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{571 ABSTRACT _

A device is disclosed which may vary an output volt-
age within a limited range, The device is an improve-
ment of a device of the type in which the voltage
across a capacitor connected to the gate of a MOS
field-effect transistor is controlled through a neon
bulb, which in tumn is so controlled by a single-pole,
double-throw, center-off switch or relay that selec-
tively applies a positive, negative or zero voltage to
the neon bulb and in which the output voltage is var-
ied in response to the voltage across the capacitor.
The improvement comprises a limiting circuit adapted
to determine a range through which the output voltage
may be arbitrarily varied.

6 Claims, 1 Drawing Figure
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1

DEVICE FOR VARYING OUTPUT VOLTAGE
WITHIN A LIMITED RANGE

This application is a continuation-in-part of U.S. Ser.
No. 424,717, filed Dec. 14, 1973 and now abandoned.

The present invention relates to a device for varying
the output voltage within a predetermined range, said
device comprising a device of the type providing a con-
tinuously variable output voltage controlled by a switch
adapted to selectively apply a positive, negative or zero
voltage to said device, and a limiting circuit adapted to
determine a range through which the output voltage
may be varied,

In general, variable resistors are widely used in order
to vary voltage, but since the armatures of the variable
resistors slide over resistor elements, noise is produced.
Furthermore, the characteristics of the resistor ele-
meats tend to be easily changed in response to fluctua-
tions in ambient temperature.

One of the objects of the present invention is there-
fore to produce a device for providing a variable output
voltage which may eliminate the sliding contact be-
tween the armature and the resistance element of a
conventional variable resistor, but may exactly accom-
plish the function of a variable resistor in a more satis-
factory and advantageous manner.

Another object of the present invention is to provide
a device of the type described above further incorpo-
rating a voltage limiting circuit, so that the output volt-
age may be varied arbitrarily and continuously within a
predetermined voltage range.

A further ubject of the present invention is to provide
a device of the type described above which is capable
of varying the output voltage within a predetermined
voltage range using a switch to selectively connect the
device to a positive, negative or zero voltage source,

Briefly stated, in accordance with the present inven-
tion, a non-polarized capacitor is inserted between the
gate of a MOS field-effect transistor and the ground,
and the gate is connected to one terminal of a neon
bulb whose other terminal is connected through resis-
tance means to the armature of a single-pole, double-
throw, center-off switch. A voltage limiting circuit is
connected to the switch and to the source of the MOS
field-effect transistor through a control resistor. When
the armature of the switch is connected to a positive
fixed terminal connected to a positive source, the volt-
age across the capacitor is increased so that the output
voltage derived from the MOS field-effect transistor is
increased. On the other hand, when the armature is
connected to a fixed terminal connected to a negative
voltage source, the voltage across the capacitor is re-
duced so that the output voltage is decreased. When
the armature is placed in the center off position, the
voltage across the capacitor is maintained at a consent
level, so that the output voltage remains constant,
Thus, the output voltage may be arbitrarily and contin-
uously varied within a pre-determined voltage range
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which is set by control voltages applied to the voltage 60

limiting circuit,

Since no variable resistor is used, no noise is pro-
duced, and the problem of aging of the armature and
resistor element of a variable resistor may be com-
pletely eliminated.

The above and other objects, features and advan-
tages of the present invention will become more appar-
ent from the following description of one preferred em-
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bodiment thereof taken in conjunction with the accom-
panying.drawing,.

BRIEF DESCRIPTION OF THE DRAWING

The single figure is a circuit diagram of a preferred
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT:

Referring to the single figure, a single-pole, double-
throw, center-off switch 1 has its contacts 3 and 4 con-
nected to positive and negative power sources, repsec-
tively, and has an armature 2 connected to one termi-
nal of a neon bulb § through resistors 2a and 6. The
other terminal of the neon bulb is connected to the gate
of a MOS field-effect transistor 7. A non-polarized ca-
pacitor 8 is inserted between the gate of the field-effect
transistor 7 and the ground. The drain of the field-
effect transistor 7 is connected to a DC source Vo,
while the source is grounded through an output resistor
9 and connected to an output terminal 10.

A resistor 11 is connected between the two resistors
2a and 6. The armature 2 of the switch 1 is also con-
nected through the resistors 2a and 11 to the anode of
a diode 12 and to the cathode of a diode 13. The cath-
ode of the diode 12 is connected to the anode of a p-
gate type, silicon-controlled rectifier 14, while the
anode of the diode 13 is connected to the cathode of an
n-gate type silicon-controlled rectifier 15. The gates of
the silicon-controlled rectifiers 14 and 15 are con-
nected through a resistor 16 to the source of the filed-
effect transistor 7. The cathode of the silicon-con-
trolled rectifier 14 is connected through a resistor 7 to
a DC power source +E, and the anode of the silicon-
controlled rectifier 15 is connected through a resistor
19 and the resistor 17 to the DC power source +E, and
is also grounded through a resistor 20.

Next the mode of operation will be described herein-
after. If the armature 2 is connected to the positive
fixed terminal 3 when the silicon-controlled rectifiers
14 and 1§ are turned off, the neon bulb § conducts
after its breakdown potential is exceeded, so that the
capacitor 8 is charged. In response to the increase in
voltage across the capacitor 8, the drain current of the
field-effect transistor 7 is increased, so that the voltage
across the output resistor 9 is increased. Thus, the out-
put voltage derived from the output terminal 10 is in-
creased. On the other hand, when the armature 2 is
connected to the negative fixed terminal 4, the output
voltage is decreased in a similar manner. When the ar-
mature 2 is in the center “*off” position, a constant out-
put voltage in proportion to a voltage across the capaci-
tor B may be obtained.

When the DC voltagle E is applied to the terminal 18,
the voltage given by

Vi= Bt Rut Ra

XE

is applied to the cathode of the silicon-controlled diode
14, while the voltage given by

Ry

= R T Re T Ru

XE

is applied to the anode of the silicon-controlled recti-
fier 18.
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Therefore, if the armature 2 is connected to the posi-
tive fixed terminal 3 when the voltage E is applied to
the terminal 18, the silicon-controlled rectifier 14 is
turned on when the output voltage exceeds the voltage
V,, because the source of the MOS field-effect transis-
tor 7 is connected through the resistor 16 to the gates
of the silicon-controlled rectifiers 14 and 15, -

Assuming the voltage level at the connecting point
between resistors 2a and 6 to be Vin, the value for Vin
is determined as follows. When SCR 14 conducts, one
end of the resistor 11 is then grounded. In this situation;

R,
R’. +
R,

Vin = X V where Ry> Ry

Vin in this case is less than the firing voltage of neon
bulb §, which then stops firing. The same consider-
ations govern when SCR 15 becomes conductive, i.e.,
Vin drops to a level below the firing voltage of the neon
bulb § to prevent firing of the said bulb.

However, when SCR’s 14 and 1§ are both in a non-
conductive state, which can occur where R,,<<R,;, V
then becomes equal to Vin and the neon bulb works
unaffected by the SCR's. When SCR 14 conducts, the
input voltage to the neon bulb § drops below the firing
voltage, so that even when the positive voltage is ap-
plied to the armature 2, the output voltage will not be
in excess of the voltage V,.

When the armature 2 is connected to the negative
fixed terminal 4 so that the output voltage decreases to
less than V,, the silicon-controlled rectifier 18 is turned
on, so that the neon bulb § is grounded. Therefore, the
discharge of the capacitor 8 is stopped so that the out-
put voltage will not drop to less than V,.

The diodes 12 and 13 are inserted in order to prevent
the erratic operations of the silicon-controlled rectifi-
crs 14 and 15 due to the small current induced when
the positive or negative voltage is applied to the arma-
ture 2. The resistance of the resistor 16 is 50 selected as
to be suffciently higher than that of the output resistor
9 so that the variation in output voltage may be pre-
vented and the silicon-controlled rectifiers 14 and 18
may be turned on in response to a small current, Since
the resistors 17, 19 and 20 are inserted in order to de-
termine the ranges of voltages V, and V, applied to the
silicon-controlled rectifiers 14 and 15, respectively,
they may be eliminated provided that control voltages
are directly applied to the silicon-controlled rectifiers
through any suitable means,

What is claimed is:

1. A device for varying output voltage within a lim-
ited range comprising

a. a single-pole, double-throw, center-off switch,

b. a neon bulb having one terminal in series connec-

tion with an armature of said switch,
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c. a MOS field-effect transistor the gate of said MOS
field-effect transistor being connected to one ter-
minal of said neon bulb,

d. a non-polarized capacitor connected between the
gate of said MOS field-effect transistor and ground,

e. an output resistor connected between the source of
said MOS field-effect transistor and ground,

f. a first diode and resistance means, the anode of
said first diode being connected to said armature of
said switch through said resistance means,

g. a p-gate type silicon-controlled rectifier whose
arcllode is connected to,the cathode of said first di-
ode,

h. a second diode whose cathode is connected to the
anode of said first diode,

i. a n-gate type silicon-controlled rectifier whose
cathode is connected to the anode of said second
diode, and X

j- a control resistor, the gates of said p-gate type and
n-gate type silicon-controlled rectifiers being con-
nected through said control resistor to the source
of said MOS field-effect transistor, whereby the

. output voltage is derived from the source of said
MOS filed-effect transistor while the control volt-
age for limiting the output voltage is applied to the
cathode of the p-gate type silicon-controlled recti-
fier or to the anode of the n-gate type silicon-con-
trolled rectifier.

2, A device for varying output voltage within a lim-
ited range as defined in claim 1 further comprising an
additional resistor, the control voltages being applied
through said additional resistor to said p-gate type and
n-gate type silicon-controlled rectifiers.

3. A device for varying output voltage within a lim-
ited range as defined in claim 1 wherein the cathode of
said p-gate type silicon-controlled rectifier and the
anode of said n-gate type silicon-controlled rectifier are
directly connected to control voltage sources, respec-
tively.

4. A device for varying output voltage within a lim-
ited range as defined in claim 1 wherein said control re-
sistor is so selected as to have a resistance value higher
than that of said output resistor.

8. A device for varying output voltage within a lim-
ited range as defined in claim wherein said resistance
means comprises a first resistor, a second resistor and a
third resistor, said first resistor being connected to said
armature, sald third resistor being connected to one
terminal of said neon bulb, said first and third resistors
being in series connection, said second resistor being
connected between said first and third resistors and
having one terminal connected to the anode of said first
diode,

6. A device for varying output voltage within a lim-
ited range as defined in claim § wherein the first resis-
tor has greater resistance than the third resistor and is
connected to said armature, said second resistor having

greater resistance than said first resistor,
* x x x %
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