
Re. 23,219 ORE, JR 
TOR AND METHOD 

RING THE SAM 
illed Dec. 8, 1944 

D. W. MO 
E RESIS 

l F. 

FILM-TYP 
igina 

OF MANUFACTU 
Or 

April 22, 1950 

}} 

| 

INVENTOR. 
DAVID W. MOORE 

"%-4, 24, 
R. 

4%a. 
ATTORNEYS 

  

  

  

  



Reissued Ap i. 11, 1950 Re. 23,219 
UNITED STATES PATENT of FICE 

23,219 
FM-TYPE RESISTOR AND METEOD OF 

MANUFACTURNG TEESAME 
David W. Moore, Jr., Los Angeles, Calif., assignor 
to Fairchild Camera and Instrument Corpora 
tion, a corporation of Delaware 

Original No. 2,438,250, dated March 23, 1948, Se 
rial No. 567,220, December 8, 1944. Application 
for reissue March 18, 1949, Seria No. 82,257 

15 Claims. (C. 201-60) 
Matter enclosed in heavy brackets appears in the original patent but forms no part of this 

reissue specification; matter printed in italics indicates the additions made by reissue 

This invention relates to film-type resistors 
and the method of manufacturing the same and 
particularly to such resistors of the high-resist 
ance type having an accurately predetermined 
displacement-resistance characteristic and suit 
able for use as a variable resistor. 

In electrical control systems, there are fre 
quently required adjustable resistors of extremely 
high-resistance value and having accurately pre 
determined displacement-resistance characteris 
tics. It is well known that the ordinary wire 
wound resistor does not have a high enough 
resistance value for many of such applications 
and even where it is adequate the wire becomes 
so fine that it is quickly worn by the adjustable 
contact. Therefore, resort is frequently had to a 
variable-pressure granular-type resistor but the 
displacement-resistance characteristic of such 
resistors cannot be accurately predetermined and 
tends to be unstable and erratic in operation. 
While certain film-type adjustable resistors 

have heretofore been proposed, it is necessary in 
such resistors to provide a structure in which the 
adjustable contact does not bear on the film, 
which would be quickly worn away. Certain of 
the prior art resistors of this general type have 
proposed to use a plurality of collecting con 
ductors extending into a body or layer of high 
resistance material, the portions of the con 
ductors extending beyond the resistance body 
being adapted to be contacted directly or indi 
rectly by a wiping contact. However, this latter 
type of resistor structure, in general, has been 
complicated and not suitable for mass production 
and has been difficult to construct with various 
accurately predetermined displacement-resist 
ance characteristics, that is with various tapers. 

It is an object of the invention, therefore, to 
provide a new and improved film-type resistor 
which avoids one or more of the above mentioned 
disadvantages and limitations of the structures 
of the prior art. 

It is another object of the invention to provide 
a new and improved film-type resistor having 
one or more of the following advantages: an ac 
curately predetermined displacement-resistance 
characteristic of any desired form; a stable and 
reproducible operating characteristic; long-serv 
ice life; and a construction which is simple and 
suitable for mass production. 

It is a further object of the invention to pro 
vide a new and improved method of manufac 
turing a resistor of the type described. 
In accordance with the invention, a resistor 

having a predetermined resistance-displacement 

2 
characteristic comprises an elongated form, a 
plurality of open-circuit parallel a form having 
an eactended lineal dimension, a plurality of open 
circuit adjacent conductors secured to a surface 
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of the form and including aligned exposed por 
tions adapted to be wiped by an adjustable con 
tact, and a thin deposited solely metallic high-re 
sistance film formed directly on, bonded to, and 
bridging the conductors and having a tapered 
configuration correlated to the predetermined 
characteristic. 

Further in accordance with the invention, the 
method of manufacturing a resistor of the type 
described comprises securing a plurality of open 
circuit parallel adjacent conductors to a sur 
face of a form with aligned portions exposed 
and adapted to be wiped by adjustable contacts, 
and depositing and bonding a thin solely metal 
lic high-resistance film directly on the conduc 
tors with a tapered configuration correlated to 
the predetermined characteristic. 
By the term "deposited film' as used herein 

and in the appended claims is meant a film 
formed by painting or spraying a resistance 
material-containing solution or by sputtering, 
plating or precipitating a metallic film on the 
collector conductors to form a non-self-support 
ing film bonded to the conductors, in contradis 
tinction to a self-supporting mass of resistance 
material in which collecting conductors are emi 
bedded. By the term "thin solely metallic high 
resistance film,' as used herein and in the ap 
pended claims, is meant a film in adhich the high 
resistance is determined primarily by the thin 
ness of the film rather than by the specific re 
sistance of the material of uphich the film is 
composed. By the term "open-circuit conduc 
tors' as used herein and in the appended claims 
is meant a series of conductors in which the 
circuits between adjacent conductors are opened, 
as by removing portions of a continuous wind 
ing, or in which the conductors comprise elon 
gated, insulated, conductive bars or segments. 
By the term "tapered configuration,' as used 
herein and in the appended claims, is meant a 
configuration giving any desired 'taper' to the 
resistance-displacement characteristic, including 
a linear characteristic. 
For a better understanding of the invention, 

together with other and further objects thereof, 
reference is had to the following description 
taken in connection with the accompanying 
drawings while its scope will be pointed out in 
the appended claims. 

Referring now to the drawings, Fig. 1 is a view 
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in elevation and Fig. 2 is an enlarged cross 
sectional view of a resistor embodying the in 
vention; Fig. 3 is a view in elevation of a modi 
fied form of the invention including two over 
lapping high-resistance films; while Fig. 4 is a 
view in elevation of the resistor of Fig. 1 in an 
intermediate phase of manufacture. 

Referring now to Figs. 1 and 2 of the draw 
ings, there is represented a resistor embodying 
the invention and having a predetermined re 
sistance-displacement characteristic. 
sistor comprises a form having an eacterded 
lineal dimension such as an elongated rectangul 
lar form O, preferably of Bakelite or similar 
thermosetting plastic insulation material. Dis 
posed on the form O are a plurality or series of 
open circuit adjacent parallel conductors ex 
tending completely across the front surface and 
the top and bottom edge surfaces of the form 
o, as shown in Fig. 2. The conductors are 
cemented or otherwise secured to the Surfaces of 
the form O and are insulated from each other, 
as by utilizing an insulating cement for secur 
ing them to the form O. The portions lifa of 
the conductors extending over the upper edge 
of the form comprise aligned exposed portions 
of the conductors which are to be adapted to be 
wiped by an adjustable contact. While the con 
ductors are illustrated as substantially spaced 
for clarity, in practice they may be closed 
closely spaced, providing a more nearly continu 
ous resistance-displacement characteristic. 
The resistor of Figs. 1 and 2 also comprises a 

thin deposited high-resistance film 2 formed di 
rectly on, bonded to, and bridging the conduc 
tors and having a tapered configuration 2a 
correlated to the desired predetermined resist 
ance-displacement characteristic. The film 2 
may be of colloidal graphite, such as that con 
mercially available under the trade name "Aqua 
dag' or an extremely thin film, such as non 
atomic film, of a metal, the noble metals being 
particularly suitable for this purpose because of 
their resistance to corrosion. If the desired re 
sistance-displacement characteristic of the re 
sistor is expressed by the relation R=f(x), the 
configuration of the film is expressed by the re 
lation 

k/f(x)) y - d. 
In case a resistance-displacement character 

istic is desired which is complicated in configu 
ration or involves extreme rates of change, the 
single film of Fig. 1 may be replaced by two or 
more overlapping thin deposited high-resistance 
films, represented by the films f3 and 4 of Fig. 3. 
In this instance, the films 3 and 4 preferably 
have different specific resistances and different 
configurations 3a and 4a, respectively, which 
are jointly correlated to the desired predeter 
mined resistance-displacement characteristic. 
While the resistor described may be manufac 

tured by any of a number of methods, in a pre 
ferred method the form O is an elongated plate 
like form and a single continuous conductor Sis 
wound on the form as shown in Fig. 4. The por 

4 
ad-acent parallel open-circuit conductors, while 
the portions of the continuous conductor 5 on One 
of the edge surfaces, for example, the upper edge 
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tions of the conductor on one principal surface . 
of the form, for example, the front surface as repe 
resented in Fig. 4, and on at least one edge surface 
thereof, preferably on both edge Surfaces, are 
cemented or otherwise secured to the form. The 
portions of the conductor 5 on another surface 
of the form, preferably the back surface as rep 
resented in Fig. 4, are then removed by shearing, 

O 

surface, are cleaned on their upper faces to con 
stitute, aligned exposed portions of the parallel 
conductors adapted to be wiped by an adjustable 
contact. 
After the formation of the parallel open-cir 

cuit conductors on the form to as shown in Fig. 
4 and described above, the front surfaces of the 
conductors are cleaned of any insulating cement 
and there is deposited directly on the conductors 
a thin solely metallic high-resistance film or a 
plurality of overlapping film of different specific 
resistances, the configuration of the film or films 
being correlated to the desired predetermined re 
sistance-displacement characteristics, as described 
above. Such film or films as represented in Figs. 
1 and 3 may be deposited directly on the con 
ductor by spraying or precipitating the film, in 
case of the use of colloidal graphite or the like. 
In case of the use of a metallic film, it may be 
deposited by sputtering, plating, or by photo 
graphic sensitization of a normally non-conduc 
tive composition film to form a solely metallic 
high-resistance film. 
In any case, the desired configuration may be 

obtained by first plotting the relationship, 

on a stiff paper or like template, cutting the tem 
plate along the curve and utilizing it as a mask to 
cover the portion of the resistor conductors which 
are not to be coated. The resistor with a template 
in place is then subjected to any of the various 
processes described for depositing the high-re 
sistance film thereon. - 

It will be apparent that the resistor constructed 
as described above may be used in any conven 
tional electrical control system, either as an ad 
justable resistor or as a voltage divider, by suit 
ably mounting a resistor in such position that the 
upper edge portions of the conductors may be 
wiped by an adjustable electrical contact. 
The resistor of the invention manufactured as 

described has the advantages that it is extremely 
simple in construction and readily adapted to 
mass production; that its resistance-displace 
ment characteristic is stable and accurately re 
producible in operation; and that the adjustable 
contact is made on the collector conductors which 
may be of Suitable rigidity and dimensions to 
withstand wear and provide a long-service life. 
At the same time, any desired resistance-dis 
placement characteristic within extremely wide 
limits and including extremely high rates-of 
change of resistance may be readily provided, 
particularly by the use of multiple films as repre 
sented in Fig. 3. Further, the resistor of the in 
vention is particularly effective in dissipating 
heat in that it has a maximum ratio of heat 
dissipating surface to heat-generating volume. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of the invention, it will be apparent to 
those skilled in the art that various changes and 
modifications may be made therein without de 
parting from the spirit or scope of the invention. 
What is claimed as new is: . 
1. A resistor having a predetermined resist 

ance-displacement characteristic comprising, an 
eongated form, a plurality of open circuit parallel 
conductors secured to a surface of said form and 

grinding or the like to form the plurality of 75 including aligned exposed portions adapted to be 
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wiped by an adjustable contact, and a thin de 
posited solely metallic high-resistance film 
formed directly on, bonded to, and bridging said 
conductors and having a tapered configuration 
correlated to said predetermined characteristic. 

2. A resistor having a predetermined resist 
ance-displacement characteristic comprising, an 
elongated rectangular form, a plurality of open 
circuit parallel conductors extending completely 
across and secured to a surface of said form and 
including aligned exposed portions adapted to 
be wiped by an adjustable contact, and a thin 
deposited solely metallic high-resistance film 
formed directly on, bonded to, and bridging said 
conductors and having a tapered configuration 
correlated to said predetermined characteristic. 

3. A resistor having a predetermined resistance 
displacement characteristic comprising, an 
elongated form, a plurality of open circuit par 
allel a form having an eactending lineal dimen 
ston, a plurality of open circuit adjacent con 
ductors cemented to a surface of said form and 
insulated from each other and including aligned 
exposed portions adapted to be wiped by an ad 
justable contact, and a thin deposited solely me 
tallic high-resistance film formed directly on, 
bonded to, and bridging said conductors and hav 
ing a tapered configuration correlated to said pre 
determined characteristic. 

4. A resistor having a predetermined resist 
ance-displacement characteristic comprising, an 
elongated form, a plurality of open circuit parallel 
conductors Secured to a Surface of said form and 
extending over an edge thereof, the extended por 
tions of said conductors being exposed and being 
adapted to be wiped by an adjustable contact, and 
a thin deposited solely metallic high-resistance 
film formed directly on, bonded to, and bridging 
said conductors and having a tapered configura 
tion correlated to said predetermined character 
istic, 

5. A resistor having a predetermined resist 
ance-displacement characteristic comprising, an 
elongated form, a plurality of open circuit parallel 
conductors Secured to a Surface of said form and 
including aligned exposed portions adapted to be 
wiped by an adjustable contact, and a thin de 
posited high-resistance film of colloidal graphite 
formed directly on, bonded to, and bridging said 
conductors and having a tapered configuration 
correlated to said predetermined characteristic. 

6. A resistor having a predetermined resist 
ance-displacement characteristic comprising, an 
elongated form, a purality of open circuit parallel 
conductors secured to a surface of said form 
and including aligned exposed portions adapted 
to be wiped by an adjustable contact, and a thin 
deposited high-resistance film of metal formed 
directly on, bonded to, and bridging said con 
ductors and having a tapered configuration cor 
related to said predetermined characteristic. 

7. A resistor having a predetermind resistance 
displacement characteristic comprising, an elon 
gated form, a plurality of open circuit parallel 
a form having an eactended lineal dimension, a 
plurality of open circuit adjacent conductors se 
cured to a surface of said form and including 
aligned exposed portions adapted to be wiped by 
an adjustable contact, and a thin deposited high 
resistance film of noble metal formed directly 
on, bonded to, and bridging said conductors and 
having a tapered configuration correlated to said 
predetermined characteristic. 

8. A resistor having a predetermined resist 
ance-displacement characteristic expressed by 
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the relation Rasf(x) comprising, an elongated 
form, a plurality of open circuit parallel a form 
having an eatended ineal dimension, a plurality 
of open circuit adia cert conductors secured to a 
surface of said form and including aligned ex 
posed portions adapted to be wiped by an adjust 
able contact, and a thin deposited solely metallic 
high-resistance film formed directly on, bonded 
to, and bridging said conductors and having a 
tapered configuration expressed by the relation 

kidf(x)) 
y -- i. 

9. A resistor having a predetermined resist 
ance-displacement characteristic comprising, an 
elongated form, a plurality of open circuit par 
allel a form having an eactended lineal dimen 
son, a plurality of open circuit adjacent con 
ductors secured to a surface of said form and in 
cluding aligned exposed portions adapted to be 
wiped by an adjustable contact, and a plurality 
of . Overlapping thin deposited solely metallic 
high-resistance films formed directly on, bonded 
to, and bridging said conductors, said films have 
ing different specific resistances and different 
tapered configurations correlated to said prede 
termined characteristic. 

10. The method of manufacturing a resistor 
having a predetermined resistance-displacement 
characteristic and formed on an elongated form 
a form having an eactended lineal dimension 
which comprises, securing a plurality of open 
circuit parallel adjacent conductors to a sur 
face of said form with aligned portions exposed 
and adapted to be wiped by an adjustable con 
tact, and depositing and bonding a thin solely 
metallic high-resistance film directly on and 
bridging said conductors in a tapered configura 
tion correlated to said predetermined character 
istic. 

ill. The method of manufacturing a resistor 
having a predetermined resistance-displacement 
characteristic and formed on an elongated plate 
like form which comprises, winding a conductor 
on said form, Securing to said form the portions 
of said conductor on a principal Surface of said 
form and on at least one edge surface thereof, 
removing the portions of said conductor on an 
other surface of said form, the portions of said 
conductor on said edge surface being exposed and 
adapted to be wiped by an adjustable contact, and 
depositing and bonding a thin solely metallic 
high-resistance film directly on and bridging said 
conductors in a tapered configuration correlated 
to said predetermined characteristic. 

12. The method of manufacturing a resistor 
having a predetermined resistance-displacement 
characteristic and formed on an elongated form 
a form having an eactended lineal dimension 
which comprises, cementing a plurality of open 
circuit parallel adjacent conductors to a sur 
face of said form insulated from each other and 
with aligned portions exposed and adapted to 
be wiped by an adjustable contact, and depositing 
and bonding a thin solely metallic high-resistance 
film directly on and bridging said conductors in 
a tapered configuration correlated to said pre 
determined characteristic. 

13. The method of manufacturing a resistor 
having a predetermined resistance-displacement 
characteristic and formed on an elongated form 
a form having an eactended lineal dimension 
which comprises, securing a plurality of open 
circuit parallel adjacent conductors to a sur 
face of said form with aligned portions exposed 

  

  



7 
and adapted to be wiped by an adjustable cons' 
tact, and spraying a thin solely metallic high 
resistance film directly on and bridging said con 
ductors in a tapered configuration correlated to 
said predetermined characteristic. 

14. The method of manufacturing a resistor 
having a predetermined resistance-displacement 
characteristic and formed on an elongated form 
a form having an eactended lineal dimension 
which comprises, securing a plurality of Open 
circuit parallel adjacent conductors to a sur 
face of said form with aligned portions exposed 
and adapted to be wiped by an adjustable con 
tact, and precipitating a thin solely metallic high 
resistance film directly on and bridging said con 
ductors in a tapered configuration correlated to 
said predetermined characteristic. 

15. The method of manufacturing a resistor 
having a predetermined resistance-displacement 
characteristic and formed on an elongated form 
a form having an eactended lineal dimension 
which comprises, securing a plurality of open 
circuit parallel adjacent conductors to a sur 
face of said form with aligned portions exposed 
and adapted to be wiped by an adjustable con 
tact, and sputtering a thin solely metallic high 
resistance metallic film directly on and bridging 
said conductors in a tapered configuration cor 
related to said predetermined characteristic. 

16. The method of manufacturing a resistor 
having a predetermined resistance-displacement 
characteristic and formed on an elongated form 
a form having an eactended lineal dimension. 
which comprises, securing a plurality of open 
circuit parallel adjacent conductors to a sur 
face of said form with aligned portions exposed 
and adapted to be wiped by an adjustable con 
tact, and depositing and bonding directly on and 
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bridging said conductors a plurality of over 
lapping thin solely metallic high-resistance films 
of different specific resistances and of different 
tapered configurations correlated to said prede 
termined characteristic. 

17. A resistor having a predetermined resist 
ance-displacement characteristic comprising, Ian 
elongated form, a form having an eactended 
lineal dimension, a plurality of open circuit 
parallel adjacent conductors secured to a sur 

face of said form and including aligned exposed 
portions adapted to be wiped by an adjustable 
contact, and a thin deposited solely metallic high 
resistance film formed directly on, bonded to, 
and bridging said conductors and having a 
tapered configuration Correlated to said predeter 
mined characteristic. 

DAVID W. MOORE, JR. 
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