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57 ABSTRACT 
A monostable multivibrator is connected to the input 
of a device for generating a variable output voltage, in 
which the output voltage derived from the source of a 
MOS field-effect transistor is varied in response to the 
variation of a voltage across a capacitor connected to 
the gate of the field-effect transistor. The output volt 
age may be increased and decreased stepwise. 

4 Claims, 8 Drawing Figures 
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DEVICE FOR GENERATING WARIABLE OUTPUT 
VOLTAGE 

BACKGROUND OF THE INVENTION 

The present invention relates to a device for generat 
ing a variable output voltage of the type in which a volt 
age across a capacitor connected to the gate of a MOS 
field-effect transistor is controlled in response to a pull 
satory voltage generated by a monostable multivibrator 
so that the output voltage derived from the source of 10 
the MOS field-effect transistor may be varied stepwise. 

In general, variable resistors have been widely used 
in order to vary a voltage, but they have the objection 
able feature in that noise is produced because the ar 
mature slides over the resistor element. Furthermore, 
the variable voltage obtained by the variable resistor is 
not stable because the characteristics of the resistor el 
ement tend to be greatly affected by the environmental 
temperature. 

SUMMARY OF THE INVENTION 

One of the objects of the present invention is there 
fore to provide a device for generating a variable out 
put voltage which eliminates the use of a variable resis 
tor, but may accomplish precisely the function of the 
variable resistor. 
Another object of the present invention is to provide 

a device capable of increasing stepwise a DC output 
voltage. 
A further object of the present invention is to provide 

a device capable of increasing stepwise an output volt 
age and of dropping the output voltage to zero when it 
reaches a predetermined level. 
A still further object of the present invention is to 

provide a device which may increase stepwise an out 
put voltage when one switch is closed and may de 
crease stepwise the output voltage when the other 
switch is closed. 

Briefly stated, according to the present invention, a 
non-polarized capacitor is inserted between ground 
and the gate of a MOS field-effect transistor, and the 
gate is connected through an input resistor and a neon 
bulb to a monostable multivibrator whose operation is 
controlled by a switch. Whenever the switch is closed, 
the output voltage is increased step by step. Further 
more, the output voltage may be returned to zero after 
it has reached a predetermined level. Moreover, the 
output voltage may be increased stepwise when a 
switch of a first monostable multivibrator is closed, and 
may be reduced also stepwise when a switch in a sec 
ond monostable multivibrator is closed. Therefore, the 
devices of the present invention are very advantageous 
when used with a circuit adapted to control the inten 
sity of a lamp. 
The devices of the present invention may eliminate 

the use of an armature or brush and a resistor element 
of a conventional variable resistor, and may exactly ac 
complish the function of a variable resistor. Therefore, 
the noise problem may be overcome, and the aging 
problem caused by the sliding contact of the armature 
with the resistor element may be eliminated. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of some preferred 
embodiments thereof taken in conjunction with the ac 
companying drawings. 
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BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a circuit diagram of a first embodiment of 

the present invention; 
FIGS. 2 and 3 are graphs used for the explanation 

thereof; 
FIG. 4 is a circuit diagram of a second embodiment 

of the present invention; 
FIG. 5 is a graph used for the explanation thereof; 
FIG. 6 is a circuit diagram of a third embodiment of 

the present invention; and 
FIGS. 7 and 8 are graphs used for the explanation 

thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

First Embodiment, FIGS. 1, 2, and 3 
The base of a transistor 3 of a monostable multivibra 

tor generally indicated by 2 is connected through a re 
sistor 4 and a switch 1 to a power source 5. A resistor 
6 connects the junction between the switch 1 and the 
resistor 4 to ground. The base of the transistor 3 is also 
connected through a resistor 7 to the collector of the 
other transistor 8 of the multivibrator 2, and the collec 
tor of the transistor 3 is connected through a capacitor 
9 to the base of the transistor 8. The emitters of both 
transistors 3 and 8 are grounded, and their collectors 
are connected through resistors 10 and 12, respec 
tively, to a positive DC power source --V. The base of 
transistor 8 is also connected through a resistor 11 to 
the source V. The collector of the transistor 8 is also 
connected through a neon bulb 13 and an input resistor 
14 to the gate of a MOS field-effect transistor 15. A 
non-polarized capacitor 16 connects the gate of the 
field-effect transistor 15 to ground, while the source of 
the field-effect transistor is grounded through an out 
put resistor 17 and is connected to an output terminal 
18. The drain of the field-effect transistor 15 is con 
nected to a DC source --V. 
Next the mode of operation will be described herein 

after. When the switch 1 is turned off, the transistor 8 
is conducting so that its collector voltage becomes sub 
stantially zero. Therefore, the neon bulb 13 is not con 
ducted. When the switch 1 is closed, the current flows 
into the base of the transistor 3 through the resistor 4 
so that the transistor 3 conducts. The collector poten 
tial of transistor 3 at this time is substantially zero so 
that the base potential of the transistor 8 is also sub 
stantially zero. As a result, the transistor 8 is turned off 
so that its collector voltage rises to a level almost equal 
to the voltage VE, thereby exceeding the firing poten 
tial of the neon bulb 13 and causing it to conduct. The 
base potential of the transistor 8 gradually rises with a 
time constant which is dependent upon the values of 
the capacitor 9 and the resistor 11, and finally the tran 
sistor 8 is turned on. Then, the collector potential drops 
substantially zero so that the neon bulb 13 is turned off, 
and the transistor 3 is turned off because its base is 
grounded. The transistors 3 and 8 and the neon bulb 13 
remain in the above state even when the switch 1 is 
kept closed. 
Therefore, whenever the switch 1 is closed, one rect 

angular waveform voltage as shown in FIG. 2 is gener 
ated, and the neon bulb 13 conducts during the pulse 
duration T of this pulse voltage, so that the capacitor 
16 is charged through the input resistor 14. In this case, 
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the gate voltage V of the field-effect transistor 15 is 
given by 

Ve = Eo (1 -e f) 

where Eo F voltage after the neon bulb 13 conducts; 
R = resistance of the input resistor 14; and 
C F capacitance of the capacitor 16. 

Since the pulse duration T is dependent upon the time 
constant which is dependent upon the values of the re 
sistor 11 and the capacitor 9, the rise of the gate volt 
age Vc is dependent upon the time constant, which in 
turn is dependent upon the values of the input resistor 
14 and the capacitor 16. The drain current of the MOS 
field-effect transistor 15 is in proportion to the gate 
voltage V until the field-effect transistor 15 is satu 
rated, so that the output voltage which is the product 
of the drain current and the value of the output resistor 
17 is also in proportion to gate voltage V. Therefore, 
the output voltage derived from the output terminal 18 
is increased stepwise whenever the switch 1 is closed as 
shown in FIG. 3. 
FIG. 3 shows the number of switch closings, spaced 

along the horizontal axis of the graph by a fixed, arbi 
trary distance that does not take into account the time 
between switch closings. 
To return the output voltage to zero, the gate voltage 

V is decreased to zero. 
Second Embodiments, FIGS. 4 and 5 

Next referring to FIG. 4 illustrating a circuit diagram 
of the second embodiment of the present invention, the 
base of a transistor 21 of a monostable multivibrator 
generally indicated by 20 is connected through a resis 
tor 22 and a switch 19 to the positive terminal of a 
power source 23, and a resistor 24 connects the junc 
tion between the resistor 22 and the switch 19 to 
ground. The base of the transistor 21 is also connected 
through a resistor 25 to the collector of the other tran 
sistor 26. The collectors of the transistor 21 and 26 are 
connected through resistors 28 and 30, respectively, to 
a positive DC power source --V1 and their emitters are 
grounded. The base of the transistor 26 is connected 
through a resistor 29 to the DC source --Vet. The col 
lector of the transistor 21 is connected through a ca 
pacitor 27 to the base of the transistor 26, and the col 
lector of the transistor 26 is connected through a neon 
bulb 31 and an input resistor 32 to the gate of a MOS 
field-effect transistor 33. The gate of the field-effect 
transistor 23 is connected through a control resistor 37 
and a neon bulb 38 to a negative power source V, and 
is grounded through a non-polarized capacitor 34. The 
drain of the transistor 33 is connected to a DC power 
source --Vp and the source is grounded through an 
output resistor 35, and is connected to an output termi 
nal 36. 
Next, the mode of operation will be described. When 

the switch 19 is opened, the transistor 26 is turned on 
so that its collector potential is substantially equal to 
zero. Therefore, the neon bulb 31 does not conduct. 
When the switch 19 is closed, the current flows into the 
base of the transistor 21 through the resistor 22 so that 
the transistor 21 is turned on. The collector potential 
drops to zero so that the base potential of the transistor 
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4 
26 also drops to zero. As a result, the transistor 26 is 
turned off so that its collector potential rises to a level 
substantially equal to Veii, thereby raising the neon 
bulb 31 to its firing potential and causing it to conduct. 
The base potential of the transistor 21 gradually rises 
with a time constant which is dependent upon the val 
ues of the resistor 29 and the capacitor 27, and the 
transistor 26 is turned on. Then, its collector potential 
drops to about zero so that the neon bulb 31 is turned 
off, and the transistor 21 is turned off, since the base 
of the transistor 21 is almost grounded. The transistors 
21 and 26 and the neon bulb 31 remain in the above 
states even when the switch 19 is kept closed. That is, 
whenever the switch 19 is closed, one rectangular 
waveform voltage as shown in FIG. 2 is generated, and 
the neon bulb 31 conducts during the pulse duration T, 
so that the capacitor 34 is charged through the input 
resistor 32. The gate voltage Vo is given by 

) T 
V FE ( -e RC 

where 
Eo = voltage after the neon bulb 31 conducts; 
R = resistance of the resistor 32; and 
C = capacitance of the capacitor 34. 

The pulse duration T is dependent upon the values of 
the resistor 29 and the capacitor 27, so that the rise of 
the gate voltage Voi is dependent upon a time constant 
which is determined by the values of the resistor 32 and 
the capacitor 34. The drain current of the MOS field 
effect transistor 33 is in proportion to the gate voltage 
Vo so that the output voltage which is the product of 
the drain current and the value of the output resistance 
35 is also in proportion to the gate voltage Vc. Thus, 
the output voltage derived from the output terminal 36 
is increased stepwise whenever the switch 19 is closed 
as shown in FIG. 5. 
Since the neon bulb 38 is connected to the negative 

voltage source, it conducts when the voltage across the 
capacitor 34 and hence the gate voltage Vc rises in ex 
cess of a predetermined level, so that the capacitor 34 
is discharged through the resistor 37 and the neon bulb 
38. Therefore, the voltage across the capacitor 34 
drops. When the voltage across the capacitor 34 drops 
to a predetermined level which is lower than the firing 
voltage of the neon bulb 38, the discharge of the capac 
itor 34 is stopped, and the voltage across the capacitor 
34 is such that the pinch-off of the field-effect transis 
tor 33 takes place. The above steps are cycled when 
ever the switch 19 is closed as shown in FIG. 5. 

Third Embodiment, FIGS. 6, 7 and 8 
In the third embodiment shown in FIG. 6, one termi 

nal of a neon bulb 51 is connected to two monostable 
vibrators generally indicated by 40 and 58, respec 
tively, and substantially similar in construction, except 
that the monostable multivibrator 40 uses NPN transis 
tors 41 and 46, while the monostable multivibrator 58 
uses PNP transistors 59 and 64. Therefore, it will suf 
fice to describe only the arrangement of the monosta 
ble vibrator 40, which is also substantially similar in 
construction to the monostable multivibrator 20 shown 
in FIG. 1. 
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The base of the NPN transistor 41 is connected 
through a resistor 42 and a switch 39 to the positive ter 
minal of a power source 43, and a resistor 44 connects 
ground to the junction between the resistor 42 and the 
switch 39. The base of the transistor. 41 is also con 
nected through a resistor 45 to the collector of the 
NPN transistor 46, and the base of the transistor 46 is 
connected through a capacitor 47 to the collector of 
the transistor 41. The transistors 41 and 46 have their 
collectors connected through resistors. 48 and 50, re 
spectively, to a positive DC voltage source. VE and 
their emitters grounded. The bases of the transistor 46 
is connected through a resistor 49 to the source V. 
The collector of the transistor 46 is connected to one 
terminal of the neon bulb 51 whose the other terminal 
is connected through an input resistor 52 to the gate of 
a MOS field-effect transistor 53. A non-polarized ca 
pacitor 54 connects ground to the gate of the MOS 
field-effect transistor 53. The drain of the field-effect 
transistor 53 is connected to a positive DC voltage 
source Vo2, while the source is connected to an output 
terminal 56, and is grounded through an output resistor 
55. 

In the monostable multivibrator 58, the base of the 
PNP transistor 59 is connected through a resistor 60 
and a switch 57 to the negative terminal of a power 
source 61, and the collectors of the transistors 59 and 
64 are connected through resistors 66 and 68, respec 
tively, to a negative DC voltage source VE2, and their 
emitters are grounded. The base of the transistor 64 is 
connected through a resistor 67 to the source -VE2. 
Next, the mode of operation will be described herein 

after. When the switch 39 of the monostable multivi 
brator 40 is opened, the transistor 46 conducts so that 
its collector voltage is almost equal to zero. Therefore, 
the neon bulb 51 is not conducting. When the switch 
39 is closed, the current flows into the base of the tran 
sistor 41 through the resistor 42 so that the latter is 
turned on. The collector voltage drops to almost zero 
so that the base potential of the transistor 46 also drops 
to almost zero and the transistor 46 is turned off. 
Therefore, the collector potential of the transistor 46 
approaches --VE, so that the neon bulb 51 conducts. 
The base potential of the transistor 46 gradually in 
creases with a a time constant which is dependent upon 
the values of the resistor 49 and the capacitor 47, and 
the transistor 46 is turned on. Then, the collector po 
tential of the transistor 46 drops to almost zero so that 
the neon bulb 51 is turned off. The transistor 41 is 
turned off because its base is almost grounded. The 
transistors 41 and 46 and the neon bulb 51 remain in 
the above states even when the switch 43 is kept closed. 
That is, when the switch 39 is closed, the rectangular 
waveform collector voltage as shown in FIG. 2 is gener 
ated. The neon bulb 51 conducts during the pulse dura 
tion T so that the capacitor 54 is charged through the 
input resistor 52. The gate voltage Vo2 of the MOS 
field-effect transistor 53 is given by 

Vo. FEo, (1 -e R. ) 

where 
E = voltage after the neon bulb 51 conducts; 
R = resistance of the resistor 52; and 
C = capacitance of the capacitor 54. 
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6 
The pulse duration T is dependent upon a time con 
stant which is determined by the values of the capacitor 
47 and the resistor 49 so that the rise of the gate voltage 
Vc is dependent upon the time constant which is de 
pendent upon the values of the resistor 52 and the ca 
pacitor 54. Since the drain current of the MOS field 
effect transistor 53 is in proportion to the gate voltage, 
the output voltage which is the product of the drain 
current and the resistance of the output resistor 55 is 
also in proportion to the gate voltage. Therefore, the 
output voltage derived from the output terminal 56 is 
increased stepwise whenever the switch 39 is closed. 
When the switch 57 is closed, the transistor 64 is 

turned off so that its collector potential drops to almost 
-VE2. Therefore, the rectangular waveform negative 
voltage as shown in FIG. 7 is generated at the collector 
of the transistor 64. As a result, the capacitor 54 is dis 
charged so that the gate voltage of the MOS field-effect 
transistor 53 drops by a predetermined level. There 
fore, the output voltage also drops stepwise. 
As described hereinbefore, the output voltage in 

creases stepwise whenever the switch 39 is closed while 
whenever the switch 57 is closed, the output voltage 
drops stepwise. FIG. 8 shows the output voltage which 
is increased stepwise by three steps and then decreased 
stepwise by three steps, but it is understood that the 
output voltage may be increased and decreased in any 
step. 
What is claimed is: 
1. A device for generating variable output voltage 

comprising 
a. a MOS field-effect transistor, 
b. a non-polarized capacitor connecting the gate of 

said MOS field-effect transistor to ground, 
c. a neon bulb, 
d. an input resistor connected in series with the neon 
bulb, 

e. a monostable multivibrator means connected to 
the gate of said MOS field-effect transistor through 
said input resistor and said neon bulb for providing 
a single square wave output pulse in response to an 
input signal, said square wave output pulse having 
a predetermined electrical potential and a duration 
sufficient only to charge said non-polarized capaci 
tor through said input resistor and said neon bulb 
to a potential that is less than one-half the predeter 
mined electrical potential. 

f, a switch connected to said monostable multivibra 
tor means for providing said input signal, and 

g. an output resistor connecting the source of said 
MOS field-effect transistor to ground, whereby 
when said switch is repeatedly closed, the output 
voltage derived from the source of said MOS field 
effect transistor increases stepwise. 

2. A device for generating variable output voltage as 
defined in claim 1 wherein 

said monstable multivibrator comprises a pair of PNP 
transistors. 

3. A device for generating variable output voltage as 
defined in claim 1 wherein 
the gate of said MOS field-effect transistor is con 
nected through a control resistor to a second neon 
bulb, whereby an output voltage which increases 
stepwise to a predetermined level by a predeter 
mined number of steps and then falls to zero may 
be repeatedly generated. 
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4. A device for generating variable output voltage as 
defined in claim 1 further comprising 
a second monostable multivibrator means comprising 
a pair of transistors of one conductivity type 
wherein the first monostable multivibrator means 
comprises a pair of transistors of the opposite con 
ductivity type, a switch connected to the base of 
one of said pairs of transistors of said second mono 
stable multivibrator means, and the collector of the 
other transistor of said second monostable multivi 
brator means being connected to said one terminal 
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8 
of said neon bulb, and a second switch for provid 
ing an input signal to said second monostable mul 
tivibrator means, 

whereby when the switch of one of said first and sec 
ond monostable multivibrator means is closed, the 
output voltage may be increased stepwise while 
when the switch of the other monostable multivi 
brator means is closed, the output voltage may be 
decreased stepwise. 
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