is re-
duced to one megohm, the voltage drop across the load
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67 will increase and the votage across the p-n junction
between the layers 55 and 54 will increase; and if, during
a half cycle of the alternating current in which the con-
ductor 64 is positive relative to the conductor 66, the
voltage across that p-n junction increases sufficiently to
cause current to flow through that junction, that junction
and the overall controllable unit 50 will become conduc-
tive and will remain conductive throughout the rest of
that half cycle. During the next half cycle of the alter-
nating current, the n-p junction between the layers 54
and 55 will be biased in the reverse direction; and that
junction and the overall controllable unit 50 will be non-
conductive throughout that half cycle.

Specifically, as shown by the numeral 160 in FIG. 14A,
the voltage across the load 67 will be essentially zero at
the start of a half cycle in which the conductor 64 is
positive relative to the conductor 66, because the p-n
junction between the layers 55 and 54 and the overall
controllable unit 50 will essentially be non-conductive.
However, as the voltage increases during that half cycle,
the p-n junction between the layers 55 and 54 and the
overall controllable unit 50 will become conductive; and
thereupon, the voltage across the load 67 will immedi-
ately increase to the value indicated by the numeral 162
in FIG. 14A. That voltage will increase until the mid-
point of that half cycle is reached, as indicated by the
numeral 164 in FIG. 14A; and then that voltage will de-
crease to essentially zero at the end of that half cycle,
as indicated by the numeral 166 in FIG. 14A. During
the next half cycle of the alternating current, the n-p
junction between the layers 54 and 55 will be biased in
the reverse direction, and that junction and the overall
controllable unit 50 will be non-conductive throughout
that half cycle: and hence the voltage across the load
67 will be essentially zero, as indicated by the numeral
168 in FIG. 14A. During succeeding cycles of the alter-
nating current, the voltage across the load 67 will have
the waveform denoted by the numerals 160, 162, 164, 166
and 168 in FIG. 14A.

If the ohmic value of the adjustable resistor 68 is re-
duced to three hundred and thirty thousand ohms, the
voltage drop across the load 67 and the voltage across
the p-n junction between the layers 55 and 54 will be
larger; and hence that junction and the overall control-
lable unit 50 will become conductive closer to the start of
each half cycle of the alternating current in which the
conductor 64 is positive relative to the conductor 66, as
shown by FIG. 15A. During those half cycles in which
the conductor 66 is positive relative to the conductor 64,
the n-p junction between the layers 54 and 55 and the
overall unit 50 will be non-conductive, as shown by FIG.
15A.

If the ohmic value of the adjustable resistor 68 is de-
creased to ten thousand ohms, the p-n junction between
the layers 55 and 54 and the overall controllable unit 50
will be conductive throughout substantially all one hun-
dred and eighty degrees of each half cycle of the alter-
nating current wherein the conductor 64 is positive rela-
“tive to the conductor 66, as shown by FIG. 16A. When
the ohmic value of the adjustable resistor 68 is reduced
to that extent, the sum of the voltage drop across the
load 67 and of the voltage drop across that adjustable
resistor will be small enough to make the voltage across
the n-p junction between the layers 55 and 54 larger than
the break-over voltage of that junction; and, thereupon,
that junction and the overall controllable unit 50 will
conduct current during these half cycles of the alternating
current wherein the conductor 66 is positive relative to
the conductor 64. The flow of that current will develop
a voltage across the load 67 which will increase until
the mid-point of that half cycle is reached and will then
decrease to essentially zero at the end of that half cycle.

The voltage that is developed across the load 67, during
those half cycles of the alternating current in which the
conductor 66 is positive relative to the conductor 64, will
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6
be very small as shown by FIG. 16A; but that voltage
can be increased by further decreasing the ohmic value
of the adjustable resistor 68. Thus as shown by FIGS.
17A-22A the voltage across the load 67, during those
half cycles of the alternating current in which the conduc-
tor 66 is positive relative to the conductor 64, can be in-

. creased by successively reducing the ohmic value of the

adjustable resistor 68 to five thousand ohms, one thou-
sand ohms, one hundred and eighty ohms, one hundred
ohms, fifty ohms, and ten ohms. When the ohmic value
of the adjustable resistor 68 is reduced to ten ohms,
the voltage across the load 67, during those half cycles of
the alternating current in which the conductor 66 is posi-
tive relative to the conductor 64, will be substantially as
large as the voltage across that load during those half
cycles of the alternating current wherein the conductor
64 is positive relative to the conductor 66. This means
that the control device of FIG. 1 can be made to supply
substantially full power to the load 67 by reducing the
ohmic value of the control circuit of the controllable
unit 50 of that control device.

If desired, the ohmic value of the adjustable resistor
68 can be increased above one megohm; and, where that
is done, the voltage across the load 67 will be essentially
zero for longer periods of time during those half cycles
of the alternating current wherein the conductor 64 is
positive relative to the conductor 66. In fact, the ohmic
value of the adjustable resistor 68 can be increased to
the point where only a very small voltage is developed
across the load 67 during those half cycles of the alternai-
ing current wherein the conductor 64 is positive rela-
tive to the conductor 66; and, of course, the voltage across
that load will be essentially zero during those half cycles
of the alternating current in which the conductor 66 is
positive relative to the conductor 64. It should thus be
apparent that the control device of FIG. 1 makes it
possible to vary the voltage and power supplied to the
load 67 from essentially zero to essentially full value.
While FIGS. 14A-22A represent nine different finite
values of voltage that were developed across the load 67
by the control device of FIG. 1, an infinite number of
different values of voltage can be developed across that
load by that control device. Further, that control device
can vary the voltage and power which it supplies to the
load 67 in smooth, step-less fashion.

The control circuit for the controllable unit 50 of FIG.
1 can have different kinds and values of impedance there-
in. For example, a thermistor could be used in place of
the adjustable resistor 68 of FIG. 1; and that thermistor
could be of the type which experiences a decrease in re-
sistance as the temperature thereof increases or could be
of the type which experiences an increase in resistance as
the temperature thereof increases. With a thermistor of
the type that experiences a decrease in resistance as the
temperature thereof increases, the controllable unit 50
will become conductive as the temperature in the area
in which the thermistor is located increases. Subsequently,
that unit will become non-conductive as the temperature
in that area decreases. With thermistors that experience
an increase in resistance as the temperature thereof in-
creases, the controllable unit 50 will become conductive
as the temperature in the area in which the thermistor
is located decreases. Subsequently, that unit will become
non-conductive as the temperature in that area increases.

Also, heat-sensitive paints or coatings could be sub-
stituted for the adjustable resistor 68 of FIG. 1. The
ohmic values of the resistances of those paints or coatings
should, close to one end of the anticipated temperature
range, be large enough to keep the controllable unit 50
non-conductive and should, close to the other end of
that temperature range, be small enough to render that
controllable unit conductive. Moreover, a tapped im-
pedance and a thermostat or contact-equipped ther-
mometer could be substituted for the adjustable resistor
68. Where that was done, the overall ohmic resistance of
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that tapped impedance should be great enough to keep
the controllable unit 50 non-conductive, but the thermo-
stat or the contact-equipped thermometer should “short”
enough of that impedance to permit the controllable unit
50 to become conductive.

Light-sensitive elements of the photo-resistive type
could be substituted for the adjustable resistor 68; and,
as those elements responded to the light falling thereon
to decrease the resistance thereof, enough current would
flow through those light-sensitive elements to render the
controllable unit 50 conductive. When those light-sensitive
elements subsequently experienced an increase in resist-
ance, as the amount of light falling thereon decreased,
those light-sensitive elements would render the cou-
trollable unit 50 non-conductive.

Further, if desired, a pressure-sensitive paint or coating,
or a pressurestat associated with a tapped impedance,
could be substituted for the adjustable resistor 68 of FIG.
1. The pressure-sensitive paint or coating could respond
to the application of pressure to reduce the ohmic value
of the control circuit between the junction 62 and the
intermediate terminal 56 to the point where the con-
trollable unit 50 became conductive. Subsequently, that
pressure-sensitive point or coating could respond to the
removal of that pressure to increase its ohmic resistance
to the point where that controllable unit again became
non-conductive. Where the adjustable resistor 68 of FIG.
1 was replaced by a pressurestat and an associated tapped
impedance, the pressurestat could respond to a given
change in pressure to “short” a sufficient portion of the
tapped impedance to reduce the impedance of the con-
trol circuit between the junction 62 and the inter-
mediate terminal 56 sufficiently to render the controllable
unit 50 conductive. Subsequently, that pressurestat and
tapped impedance could respond to the restoration of
the pressure to its initial value to render the controllable
unit 50 non-conductive again.

Additional, the adjustable resistor 68 of FIG. 1 could
be replaced by a humidistat and a tapped impedance.
Changes in humidity could cause that humidistat to
“short” portions of that impedance and thereby render
the controllable unit 50 conductive. Subsequent restora-
tion of the humidity to its original level would cause
the controllable unit 5¢ to again become non-conduc-
tive. Similarly, a combination of a pH meter and a tapped
impedance could respond to a pre-determined change
in the pH of a solution to selectively render the con-
trollable unit 50 conductive. Also, the combination of
a microphone and a tapped impedance could be made to
respond to a pre-determined noise level to selectively
render the controllable unit 50 conductive. Further a
microphone and a frequency-sensitive circuit including a
variable impedance could be made to selectively respond
to a predetermined frequency to render the controllable
unit 50 conductive. Similarly, a combination of a variable
impedance and a sensor of any sort of radiation, whether
that radiation includes X-rays, gamma rays, beta particles,
neutrons, electrons, ultra violet light, infra-red rays, could
be substituted for the adjustable resistor 68. Actually, any
component or combination of components which could
respond to a pre-determined change of any kind to vary
the effective value of the impedance between the junction
62 and the intermediate terminal 56 could be used to
control the conductivity of the controllable unit 50.

FIG. 2 shows an adjustable capacitor 70 which can
be substituted for the adjustable resistor 68 of FIG. 1.
That adjustable capacitor should have a sufficient range
of capacitance to enable it to have an impedance which is
great enough to keep the controllable unit 50 from be-
coming conductive and to have an impedance which is
small enough to enable that controllable unit to become
conductive.

FIG. 3 shows an adjustable inductor 72 which can be
substituted for the adjustable resistor 68 of FIG. 1. That
adjustable inductor should have a sufficient range of
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inductance to enmable it to have an impedance which
is great enough to keep the controllable unit 58 from
becoming conductive and to have an impesdance which is
small enough to enable that controllable unit to become
conductive.

As indicated by FIGS. 4-7, the control circuit be-
tween junction 62 and the intermediate terminal 56 of the
controllable unit 50 need not be solely resistive, capaci-
tive, or inductive in nature. Instead, that control circuit
can be a composite of an adjustable resistor 68 and an
adjustable capacitor 70, as shown by FIG. 4, can be
a composite of an adjustable resistor 68 and an adjustable
inductor 72, as shown by FIG. 5, can be a composite of
an adjustable capacitor 70 and an adjustable inductor 72,
as shown by FIG. 6, or can be a composite of an adjust-
able resistor 68 and an adjustable capacitor 70 and an
adjustable inductor 72, as shown by FIG. 7. Where de-
sired, any of the adjustable resistors 68, adjustable ca-
pacitors 70 and adjustable inductors 70 in FIGS. 4-7
could be replaced by a fixed-value resistor, capacitor or
inductor.

Where desired, the control circuit for the controllable
unit 50 of FIG. 1 can be replaced by a switch 69 and
an adjustable resistor 68, as shown by FIG. 8. The sst-
ting of that adjustable resistor will be selected so the
ohmic value of the control circuit, constituted by that
adjustable resistor and the switch 69, will be small
enough to render the controllable unit 5¢ of FIG. 1 con-
ductive whenever the switch 69 is closed. That controlla-
ble unit will, of course, become non-conductive whenever
the switch 69 is re-opened. Appropriate adjustment of
the setting of the adjustable resistor 68 will enable the
control circuit of FIG. 8 to cause the controllable unit
50 of FIG. 1 to supply the desired value of voltage and
power to the load 67. The provision of the switch 69 en-
ables the adjustable resistor 68 of FIG. 8 to have a
much smaller range than the adjustable resistor 68 of
FIG. 1; because the former adjustable resistor does not
have to have sufficient resistance to render the controlla-
ble unit 50 non-conductive.

Where desired, the adjustable resistor 68 of FIG. 8
could be replaced by an adjustable capacitor or an ad-
justable inductor or a combination of adjustable imped-
ances. Also, if desired, the adjustable resistor 68 of FIG.
8 could be replaced by a fixed resistor, a fixed capacitor,
a fixed inductor, or a combination of fixed impedances.
Where a fixed resistor, a fixed capacitor, a fixed inductor,
or a combination of fixed impedances was used, the im-
pedance of that resistor, capacitor, inductor, or combina-
tion of impedances would be small enough to enable the
controllable unit 50 to become conductive whenever the
switch 69 was closed.

If desired, the control circuit of FIG. 1 could be re-
placed by a resistance bridge 77, as shown by FIG. 9.
That resistance bridge includes an adjustable resistor 68
and three other resistors. If desired, one or more of those
other three resistors could be made adjustable. The values
of the various resistors of the resistance bridge 77 of FIG.
9 should be such that appropriate adjustment of the set-
ting of the adjustable resistor 68 of that bridge could se-
lectively cause the controllable unit 50 to become con-
ductive or non-conductive.

A capacitive bridge 79, shown in FIG. 10, or an in-
ductive bridge 81, shown in FIG. 11, also could be sub-
stituted for the control circuit of the control device of
FIG. 1. The capacitive bridge 79 includes an adjustable
capacitor 70 plus three other capacitors; and, if desired,
one or more of those other three capacitors could be
made adjustable. The inductive bridge 81 includes an ad-
justable inductor 72 plus three other inductors; and, if
desired, one or more of those other three inductors could
be made adjustable. The values of the various capacitors
in the capacitive bridge 79 and the values of the various
inductors in the inductive bridge 71 should be such that
appropriate adjustment of the adjustable capacitor or
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inductor could selectively cause the controllable unit 50
of FIG. 1 to become conductive or non-conductive.

The controllable unit 50 of FIG. 1 can be fabricated
in different sizes to enable it to have different ratings.
Also, that controllable unit can be fabricated in different
ways. Preferably, that controllable unit will be fabri-
cated in the manner in which the four-layered pellets used
in silicon controlled rectifiers are fabricated; because the
technology of the fabrication of such pellets is under-
stood by several manufacturers. In fact, one of the said
four-layered pellets can be used as the controllable unit
50 of FIG. 1.

Where desired, a controllable unit 73 can be fabricated
from a diode 74, a breakdown diode 76, a breakdown di-
ode 78, and an intermediate terminal 80, as shown by
FIG. 12. A junction 86 connects the anode of the diode
74 to a load 75, and the cathode of that diode is con-
nected directly to the cathode of the breakdown diode
76. The intermediate terminal 80 is connected directly to
the anodes of the breakdown diodes 76 and 78; and the
cathode of the breakdown diode 78 is connected to a
connector 90. That conductor is connected to one side
of a suitable source of alternating current; and a conduc-
tor 88 connects the other side of that source to the load
75. The control circuit for the controllable unit 73 is
connected between the junction 86 and the intermediate
terminal 80; and that control circuit is a single pole,
single throw switch 92.

That switch can be opened to provide a virtually infi-
nite impzdance between the junction 86 and the interme-
diate terminal 80; and such an impedance will keep
the control device of FIG. 12 non-conductive. Closing of
the switch 92 will establish a virtually zero impedance
between the junction 86 and the intermediate terminal
80; and such an impedance will render the control device
of FIG. 12 highly conductive. The values of the cur-
rent flowing through the breakdown diode 78 will be
greater than the values of the current flowing through
the junction between the layers 55 and 54 in FIG. 1,
because the switch 92 will “short” the series-connected
diode 74 and breakdown diode 76; but proper selection
of the breakdown diode 78 will enable that breakdown
diode to carry those values of current without injury.
Because the size and capacity of the breakdown diode
78 can be greater than the sizes and capacities of diode 74
and of breakdown diode 76, the controllable unit 73 of
FIG. 12 can be more rugged than the controllable unit
50 of FIG. 1. However, the use of three diodes to con-
stitnte the controllable unit 73 of FIG. 12 makes the
overall size and cost of that controllable unit very much
larger than the size and cost of the controllable unit 50
of FIG. 1.

While a single pole, single throw switch 92 has been
shown as the control circuit for the controllable unit 73 of
the control device of FIG. 12, any of the control circuits
of FIGS. 1-11 could be substituted for that switch. In
fact, any component or combination of components which
can respond to a predetermined change to sufficiently
vary the impedance of the path from junction 86 to the
intermediate terminal 80 could be substituted for the
switch 92.

FIG. 13 shows a controllable unit 96 which has the
rugged and sturdy characteristics of the controllable unit
73 of FIG. 12 but which has the compactness of the con-
trollable unit 50 of FIG. 1. The controllable unit 96 has
a p-type layer 98 and an adjacent n-type layer which can
be identical to the p-type layer 52 and the n-type layer 53
of the controllable unit 50 of FIG. 1. The controllable
unit 96 has an n-type layer 100 and an adjacent p-type
layer which are considerably larger in area than the n-type
layer 54 and the p-type layer 55 of the controllable unit
50 of FIG. 1. The layer 98 serves as the anode and the
layer 100 serves as the cathode. The larger areas of the
n-type layer 100 and of the adjacent p-type layer of the
controllable unit 96 enable that controllable unit to safely
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pass the large values of current which will flow through
the junction between those layers when the path between
junction 108 and the intermediate terminal 102 of that
controllable unit is “shorted.”

In FIG. 13, a conductor 109 connects one side of a
load 110 to one side of a suitable source of alternating
current, and the other side of that load is connected to
the junction 108. The other side of the source of alternat-
ing current is connected to the layer 100. Normally-open
relay contacts 114 serve as the contro] circuit which is
connected between the junction 108 and the intermediate
terminal 102 by terminals 104 and 106. A relay coil 116
is provided to actuate the relay contacts 114. As long as
the relay contacts 114 are open, the controllable unit 96
will remain non-conductive; but when those relay con-
tacts are closed, that controllable unit will become highly
conductive. While the relay contacts 114 are shown as
the control circuit for the controllable unit 96 in FIG. 13,
any of the control circuits of FIGS. 1-12 could be substi-
tuted for those relay contacts. In fact, any component or
combination of components which can respond to a pre-
determined change to sufficiently vary the impedance of
the path from junction 108 to the intermediate terminal
102 could be substituted for the relay contacts 114.

As pointed out hereinbefore, and as shown by FIGS.
14A-22A, the control device of FIG. 1 can provide volt-
age wave forms across the load 67 which vary when the
ohmic value of the adjustable resistor 68 is changed.
Similar wave forms can be provided across that load by
progressively varying the effective impedance of any con-
trol circuit that is substituted for the adjustable resistor
68. As a result, the control device of FIG. 1 can provide
voltage wave forms across the load 6¢ which vary from
essentially zero to the full wave sinusoid of FIG. 22A.

The control device of FIG. 1 also provides other voltage
wave forms, as shown particularly by FIGS. 14B and 14C,
15B and 15C, 16B and 16C, 17B and 17C, 18B and 18C,
19B and 19C, 20B and 20C, 21B and 21C, and 22B and
22C. The wave forms shown by FIGS. 14B-22B were
developed between the junction 62 and the conductor 66,
and thus were developed across the anode-cathode circuit
of the controllable unit 50. Those wave forms show that
the average impedance of that controllable unit pro-
gressively decreases as the impedance of the control cir-
cuit for that controllable unit is decreased. The wave
forms shows by FIGS. 14C-22C were taken between the
intermediate terminal 56 and the conductor 66, and thus
were taken across the junction between the layers 55 and
54. The wave forms shown in FIGS. 16C and 17C are
essentially square waves; and hence the control device
provided by the present invention can serve as a square
wave generator whenever it has an appropriate impedance
connected between the anode and the intermediate ter-
minal of the controllable unit thereof.

FIGS. 19C and 20C show voltage wave forms that are
generally V-shaped. Consequently, it should be apparent
that the control device provided by the present invention
can provide generally V-shaped wave forms whenever an
appropriate impedance is connected between the amode
and the intermediate terminal of the controllable unit
thereof.

Referring to FIG. 23, the numeral 118 generally de-
notes a controllable unit which can be identical to the
controllable unit 50 of FIG. 1. The numeral 126 denotes
a second controllable unit that also can be identical to
the controllable unit 50 of FIG. 1. The controllable unit
118 has a p-type layer 120 which constitutes the anode of
that unit; and that anode is connected to one side of a
suitable source of alternating current by a junction 138,
a load 139, and a conductor 134. The other side of that
source of alternating current is connected to the layer
122, which serves as the cathode of the controllable unit
118, by a conductor 136 and a junction 140. The con-
trollable unit 126 has a p-type layer 128 that serves as
the anode of that controllable unit; and that layer is
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connected to the conductor 136 by the junction 140. The
controllable unit 126 has an n-type layer 130 which serves
as the cathode of that unit, and that layer is connected to
the conductor 134 by junction 138 and load 139. The inter-
mediate terminal 124 of the controllable unit 118 is con-
nected to the intermediate terminal 132 of the controllable
unit 126 by terminal 144, an adjustable resistor 146, and
the terminal 142. The adjustable resistor 146 serves as
the control circuit for both of the controllable units 118
and 126.

If the ohmic value of the adjustable resistor 146 is
great enough, usually in the order of many megohms,
insufficient cumrent can flow from conductor 134 via
load 139, junction 138, layer 130 of the controllable unit
126, the junction between that layer and the adjacent
p-type layer, the said p-type layer, intermediate terminal
132, terminal 142, adjustable resistor 146, terminal 144,
intermediate terminal 124, the lower p-type layer of the
controllable unit 118, the junction between that p-type
layer and the n-type layer 122, the layer 122, and the
junction 140 to the conductor 136 to render the control-
lable unit 118 conductive. Similarly, the ohmic value of
that adjustable resistor can be great enough so insufficient
current can flow from conductor 136 via junction 140, the
n-type layer 122 of the controllable unit 118, the junction
between that layer and the adjacent p-type layer, the said
p-layer, the intermediate terminal 124, terminal 144, ad-
justable resistor 146, terminal 142, intermediate terminal
132, the upper p-type layer of the controlable unit 126, the
junction between that layer and the n-type layer 130,
junction 138, and load 139 to the conductor 134 to render
the controllable unit 126 conductive, However, when-
ever the value of the adjustable resistor 146 is reduced
sufficiently and the conductor 134 is positive relative to
the conductor 136, enough current will flow through the
layer 130 and the adjacent p-type layer of the control-
lable unit 126 and through the lower p-type layer and
the n-type layer 122 of the controllable unit 118 to render
the latter controllable unit conductive throughout part
of each cycle of the alternating current. Also, whenever
the value of the adjustable resistor 146 is reduced suffi-
ciently and the conductor 136 is positive relative to the
conductor 134, enough current will flow through the
n-type layer 122 and the adjacent p-type layer of the
controllable unit 118 and through the upper p-type layer
and the n-type layer 130 of the controllable unit 126
to the conductor 134 to render the latter controllable unit
conductive during another part of each cycle of the alter-
nating current. The controllable unit 118 will be rendered
conductive during part of each positive-going half cycle
of the alternating current, whereas the controllable unit
126 will be rendered conductive during part of each nega-
tive-going half cycle of the alternating current. Thus,
the controllable unit 126 will be conductive during the
portions of the negative-going half cycle denoted by the
numerals 172 and 176 in FIG. 24, whereas the control-
lable unit 118 will be conductive during the portion of
the positive-going half cycle denoted by the numeral 174.

The waveform of FIG. 24 was produced when the load
139 was a forty watt incandescent lamp and the ohmic
value of the adjustable resistor 146 was six and six-
tenths megohms. By decreasing the ohmic value of the
adjustable resistor 146 to five and six-tenths megohms,
the “on” times of the controllable units 118 and 126 can
be increased, as shown by FIG. 25. Further, by progres-
sively decreasing the ohmic value of the adjustable resistor
146 to three and three-tenths megohms, one and one-
eighth megohms, one megohm, five hundred and sixty
thousand ohms, one hundred thousand ohms, and ten
ohms, the “on” times of the controllable units 118 and
126 can be increased, as shown by FIGS. 26-31. As the
ohmic value of adjustable resistor 146 is made smaller
and smaller, the “on” times of the controllable units
118 and 126 become longer and longer—approaching full
cycle conduction. This means that the voltage developed
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across the load 139 can be very close to the voltage
across the alternating current source, and substantially
full power can be delivered to that load.

While the adjustable resistor 146 has been shown as
the control circuit for the conmtrollable units 118 and
126 of FIG. 23, any of the control circuits shown by
FIGS. 2-13 can be substituted for that adjustable re-
sistor. Furthermore, any component or combination of
components which can respond to a predetermined change
to vary the impedance thereof sufficiently to selectively
render the controllable units 118 and 126 conductive and
nonconductive can be used as the control circuit for those
controllable units.

The initial cost of the control device of FIG. 23 can
be greater than the initial cost of the control device of
FIG. 1; because the former control device requires two
controllable units whereas the latter control device re-
quires just one controllable unit. However, the control
device of FIG. 23 is very desirable in that the value of the
current flowing through the n-type layer 130 and the
adjacent p-type layer of controllable unit 126, the ad-
justable resistor 146, and the lower p-type layer and the
layer 122 of the controllable unit 118, and the value
of the current flowing through the n-type layer 122 and
the adjacent p-type layer of controllable unit 118, the
adjustable resistor 146, and the upper p-type layer and
the layer 130 of the controllable unit 126 can be far
smaller than the value of the current flowing through
the layers 55 and 54 and the adjustable resistor 68 of
FIG. 1. For example, where the ohmic values of the ad-
justable resistor 146 of FIG. 23 and of the adjustable
resistor 68 of FIG. 1 were ten ohms, the value of the
current flowing through the former resistor was between
one five hundredth and one thousandth of the value of
the current flowing through the latter adjustable resistor.
As a result, far less energy will be dissipated in the form
of heat in the adjustable resistor 146 than will be dissi-
pated in the adjustable resistor 68. Also, far less energy
will be dissipated in the form of heat in the junctions
adjacent the n-type layers 122 and 130, respectively, of
the controllable units 118 and 126.

The control device of FIG. 23 is additionally desirable
because each of the controllable units 118 and 126 thereof
is nonconductive for at least half of the time, and thus
can cool down. In addition, that control device does not
require the control circuit thereof to be capable of with-
standing the very substantial voltages to which the control
circuit of the control device of FIG. 1 is subjected. The
overall result is that the impedance used in the control
device of FIG. 23 can be smaller, can have a lower watt-
age rating, and will generate less heat than will the
impedance usage in the control device of FIG. 1.

The control devices of FIGS. 1, 12 and 13 are very use-
ful in controlling the voltage and power which a source
of single phase alternating current can apply to a load;
but it is frequently important to control the voltage and
power which a source of polyphase alternating current
can apply to a load. The control device shown by FIG.
32 can easily control the voltage and power which a
source of three phase alternating current applies to a
load. In FIG. 32, conductors 18@¢, 182 and 184 are con-
nectable to a suitable source of three phase alternating
current; and the conductor 180 is connected to the anode
of a controllable unit 186 by a junction 198, the conduc-
tor 182 is connected to the anode of a controllable unit
188 by a junction 200, and the conductor 184 is con-
nected to the anode of a controllable unit 190 by a junc-
tion 202. The controllable units 186, 188 and 190 can
be identical to the controllable unit 50 of FIG. 1. The
cathode of the controllable unit 186 is connected to the
outer terminal of a phase 192 of a three phase load, the
cathode of the controllable unit 188 is connected to the
outer terminal of a phase 194 of that load, and the cath-
ode of the controllable unit 190 is connected to the outer
terminal of a phase 196 of that load. The inner terminals
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of those phases of that load are connected together. An
adjustable resistor 204 is connected between the junction
198 and the intermediate terminal of the controllable unit
186, an adjustable resistor 206 is connected between the
junction 200 and the intermediate terminal of the con-
trollable unit 188, and an adjustable resistor 208 is con-
nected between the junction 202 and the intermediate
terminal of the controllable unit 190. The adjustable re-
sistors 204, 206 and 208 will preferably have the adjust-
able portions thereof “ganged” to permit simultaneous
adjustment of the ohmic values of those adjustable re-
sistors. Those adjustable resistors should be selected so
the ohmic values thereof can be made small enough to
render the controllable units 186, 188 and 190 conduc-
tive.

‘When the conductors 186, 182 and 184 are connected
to a suitable source of three phase alternating current,
and when the ohmic values of the adjustable resistors 204,
206 and 208 are reduced to levels at which the control-
lable units 186, 188 and 190 can become conductive,
those controllable units will successively become conduc-
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tive and will successively supply power to the various -

phases 192, 194 and 196 of the load. The amount of
power which will be supplied to the various phases of
the load can be controlled by adjusting the settings of
the adjustable resistors 204, 206 and 208.

The arrangement shown by FIG. 32 is very useful in
controlling the amount of voltage and power which a
source of three phase alternating current can apply to a
load. However, that arrangement is merely representa-
tive; and other arrangements, which use the controllable
units of the present invention, can be used to control the
amount of voltage and power which a source of three
phase alternating current can apply to a load. Further,
other arrangements, which use the controllable units of
the present invention, can be used to control the amount
of voltage and power which sources of two phase and
multi-phase alternating current can apply to a load.

Referring to FIG. 33, the numerals 220 and 222 denote
conductors that can be connected to a suitable source of
alternating current. A voltage-dropping resistor 224 has
one side thereof connected to the conductor 220; and the
other side of that resistor is connected to the anode of
a controllable unit 230 by a junction 228 and to the anode
of a controllable unit 232 by junction 228 and a junction
234. The controllable units 230 and 232 can be identical
to the controllable unit 50 of FIG. 1. A junction 243 con-
nects the cathode of the controllable unit 230 to the con-
ductor 222; and a load 241 and that junction connect the
cathode of the controllable unit 232 to that conductor.
A junction 238 and a resistor 237 connect the junction
234 to the intermediate terminal of the controllable unit
232; and the junction 238, a normally open, single pole,
single throw switch 240, and a load 239 can connect the
junction 234 to the intermediate terminal of the control-
lable unit 230. The load 241 should be the type of load
which has a relatively high rated voltage and which is
inoperable when the voltage applied thereto is substan-
tially below that rated voltage; and the voltage-dropping
resistor 224 should be a resistor which can have a voltage
drop that can be added to the rated voltage of the load
241 to approximate the voltage supplied by the source of
alternating current. The voltage-dropping resistor 224
must be a resistor that can safely withstand a substantial
voltage overload. The load 239 should be a load that re-
quires less than one volt to make it operable, and that
can withstand much higher voltages. Also, the impedance
value of the load 239 should be close to that of the re-
sistor 237.

. When the switch 240 is open, the controllable unit 230
will be non-conductive, and hence the load 239 will be
inoperable. However, the controllable unit 232 will be
conductive—that controllable unit having a low imped-
ance between the anode and the intermediate terminal
thereof. Current will, whenever the conductor 220 is pos-
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itive relative to the conductor 222, flow from conductor
220 via resistor 224, junctions 228 and 234, controllable
unit 232, load 241, and junction 243 to the conductor
222. Conversely, current will, whenever the conductor
222 is positive relative to the conductor 220, flow from
conductor 222 via junction 243, load 241, controllable
unit 232, junctions 234 and 228, and resistor 224 to the
conductor 220. As a result, substantially full voltage and
substantially full power will be applied to the series-con-
nected resistor 224 and load 241. The voltage across that
load will be close to the rated voltage of that load; and
hence that load will operate. At this time, the load 241
will be operating, but the load 239 will be inoperable.

When the switch 240 is closed, the voltage across the
load 239 will render that load operable; and the voltage
across the lower p-n junction of the controllable unit 230
will render that junction, and hence the overall control-
lable unit 230, conductive. The impedance of the control-
lable unit 230 will be quite small after that unit has been
rendered conductive, and hence substantially all of the
voltage from the source of alternating current will appear
across the voltage-dropping resistor 224. The controllable
unit 230 is connected in parallel with the series-connected
controllable unit 232 and load 241; and the few volts
developed across the controllable unit 230, and also
across the series-connected controllable unit 232 and load
241, will be too small to permit the load 241 to be oper-
ated. Consequently, at this time the load 241 will be in-
operable. The load 239 will be connected in parallel with
the upper two junctions of the controllable unit 230, and
the combined impedances of those two junctions will be
quite low when that controllable unit is conductive. How-
ever, because the load 239 is a load that requires less than
a volt to make it operable, that load will continue to oper-
ate as long as the switch 240 is closed.

When the switch 240 is re-opened, the load 239 will
become inoperable, and the load 241 will again become
operable. This means that the closing and re-opening of
the switch 240 will cause the control device of FIG. 33 to
act as a flip-flop circuit.

If desired, a resistor could be connected between the
junction 228 and the anode of the controllable unit 230,
The voltage drop which would appear across such a resis-
tor when the controllable unit 230 became conductive,
should not be great enough to render the load 241 op-
erable; but should be great enough to enable the load 239
to require more than a volt to operate it. The use of such
a Tesistor would increase the number and types of loads
that could be used as the load 239.

Referring to FIG. 34, the numerals 220 and 222 denote
conductors which can be connected to a suitable source
of alternating current. A junction 228 connects the upper
terminals of loads 225 and 226 to the conductor 220, and
junctions 242 and 236 connect the lower terminals of
those loads to the anodes of controllable units 230 and
232. The cathodes of those controllable units are con-
nected to the conductor 222 by a junction 234. A nor-
mally-open switch 244 is connected between the inter-
mediate terminal and the anode of the controllable unit
230 by the junction 242; and a normally-closed switch
246 is connected between the intermediate terminal and
the anode of the controllable unit 232 by the junction
236. The switches 244 and 246 are “ganged” so that
the switch 244 will be open whenever the switch 246 is
closed and so the switch 246 will be open whenever the
switch 244 is closed.

Whenever the switch 246 is closed, the controlable unit
232 will be conductive, and the load 226 will have sub-
stantially full power applied to it. The controllable unit
230 will be non-conductive at such time, because the
switch 244 will be open. As a result, substantially no cur-
rent will flow through the load 225. However, when the
switch 244 is closed and the switch 246 is opened, the
controllable unit 230 will become conductive and the con-
trollable unit 232 will become non-conductive. There-
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upon, the load 225 will have substantially full voltage
and substantially full power applied to it, and the load
226 wil have substantially no current flowing through it.
The circuit of FIG. 34 thus selectively applies voltage and
power to the load 226 or to the load 225; and hence that
circuit is usable as a flip-flop circuit. The control circuit
of FIG. 34 is, in some respects more desirable than the
control circuit of FIG. 33; because it has fewer compo-
nents, because the loads 225 and 226 can have substan-
tially full voltage applied to them, and because both of
those loads can require voltages, close to their rated volt-
ages, to make them operative.

FIG. 35 shows a flip-flop circuit which is very similar
to the flip-flop circuit shown in FIG. 34, but the circuit
of FIG. 35 is usable with direct current. When the switch
246 of FIG. 35 is a closed, current will flow from the
positive conductor 220 via junction 228, load 226, junc-
tion 236, controllable unit 232, and junction 234 to the
negative conductor 222; and current will momentarily
flow from conductor 220 via junction 228, load 225, junc-
tions 242 and 248, capacitor 252, junctions 250 and 236,
controllable unit 232, and junction 234 to the conductor
222. The latter flow of current will charge the capacitor
252 with the left-hand terminal thereof positive and with
the right-hand terminal thereof negative. The flow of cur-
rent through the load 226 and the controllable unit 232
will make that load operative.

The controllable unit 232 will continue to cause current
to flow through the load 226 until the switch 244 is closed
and the switch 246 is opened. When the switch 246 is
opened and the switch 244 is closed, the controllable unit
230 will become conductive; and, thereupon, the capaci-
tor 252 will tend to force current to flow from the left-
hand terminal thereof via junctions 248 and 242, con-
trollable unit 230, junction 234, controllable unit 232,
and junctions 236 and 250 to the right-hand terminal of
that capacitor. At such time, the controllable unit 232
will become non-conductive. Current will then flow from
conductor 220 via junction 228, load 225, junction 242,
controllable unit 230, and junction 234 to the conductor
222: and current will momentarily flow from conductor
220 via junction 228, load 226, junctions 236 and 250,
capacitor 252, junctions 248 and 242, controllable unit
230, and junction 234 to the conductor 222. The latter
flow of current will discharge the capacitor 252 and then
charge that capacitor with the right-hand terminal thereof
positive and with the left-hand terminal thereof negative.

The controllable unit 230 will continue to conduct cur-
rent, and apply substantially full voltage and substantially
full power to the load 225, until the switch 224 is re-
opened and the switch 246 is re-closed. The reclosing of
the switch 246 will render the controllable unit 232 con-
ductive; and, thereupon, current will tend to flow from
the right-hand terminal of the capacitor 252 via junctions
250 and 236, controllable unit 232, junction 234, con-
trollable unit 230, and the junctions 242, 248 to the left-
hand terminal of that capacitor. Thereupon, the control-
lable unit 230 will become non-conductive.

The circuit of FIG. 35 can be used as a flip-flop circuit
which is operable on direct current. That circuit will nor-
mally apply voltage and power to the load 226, but will
immediately respond to shifting of the switches 244 and
246 to halt any further application of voltage and power
to that load and to apply voltage and power to the load
225. When the switches 244 and 246 are subsequently
restored to their normal positions, the circuit of FIG. 35
will halt any further application of voltage and power to
the load 225 and will apply voltage and power to the load
226.

Referring to FIG. 36, the numerals 260 and 262 denote
conductors which can be connected to a suitable source
of alternating current. A junction 268 connects the con-
ductor 260 to one terminal of an A.C. motor 269 and to
one terminal of a lamp 270. A junction 266 and a junc-
tion 272 connect the other terminal of that motor and the
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other terminal of that lamp to the anode of a controllable
unit 276 and to the cathode of a controllable unit 278.
A junction 274 connects the cathode of the controllable
unit 276 and the anode of the controllable unit 278 to the
conductor 262, and thus to the other side of the source
of alternating current. An adjustable resistor 280 and a
photo-resistive cell 282 are connected in series between
the intermediate terminals of the controllable units 276
and 278. The light from the lamp 270 is directed toward
the photo-resistive cell 282 and the intensity of that light
will control the ohmic value of that photo-resistive cell.
The adjustable resistor 280 will be set so that sum of its
ohmic value and of the ohmic value of the photo-resistive
cell 282 will, throughout the anticipated range of luminos-
ity of the lamp 270, render the controllable units 276 and
278 conductive.

When the conductor 260 is positive relative to the con-
ductor 262, current will flow via junction 268, the paral-
lel-connected motor 269 and lamp 279, junctions 266 and
272, controllable unit 276, and junction 274 to the con-
ductor 262; and that flow of current will cause the rotor
of that motor to Totate and will illuminate the lamp 270.
When the conductor 262 is positive relative to the con-
ductor 260, current will flow via junction 274, the con-
trollable unit 278, junctions 272 and 266, the parallel-
connected motor 269 and lamp 270, and junction 268
to the conductor 260; and that flow of current will keep
the rotor of the motor 269 rotating and will keep the
lamp 270 illuminated.

The rotor of the motor 269 will rotate at a speed which
is controlled by the setting of the adjustable resistor 280
and by the load on that motor. If that load increases
and tends to slow down the rotor of that motor, the
back E.M.F. of that motor will tend to decrease, with
a consequent increase in the voltage across that motor.
That increase in voltage will cause the lamp 270 to
become brighter; and the resulting increase in light reach-
ing the photo-resistive cell 282 will reduce the resistance
of that cell. Thereupon, the controllable units 276 and
278 will conduct throughout longer portions of the half
cycles of the alternating current, and will thereby increase
the power and voltage supplied to the motor 269. That
increased power and voltage will cause the rotor of the
motor to return to its normal speed; and, as that rotor
returns to that speed, the E.M.F. of that motor will de-
crease and the voltage across the motor 269 and across
the lamp 270 will decrease to its normal level. Thereupon,
the resistance of the photo-resistive cell 282 will increase
to its normal level; and the controllable units 276 and
278 will again conduct current throughout the desired
portions of the half cycles of the alternating current.

If the load on the motor 269 of FIG. 36 were to de-
crease, the rotor of that motor would tend to speed up;
and the consequent increase in back E.M.F. would de-
crease the voltage across that motor. The consequent de-
crease in voltage across the lamp 27¢ would reduce the
luminosity of that lamp; and the resulting decrease in
light falling on the photo-resistive cell 282 would cause
the resistance of that cell to increase. That increased re-
sistance would shorten the lengths of time during which
the controllable units 276 and 278 were conductive dur-
ing the half cycles of the alternating current; and the
resulting reduction in the power supplied to the motor
269 would cause the rotor of that motor to slow down
to the desired speed. As that rotor slowed down, the volt-
age across the motor 269 would increase to the desired
value, and the luminosity of the lamp 270 would increase
to the desired level. Thereupon, the resistance of the
photo-resistive cell 282 would decrease to the desired
level; and the controllable units 276 and 278 would
again conduct current throughout the desired portions
of the half cycles of the alternating current.

Tt should be noted that the control circuit shown by
FIG. 36 provides a desirable compounding action. Spe-
cifically, as the lamp 270 brightens with increases in the
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Toad on the motor 269, and as the photo-resistive cell 282
causes the controllable units 276 and 278 to increase the
voltage applied to the motor 269, the lamp 270 will ex-
perience a further brightening. That further brightening
will additionally decrease the ohmic value of the photo-
resistive cell 282, and will thereby cause the controllable
units 276 and 278 to provide a further increase in the
voltage applied to the motor 269. Conversely, as the load
on the motor 269 lightens and the luminosity of the lamp
270 decreases, the increased ohmic resistance of the
photo-resistive cell 282 will cause the controllable units
276 and 278 to decrease the voltage supplied to the mo-
tor 269. The lamp 270 will respond to that decreased
voltage to become still less bright; and, thereupon, the
ohmic value of the photo-resistive cell 282 will increase
still further and will cause the controllable units 276
and 278 to additionally decrease the voltage supplied
to the motor 269. This compounding action is desirable
because it enables the control circuit of FIG. 36 to pro-
vide exceedingly prompt corrections in the values of the
voltage which the controllable units 276 and 278 apply
to the motor 269. Consequently, the control circuit of
FIG. 36 is able to hold the voltage across the motor
269 substantially constant despite changes in the load
applied to that motor; and this means that the motor 269
will operate substantially in the manner of a constant
torque, variable speed motor. By proper adjustment of
the ohmic value of the adjustable resistor 280, the speed
of the motor 269 can be varied over a wide range; but
once the adjustable resistor 280 has been set to provide
a desired speed for the motor 269, the control circuit
of FIG. 36 will automatically maintain that speed.

Referring to FIG. 37, the numerals 286 and 288 de-
note conductors which are connected to a suitable source
of alternating current. Junctions 290 and 302 connect a
load 298 and a controllable unit 300 in series across that
source of alternating current. A controllable unit 304 has
the cathode thereof connected to the intermediate ter-
minal of the controllable unit 300, and has the anode
thereof connected to the anode of the controllable unit
300 by junctions 294, 292 and 290 and by load 298. The
controllable unit 304 constitutes the control circuit for
the controllable unit 300. The controllable units 300 and
304 can be identical to the controllable unit 50 of FIG. 1.

A heater 306 is connected between the junctions 292
and 302, and thus is connected across the source of alter-
nating current. That heater is disposed adjacent the con-
trollable unit 304, and it will maintain the temperature
of that controllable unit above ambient temperatures. A
fixed resistor 308 is connected between the intermediate
’ferminal and the anode of the controllable unit 304 by
]gnctions 310, 296 and 294; and a series-connected re-
sistor 312 and a single pole, single throw switch 314
are connected in parallel with the resistor 308 by the
]unctions 310 and 296. The ohmic value of the resistor
308 is great emough to keep the controllable unit 304
non-conductive whenever the switch 314 is open and that
controllable unit is at the temperature level which is
normally established by the heat from the heater 306.
The ohmic value of the resistor 312 is quite small, and
hence the controllable unit 304 will become highly con-
ductive whenever the switch 314 is closed. As a matter
of fact, the ohmic value of the resistor 312 is so small
that whenever the switch 314 is closed the controllable
unit 304 will be heated to a temperature above the tem-
perature that is normally established for that controllable
unit by the heater 306.

When the switch 314 is open, the controllable unit 304
will bs non-conductive, and will thus constitute a large
impedance in the control circuit of the controllable unit
300. The latter controllable unit will respond to that
large impedance to remain non-conductive. However,
when the switch 314 is closed, the controllable unit 304
will become conductive and will cause the controllable
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unit 300 to become conductive, The valtue of the cur=
rent flowing through the controllable unit 304 will be
high, while the switch 314 is closed; and hence the tem-
perature of that controllable unit will rise above the
temperature which the heater 306 normasily establishes
for that controllable unit. When the switch 314 is re-
opened, the controllable unit 304 will, because of its
higher-than-normal temperature, remain conductive for a
short period of time, even though the ohmic value of
the resistor 308 is great enough to keep that controllable
unit non-conductive when the temperature of that con-
trollable unit is at the level which is normally established
by the heater 306. The controllable unit 304 will re-
main conductive, and hence the controllable unit 300
will remain conductive, until the controllable unit 304
cools down and approaches the temperature which is
normally established for that controllable unit by the
heater 306. As the temperature of the controllable unit
304 approaches that temperature level, the controllable
unit 304 will again become non-conductive, and the con-
trollable unit 300 also will again become non-conductive.

The closing and subsequent re-opening of the switch
314 caused the controllable element 300 to become con-
ductive, and then to remain conductive for a predeter-
mined length of time after the switch 314 was re-opened.
Consequently, the control circuit of FIG. 37 can be used
as a time-delay circuit. The amount of time delay pro-
vided between the re-opening of the switch 314 and the
rendering of the controllable unit 300 non-conductive
can be adjusted by appropriate selection of the value
of the resistor 312 and by appropriate selection of the
temperature which is normally established for the con-
trollable unit 304 by the heater 306.

Referring to FIG. 38, the numerals 316 and 318 de-
note conductors which can be connected to a suitable
source of alternating current. Junctions 322, 320 and
338 connect a load 334 and a controllable unit 336
across those conductors. A controllable unit 340 is con-
nected between the intermediate terminal of the con-
trollable unit 336 and the junction 320 by a junction
324; and the former controllable unit constitutes the con-
trol circuit for the latter controllable unit. A heater 342
is connected between the junctions 322 and 338 by a
junction 337; and that heater is positioned close to the
controllable unit 340 to maintain the temperature of that
controllable unit above the ambient temperatures. A re-
sistor 344 is connected between the intermediate termi-
nal of the controllable unit 340 and the junction 324
by a junction 326. A load 328 and a controllable unit
332 are connected in series between the junctions 326
and 337 by a junction 330. The controllable units 336,
340 and 332 can be identical to the controllable unit
50 of FIG. 1. A single pole, single throw switch 348 is
connected between the junction 330 and the intermediate
terminal of the controllable unit 332;*and a single pole,
single throw switch 346 is connected between the junc-
tion 330 and the intermediate terminal of the controllable
unit . 340. The switches 346 and 348 are “ganged” so
the switch 346 will be closed whenever the switch 348
is open, and so the switch 346 will be open whenever
the switch 348 is closed. Normally the switch 346 is
closed and the switch 348 is open.

Whenever the switch 348 is open, the controllable unit
332 will be non-conductive; because the impedance of
the control circuit for that controllable unit will be
virtually infinite. Whenever the switch 346 is open, the
controllable unit 340 will be non-conductive, because
the resistor 344 will have such a large ohmic value
that the controllable element 340 will be unable to be-
come conductive. As long as the controllable unit 340
is non-conductive, the controllable unit 336 also will be
non-conductive; because the former controllable unit will
constitute a control circuit with an impedance that is
too great to permit the latter controllable unit to be-
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coms conductive. Howsver, whenever the controllable
unit 340 becomes conductive, the controllable unit 336
will become conductive.

Because the switch 346 is normally closed and the
switch 348 is normally open, the controllable units 340
and 336 will normally be conductive and the controliable
vnit 332 will normally be non-conductive. The con-
trollable unit 340 will be heated by heat from the heater
342 and will also be heated by the current flowing
through it. As a result, the temperature of that con-
trollable unit will be higher than ambient temperatures.

Whenever it is desirable to render the controllable
unit 332 conductive and to render the controllable units
340 and 336 non-conductive, the switches 346 and 348
will be shifted—the switch 346 being shifted to open
position and the switch 348 being shifted to closed posi-
tion. Because the controllable unit 340 is in a heated
condition, due to the heat received from the heater
342 and also due to the heat generated by the current
flowing through it, that controllable unit will not be-
come non-conductive immediately—even though the
ohmic value of the resistor 344 is large enough to keep
that controllable unit from becoming conductive when-
ever that controllable unit is at ambient tempesrature. Not
until the temperature of the controllable unit 340 de-
creases sufficiently to approach the ambient temperatures
will that controllable unit become non-conductive. As
long as the controllable unit 340 remains conductive,
the controllable unit 336 also will remain conductive;
and the latter controllable umit will effectively “short”
the series-connected controllable unit 332 and load 328.
Consequently, even when the switch 346 has been opened
and the switch 348 has been closed, the controllable
unit 332 will not become conductive until after the tem-
perature of the controllable unit 340 has decreased suf-
ficiently to approach the ambient temperature. Once the
temperature of the controllable unit 340 has approached
the ambient temperature, that controllable unit and the
controllable unit 336 will become non-conductive, and
then the controllable unit 332 will immediately become
conductive and will cause current to flow through the
load 328. The controllable units 340 and 336 will then
remain non-conductive, and the controllable unit 332 will
remain conductive, as long as the switch 348 is closed
and the switch 346 is open. When the switch 348 is re-
opened and the switch 346 is re-closed, the controllable
unit 332 will immediately become non-conductive and
the controllable units 340 and 336 will immediately be-
come conductive.

In keeping the controllable unit 332 from becoming
conductive as soon as the switches 346 and 348 are shifted
from the positions shown by FIG. 38, and in permitting
the controllable unit 332 to become conductive only after
the controllable unit 340 has cooled, the control circuit

of FIG. 38 constitutes a delay-to-make control circuit :

for the load 328. The amount of time delay between the
opening of switch 346 and the closing of switch 348 and
the rendering of the controllable unit 332 conductive can
be adjusted by changing the ohmic value of the resistor
344 and by adjusting the amount of heat which the heater
342 supplies to the controllable unit 340.

The control circuit shown in FIG. 39 is substantially
identical to the control circuit shown in FIG. 38—the
only differences between the two circuits being that the
switch 346 in FIG. 39 is normally open whereas the
similarly-numbered switch in FIG. 38 is normally closed,
and the switch 348 in FIG. 39 is normally closed whereas
the similarly-numbered switch in FIG. 38 is normally
open. The controllable unit 340 in FIG. 39 is normally
non-conductive, because the resistor 344 has such a high
impedance value that the lower p-n junction of that con-
trollable unit 340 is normally non-conductive. Because
the controllable unit 340 is normally non-conductive, the
controllable unit 336 also is normally non-conductive.
The controllable unit 332 will, however, normally be
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conductive because the switch 348 is normally closed.

When the switch 346 is closed and the switch 348 is
opened, the controllable unit 332 will become non-con-
ductive and the controllable unit 340 will become con-
ductive. Thereupon, the controllable unit 336 also will
become conductive. The consequent flow of current
through the controllable unit 340 will heat that control-
lable unit; and, because that controllable unit also is
heated by the heater 342, the temperature of that con-
trollable unit will be considerably above the ambient tem-
perature. As a result, when the switch 346 is re-opened,
the controllable unit 340 will continue to conduct current;
and hence the controllable unit 336 also will continue
to conduct current. Those controllable units will continue
to conduct current until the temperature of the control-
lable unit 340 decreases sufficiently to approach the am-
bient temperature. As a result, the control circuit of
FIG. 39 can be used as a slow-to-break circuit for the
load 334.

Referring to FIG. 40, the numerals 350 and 352 denote
conductors which can be connected to a suitable source
of alternating current. A load 354 has one terminal there-
of connected to the conductor 350, and the other terminal
of that load is connected to the anode of a controllable
unit 358 by a junction 356. The cathode of that con-
trollable unit is connected to the conductor 352. The con-
trollable unit 358 can be identical to the controllable unit
50 of FIG. 1.

A terminal 362 is connected to the anode of the con-
trollable unit 358 by a junction 356, and a terminal 364
is connected to the intermediate terminal of that con-
trollable unit. The terminals 362 and 364 can be con-
nected to any desired signal source which can constitute
part of a bi-directional path between the junction 356 and
the intermediate terminal of the controllable unit 358.
For example, the resistor of an R-C coupling network
could be connected between the terminals 362 and 364.
Also, if desired, the secondary winding of a transformer,
or one capacitor of a split-fed capacitor network, could
be connected between the terminals 362 and 364. Addi-
tionally, if desired, the output of a flip-flop circuit, a
counter, or the like could be connected to the terminals
362 and 364. Further, if desired, a storage battery could
be selectively connected to or disconnected from the ter-
minals 362 and 364 to cause the controllable unit 358
to vary the voltage and power supplied to the load 354.
In fact, many different kinds of pulse-forming or pulse-
shaping circuits could be connected between the terminals
362 and 364. Where, as in the case of a photo-voltaic
cell or a storage battery, the signal source alternately aids
and bucks the voltage developed across the lower p-n
junction of the controllable unit 358, the voltage wave-
form applied to the load 354 will not be a true sinusoid,
but will have positive-going and negative-going portions
of unequal amplitude. If desired, a fixed or adjustable
impedance could be connected between the junction 356
and the terminal 362 or between the terminal 364 and
the intermediate terminal of the controllable unit 358.
The value of that impedance would be selected to enable
the sub-circuit connected between the terminals 362 and
364 to provide the desired conducting characteristics for
the controllable unit 358.

If desired, the signal-injection which is used in the con-
trol circuit of FIG. 40 could be used with the flip-flop
circuit shown by FIG. 33. Specifically, the switch 240 of
FIG. 33 could be replaced by a signal-injection sub-cir-
cuit which normally had an impedance great enough to
keep the controllable unit 230 from being rendered con-
ductive, but which could respond to the injection of a
signal to make that controllable unit conductive. Where
such a sub-circuit was used to replace the switch 240,
the flip-flop circuit of FIG. 33 could be actuated without
any need of moving parts such as switches.

Referring to FIG. 41, the numerals 370 and 372 de-
note conductors which can be connected to a suitable
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source of alternating current. The conductor 370 is con-
nected to one terminal of a load 374, and the other ter-
minal of that load is connected to the anode of a con-
trollable unit 378 by a junction 376. The cathode of that
controllable unit is connected to the conductor 372 by a
junction 380. That controllable unit can be identical to
the controllable unit 50 in FIG. 1.

The numeral 383 denotes an adjustable resistance bridge
which has an adjustable resistor 384 as one leg thereof;
and one of the input terminals of that resistance bridge
is connected to the junction 376 by a junction 382, and
the other input terminal of that resistance bridge is: con-
nected to the junction 380. One of the output terminals
of that resistance bridge is connected to the intermediate
terminal of the controllable unit 378, and the other output
terminal of that resistance bridge is connected to the junc-
tion 382 by an adjustable resistor 386. The ohmic values
of the adjustable resistor 384 and of the other resistors
of the resistance bridge 383, and the ohmic value of the
adjustable resistor 386 are selected to enable the con-
trollable unit 378 to be rendered conductive. Adjustment
of the setting of the adjustable resistor 384 will adjust
the voltage drop across the output terminals of the re-
sistance bridge 383; and adjustment of the setting of the
adjustable resistor 386 will control the voltage drop across
the series-connected load 374, adjustatble resistor 386,
adjustable resistance bridge 383, and the lower p-n junc-
tion of the controllable unit 378. Consequently, appro-
priate adjustments of the adjustable resistors 384 and 386
will determine the value of the voltage and power sup-
plied to the load 374.

If desired, the adjustable resistance bridge 383 could
be supplanted by an adjustable inductance bridge or an
adjustable capacitance bridge. Further, if desired, the legs
of the bridge 383 could have any desired combination of
resistance and inductance therein. Moreover, where de-
sired, different kinds of resistances, capacitances, and in-
ductances could be used in forming that bridge. Thus,
one or more of the components of the bridge 383 could
be a thermistor, a temperature sznsitive paint or coat-
ing, a tapped impedance associated with a thermostat or
contact-equipped thermometer, a photo-resistive cell, a
pressure-sensitive paint or coating, a pressurestat asso-
ciated with a tapped impedance, a humidistat associated
with a tapped impedance, or the like. The bridge 383 of
FIG. 41 is a true bridge whereas the bridges of FIGS.
9-11 are essentially resistors, capacitors and inductors,
respectively, that are connected in series-parallel relation.
Where desired, the bridge 383 or the bridges of FIGS.
9-11 could be arranged so each of the legs thereof was
a series-parallel combination of resistors, inductors and
capacitors.

Referring to FIG. 42, the numerals 388 and 390 de-
note conductors which can be connected to a suitable
source of alternating current. A load 392 has one ter-
minal thereof connected to the conductor 388, and has
the other terminal thereof connected to the anode of a
controllable unit 400 by a junction 394. The cathode of
that controllable unit is connected to the conductor 390.
That controllable unit can be identical to the controllable
unit 50 of FIG. 1.

A sensing element 402, which can have the form of a
relatively large metal plate, is connzcted to the inter-
mediate terminal of the controliable unit 400; and a
similar sensing element 398 is connected to the junction
394 by an adjustable resistor 396. The sensing elements
398 and 492 are spaced apart; and they can be used to
sense the presence of an object or can require an object
to bridge them. If desired, that object can be a human
body; and, where the sensing elements 398 and 402 are
large enough and are set close enough together, the move-
ment of a person into close proximity to those sensing
elements will render the controllable unit 400 conduc-
tive. Where it is desirable that a person actually touch
the sensing elements 398 and 402 to render the con-
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trollable unit 400 conductive, those sensing elements can
be made smaller in size and can be spaced further apart;
and the operator will then have to touch those senmsing
elements to establish the required low resistance between
the junction 394 and the intermediate terminal of the con-
trollable unit 400. Adjustment of the setting of the ad-
justable resistor 396 will determine the sensitivity of the
control circuit of FIG. 42,

Referring to FIG. 43, the numerals 404 and 406 de-
note conductors which can be connected to a suitable
source of alternating current. A junction 408 connects
the conductor 404 to one terminal of a load 410, and a
junction 412 connects the other terminal of that load to
the anode of a controllable unit 414. The cathode of that
controllable unit is connected to the conductor 406 by
a junction 416. A thermistor 418 and an adjustable re-
sistor 420 are connected in series between the junction
412 and the intermediate terminal of the controllable
unit 414. That controllable unit can be identical to the
controllable unit 50 of FIG. 1. A heating element 422 is
connected between the junctions 408 and 416. The sum
of the minimum ohmic values of the thermistor 418 and
of the adjustable resistor 420 should be small enough to
render the controllable unit 414 conductive.

Where the thermistor 418 is the type of thermistor
which experiences a decrease in ohmic value as the tem-
perature thereof increases, the control circuit of FIG. 43
will constitute a slow-to-make circuit. Specifically, the
room temperature ohmic value of the thermistor 418 will
add to the ohmic value of the adjustable resistor 420 to
make the total ohmic value between the junction 412 and
the intermediate terminal of the controllable unit 414 too
great to permit that controllable unit to become conduc-
tive. However, when the conductors 404 and 406 are
suitably connected to the source of alternating current,
current will flow from conductor 404 via junction 408,
heating element 422 and junction 416 to the conductor
406; and that current will heat that heating element. That
heating element will be disposed in heat-transferring re-
lation to the thermistor 418; and that thermistor will re-
spond to heat from that heating element to experience a
decrease in the ohmic value thereof. When that ohmic
value falls to a predetermined level, the controllable unit
414 will become conductive. By selecting the proper rat-
ing for the heating element 422, by providing the proper
spacing between that heating element and the thermistor
418, or by adjusting the value of the adjustable resistor
420, the desired time delay between the connecting of
the conductors 404 and 406 to the source of alternating
current and the rendering of the controllable unit 414
conductive can be obtained.

The control circuit of FIG. 43 can be used as a circuit-
interrupting device, where the thermistor 418 is the type
of thermistor which experiences an increase in ohmic
value as the temperature thereof increases. With such a
thermistor, the adjustable resistor 420 will be set so the
total ohmic value between the junction 412 and the inter-
mediate terminal of the controllable unit 414, at the tem-
perature which is normally established by the heating
element 422, will be low enough to render the controllable
unit 414 conductive. This means that when the con-
ductors 404 and 406 are connected to the source of alter-
nating current, and when the voltage across the con-
trollable unit 414 is close to its intended value, the heat
from the heating element 422 will maintain the tempera-
ture, and hence the ohmic value of the thermistor 418,
at a level which will permit the controllable unit 414 to
be conductive. However, in the event the voltage applied
to the conductors 404 and 406 were to increase to an
undesired value, the heat generated by the heating ele-
ment 422 would increase and the thermistor 418 would
respond to the increased heat from that heating element
to increase the ohmic value thereof. Prior to the time the
increased voltage applied to the conductors could injure
the load 410 or the controllable unit 414, the heat from
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the heating element 422 would have caused the thermistor
418 to increase its ohmic value to the point that the con-
trollable unit 414 would become non-conductive.

It will be noted that the heating element 422 is con-
nected between the junctions 408 and 416; and hence the
voltage across that heating element is substantially inde-
pendent of the conductivity of the controllable unit 414.
This is desirable, because it will permit that heating ele-
ment to continue to generate heat during those periods
when the controllable unit 414 is rendered non-conductive.
As a result, the heating element 422 will continue to
keep the thermistor 418 heated, and will thus keep the
controllable unit 414 non-conductive, as long as the un-
duly high voltage continues.

If desired, a thermostat could be substituted for the
thermistor 418 of FIG. 43. Also, if desired, a temperature-
sensitive paint or coating could be substituted for that
thermistor.

FIGS. 14 A-C through 22 A-C show some of the
voltage waveforms which can be obtained from the con-
trollable unit 50 of FIG 1. To obtain a given voltage
waveform, it is only necessary to adjust the value of
the adjustable resistor 68, or other impedance, connected
between the terminals 58 and 60. As the value of that
impedance is adjusted, the voltage across the load, the
voltage across the controllable unit 50, and the voltage
across the lower p-n junction of that controllable unit
will vary. For example, when the adjustable resistor 68
was set to have a value of one megohm, the voltage across
the load was approximately fifty eight volts, the voltage
across the anode-cathode circuit of the controllable unit
50 was approximately ninety two volts, and the voltage
across the lower p-n junction of that controllable unit
was approximately seven tenths of a volt. When the ohmic
value of that adjustable resistor was reduced to three
hundred and thirty thousand ohms, the voltage across
the load increased less than a volt, the voltage across the
controllable unit 50 dropped to approximately seventy
one volts, and the voltage across the the lower p-n junc-
tion of that controllable unit increased to about one and
four tenths volts. When the ohmic value of the adjustable
resistor 68 was reduced to one thousand ohms, the volt-
age across the load increased to approximately seventy
volts, the voltage across the controllable unit 50 decreased
to about forty eight volts, and the voltage across the
lower p-n junction of that controllable unit increased to
about three and six tenths volts. When the ohmic value
of the adjustable resistor 68 was reduced to one hundred
ohms, the voltage across the load increased to about
ninetv four volts, the voltage across the controllable unit
50 decreased to about twenty two volts, and the voltage
across the lower p-n junction of that controllable unit in-
creased to about five and eight tenths volts. When the
ohmic value of the adjustable resistor 68 was reduced to
ten ohms, the value of the voltage across the load in-
creased to one hundred and eight volts, the voltage across
the controllable unit 50 decreased to about eight volts,
and the voltage across the lower p-n junction of that con-
trollable unit increased to about six and one half volts.
These various various voltages were measured when the
line voltage was approximately one hundred and eighteen
volts réot means square. As a result, it should be apparent
that proper selection of the value of the impedance con-
nected to the intermediate terminal of the controllable
unit 50 will permit a desirable range of voltages to be
developed across the load 67, across the controllable unit
50, or across the lower p-n junction of that controllable
unit.

In the various control circuits provided by the present
invention, the loads can be wholly resistive in nature, can
be wholly inductive in nature, can be wholly capacitive in
nature, can be both resistive and inductive in nature, can
be both resistive and capacitive in mature, can be both
inductive and capacitive in nature, or can be resistive and
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inductive and capacitive in nature, Further, those Joads
can be power-consumng devices, can be control devices,
or can be the control circuits of further controllable units.
As a result, the control circuits provided by the present in-
vention have widespread application and use.

Whereas the drawing and accompanying description
have shown and described several preferred embodiments
of the present invention it should be apparent to those
skilled in the art that various changes may be made in
the form of the invention without affecting the scope
thereof.

What I claim is:

1. A control device that comprises:

(a) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction being
connectable to one side of a source of bi-directional
current to constitute the ancde of said controllable
unit,

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of bi-
directional current to constitute the cathode of said
controllable unit,

(d) a control circuit connectable between said one side
of said source of bi-directional current and said in-
termediate terminal to constitute a bi-directional path
for current, and

(e) a load connectable in series with said controllable
unit across said source of bi-directional current,

(f) said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said controllable unit to permit current flow there-
through in both directions which is greater than the
level of reverse leakage current flow and thereby
enable said controllable unit to supply more than
half-wave power and half-wave voltage to said load.

2. A control device that comprises:

(2) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction being
connectable to one side of a source of bi-directional
current to constitute the anode of said controllable
unit,

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of bi-
directional current to constitute the cathode of said
controllable unit,

(d) 2 control circuit connectable between said one side
of said source of bi-directional current and said in-
termediate terminal to constitute a bi-directional path
for current, and

(e) a load connectable in series with said controllable
unit across said source of bi-directional current,

(f) said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said controllable unit to permit current flow there-
through in both directions which is greater than the
level of reverse leakage current flow and thereby
enable said controllable unit to supply more than
half wave power and half-wave voltage to said load,

(g) said control circuit including an impedance which
has an impedance value less than the sum of the non-
conductive impedance values of the first said p-n
junction and of said n-p junction.

3. A control device as claimed in claim 1 wherein

said control circuit includes a capacitance.

4. A control device as claimed in claim 1 wherein
said control circuit includes an inductance,
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5. A control device that comprises:

(a) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction.

(b) the p-type layer of the first said p-n junction be-
ing connectable to one side of a source of bi-direc-
tional current to constitute the anode of said control-
lable unit,

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of bi-
directional current to constitute the cathode of said
controllable unit,

(d) a control circuit connectable between said one side
of said source of bi-directional current and said
intermediate terminal to constitute a bi-directional
path for currrent, and

(e) a load connectable in series with said controllable
unit across said source of bi-directional current,

(f) said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said controllable unit to permit current flow there-
through in both directions which is greater than the
level of reverse leakage current flow and thereby
enable said controllable unit to supply more than
half-wave power and half-wave voltage to said load,

(g) the impedance value of said control circuit selec-
tively being greater than or less than the sum. of
the non-conductive impedance values of the first
said p-n junction and of said n-p junction,

(h) whereby said control circuit can selectively render
said controllable unit conductive.

6. A control device as claimed in claim 1 wherein said
control circuit includes a switch.

7. A control device as claimed in claim 1 wherein said
control circuit includes a bridge.

8. A control device as claimed in claim 1 wherein said
control circuit includes sensing elements that are spaced
apart and that can respond to the movement of an
object into close proximity with them to render said
controllable unit conductive.

9. A control device as claimed in claim 1 wherein said
control circuit includes sensing elements that are spaced
apart and that can coact with an object that bridges them
to render said controllable unit conductive.

10. A control device that comprises:

(a) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction being
connectable to one side of a source of bi-directional
current to constitute the anode of said controllable
unit,

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of bi-
directional current to constitute the cathode of said
controllable unit, and

(d) a control circuit connectable between said one side
of said source of bi-directional current and said in-
termediate terminal to constitute a bi-directional path
for current, and

(¢) a load connectable in series with said controllable
unit across said source of bi-directional current,

(f) said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said controllable unit to permit current flow there-
through in both directions which is greater than the
level of reverse leakage current flow and thereby
enable said controllable unit to supply more than
half-wave power and half-wave voltage to said load,

(g) said second p-n junction having an area greater
than the area of said n-p junction.
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11. A control device that comprises:

(a) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction be-
ing connectable to one side of a source of bi-direc-
tional current to constitute the anode of said
controllable unit,

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of bi-
directional current to constitute the cathode of said
controllable unit,

(d) a control circuit connectable between said one
side of said source of bi-directional current and
said intermediate terminal to constitute a bi-direc-
tional path for current, and

(e) a load connectable in series with said controllable
unit across said source of bi-directional current,

(f) said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said controllable unit to permit current flow there-
through in both directions which is greater than the
level of reverse leakage current flow and thereby en-
able said controllable unit to supply more than
half-wave power and half-wave voltage to said load,

(g) said control circuit having an impedance value
that causes said controllable unit to apply substan-
tially full voltage and substantially full power to
said load.

12. A control device that comprises:

(a) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction be-
ing connectable to one side of a source of bi-direc-
tional current to constitute the anode of said con-
trollable unit;

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of bi-
directional current to constitute the cathode of said
controllable unit,

(d) a control circuit connectable between said one side
of said source of bi-directional current and said
intermediate terminal to constitute a bi-directional
path for current, and

(e) a load connectable in series with said controllable
unit across said source of bi-directional current,

(f) said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said controllable unit to permit current flow there-
through in both directions which is greater than the
level of reverse leakage current flow and thereby en-
able said controllable unit to supply more than
half-wave power and half-wave voltage to said load,

(g) said control circuit having an impedance value
that causes substantially square wave forms to be
developed across said control circuit.

13. A control device that comprises:

(a) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction, :

(b) the p-type layer of the first said p-n junction being
connectable to one side of a source of alternating
current to constitute the anode of said controllable
unit,

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of alter-
nating current to constitute the cathode of said con-
trollable unit, and

(d) a control circuit connectable between said ome
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side of said source of alternating current and said
intermediate terminal,

(e) said control circuit providing a bi-directional path
for current flowing through said second p-n junction
and causing said controllable unit to permit bi-
directional current flow which is greater than the
level of reverse leakage current flow through all of
said junctions thereof.

14. A control device that comprises:

(a) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction being
connectable to one side of a source of alternating
current to constitute the anode of said controllable
unit.

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of alter-
nating current to constitute the cathode of said con-
trollable unit, and

(d) a control circuit connectable between said one
side of said source of alternating current and said
intermediate terminal,

(e) said control circuit providing a bi-directional path
for current flowing through said second p-n junction,

(f) said control circuit having an impedance that is
small enough to permit the forward voltage drop
across said second p-n junction to be great enough
to render said second p-n junction conductive and
thereby render said controllable unit conductive, and
said control circuit having an impedance that is small
enough to permit the inverse voltage drop across said
second p-n junction to be great enough to render said
second p-n junction conductive and thereby render
said controllable unit conductive with a current
flow that is greater than the level of reverse leakage
current flow.

15. A control device that comprises

(a) a plurality of controllable units,

(b) each of said controllable units having a p-n junc-
tion, an n-p junction, a second p-n junction, and an
intermediate terminal between said n-p junction and
said second p-n junction,

(¢) each of said controllable units having the p-type
layer of the first said p-n junction thereof connect-
able to one lead of a plural phase alternating current
source to constitute the anode of said controllable
unit,

(d) each of said controllable units having the n-type
layer of said second p-n junction thereof connectable
to a plural phase alternating current load to com-
stitute the cathode of said controllable unit, and

(e) each of said controllable units having a control
circuit connectable between the anode and the inter-
mediate terminal thereof to constitute a Dbi-direc-
tional path for current,

(f) each of said control circuits permitting bi-direc-
tional current to flow through it and having an im-
pedance value low enough to enable all of said
junctions of the controllable unit to which it is
connected to permit current to flow through said
controllable unit in both directions which is greater
than the level of reverse leakage current flow and
thereby enable said controllable unit to supply more
than half-wave power and half-wave voltage to said
load,

(g) said controllable units being incorporated into the
phases of a plural phase circuit to enable said plural
phase circuit to supply alternating current to said
plural phase alternating current load.

16. A control device that comprises:

(2) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
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mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction of
said controllable unit being connectable to one side
of a source of bi-directional current to constitute the
anode of said controllable unit,

(c) the n-type layer of said second p-n junction of
said controllable unit being connectable to the other
side of said source of bi-directional current to con-
stitute the cathode of said controllable unit,

(d) a load connected in series with said controllable
unit across said source of bi-directional current,

(e) a control circuit for said controilable unit con-
nected to constitute a bi-directional path for cur-
rent,

(f) a second controllable unit which has a p-n junc-
tion, an n-p junction, a second p-n junction, and an
intermediate terminal between said n-p junction and
said second p-n junction,

(2) the p-type layer of the first said p-n junction of
said second controllable unit being connectable to
said one side of said source of bi-directional current
to constitute the anode of said second controllable
unit,

(h) the n-type layer of said second p-n junction of
said second controllable unit being connectable to
said other side of said source of bi-directional current
to constitute the cathode of said second controllable
unit, and

(i) a second control circuit for said second control-
lable unit connected to constitute a bi-directional
path for current,

(j) said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said second controllable unit to permit current flow
therethrough which is greater than the level of re-
verse leakage current flow.

(k) said second controllable umit essentially “short-
ing” the series-connected load and the first said con-
trollable unit whenever said second controllable unit
becomes conductive,

(1) whereby said control device can be used as a flip-
flop circuit.

17. A control device as claimed in claim 16 wherein

said second control circuit includes a second load.

18. A control device that comprises:

(2) a controllable unit which has a p-n junction, an
n-p junction, a second p-n junction, and an inter-
mediate terminal between said n-p junction and said
second p-n junction,

(b) the p-type layer of the first said p-n junction being
connectable to one side of a source of bi-directional
current to constitute the anode of said controllable
unit,

(c) the n-type layer of said second p-n junction being
connectable to the other side of said source of bi-di-
rectional curient to constitute the cathode of said
controllable unit,

(d) a control circuit connectable between said one side
of said source of bi-directional current and said
intermediate terminal to constitute a bi-directional
path for current, and

(e) a load connectable in series with said controllable
unit across said source of bi-directional current,

(f) -said control circuit permitting bi-directional cur-
rent to flow through it and having an impedance
value low enough to enable all of said junctions of
said controllable unit to permit current flow there-
through in both directions which is greater than the
level of reverse leakage current flow and thereby
enable said controllable unit to supply more than
half-wave power and half-wave voltage to said load,
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(g) said control circuit including terminals to which OTHER REFERENCES

a signal-injecting sub-circuit can be connected.

3,218,511
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945,249

A Survey of Some Circuit Applications of the Silicon
Controlled Switch and Silicon Controlled Rectifier,
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