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1. 
This invention relates to variable resistors and 

to the method of making the same. The re 
sistors of the present invention are useful either 
as potentiometers or as rheostats, or for any pur 
pose requiring the use of a resistor with a sliding 
contact. 
An object of the invention is to devise a multi 

tap resistor in which the resistance values be 
tween the different taps may be adjusted with 
great accuracy and to any desired value within 
certain limits. 
A further object of the invention is to devise 

a novel arrangement of a resistance element and 
a series of spaced contacts connected to the re 
sistance element at different points along the 
length thereof. 
The objects of my invention are accomplished 

by forming the resistor of a pair of contiguous, 
parallel bands of conductive material arranged 
on a dielectric carrier, one of the bands being of 
low resistance and forming a commutator for the 
movable contact, the other being of high resist 
ance and forming the resistance element of the 
resistor. The spaced contacts of the resistor are 
formed by segmenting the band of low resistance 
by forming transverse cuts through the band at 
spaced points along the length thereof, thereby 
providing spaced contact segments of low resist 
ance connected to different linear Sections of the 
band of high resistance. The resistance value 
between any pair of adjacent segments is con 
trolled by extending the transverse cut into the 
high resistance band to the extent necessary to 
secure the desired value of resistance. The two 
bands of resistance material may be formed as 
straight parallel bands, or they may be formed 
as concentric circular segmental bands. 
The invention is illustrated in the accompany 

ing drawing in which Figure 1 is a plan view of 
one form of variable resistor in which the resist 
ance element is formed of a linear band of thin 
metalilc film deposited on the elongated carrier 
plate, and the commutator segments or contacts 
are formed from a linear band arranged along 
one edge of the resistance element; 

Figure 2 is a section view of Figure 1 taken 
along the cutting line 2-2 and shown on a 
greatly enlarged Scale; 

Figure 3 is a plan view of a second form of the 
invention in which the variable resistor is con 
structed in circular form; 

Figure 4 is a side elevational view of Figure 3 
as seen from the right; 
Figure 5 is a plan view of a masking plate or 

shield used in the manufacture of the arrange 
ment shown in Figures 3 and 4; and 
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Figure 6 is an end view of Figure 5 as seen 

from the right. 
Referring to Figures 1 and 2 of the drawing, 

numeral indicates the insulating carrier plate 
formed of glass or other Suitable dielectric na 
terial, and 2 is a band or strip of thin metallic 
film deposited on the upper face of the plate f 
in any suitable manner but preferably by thermal 
evaporation in a vacuum chamber. The thermal 
process of depositing metallic film is well known 
and need not be described in detail here. By 
using the process disclosed in the copending ap 
plication of Weber et al., Serial No. 699,546, filed 
September 26, 1946 (now Patent No. 2,586,752), 
the resulting films are atomically bonded to the 
glass and are very stable and rugged. The re 
sistance film 2 may be formed over the entire 
width of the plate f, or it may cover a band of 
less width than the plate. Preferably the film 2 
is formed over the entire Width of the plate and 
it extends over the length of the plate except 
for two end Sections Which are left bare. The 
value of the resistance of film 2 is controlled by 
the nature of the metal and by thickness of the 
film which is determined mainly by the duration 
of the evaporation process. The film may be 
formed from a pure metal or from an alloy of 
metals such as “Nichrome' alloy. The film 2 may 
also be formed by baking on a thin coating of 
a metal Solution, such as a Solution of a platinum 
palladium alloy in atomic percentages of 60 to 
50 percent platinum and 40 to 50 percent pal 
ladium. Such process is more fully disclosed in 
the application of Weber et al., Serial No. 540,347, 
filed June 14, 1944 (now Patent No. 2,529,436). A 
practical range for the total resistance of band 2 
is from 100 ohms to 10,000 ohms or higher. 
After the film 2 is deposited on the plate f, a 

low resistance band or strip of metal 3 is depos 
ited along one edge of the film 2 throughout the 
length of the film 2 and preferably lateral exten 
sions 3d and 3b forming low-resistance terminal 
elements are provided at the ends of the film 2 
extending entirely across the high resistance 
band. Two connection terminals 3d and 3b' are 
provided at the ends of band 3. In Figure 2 the 
plate and the films 2 and 3 are shown in sec 
tional elevation on a greatly enlarged scale. The 
metal band 3 may be formed by repeated de 
posits by thermal evaporation, but I prefer to 
form this film by painting on a coating of metal 
Solution and then fixing or burning-in the me 
tallic film by the usual baking operation. I prefer 
to use a platinum-gold alloy solution in forming 
band 3. It is necessary that band 3 have contact 
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with band 2 along the length thereof but it is not 
necessary that band 3 be formed entirely on re 
sistance band 2. Also, low-resistance band 3 may 
be applied first and then the high resistance band 
2 may be applied to the carrier with One edge in 
Contact with the band 3. 

After the two film bands are deposited, spaced 
grooves 3c are formed across the two films across 
the strip covered by band 3 to divide the low 
resistance band into commutator segments as 
shown in Figure 2. This may be done by means 
of a diamond cutter operated either manually or 
by machine. The separated segments of the me 
tallic band 3 constitute spaced tap contacts con 
nected to the resistance band 2 at spaced points 
along the length thereof. As will be seen in Fig 
lure 1, the grooves 3c are extended into the high 
resistance band 2 to a distance necessary to pro 
vide the proper amount of resistance between ad 
jacent contact elements. The desired amount of 
resistance between adjacent contacts may be ob 
tained by passing a known current between the 
two connection terminals 3d' and 3)' and meas 
uring the potential drop on opposite sides of the 
cut while it is being formed. The cutting is 
Stopped a S. Soon as the potential difference 
reaches the desired value. The length of the cut 
determines the resistance between the contact 
Segments on opposite sides of the cut as well as 
the resistance Value between terminals 3a' and 
3b'. 
The resistor is provided With a slide bar 4 for 

Supporting a slide 5 having a resilient contact 
finger 5a (preferably formed of silver) which en 
gages the Spaced contact Segments formed in 
the band 3. The bar 4 is supported above the 
surface of the plate by a pair of Supporting 
standards 4a and 4b mounted on the two bare 
end sections of plate . A connection terminal 
5b is provided on one bare end Section of plate 
and is connected to one of the Supporting 

standards of bar 4. - 
In Figures 3 and 4 I have shown a construc 

tion in Which the high and low resistance metal 
lic bands are arranged in circular form, and the 
sliding contact is replaced by a rotary contact 
arm. In this arrangement the parts which serve 
the same function as corresponding partS in Fig 
ures 1 and 2 are indicated by the same reference 
numerals. As will be seen, the carrier plate 
is of circular form and the two metallic bands 2 
and 3 are formed as concentric circular Segments 
around the outer edge of the plate. The rotary 
contact arm 5a' is supported on a rotary knob 
5' which is mounted at the center of the disc 
by means of a screw 5c passing through a hole 

formed through the center of the circular 
plate . 
The resistance film 2 may be restricted to the 

desired part of the plate by means of a mask 
or Shield 6 shown in Figure 5. In this arrange 
ment the shield is formed of a plate of metal 
having two side flanges 6a and 6b as shown in 
Figure 6, and is provided with an opening 6c 
formed of a circular segment of the same gen 
eral shape as the resistance band 2 in Figure 3. 
The inner circular edge of the opening 6c Will 
have the same radius as the inner edge of the 
band 2 in Figure 3, but the outer edge of the 
opening 6c should have a Somewhat greater 
radius than the inner radius of the band 3 in 
Figure 3, so that the band 3 Will overlap the 
outer edge of the resistance band 2 When ap 
plied to the disc . A mounting Screw 7 is se 
cured to the plate 6 at the center of the opening 
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4. 
6c and extends to the rear of the plate as shown 
in Figure 6. The carrier plate f is mounted on the 
Screw 7 and is clamped against the back face of 
the plate 6 by means of a nut 8 bearing against 
the washer 9. The masking shield 6 may be 
elongated and provided with a number of open 
ings 6c Spaced along the length thereof to ac 
commodate a number of carrier plates at any 
given time. After the plates are mounted in 
the shield, one or more of Such shields are placed 
within the vacuum chamber of the coating ap 
paratus and the plates are exposed to the metal 
vapor thirough the openings 6c. It Will be un 
derstood that only the exposed portions of the 
carrier plates would be coated with the resist 
ance film. After the plates are removed from 
the vacuum chamber, the low resistance metal 
coating 3 may be applied to the outer portion 
of the disc by painting on a Suitable metal Solu 
tion and then fixing the film. On the glass plate 
by the usual baking operation. As already ex 
plained, the low resistance band 3 may be applied 
first and then the high resistance film 2 applied 
With at least edge contact with band 3. In this 
case, When the high resistance film is applied 
through the opening in Shield 6, the outer edge 
portion of the resistance film Will overlap a por 
tion of the low resistance band 3 Which was 
previously applied. Also, the position of the two 
bands may be reversed if desired, that is, the 
band 2 may be formed outside of band 3. 

It will be seen that my invention provides for 
the individual adjustment of the resistance be 
tween each pair of adjacent contact Segments, 
and this feature is very useful for obtaining the 
desired relation between the resistance values of 
different linear Sections of the resistor. It is 
obvious that by controlling the lengths of the 
cuts across the two metallic bands, the resistance 
values of Successive Sections may be made the 
Same or they may be caused to vary progressively 
Or in any other desired manner from one end of 
the resistor to the other. Furthermore, the 
method of forming the contact segments makes 
it possible to form a large number of segments 
in a Small Space or length. Also, it is possible, 
by re-coating the resistance band, to change the 
characteristic of an already formed resistor. 
I claim: 
1. The method of forming a highly stable 

tapped resistor which consists in depositing on 
One face of a glass plate a band of thin metallic 
film by Subjecting said plate to radiations from 
a Source of Vapolized metal, forming a second 
band of metallic film parallel with said first band 
and in contact with one edge thereof by deposit 
ing on Said plate a film of metallic solution and 
burning-in Said deposited film, said second me 
tallic band having relatively low resistance value 
With respect to Said first band, segmenting said 
low resistance band only along its length by cut 
ting transverse grooves therein at spaced points, 
and extending Said grooves only partly into said 
thin metallic film to provide a desired resistance 
displacement characteristic between the spaced 
low-resistance segments in contact with differ 
ent linear Sections of the uncut longitudinal por 
tion of Said first band. 

2. The method of forming a highly stable 
tapped resistor which consists in forming on one 
face of a dielectric base, a pair of parallel con 

75 

tiguous bands of metallic film, one of said bands 
being relatively thin and having a high resistance 
value and the other being relatively thick and 
having a low resistance value, said thin band 
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being formed by subjecting said base to radia 
tion from a source of vaporized metal in a WaCU 
um space, said thick band being formed by de 
positing on said base a film of metallic Solution 
and burning-in said deposited film, and Seg 
menting said thick band only by cutting trans 
verse grooves thereacross at spaced points along 
its length, whereby the segments of Said thick 
band provide spaced low-resistance contact men 
bers having contact with the continuous high 
resistance band at different points along its 
length. 

3. A tapped resistor comprising a base of di 
electric material, a movable contact mounted for 
movement, along a predetermined path Over the 
surface of said base, a low-resistance commuta 
tor band carried on said base and forming a track 
for said movable contact, said commutator band 
being formed of a relatively thick metallic film 
bonded directly to the surface of Said base, Said 
band being divided into commutator segments by 
spaced grooves cut transversely acroSS Said band 
at spaced points along its length, and a resistance 
band carried by said base and comprising a rela 
tively thin metallic film bonded directly to the 
surface of said base and having a continuous 
linear portion arranged parallel. With Said Con 
mutator band, portions of said thin metallic film 
being on top of portions of Said commutator Seg 
ments, whereby said segments are connected to 
said resistance band at Spaced points along its 
length. 

4. In an adjustable resistor device including a 
movable contact, a resistor element having a pre 
determined resistance-displacement characteris 
tic comprising: a form of insulation material; a 
low-resistance film formed on and bonded to Said 
form, said film being segmented to form a Series 
of adjacent aligned insulated commutator ele 
ments; and a thin high-resistance film formed 
directly on portions of said commutator elements 
to form bridging connections between Said ele 
ments and being bonded to Said elements and to 
said form, the exposed portions of said commu 
tator elements serving as a commutator for a, 
movable contact. 

5. In an adjustable resistOr device including a 
movable contact, a resistor element having a pre 
determined resistance-displacement characteris 
tic comprising, a glass disc, an annular low-re 
sistance film formed on and bonded to Said form, 
said film being segmented to form a Series of ad 
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jacent aligned insulated commutator elements, 
and a thin high-resistance film formed directly 
on portions of Said commutator elements and 
bonded thereto and to said form, the exposed por 
tions of Said commutator elements serving as a 
Commutator for a movable contact. 

6. In an adjustable resistor device including 
a movable contact, a resistor element having a 
predetermined resistance-displacement charac 
teristic comprising, a form of insulation material, 
a low-resistance film formed on and bonded to 
Said form, Said film being segmented to form a 
Series of adjacent aligned insulated commutator 
elementS With unsegmented terminal portions, a 
thin high-resistance film formed directly on por 
tions of Said commutator elements and bonded 
thereto and to Said form, the exposed portions of 
Said Commutator elements serving as a commu 
tator for a movable contact, and a pair of ter 
ininals individually bonded to said terminal por 
tions. 

7. In an adjustable resistor device including a 
movable contact, a resistor element having a pre 
determined resistance-displacement characteris 
tic comprising, a form of insulation material, a 
low-resistance pure metallic film formed on and 
bonded to Said form, said film being segmented 
to form a Series of adjacent aligned insulated 
commutator elements, and a high-resistance pure 
metallic film formed directly on portions of said 
Commutator elements and bonded thereto and to 
Said form, the exposed portions of said commu 
tator elements serving as a commutator for a 
movable contact. 
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