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[57] ABSTRACT 

A wound resistor arrangement having a very high-resistance 
value in a comparatively compact form is described herein. In 

sistance, continuous, electrically conductive means is sand 
wiched between an electrically conductive coating deposited 
on the outside of the outer dielectric coating and the electri 
cally conductive member of the substrate. Also the resistance 
is coated on a ?exible base, the base being wound on a bobbin. 
A slide contact is used to form a variable resistor. 

14 Claims, 20 Drawing Figures 
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WOUND RESISTOR ARRANGEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the electrical resistor art and more 

particularly, to an improved wound resistor arrangement for 
providing high resistance values in comparatively small physi 
cal envelopes. 

2. Description of the Prior Art 
In general, with the known techniques utilized in manufac 

turing resistors, it is difficult to provide resistors in values over 
l0-million megohms having good thennal stability and yet be 
comparatively small in physical size. One type of resistor util 
ized includes a deposition of a thin metallic ?lm on either a 
?at or cylindrical substrate in which by either masking means 
or machining a narrow spiral resistive path therethrough is 
provided. Such resistors generally achieve resistance values on 
the order of 80,000 ohms per square or 1.6 megohms with a 
0.050-inch wide conductive path per inch of path length. With 
this construction, of course, only a single layer and therefore, 

’ only a ?xed length depending upon the spiral path length is 
practical and values above 100,000 megohms in comparative 
ly small sizes and comparatively low costs have generally not 
been achieved. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to pro 
vide an improved high-resistance wound resistor arrangement. 

It is another object of this invention to provide an improved 
wound resistor arrangement wherein comparatively high-re 
sistance values are achieved in a comparatively small physical 
size resistor. 

It is yet another object of the invention to provide an im 
proved high-resistance small physically sized resistor that is 
comparatively inexpensive to fabricate. 
The above and other objects of the present invention are 

achieved, according to one aspect of the invention, by provid 
ing a bobbin means, which may be either ?at, cylindrical or 
have any other desired cross-sectional shape, and may be 
either solid or hollow. A multicoated, ?exible, continuous 
body means is wound on the bobbin means a preselected 
number of turns and a preselected number of layers or turns. 
The body means generally comprises a dielectric substrate 
having preselected coatings thereon. The substrate may be a 
dielectric ?lament having a rectangular, cylindrical or other 
desired cross-sectional con?guration or, alternatively, may 
comprise an electrically conductive member such as a ?ne 
wire, or electrically conductive ?at tape member upon which 
is deposited a dielectric coating to provide the dielectric sub 
strate. 

A high-resistance, continuous, electrically conductive 
means is deposited on the substrate and the high-resistance, 
continuous, electrically conductive means provides the re 
.sistance for the high~valued resistor of the present invention. 
The high-resistance, continuous, electrically conductive 
means is coated with a dielectric coating to provide insulation 
between adjacent turns and/or adjacent layers of turns of the 
high-resistance, continuous, electrically conductive means. In 
these embodiments of the present invention wherein the sub 
strate comprises an electrically conductive member coated 
with an inner dielectric layer, the high-resistance, continuous, 
electrically conductive means is electrically insulated from the 
electrically conductive member of the substrate by the inner 
dielectric coating. . 

In this embodiment of the invention an electrically conduc 
tive connection means is provided, at each end of the body 
means, connected to the high-resistance, continuous, electri 
cally conductive means. 
The length of the body means wound upon the bobbin 

means is selected from considerations of the desired re 
sistance. For example, if the high-resistance, continuous, elec 
trically conductive means comprises a coating on the substrate 
having a resistance of 10,000 ohms per square, with a sub 
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2 
strate diameter on the order of 0.005 inches there could be 
provided a resistor having 600,000 ohms per inch of length of 
the body means. Thus, a wound resistor according to the 
present invention, having a length on the order of approxi 
mately one inch and a 0.0375 inch diameter can have a re 
sistance on the order of 10,000 megohms. By increasing the 
resistance per square and decreasing the wire diameter and in 
creasing, as necessary, the length of the bobbin means and 
thus, the length of the bodyv means wound thereon, resistors 
according to the present invention exceeding lO-million 
megohms having a high stability and a low inductance and low 
capacitance can be provided in comparatively small size. 

In other embodiments of the present invention, wherein the 
substrate comprises a dielectrically coated electrically con 
ductive member, the opposite ends of the electrically conduc 
tive member of the substrate may be joined together to reduce 
capacitance effects. Additionally, if desired, a shielding elec 
trically conductive coating on the external surface of the outer 
dielectric coating can be provided so that the high resistance, 
continuous, electrically conductive means of the body 
member is shielded between the coaxial arrangement of the 
electrically conductive member of the substrate and the 
shielding coating. Such an arrangement has distinct ad 
vantages for distributed capacitance for delay line applica 
tions. 

In another embodiment of the invention, the substrate may, 
for example, be a dielectric ?at ribbonlike means and the 
high-resistance, continuous, electrically conductive means 
provided thereon and having a width less than the width of the 
substrate so that an area free of the high-resistance, continu 
ous, electrically conductive means is provided on each side 
thereof on the substrate. In such an embodiment a variable re 
sistance is provided by incorporating one of the lead means 
connection to a slide means that engages the external surface 
of the high-resistance, continuous, electrically conductive 
means. 

Additionally, the resistor may be trimmed to comparatively 
precise values. For a ?xed length of the multicoated, ?exible, 
continuous body means that is wound on the bobbin means, if 
it is desired to reduce the total resistance, this may be accom 
plished by reducing the length of the high-resistance, continu 
ous, electrically conductive means on the body means. Such 
reduction in length may be achieved by removing the outer 
dielectric coating from a few adjacent turns of the body means 
and applying a conductive material, such as an electrically 
conductive epoxy, on the exposed high-resistance, continu 
ous, electrically conductive means over those turns. This ef 
fectively provides a very low resistance path through those 
turns that are thus shorted together and the total resistance for 
the given length of the multicoated, ?exible, continuous body 
means is reduced. 

In order to provide an increase in the resistance for a given 
length of multicoated, ?exible, continuous body means, the 
outer dielectric coating from several adjacent turns may be 
removed and only a portion of the high resistance, continuous, 
electrically conductive means removed from these turns. 
Since only a portion is removed,‘ the cross-sectional area of the 
portion remaining of the high-resistance, continuous, electri 
cally conductive means on the body means is smaller, and 
therefore, the resistance therethrough is greater. A dielectric 
coating such as a nonconductive epoxy, or the like, may be ap 
plied over the portions of the body means from which the por~ 
tion of the high-resistance, continuous, electrically conductive 
means has been removed. 

Further adjustments between higher and lower resistance 
values may be made by combining the above steps as desired 
to reduce the cross-sectional area or short out adjacent turns 
to decrease the equivalent length of the resistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates one embodiment of a wound resistor ac 
cording to the present invention; 
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FIG. 2 illustrates a cross-sectional view of the resistor shown 
in FIG. 1; 

FIGS. 3, 4, 5, 6, 7 and 8 illustrate various multicoated, ?exi 
ble, continuous body means useful in the practice of the 
present invention; 

FIG. 9 illustrates another embodiment of the present inven— 
tion; 

FIGS. 10, 11, 12, 13, 14, 15, 16 and 17 illustrate other mul 
ticoated, ?exible, continuous body means useful in the‘prac 
tice of the present invention; 

FIGS. 18 and 19 illustrate another embodiment of the 
present invention; and 

FIG. 20 illustrates another embodiment of the present in 
vention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before providing a description of the preferred embodi 
ments of the present invention is is to be pointed out that the 
many variations in the structural components comprising the 
present invention may be variously interchanged to provide 
wound resistors according to the present invention in any 
desired con?guration. For example, as described below in 
greater detail, the bobbin means upon which the multicoated, 
?exible, continuous body means is wound, may be solid, hol 
low, rectangular in cross section, circular in cross section, tu 
bular, or any other desired con?guration. Similarly, the many 
different forms of the multicoated, ?exible, continuous body 
means may be utilized on any of the different types of bobbin 

_ means to provide a high degree of ?exibility in design selec 
tion. Additionally, the exact con?guration of the lead connec 
tions to the resistor may be varied between the different types 
of bobbin means and the different types of multicoated, ?exi 
ble, continuous body means utilized. Thus, the following 
description and the accompanying drawings are provided for 
illustrative purposes only and illustrate speci?c embodiments. 
The present invention, however, is not limited by the speci?c 
embodiment illustrated but is only limited by the scope of the 
claims appended hereto. , 

FIGS. 1 and 2 illustrate an improved wound resistor ar 
rangement, generally designated 10, having a dielectric bob 
bin means 14 having walls 12 de?ning a tubular passageway 
13 therethrough. Upon an outer surface 15 there is wound a 
multicoated, ?exible, continuous body means 16. The mul 
ticoated, ?exible, continuous body means 16 is wound on the 
bobbin means a preselected number of turns and with a 
preselected number of layers of turns. In this embodiment of 
the invention shown in FIGS. 1 and 2 there is provided three 
layers of turns. It will be appreciated that the number of turns 
and the numbers of layers of turns may be selected as desired 
to achieve a speci?c resistance since the resistance is depen 
dent upon the total length of the multicoated, ?exible, con 
tinuous body means 16. 
The multicoated, ?exible, continuous body means 16 has a 

?rst end 18 adjacent a ?rst end 20 of the bobbin means 14 and 
a second end 22 adjacent a second end 24 of the bobbin 
means 14. 
A ?rst lead means 26 at the ?rst end 20 of the bobbin means 

14 is electrically connected to the ?rst end 18 of the body 
means 16 by a ?rst electrically conductive connection means 
28. A second lead means 30 is electrically connected to the 
second end 22 of the body means 16 by a second electrically 
conductive connection means 32. In this embodiment of the 
invention, shown in FIGS. 1 and 2, the ?rst and second electri 
cally conductive connection means are substantially identical. 
It will be appreciated, however, that different lead connection 
arrangement can be provided as desired for each of the ?rst 
and second lead means 26 and 30. That is, the ?rst and second 
electrically conductive connection means 28 and 32, respec 
tively, may be the same or one of them may be of different 
con?guration, such as the various electrically conductive con 
nection means described below in connection with other em 
bodiments of the invention. 
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The bobbin means 14 is a cylindrical tubular member hav 
ing an axis 34 and interior walls 12 de?ning a tubular 
passageway 13 extending from the ?rst end 20 to the second 
end 24 thereof. The ?rst and second electrically conductive 
connection means 28 and 32 are, in this embodiment of the in 
vention, generally comprised of a lug means 36 and 38, 
respectively, extending through the tubular passageway 13 to 
regions external the bobbin means 14 for connection to the 
leads 26 and 30, respectively. 
Each of the lug means 36 and 38 have portions 36a and 38a 

extending through the bobbin means to the outer wall 15 
thereof for electrically conductive connection to an electri 
cally conductive ring member 40 and 42, respectively. 
As shown more clearly in FIGS. 3 and 4, the multicoated 

?exible continuous body means 16 is generally comprised of a 
substrate 44 which, in this embodiment of the invention, com 
prises an electrically conductive member 46 which may be a 
?ne wire means or the like. In order to provide electrical insu 
lation, the substrate 44 also comprises an electrical insulation 7 
means such as ‘electrical insulation coating 48 deposited 
thereon from the ?rst end 16 to the second end 22 thereof. 
A high-resistance continuous electrically conductive means 

50 which may take the form of a coating on the electrical insu 
lation coating 48 is deposited thereon and, in this embodiment 
of the invention, has a predetermined resistance per unit 
length and forms the high-resistance path in the present inven 
tion. It will be appreciated that the electrical insulation means 
48 provides electrical insulation between the electrically con 
ductive member 46 and the high resistance continuous electri 
cally conductive means 50. 
A dielectric coating 52 is provided on the high-resistance 

continuous electrically conductive means 50 to provide elec 
trical insulation between adjacent turns and between layers of 
turns for the high-resistance path. 
As shown more clearly on FIG. 2 the high-resistance con 

tinuous electrically conductive means 50 has a ?rst end mar 
gin portion 54 at the ?rst end 18 of the multicoated ?exible 
continuous body means 16. The ?rst end margin portion 54 
provides electrical connection to the ?rst electrically conduc 
tive connection means 28 and thus to the lead 26. In order to 
achieve the electrical continuity from the high-resistance con 
tinuous electrically conductive means 50 the outer dielectric 
coating 52 is removed from the end margin portion 54 thereof 
which, as shown on FIG. 2 comprises the three adjacent turns 
at the ?rst end 20 of the bobbin means 14. An electrically con 
ductive protective coating 60, which for example, may be an 
electrically conductive epoxy, is provided over the ?rst end 
margin portion 54 to protect the high-resistance continuous 
electrically conductive means 50 and insure good electrical 
continuity to the ?rst lead connection means 28. Similar elec~ 
trical continuity from the high-resistance continuous electri 
cally conductive means 50 at a second end margin portion 62 
which is at the second end 22 of the multicoated ?exible con 
tinuous body means is provided for electrical connection to 
the second electrically conductive connection means 32. 

In this embodiment of the invention, with the three layers of 
turns, the second end margin portion 62 is wound onto the 
ring member 42 from the outermost layer of turns, as in 
dicated by the dotted lines 66. Thus, a continuous path 
through all three layers of turns is provided by the high-re~ 
sistance continuous electrically conductive means 50. 

In order to reduce capacitance effects in the wound resistor 
10, it may be desired to provide a shunt wire 68 that is con 
nected to the electrically conductive member 46 of the sub 
strate 44 in the passageway 13. In installation, the shunt wire 
68 may be connected to any desired reference voltage in the 
circuit, such as a ground connection. 

Thus, the shunt wire 68 extends from a ?rst end 46a of the 
electrically conductive member 46 to the second end 46b 
thereof for a continuous electrical shunt path throughout the 
length of the multicoated ?exible continuous body means 16. 
While the above-described embodiment of this invention 

shown in FIGS. 1, 2, 3 and 4 incorporate a substrate 44 having 
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a generally cylindrical cross-sectional con?guration, it will be 
appreciated that other cross-sectional con?gurations may be 
utilized. For example, in FIGS. 5 and 6 there is shown a mul 
ticoated ?exible continuous body means 80 having a substrate 
82 generally comprised of a rectangular electrically conduc 
tive tape like means 84 having a dielectric coating 86 thereon. 
In this embodiment of the multicoated ?exible continuous 
body means 80 the high-resistance continuous electrically 
conductive means 88 is deposited on the electrical insulation 
means comprised of the dielectric coating 86 to provide the 
high-resistance electrical path. An outer dielectric coating 90 
is on the high-resistance continuous electrically conductive 
means 88 to provide electrical insulation between adjacent 
turns and/or adjacent layers of turns when the multicoated 
?exible continuous body means 80 is wound on a bobbin 
means in a manner such as that illustrated in FIG. 2. 

It has also been found that providing the high-resistance 
continuous electrically conductive means sandwiched 
between two electrically conductive coatings may have cer 
tain advantages in distributed capacity for delay line use. 

FIGS. 7 and 8 illustrate one form of a multicoated ?exible 
continuous body means generally designated 100 providing 
such a coaxial arrangement. As shown in FIGS. 7 and 8 the 
substrate 102 may be comprised of an electrically conductive 
member 104 which, as shown in FIGS. 7 and 8, may be a cylin 
drical ?ne wire similar to the electrically conductive member 
46 shown in FIGS. 3 and 4. The substrate'102 also comprises 
an inner dielectric coating 105 to provide electrical insulation 
means between the electrically conductive member 104 and 
the high-resistance continuous electrically conductive means 
106 that forms the high-resistance path for the multicoated 
?exible continuous body means 100. A dielectric coating 108 
is provided on the high-resistance continuous electrically con 
ductive means 106 to provide electrical insulation between 
the high-resistance continuous electrically conductive means 
106 and an electrically conductive shielding coating 110 that 
is provided on the outer dielectric coating 108. Electrically 
conductive shielding coating 110 may be, for example, a gold 
deposited coating and thus the high-resistance continuous 
electrically conductive means 108 is sandwiched between the 
electrically conductive member 104 and the shielding coating 
110. 
FIG. 9 illustrates an embodiment of the present invention 

wherein the multicoated ?exible continuous body means util 
ized is the body means 100 shown in FIGS. 7 and 8. This em 
bodiment of the invention, generally designated 112 is similar 
to the embodiment of the invention shown in FIGS. 1 and 2 
except that only one layer of turns of the multicoated ?exible 
continuous body means 100 is provided on the external wall 
114 of a cylindrical tubular bobbin means 116 having internal 
walls 118 de?ning a tubular passageway 120 therethrough. 
The multicoated ?exible continuous body means 100 has a 
?rst end portion generally designated 122 and the high~re 
sistance continuous electrically conductive means 106 has an 
end margin portion generally designated 124 at the ?rst end 
122 of the multicoated ?exible continuous body means. The 
end margin portion 124 is generally comprised of the last two 
turns of the multicoated ?exible continuous body means and 
the shielding coating 110 and outer dielectric coating 108 are 
removed from the multicoated ?exible continuous body‘ 
means on the end margin portion comprising the last two turns 
of the high-resistance continuous electrically conductive 
means. An electrically conductive contact means 126 is pro 
vided on the external wall 114 of the bobbin means 116 as part 
of the electrically conductive connection means generally 
designated 128. The electrically conductive contact means 
126 insures good contact for electrical continuity to the high 
resistance continuous electrically conductive means 106. 
The electrically conductive connection means 128 also 

comprises an electrically conductive member such as an elec 
trically conductive epoxy 130 over the end margin portion 
124 of the high resistance continuous electrically conductive 
means and the lead means 132 may be bonded in the electri 
cally conductive epoxy 130. 
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6 
A shunt wire means 134 may be connected to the electri 

cally conductive member 104 of the substrate 102 for func 
tioning as a shunt wire in a manner similar to the shunt wire 68 
shown in FIG. 2 in order to reduce capacitance and/or induc 
tive effects in the resistor. 1 

In order to insure electrical insulation of the high-resistance 
continuous electrically conductive means 106, insulating 
means are provided on the multicoated ?exible continuous 
body means 100 for insulating the high-resistance continuous 
electrically conductive means 106 from the electrically con 
ductive shielding coating 110. In the embodiment of the in 
vention as shown in FIG. 9 the insulating means for providing 
this insulation is the outer dielectric coating 108 in the two 
turns immediately adjacent to the end margin portion 124 of 
the high-resistance continuous electrically conductive means 
106. Thus, in these two turns the electrically conductive 
shielding coating 110 is removed and the outer dielectric coat 
ing 108 insulates the electrically conductive shielding coating 
110 from the high-resistance continuous electrically conduc 
tive means 106. 

In the embodiments of the invention described above the 
substrate of the multicoated ?exible continuous body means 
has generally comprised an electrically conductive member 
upon which there is provided a dielectric coating. It will be ap 
preciated that the substrate may also comprise a dielectric 
means. FIGS. 10 and 11 illustrate one embodiment of a mu] 
ticoated ?exible continuous body means generally designated 
140 that has provided a dielectric substrate 142 which, for ex 
ample, may be a glass ?ber, a plastic ?ber or the like. In the 
embodiment of the multicoated ?exible continuous body 
means 140 shown in FIGS. 10 and 11 the substrate 142 is 
cylindrical in cross section. 
A high-resistance continuous electrically conductive means 

144 is provided on the substrate 142 and is the high-resistance 
path in the multicoated ?exible continuous body means 140. 
An outer dielectric coating 146 is provided for insulation of 
the high-resistance continuous electrically conductive means 
144 when the multicoated ?exible continuous body means 
140 is wound on a bobbin means and utilized in a manner 
similar to that described in the embodiments of the invention 
shown in FIGS. 2 and 9 above. 
The dielectric substrate may be any desired cross section 

con?guration. FIGS. 12 and 13 illustrate a multicoated ?exi 
ble continuous body means generally designated 150 useful in 
the practice of the present invention in which a dielectric sub 
strate 152 is in the form of a ?at dielectric tape. The substrate 
152 has a high resistance continuous electrically conductive 
means 154 thereon and an outer dielectric coating 156 is pro 
vided for electrical insulation of the high-resistance continu 
ous electrically conductive means 154. 
An electrically conductive shielding coating may also be 

provided in those embodiments of the invention wherein the 
substrate comprises a dielectric means. For example, FIGS. 14 
and 15 illustrate a multicoated ?exible continuous body 
means generally designated 160 in which there is provided a 
dielectric substrate 162 generally comprised of a cylindrical 
dielectric ?lament which may be similar to the substrate 142 
shown in FIG. 10. A high-resistance continuous electrically 
conductive means 164 is on the substrate 162 to provide the 
high-resistance path. An outer dielectric coating 166 is pro 
vided for insulating the high-resistance continuous electrically 
conductive means between adjacent turns and layers of turns 
thereof. An electrically conductive shielding coating 168 is 
provided on the outer dielectric coating 166 and the electri 
cally conductive shielding coating 168 may be similar to the 
electrically conductive shielding coating 110 shown in FIGS. 
7, 8 and 9. It will be appreciated, however, that in those em 
bodiments of the present invention wherein the substrate com 
prises only a dielectric member, a coaxial shielding arrange‘ 
ment or a shunt wire cannot be utilized. 
The present invention may also be equally well utilized in a 

potentiometer or variable resistor application. FIGS. 16 and 
17 illustrate an embodiment of a ?exible continuous body 
means useful in the practice of the present invention for 
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potentiometer applications. As shown in FIGS. 16 and 17 a 
?exible continuous body means generally designated 170 is " 
comprised of a dielectric substrate 172. The dielectric sub 
strate, in this embodiment of the invention, comprises a 
dielectric rectangular tape means. A high-resistance continu 
ous electrically conductive means 174 is provided an upper 
surface 176 of the substrate 172 and the width of the high-re 
sistance continuous electrically conductive means 174 is less 
than the width of the dielectric substrate 172 so that there are 
edge margins 176a and 176b on the supper surface 176 of the 
substrate 172 that are not coated with the high-resistance con 
tinuous electrically conductive means 174. FIGS. 18 and 19 il 
lustrate a wound resistor generally designated 180 according 
to the present invention utilizing the ?exible continuous body 
means 170 wound on a bobbin means 182. The bobbin means 
182 is, in this embodiment of the invention, a cylindrical 
dielectric means. 
A ?rst electrically conductive connection means 184 is 

generally comprised of an electrically conductive slide means 
186 slidably mounted on the high-resistance continuous elec 
trically conductive coating means 174. The slide means 186 is 
slidably movable thereon in directions indicated by the arrow 
188 in generally axially directions. A ?rst lead means 190 is 
coupled to the slide means. 
A second electrically conductive connection means 192 is 

generally comprised of an electrically conductive means such‘ 
as an electrically conductive epoxy 194 covering the second 
end margin portion 196 of the ?exible continuous body means 
170. A second lead means 198 is connected to the electrically 
conductive epoxy means 194. 
As the slide means 186 moves in axial directions as in 

dicated by the double-ended arrow 188 the number of turns of 
the high-resistance continuous electrically conductive means 
174 between the slide means 186 and second lead means 198 
is increased or decreased thereby increasing or decreasing the 
total length of the resistance path and thus the total resistance 
of the wound resistor 180. 
While the embodiments of the present invention described 

above illustrate the lead connection arrangements to the 
wound resistor at opposite ends of the wound resistor, other 
embodiments of the present invention may have the lead con 
nection arrangements at the same ends thereof. FIG. 20 illus 
trates a wound resistor arrangement generally designated 200 
according to the present invention wherein there is provided a 
tubular cylindrical bobbin means 202 upon which is wound a 
multicoated ?exible continuous body means generally 
designated 204. The multicoated continuous ?exible body 
means 204 may be, for example, similar to the multicoated 
?exible continuous body means 140 illustrated in FIGS. 10 
and 11. As such it is generally comprised of a ?ne cylindrical 
?berlike dielectric substrate 206 upon which is a high-re 
sistance continuous electrically conductive means 208. An 
outer dielectric coating 210 is provided on preselected por 
tions of a high-resistance continuous electrically conductive 
means. A ?rst end margin portion 212 of the high-resistance 
continuous electrically conductive means is free of the outer 
dielectric coating 210 in order to provide electrical connec 
tion thereto. In the embodiment of the invention shown on 
FIG. 20 there are provided four layers of turns and, con 
sequently, the second end margin portion designated 214 of 
the high-resistance continuous electrically conductive means 
208 is at the same end 202a of the bobbin means 202 as the 
?rst end margin portion 212. The second end margin portion 
214 is also free of the outer dielectric coating 210. 
The ?rst electrically conductive connection means 

generally comprises an electrically conductive member such 
as an electrically conductive epoxy 216 connected to the ?rst 
end margin portion 212 and a ?rst lead 218 is attached thereto 
for electrical continuity to the high-resistance continuous 
electrically conductive means 208. Similarly, a second electri 
cally conductive connection means which may be a similar 
electrically conductive epoxy 220 is connected to the second 
end margin portion 214 of the high resistance continuous elec 
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8 
trically conductive means 208 for electrical continuity thereto 
and a second lead means 222 is af?xed to the electrically con 
ductive epoxy means 220. 
A unique feature of a wound resistor according to the 

present invention is that it may be trimmed for either higher or 
lower resistance values in a very precise manner. For example, 
in order to reduce the total resistance the outer dielectric 
coating of the multicoated ?exible continuous body means 
may be entirely removed from a few adjacent turns and these 
turns then shorted together to lower the resistance value 
thereof. An electrically conductive epoxy may be utilized to 
provide the shorting between the thus~exposed adjacent turns 
of the high-resistance continuous electrically conductive 
means. 

In order to increase the resistance of the resistor a portion 
of the outer dielectric coating and a corresponding portion of 
the high-resistance continuous electrically conductive means 
lying thereunder may also be removed. Since only a portion of 
the high-resistance continuous electrically conductive means 
is removed the cross-sectional area thereof is thereby 
decreased and the'electrical resistance of the remaining por 
tion of the high-resistance continuous electrically conductive 
means is thereby increased. A dielectric protective coating 
may be placed over the turns where the portion of the outer 
dielectric coating and the high-resistance continuous electri 
cally conductive means have been removed for protection. 
Thus, trimming the capacitor to precise values either higher or 
lower than the existing value may be done by repeating the 
above trimming steps one or more times until the exact value 
is obtained. 
As noted throughout the speci?cation the bobbin means 

may be dielectric electrically conductive, may be rectangular 
in cross section, round in cross section or tubular in cross sec 
tion. Similarly, any other desired bobbin con?guration may be 
utilized in the practice of the present invention. 

It has been found that with a resistive coating of 10,000 
ohms per square and a substrate diameter of 0.005 inches, a 
resistance of 10,000 ohms is attained for each 0.016 inches of 
length of the multicoated ?exible continuous body means. 
Thus. 600,000 ohms per inch of length of the body means is 
achieved. A wound resistor fabricated with the body means of 
the above construction can achieve 10,000 megohms in a 1 
inch bobbin length having 0.375 inches diameter. Propor 
tional increases in the total resistance of the wound resistor 
can be made by increasing the length of the ?exible continu 
ous body means and thus by increasing the length or diameter 
or both of the bobbin means resistors exceeding 1 million 
megohms having high stability low inductance and low 
capacitance can be manufactured. As noted, such resistors 
can also be trimmed with very high accuracy to any desired 
absolute value. 

It has been found that the multicoated ?exible continuous 
body means may be conveniently fabricated by deposition 
coating successively applied. Thus, the substrate, which may 
be either a dielectric ?lament, ?at ribbonlike tape or the like, 
or an electrically conductive member coated with a dielectric 
coating may be continuously fed through a vacuum deposition 
coating chamber to add the high resistance continuous electri 
cally conductive means as a coating thereon in a precisely 
controlled thickness of deposition. The outer dielectric coat 
ing may be added by a further successive deposition coating of 
a dielectric material on the high-resistance continuous electri 
cally conductive means. In those embodiments of the inven 
tion wherein a shielding coating is then applied, a further 
deposition step can be utilized to provide such a shielding 
coating. Further, it has been found that if it is desired to in 
crease the metallic thickness of the shielding coating and/or to 
provide better solder ability or weld ability, the multicoated 
?exible continuous body means may be continuously fed 
through a plating bath in order to apply a thicker shielding 
coat. 

Steps other than deposition coating may be utilized for any 
of the above mentioned coating steps as desired. Thus, the 
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inner dielectric coating may be an enamel, plastic or ceramic 
applied by means other than vacuum deposition on the electri 
cally conductive member of the substrate. 

it has been found that by careful selection of the materials 
utilized as a substrate and as the high-resistance continuous 
electrically conductive means of the multicoated ?exible con 
tinuous body means virtually any desired variation of re 
sistance with temperature may be achieved. For example, if 
the high-resistance continuous electrically conductive means 
is a deposited coating of nickel and the substrate has a rather 
large thermal expansion characteristic, comparatively large 
variations in resistance with temperature may be obtained. 
Conversely, if the substrate has a low expansion characteristic 
such as quartz or an invar-type low-expansion wire coated 
with a dielectric coating be provided with such a nickel high 
resistance continuous electrically conductive means a com 
paratively low change in resistance with temperature would be 
obtained. 

This concludes the description of preferred embodiments of 
the present invention. It will be appreciated that many varia 
tions and changes in structural details may be accomplished 
by those skilled in the art. Therefore, the following claims 
cover all such variations and adaptations. 
What is claimed is: > 

1. An improved wound resistor arrangement comprising, in 
combination: 

a bobbin means; 
a multicoated, ?exible continuous body means wound on‘ 

said bobbin means a preselected number of turns and a 
preselected number of layers of turns, and said mul 
ticoated, ?exible body means having a ?rst end portion 
and a second end portion, and said multicoated, ?exible 
body means comprising: 

a substrate; 
a high-resistance, continuous, electrically conductive means 
on at least preselected portions of said substrate, and said 
high-resistance, electrically conductive means‘ having a 
predetermined resistance per unit length thereof, and said 
high-resistance electrically conductive means having a 
?rst end margin portion at a ?rst end of said body means 
and a second end margin portion at a second end of said 
body means; . ' 

an outer dielectric coating on preselected portions of said 
high-resistance continuous, electrically conductive means 
for providing electrical insulation thereof between ad 
jacent turns and layers of turns; 

and said substrate comprising electrical insulation means 
for electrically insulating said substrate from said high-re 
sistance, continuous electrically conductive means; 

a ?rst lead means; 
a ?rst electrically conductive connection means coupled to 

said ?rst lead means and to said ?rst end margin portion 
of said high-resistance continuous electrically conductive 
means for providing an electrically conductive connec 
tion relationship therebetween; 

a second lead means; 
a second electrically conductive connection means coupled 

to said second lead means and to said second end margin 
portion of said high-resistance, continuous electrically 
conductive means for providing an electrically conduc 
tive connection relationship therebetween. 

2. The arrangement de?ned in claim 1 wherein: said sub 
strate comprises: 

an electrically conductive thin wire means having a ?rst end 
portion at said ?rst end of said body means and a second 
end portion at a second end of said body means, and hav 
ing a predetermined cross-sectional con?guration; and 

a continuous, inner dielectric coating means on said thin 
wire means from said ?rst end portion thereof to said 
second end portion thereof, and said second dielectric 
coating means intermediate said thin wire means and said 
high-resistance, continuous, electrically conductive 
means for electrical insulation therebetween. 
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10 
3. The arrangement de?ned in claim 2 and further compris 

mg: ' _ . 

an electrically conductive shunt wire means coupled to said 
?rst end portion and to said second end portion of said 
thin wire means for providing an electrically conductive 
path therethrough. 

4. The arrangement de?ned in claim 3 and further compris 
mg: 
an electrically conductive shielding coating on said ?rst 

dielectric coating intermediate said ?rst end of said body 
means to said second end of said body means; 

an insulating means on said body means for electrically in 
sulating said electrically conductive shielding means from 
said thin wire means and from said high-resistance electri 
cally conductive coating means. 

5. The arrangement de?ned in claim 2 wherein: 
said ?rst electrically conductive connection means further 

comprises: 
a ?rst electrically conductive contact on said bobbin 
means connected in electrically conductive relation 
ship to said ?rst end margin portion of said high-re 
sistance electrically conductive means; and 

said second electrically conductive connection means 
further comprises: 
a second electrically conductive contact means on said 
bobbin means connected to electrically conductive 
relationship to said second end margin portion of said 
high resistance electrically conductive means; 

and said ?rst lead means coupled to said ?rst electrically 
conductive contact means and said second lead means 
coupled to said second electrically conductive contact 
means. 

_ 6. The arrangement de?ned in claim 4 and further compris 
mg: 

said ?rst electrically conductive connection means further 
comprises: ' 

a ?rst electrically conductive contact on said bobbin 
means connected in electrically conductive relation 
ship to said ?rst end margin portion of said high re 
sistance electrically conductive means; and 

said second electrically conductive connection means 
further comprises: 
a second electrically conductive contact means on said 

bobbin means connected in electrically conductive 
relationship to said second end margin portions of said 
high-resistance electrically conductive means; 

and said ?rst lead means coupled to said ?rst electrically 
conductive contact means and said second lead means 
coupled to said second electrically conductive contact 
means; and 

shielding insulation means intermediate said shielding 
means and said ?rst end margin portion and said second 
end margin portion of said high resistance electrically 
conductive means for providing electrical insulation 
therebetween. 

7. The arrangement de?ned in claim 3 wherein: 
said predetermined cross-sectional con?guration of said 

thin wire means is substantially circular. 
8. The arrangement de?ned in claim 3 wherein: 
said predetermined cross-sectional con?guration of said 

thin wire means is substantially rectangular. 
9. The arrangement de?ned in claim 1 wherein: 
said substrate comprises a dielectric element means having 

a predetermined cross~sectional con?guration. 
10. The arrangement de?ned in claim 9 and further com 

prising: 
an electrically conductive shielding coating on said outer 

dielectric coating from said ?rst end of said body member 
to said second end thereof; and 

insulation means on said body means for electrically insulat 
ing said electrically conductive shielding coating from 
said high resistance electrically conductive means. 

11. The arrangement de?ned in claim 10 and further com 
prising: 
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said ?rst electrically conductive connection means further 
comprises: ' 

a ?rst electrically conductive contact on said bobbin 
means connected in electrically conductive relation 
ship to said ?rst end margin portion of said high re 
sistance electrically conductive means; and 

said second electrically conductive connection means 
further comprises: 
a second electrically conductive contact means on said 
bobbin means connected in electrically conductive 
relationship to said second end margin portion of said 
high-resistance electrically conductive means, and said 
?rst electrically conductive contact means electrically 
insulated from said second electrically conductive con 
tact means; 

and said ?rst lead means coupled to said ?rst contact means 
and said second lead means coupled to said second con 
tact means. 

12. An improved wound resistor arrangement comprising, 
in combination: 
a bobbin means having a ?rst end and a second end; 
a ?exible body means wound around said bobbin means a 

preselected number of turns and a preselected number of 
layers thereof, and said ?exible body means having a ?rst 
end and a second end and said ?exible body means com 
prising: 
a dielectric substrate; 
and a high-resistance continuous electrically conductive 
means on said substrate, and said high-resistance con 
tinuous electrically conductive means having a 
predetermined resistance per unit thereof, and having a 
?rst end margin portion at said ?rst end of said ?exible 
body means and a second end margin portion at said 
second end of said ?exible body means; 

a ?rst lead means; 
a ?rst electrically conductive connection means coupled to 

said ?rst lead means and to said ?rst end margin portion 
of said high-resistance continuous electrically conductive 
means for providing an electrically conductive relation 
ship therebetween; 

a second lead means; 
a second electrically conductive connection means coupled 
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12 
to said second lead means and to said second end margin 
portion of said high-resistance, continuous electrically 
conductive means for providing an electrically conduc 
tive connection relationship therebetween. 

13. The arrangement de?ned in claim 12 wherein: 
said dielectric substrate comprises a substantially ?at, rib 

bonlike ?exible continuous dielectric means having an 
upper surface and a lower surface, spaced-apart side sur 
faces and a predetermined width between said side sur 
faces; ' 

said high-resistance continuous electrically conductive 
means comprises a continuous coating means on said 
upper surfaces of said dielectric substrate intermediate 
said side surfaces‘and having a predetermined width of 
said dielectric substrate, and de?ning side margins on said 
upper surface of said dielectric substrate adjacent each of 
said side surfaces free of said high-resistance electrical 
coating; 

and said ?exible body means wound on said bobbin means 
to provide said lower surface of a ?rst layer of said dielec 
tric substrate adjacent said bobbin means in said ?rst 
layer thereof and said high-resistance, continuous, elec 
trically conductive means spaced outwardly therefrom. 

14. The arrangement de?ned in claim 13 wherein: 
said ?rst end of said ?exible body means is adjacent said 

?rst end of said bobbin means and said second end of said 
?exible body means is adjacent said second end of said 
bobbin means; 1 

said ?rst electrically conductive connection means further 
comprises: 
an electrically conductive slide means mounted on said 

?exible body means in ‘electrically conductive sliding 
relationship with said high resistance electrically con 
ductive means and moveable axially in an electrically 
conductive relationship therealong; and 

said ?rst lead means is coupled in electrically conductive 
relationship to said slide means; 

whereby movement of said slide means along said high-re 
sistance electrically conductive means varies the re 
sistance between said ?rst lead means and said second 
lead means. 


