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57 ABSTRACT 
Extreme linearity of a film potentiometer is instanta 
neously obtained by a computerized sectioning 
method. A circular film potentiometer track is sec 
tioned off for the purposes of trimming the track, the 
number of sections being determined by the extent of 
linearity desired. A computerized contact point board 
programmed to produce a particular linearity for the 
circular track is then brought into contact with the 
track. On contact, current begins to flow through the 
resistance track producing a particular voltage at each 
sectionalized contact point area thereon. The voltage 
produced at each contact area, with reference to 
ground, is instantaneously compared to an electroni 
cally generated desired voltage. Every time the voltage 
across a particular section varies below the standard 
or desired comparison voltage, a laser beam cuts radi 
ally into the potentiometer track until the desired volt 
age is achieved. The laser beam moves along through 
each section of the track and the procedure advanta 
geously provides reproducible results therefor, instan 
taneously. 
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METHOD OF MAKING A LINEAR FILM 
POTENTIOMETER HAVING A CIRCULAR 

CONFIGURATION 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of U.S. Pat. 
application Ser. No. 127,106 filed Mar. 23, 1971 now 
abandoned. - 

BACKGROUND OF THE INVENTION 

This invention relates to a method of making a linear 
film potentiometers and more particularly to a method 
of making circular film potentiometers so as to attain 
extreme linearity. 
A potentiometer consists of a resistance element hav 

ing a pair of terminals at opposite ends thereof and a 
moving contact such as a multi-contact metal brush 
which may be adjusted in position between the end ter 
minals. The present invention is concerned with a film 
potentiometer of circular configuration that is ex 
tremely linear and employs a metal contact brush car 
ried by a rotary shaft. 

Prior art potentiometers of this nature have had some 
difficulty in obtaining extreme linearity (< 1 percent) 
when resistance inks are used, such as metal film or 
cermet ink systems. And while some attempts at 
achieving linearity have been successful with certain 
resistance films, no method of achieving linearity has 
been found that is satisfactory for all resistance inks 
used in the manufacture of film potentiometers of cir 
cular configuration. Further, no reproducible and rapid 
method of producing extremely linear film potentiom 
eters has yet been found. Heretofore, resistance films 
have been trimmed to a pre-specified value, but circu 
larly configurated variable resistors have been difficult 
to adjust along the entire resistance track so as to 
achieve linearity thereon, and no satisfactory method 
has yet been found to accomplish this. 
Accordingly, it is an object of the present invention 

to provide a potentiometer of circular configuration 
that is capable of operating at extreme linearity, i.e., 1 
percent or less, 

It is a further object of this invention to provide a 
method of instantaneously adjusting the resistance of 
film potentiometers for any, and all, ink systems in such 
a manner as to achieve extreme linearity therefor. 

SUMMARY OF THE INVENTION 
A circular film resistance track is theoretically di 

vided up into a particular number of sections and is 
brought into contact with a computerized contact point 
board. The number of contact points on the board is 
equal to the number of sectionalized divisions on the 
track, and the board is programmed to have a particu 
lar desired comparison voltage across each contact 
area. A current begins to flow through the resistance 
track when it is brought into contact with the contact 
board, and a voltage measurement, with reference to 
ground, is made through each sectionalized division on 
the track. By having a computerized controlling means 
monitor and compare this voltage value, a cutting 
source, such as a laser beam, moves radially into the re 
sistance track at each section every time the measured 
voltage value falls below the desired comparison volt 
age. The laser is electrically connected to the comput 

O 

15 

25 

30 

35 

40 

45 

50. 

2 
erized controlling means and instantaneously responds 
to every measured voltage deviation, adjusting every 
section on the track in a matter of milli-seconds. 
The extent of linearity desired for a particular track 

that has been programmed into the contact point board 
can then be reproduced at any time by simply bringing 
that board and computer program into contact with the 
resistance track(s) to be trimmed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a film potentiometer of the type that 
can utilize this functional technique of adjusting the lin 
earity of the unit; W 
FIG. 2 is a perspective view of the contact point 

board used in this invention; and 
FIG. 3 is a schematic illustration of the mechanisms 

involved in this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1, there is illustrated a resistive film variable 
resistor or potentiometer comprising an insulating sub 
strate 12, an elongated, circular resistance track of a 
resistive film 11 having terminals 18 and 18a on oppo 
site ends thereof and having a spaced gap between 
them. The film 11 may be of any suitable resistance ink, 
such as a metal film or a cermet system. The film 11 
may be formed on the insulating substrate 12 by any 
convenient or suitable method, such as by screening or 
by vacuum deposition. Screening is preferred because 
it is a more economical operation for applying the film 
to the substrate. However, care should be exercised 
when screening is used because this technique can 
present problems that must be overcome to achieve ex 
treme linearity, that is, problems such as controlling the 
thickness of the film because of the mesh used in the 
process. A contact brush 13 having, for example, a 
multi-contact metal brush is supported by a radially ex 
tending holder 17, extending from a hub 14 pivoted on 
a shaft 15, and is capable of scanning the entire potenti 
ometer track from terminal 18 to terminal 18a. The 
brush 13 is in direct electrical contact with the track 
from one terminal to the other. - 
A potentiometer can be made extremely linear by 

bringing the resistance track to be adjusted into electri 
cal contact with a contact point board that is electri 
cally connected to a computerized control unit that can 
signal a cutting source to trim the track until extreme 
linearity is achieved all along the track. FIG. 2 shows 
a contact point board 20 that is made of electrically in 
sulative material 21, and has a generally circular con 
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figuration that is substantially the same size and shape 
as the potentiometer track to be adjusted. The contact 
point board 20 should be slightly larger diameter than 
the track so as to permit a laser beam, or other cutting 
source, to reach the resistance track when the contact 
board 20 is placed on top of same. A plurality of pairs 
of spaced apart, commerically available, spring-loaded 
metal contact points 22, or the like, are attached in par 
allel onto the board 21 in such a manner that they tilt 
slightly toward the center of the board. This is done to 
permit the inner portion of the track to be exposed 
when the board contacts the track prior to adjustment. 
The number of contacting areas on the board is depen 
dent on the extent of linearity desired, and will increase 
as the linearity approaches zero. Each pair of contact 
points 22 can be electrically contacted from above and 
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a voltage across these points, with reference to ground, 
can be measured and compared with a desired voltage 
at this particular point. It is in this manner that the re 
sistance can be measured and adjusted so as to attain 
linearity. 
This process can better be described and understood 

by reference to FIG.3, wherein a film resistance track 
31 being of a circular configuration and having a resis 
tance value somewhat lower than the desired value, is 
positioned on a supporting means, and is raised to 
come into electrical and physical contact with a 
contact point board 32. The board 32 has 'n' number 
of contacting areas thereon. Each contact area is repre 
sented herein by two metal spring-loaded contact 
points that come into electrical and physical contact 
with a particular portion of the resistance track 31. 
These contacts are shown in the drawing at 33, 33a, 
33b, 33c, 33d, 33e, 33f, 33g, 33h and 33i. The individ 
ual pairs of contacting points are connected in parallel 
and are in electrical connection with a computerized 
controlling means 40 using wires. 34. A constant cur 
rent source 35 then begins to flow through the resis 
tance track, and the voltage across the contact points 
at 33 is registered in a differential amplifier comparator 
within the computerized controlling means 40. This 
measurement is instantly compared therein with an 
electronically generated desired voltage for that partic 
ular section of the track 31. A variation of the actual 
voltage from the desired voltage triggers a laser beam 
cutting source 51 to move radially into the resistance 
track 31 until the desired voltage is reached. The com 
puterized controlling means 40 and contact point 
board 32 are programmed to cause both the voltage 
measurement and cutting operation to take place at 
each section, and through n sections, in a matter of sec 
onds. 
The computerized controlling means 40 includes 

provision for measuring the voltage at each of the 
contact areas on the board; provision for producing a 
desired comparison voltage; a comparator, such as a 
differential amplifier, for comparing the actual and de 
sired voltages; and controls for moving a cutting 
source, such as a laser beam, both into or out of the re 
sistance track, as well as moving it along the track. All 
switching from section to section and the like is done 
by a diode matrix in the controlling means. The com 
puterized controlling means 40 is programmed to move 
in a particular manner through a particular predeter 
mined number of sections, and to produce a particular 
linearity. The contact point board 32 is made to have 
a number of contacts equal to the number of "sections' 
on the track and, when used in conjunction with a par 
ticular computer program, can be made to reproduce 
any number of potentiometers of the same linearity. 

In this embodiment, a laser cutting source is used 
wherein a laser beam 51 is bent off a mirror or prism 
52 onto the resistance track. 31. However, it should be 
pointed out that other cutting sources could be used 
with similar, although somewhat less desirable, results. 
A laser beam is preferable herein, however, because of . 
its capability to make fine, accurate and precision cuts 
on the resistance track without interfering at all with 
the contact board. Also, the laser allows a much faster 
trimming operation than other cutting sources avail 
able. 
The constant current source 35 flows onto the poten 

tiometer to be trimmed and produces a voltage at each 
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contact area, with reference to ground, that will be V 
= X R, where V is the voltage, I is the constant cur 
rent, and R is the resistance at that point on the track, 
relative to the grounded terminal. This measured volt 
age is immediately fed back to the computerized con 
trolling means and into a differential amplifier compar 
ator to be compared with an internally electronically 
generated desired voltage. Voltages measured at each 
of the contact point areas that are below the voltage de 
sired at each area will signal the laser cutting source to 
move radially into the resistance track so as to cause 
the potentiometer to be trimmed to achieve the same 
voltage value as the desired value. This procedure is 
continued at each contact area and in a matter of sec 
onds an extreme linearity is achieved for the entire 
track that can be readily reproduced. 

In this manner, contact point boards and accompany 
ing computer programs can be stored, and at a subse 
quent date be used to advantageously reproduce large 
quantities of potentiometers having a particular linear 
ity. The big advantages of this method of attaining lin 
ear film potentiometers is that the trimming operation 
is instantaneously carried out along the entire resis 
tance track, and that it reproducibly provides potenti 
ometers having a degree of linearity that has not been 
attainable heretofore. 
The above-described specific embodiment of the in 

vention has been set forth for the purposes of illustra 
tion. It will be apparent to those skilled in the art that 
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various modifications may be made in the process of 
adjusting the linearity of circular film resistance tracks 
without departing from the principals of this invention 
as pointed out and disclosed herein. For that reason, it 
is not intended that the invention should be limited 
other than by the scope of the appended claim. 
We claim: 
1. A method of making a linear film potentiometer 

having a circular configuration comprising: 
a. deposting a circularly configurated film resistance 

track onto an insulating substrate, said resistance 
track being of a resistance value less than the par 
ticular desired resistance value and having termi 
nals on opposite ends thereof and having a spaced 
gap between said terminals; and 

b. laser beam cutting into said track beginning in a 
region adjacent to one of said terminals, progres 
sing at a constant radius in said circular track 
toward the other of said terminals, said laser beam 
cutting being stopped periodically at predeter 
mined locations, moving said cutting during each 
stopped interval as required to cut in a radial direc 
tion such that the width of said track is altered 
when said cutting subsequently again progresses in 
each instance from one of said predetermined loca 
tions, said width being determined by the direction 
and amount of said radial movement which in turn 
is controlled according to a predetermined linear 
formula having an independent variable that is the 
resistance difference between a predetermined re 
sistance and the actual resistance between said first 
terminal and the location in said track at which said 
cutting last stopped, said actual resistance being 
measured during each of said stopped intervals by 
a measuring means comprising a contact point con 
tacting said track at each of said predetermined lo 
cations. . 
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