
United States Patent [.191 
Lampen et al. v 

[11] 3,916,327 
[45] Oct. 28, 1975 

[54] OUTPUT CIRCUIT FOR A 
VOLTAGE-DIVIDER DEVICE 

[76] - Inventors: Stephen H. Lampen, 2930 Jackson 
St., San Francisco, Calif. 941 15; 
William E. Hearn, 1624 Harmon 
St., Berkeley, Calif. 94703 

[22] Filed: Nov. 1, 1974 

[21] Appl. No.: 519,824 

Related US. Application Data 
[62] Division of Ser. No_ 394,161, Sept. 4, 1973. ' 

[52] US. Cl. .............. .. 328/147; 307/229; 307/235; 
328/44; 328/150; 340/347 AD 

[51] Int. Cl.2 ..................... .. 606G 7/14; l-lO3K 5/20 

[58] Field of Search ...... .. 307/229, 235; 328/44, 
328/146-149, 150; 340/347 AD 

[56] References Cited 
UNITED STATES PATENTS 

3,063,018 11/1962 Gordon et al ..................... .. 328/146 

3,783,392 
3,789,391 

1/l974 Drake et al. ...................... .. 307/229 

l/l974 Brock et al. ............... .. 340/347 AD 

Primary Examiner-Stanley D. Miller, Jr. 
Attorney, Agent, or Firm-Phillips, Moore, 
Weissenberger Lempio & Strabala 

[5 7] ABSTRACT 
A voltage-divider device including an output circuit 
capable of providing an output voltage from a prese 
lected group of voltages, which output voltage may be 
set to correspond to a momentary or constant input 
voltage with respect to ground on a conductor thereof 
is disclosed. The output circuit includes gate means 
and clock means coupling the input voltage to an eight 
bit up down counter in order to produce a digital out 
put representative of the input voltage which digital 
output is then converted to an output voltage by 
means of a digital to analog converter. Embodiments 
of the device providing a visual indication of the set 
ting of the output voltage are disclosed. 

3 Claims, 7 Drawing Figures 
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OUTPUT CIRCUIT FOR A VOLTAGE-DIVIDER 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of copending applica 
tion, Ser. No. 394,161, filed Sept. 4, 1973 entitled 
“TOUCH CONTROLLED VOLTAGE-DIVIDER”. 

4 BACKGROUND OF THE INVENTION 

This invention relates to devices of the voltage di 
vider type such as the potentiometers used in connec 
tion with volume controls for audio amplifiers of vari 
ous kinds, and more particularly to a voltage-divider 
device which can be controlled by a momentary or con 
tinuous input voltage to provide a corresponding con 
stant output voltage of a preselected group of output 
voltages. 

In the prior art, volume controls have generally in 
cluded an elongated resistance element having three 
terminals, one at each end of the resistance element 
and a third which is adjustable along the resistance ele 
ment. Thus, if a given voltage difference is established 
across the resistance element by connecting opposite 
sides of a voltage source to the terminals at the ends of 
the resistance element, any desired voltage from that 
present at one end of the resistance element to that 
present at the other end of the resistance element may 
be obtained by proper adjustment of the third terminal 
along the length of the resistance element. 
However, the adjustment of such third terminal ac 

cording to the prior art required the physical move 
ment of the third terminal along the resistance element 
usually by rotating a knob and often requiring compli 
cated mechanical linkage between the knob and the 
third terminal. 

It will be understood that the amount of time re 
quired to change the setting of a voltage-divider device 
of the prior art varies directly with the magnitude of the 
change in setting. It is an object of this invention to pro 
vide a voltage-divider device in which any change in 
setting may be made substantially instantaneously re 
gardless of the magnitude of the change in setting. 

SUMMARY OF THE INVENTION 

Brie?y, a voltage-divider device according to this in 
vention includes means for detecting the presence of a 
voltage on a conductor thereof connected to one input 
of a first gate means. A digital clock means is con 
nected to the other input of the ?rst gate means. The 
conductor of the device is also connected to one input 
of each of a pair of voltage comparators through means 
providing a small voltage offset. The output of one of 
the voltage comparators is connected to one input of a 
second gate means and the output of the other voltage 
comparator is connected to one input of a third gate 
means. The output of the first gate means is connected 
to the other input of each of the second and third gate 
means. The output of the second gate means is con 
nected to the up terminal of a digital up down counter 
and the output of the third gate means is connected to 
the down terminal of the digital up down counter. The 
digital output terminals of the digital up down counter 
are connected to a digital to analog converter and the 
output of the digital to analog converter is connected 
to the other inputs of both of the voltage comparators 
and provides the output of the device. 
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BRIEF DESCRIPTION OF THE DRAWING 

This invention will be more fully understood from the 
following detailed description of a preferred embodi 
ment thereof when read in conjunction with the draw 
ing wherein: 
FIG. 1 shows an embodiment of this invention in 

block diagram form with one application of the inven 
tion indicated schematically. 
FIG. 2 shows an alternate means for indicating the 

setting of the embodiment of this invention shown in 
FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1 a simpli?ed embodiment of the 
touch controlled voltage-divider device according to 
this invention is shown. 
Referring to FIG. 1, a particular application for the 

output circuit according to this invention is also shown. 
An embodiment of the output circuit is shown in block 
diagram form in the right hand portion of FIG. 1 as 
connected to particular circuitry including a control 
element 40 having a resistive element 41. 
One end of the resistive element 41 of the control el 

ement 40 is connected to a power supply which may 
provide a positive direct current voltage of 10 volts, for 
example. The other end of the resistive element 41 is 
connected to the anode ofa germanium diode 50 which 
may be of the type sold under the designation 1N34, for 
example. The cathode of the diode 50 is connected to 
the anode of silicon diode 51 which may be of the type 
sold under the designation 1N914, for example, and the 
cathode of which is connected to ground. 
Such other end of the resistive element 41 is also con 

nected to the power supply (not shown) which provides 
a positive direct current voltage of 10 volts through a 
resistor 52 which may have a value of 10K ohms, for 
example. Finally, such other end of the control element 
51 is connected to the negative input terminal of the 
voltage comparator A1 through a resistance 53 which 
may have a value of 3.3 megohms, for example. Thus, 
it will be seen that a constant reference voltage is pres 
ent at such one end of the resistive element 41 of the 
control element 40 which reference voltage is applied 
to the negative input terminal of the voltage compara 
tor Al. The circuitry of the voltage comparator A1 is 
such that its negative terminal is connected to ground 
through a silicon diode. Thus, the series connected ger 
manium diode 50 and silicon diode 51 will insure that 
such reference voltage is slightly positive with respect 
to ground. 

The conductive element 42 of the control element 40 
is connected to ground through resistor R1 which may 
have a value of l megohm, for example. The conduc 
tive element 42 of the control element 40 is also con 
nected to the positive input terminal of voltage com 
parator Al through a resistor 54 which may have a 
value of l megohm, for example. Finally, the conduc 
tive element 42 of the control element 40 is connected 
to the anode of silicon diode D1 which may be of the 
type sold under the designation 1N914, for example. 
Thus, it will be seen that when galvanic contact is es 

tablished between the conductive element 42 and a 
point on the resistive element 41 of the control element 
40, a voltage corresponding to the point of contact will 
be developed across resistor R1 and applied to the posi 
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tive‘ input terminal of the voltage comparator A1 
through the‘ resistor 54. Such voltage will also be ap 
plied to the anode of the diode D1. 
The cathode of the diode D1 is connected to the posi 

tive input terminal of the buffer ampli?er A2 through 
a resistor 55. The cathode of diode D1 is also con» 
nected to ground through the capacitor C2 which may 
have a value of .1 microfarad, for example. According 
to this embodiment of the invention, the resistor R2 is 
inherent in the circuitry of the buffer amplifier A2 as 
indicated by the resistor shown in phantom between 
the positive input of such buffer amplifier A1 and 
ground in FIG. 1. The value of the capacitor C2 is se 
lected to provide the desired time constant as discussed 
hereinabove. 
The output of the buffer ampli?er A2 which is la 

‘ beled A in FIG. 1 may be applied to the negative inputs 
of each of a pair of voltage comparators A5 and A6 
which are offset from each other by a small voltage rep 
resented in FIG. 1 as ideal generators El and E2. A con 
ventional digital clock or oscillator 76 is provided hav 
ing its output connected to one input of a conventional 
gate 77. The output of the voltage comparator A1, la 
beled B in FIG. 1, is connected to the other input of the 
gate 77 and the output of the gate 77 is connected to 
one of the inputs of each of a pair of gates 78 ‘and 79. 
As shown in FIG. 1 the output of the voltage compar 

ator A6 is connected to the other input of the gate 78 
and the output of the voltage comparator A5 is con 
nected to the other input of the gate 79. The output of 
.the gate 78 is applied to the “up” terminal of a conven 
tional 8 bit up-down counter 80 and the output of the 
gate 79 is applied to the “down” terminal of such 
counter 80. 
The output lines 81-88 of the counter 80 are con 

nected to a conventional digital to analog converter 90. 
The output of the digital to analog converter 90 pro 
vides both the output of the device and the input to the 
positive terminals of the voltage comparators A5 and 
A6. It will be understood that the digital to analog con 
verter 90 will have a certain minimum output corre 
sponding to a one count of the 8 bit up-down counter 
80. 
The appearance of a voltage at the inputs A and B, 

produced by bringing the resistive element 41 of a con 
trol element 40 into contact with a conductive element 
42 thereof, will open the gate 77 applying the output of 
the clock 76 to one of the inputs of each of the gates 
78 and 79. At the same time the voltage input A will be 
compared to the voltage output of the digital to analog 
converter 90. If the voltage at input A is higher than the 
input of the digital to analog converter 90, the voltage 
comparator A6 will apply a signal to the other input of 
gate 78 opening such gate and applying the output of 
the clock 76 to the up terminal of the 8 bit up-down 
counter 80. The counter 80 will begin to count in an 
upward direction thereby raising the output of the digi 
tal to analog converter until it equals the voltage input 
A. At this point the output of voltage comparator A6 
will tend to be cut off and voltage comparator A5 will 
tend to produce an output. 

It will be understood that an output from the voltage 
comparator A5 will open the gate 79, applying the out 
put of the clock 76 to the down terminal of the 8 bit up 
down counter 80. Thus, if a lower voltage is subse 
quently applied to inputs A and B the 8 bit up-down 
counter 80 will count down to produce an output from 
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4 
the digital to analog converter 90 corresponding to 
such lower voltage. The offset voltage provided by 
ideal generators El and E2 may be set to correspond 
to the least significant digit of the 8 bit up-down 
counter 80. i 

a As soon as the operator’s finger is removed from the 
control element 40 the voltages at inputs A and B will 
disappear and the 8 bit up-down counter 80 will remain 
at a constant count within one or two least significant 

digits of the count corresponding to the last voltage 
present at the input A. This in turn will result in a con 
stant voltage output from the digital to analog con 
verter.90 providing a constant voltage output from the 
device corresponding to the last voltage present at the 
input A, which output will remain constant until a new 
voltage setting is established by touching a different 
point on the control element 40 to apply a different 
voltage to inputs A and B. i 
As shown in FIG. 1, the output of the device is also 

applied to a network of light emitting diodes 48a—48n 
which may be of the type sold under the LITRONIX 
trademark and designated 209. The light emitting di 
odes are preferably arranged in the linearly spaced re 
lationship with respect to each other as indicated: As 
shown in FIG. 1, the output of the device is applied to 
each light emitting diode independently through'a dif 
ferent one of a plurality of resistors 7lla-7ln and a dif 
ferent one of a plurality of voltage comparator circuits 
72a~72n. It will be understood that each of the voltage 
comparator circuits 72a-72n is connected to a com 
mon power supply (not shown) through a different one 
of a plurality of resistors 73a-73n, each of which has a 
different value thus establishing a different comparison 
voltage associated with each light emitting diode; By 
proper selection of the resistors 73a~73n the network 
may be adapted so that the light emitting diodes 
48a-48n are turned on, one after another, by the volt 
age comparator circuits 72a-72n associated therewith 
as the voltage output of the device increases from its 
minimum to its maximum value. Similarly, the light 
emitting diodes will be turned off, one after another, as 
the voltage output of the device decreases from its 
maximum to its minimum value. Thus, the voltage out 
put selected by a touch of the finger to the resistive ele- > 
ment 41 of the control element 40 bringing a point 
therealong into contact with the conductive element 42 
will cause a corresponding change in the number of 
consecutive light emitting diodes which are- active 
thereby providing a visual indication of the setting of 
the device. However, as shown in FIG. 2 the visual indi 
cation of the setting of the device may also be conve 
niently provided by applying the outputs 84-88 of the 
8 bit up-down converter 80, corresponding to the five 
most signi?cant digits, to a conventional 32 bit decoder 
91. Each of the 32 outputs of the 32 bit decoder 91 is 
applied to the base of a different one of a plurality of 
transistors T1-T32. According to this embodiment of 
the invention all of the light emitting diodes L1-L32 are 
connected in series with the cathode of the first light 
emitting diode L1 being connected to the negative ter 
minal of a power supply (not shown) and the anode of 
the last light emitting diode L32 connected to the col 
lector of the transistor T32 which has its base con 
nected to the output of the 32 bit decoder 91 corre 
sponding to the most significant digit. The emitters of 
all of the transistors T1-T32 are connected in parallel 
to the positive terminal of a voltage supply (not 
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shown). The collector of the transistor T1 is connected 
to the anode L], the collector of the transistor T2 is 
connected to the anode of L2 and so forth, through 
transistors T32 and L32. Thus, as shown in FIG. 2 the 
appearance of an output at any one of the thirty two 
outputs of the thirty two bit decoder 91 will light up all 
of the light emitting diodes Ll-L32 to the right of such 
output of the decoder 91. 
The arrangement of the light emitting diodes L1-L32 

as shown in FIG. 2 in proper sequential spaced relation 
to the control element 40 will thus provide a visual indi 
cation of the setting of such'control element. This ar 
rangement of light emitting diodes has the advantage of 
limiting the current which must be provided by the 
power supply to that required to light a single light 
emitting diode. 

It is believed that those skilled in the art will adopt 
the various embodiments of the device disclosed herein 
to various applications by making obvious modi?ca 
tions therein to suit the particular application. In any 
event, it is believed that the various embodiments of 
the device disclosed herein may be adapted for use in 
any application where conventional voltage-divider de 
vices are now being used without departing from the 
scope of this invention as set forth in the following 
claims. 
What is claimed is: 
1. In a voltage-divider device including means for de 

tecting the presence of a voltage on a conductor of said 
device with respect to ground: 

a. a ?rst gate means having one of its inputs con 
nected to the output of said means for detecting the 
presence of a voltage on a conductor of said de 
vice; 

b. a digital clock means connected to the other input 
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6 
of said ?rst gate means; 

0. a pair of voltage comparators each having one 
input thereof connected to said conductor of said 
device through means providing a small voltage 
offset; 

d. a second gate means having one input connected 
to the output of one of said pair of voltage compar 
ators and the other input connected to the output 
of said ?rst gate means; 

e. a third gate means having one input connected to 
the output of the other one of said pair of voltage 
comparators and the other input connected to the 
output of said ?rst gate means; 

f. a digital up-down counter having its up terminal 
connected to the output of said second gate means 
and its down terminal connected to the output of 
said third gate means; and 

g. a digital to analog converter connected to the digi 
tal output terminals of said digital up-down 
counter, the output of said digital to analog con 
verter being connected to the other inputs of said 
pair of voltage comparators and providing the out 
put of said device. 

2. In a voltage-divider device as claimed in claim 1, 
a network oflight emitting diodes connected to the out 
put of said digital to analog converter and adapted to 
provide a visual indication of the voltage value of said 
output of said digital to analog converter. 

3. In a voltage-divider device as claimed in claim 1, 
digital decoder means having input terminals con 
nected to the digital output terminals of said digital up 
down counter and its output terminals connected to vi 
sual display means adapted to provide a visual indica 
tion of the voltage of said output of said device. 

* * * * * 
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