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ABSTRACT OF THE DISCLOSURE 
An electrical resistor comprising a substrate of an 

electrical insulating material having on a surface thereof 
a pair of termination ?lms of an electrically conductive 
metal and a ?lm of an electrical resistance material 
extending between and contacting opposed edges of the 
termination ?lms. The distance across the resistance ?lm 
between the opposed edges of the termination ?lms is 
much less than the distance along the opposed edges of 
the termination ?lms contacted by the resistance ?lm so 
that the electrical width of the resistance ?lm is much 
greater than its electrical length. Tlu's provides an elec 
trical resistor having a resistance ?lm of less than one 
electrical square so as to achieve a low resistance value, 
preferably one ohm or less. 

BACKGROUND 
One type of electrical resistor which is presently manu 

factured is a ?lm type resistor which comprises a ?lm 
of a resistance material coated on the surface of a sub 
strate of an electrical insulating material, such as glass, 
ceramic or plastic. In the manufacture of such a resistor, 
it is desirable to be able to provide a resistor of any 
desired resistance value over a Wide range of resistance 
values. The resistance value of such a resistor is a func 
tion of the resistivity of the resistance material and the 
length and width of the resistance material ?lm. An elec 
trical resistor, in addition to having a desired resistance 
value, must also have other electrical characteristics. For 
example, the resistor must be stable with regard to the 
voltage applied and, to change in temperature, must be 
able to withstand the load to be applied to the resistor, 
and must have a good shelf life. In general, these other 
electrical characteristics are a function of the particular 
resistance material used. Therefore, it is the practice to 
use a resistance material which provides the desired other 
electrical characteristics for the resistor, which material 
has a ?xed electrical resistivity, and to provide the desired 
resistance value by varying the length and width of the 
resistance ?lm. 
When using a substrate which is cylindrical, the com 

mon method of achieving a desired resistance value is 
to provide the resistance ?lm as a long, narrow path 
which extends helically around the cylindrical surface of 
the substrate. By varying the length and width of the 
path, a wide variety of resistance values can be obtained 
as measured between the ends of the path. If a ?at 
substitute is used, the same effect is achieved by providing 
the resistance ?lm as a long, narrow path which meanders 
over the surface of the substrate. Although these tech 
niques of making an electrical resistance permit the ob 
taining of a wide range of resistance values, they do not 
lend themselves to providing resistors of very low resistance 
values, particularly resistance values of approximately one 
ohm and less. Also, using these techniques, it has been 
found to be dit?cult to provide a resistor of very low 
resistance value which also has a low power density so 
as to provide a resistor which dissipates a relatively high 
power for its size. 
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SUMMARY 

It is an object of the present invention to providea 
novel ?lm type electrical resistor. 

It is another object of the present invention to provide 
a ?lm type electrical resistor having a very low resistance 
value, particularly a resistance value of one ohm or less. 

It is still another object of the present invention to 
provide a ?lm type electrical resistor having a very low 
resistance value and a relatively low power density. 

It is a further object of the present invention to provide 
an electrical resistor of the type having a ?lm of resistance 
material coated on a substrate with the electrical width 
of the resistance ?lm being much greater than the elec 
trical length of the resistance ?lm so that the resistor has 
a very low resistance value. 
Other objects will appear hereinafter. 

BRIEF DESCRIPTION OF DRAWING 

For the purpose of illustrating the invention, there is 
shown in the drawings a form which is presently preferred; 
it being understood, however, that this invention is not 
limited to the precise arrangements and instrumentalities 
shown. ' 

FIGURE 1 is a perspective view of the electrical resistor 
of the present invention. 
FIGURE 2 is a sectional view taken along line 2-2 of 

FIGURE 1. 

DESCRIPTION OF INVENTION 

The electrical resistor of the present invention utilizes 
a ?lm of an electrical resistance material .which has an 
electrical width much greater than its electrical length 
so as to achieve a resistor having a low resistance value. 
The resistance value of ?lm type electrical resistors is 
equal to the resistivity of the resistance material in ohms 
per square times the number of squares of the resistance 
?lm. The number of squares of the resistance ?lm is equal 
to the electrical length of the resistance ?lm divided by 
the electrical width of the resistance ?lm. Thus, by having 
a resistance ?lm which has an electrical width much 
greater than its electrical length, the number of squares 
of the resistance ?lm is less than one so that the resistance 
value of the resistor is only a fraction of the resistivity 
of the resistance material used for the ?lm. For example, 
if the electrical width of the resistance ?lm is 10 times the 
electrical length of the resistance ?lm, the resistance ?lm 
is 0.1 electrical square. If the resistivity of the resistance 
material used for the resistance ?lm is 10 ohms per square 
or less, the resistance value of the resistance is 1 ohm 
or less. 

Referring to FIGURE 1, an electrical resistor of the 
present invention is generally designated as 10. As shown, 
resistor 10 comprises a ?at, square substrate 12 of an 
electrical insulating material, such as a glass, a ceramic or 
a plastic. On one surface of the substrate 12 are a pair of 
termination ?lms 14 and 16 of an electrically conductive 
metal, such as copper, silver or gold. The termination ?lms 
14 and 16 have edges 18 and 20, respectively, which are 
closely spaced from each other and follow a meandering 
path. The edges 18 and 20 are uniformly spaced from each 
other along the entire width of the termination ?lms 14 
and 16. A ?lm 22 of an electrical resistance material is 
provided on the surface of the substrate 12 in the space 
between the opposed edges 18 and 20 of the termination 
?lms 14 and 16. The resistance ?lm 22 contacts both the 
termination ?lms 14 and 16 along the entire extent of 
the resistance ?lm. Thus, the resistance ?lm 22 follows 
the meandering path of the edges 18 and 20 of the ter 
mination ?lms 14 and 16 and is electrically connected be 
tween the termination ?lms. The resistance ?lm 22 may be 
of any well-known resistance material, such as carbon, a 
metal, a metal alloy, or a mixture of conductive particles 
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in a binder of glass or a plastic. Although the substrate 
12 is shown as being a ?at plate, it can also be a cylindri 
cal rod or tube with the termination ?lms 14 and 16 and 
the resistance ?lm 22 being provided on the cylindrical 
surface of the substrate. 

In the use of the electrical resistor 10, the electrical 
current passes through the resistance ?lm 22 from one of 
the termination ?lms to the other termination ?lm, for 
example, from termination ?lm 14 to termination ?lm 
16. Also, the electrical current will pass through the re 
sistance ?lm 22 from along the entire extent of the edge 
18 of the termination ?lm 14 to the entire extent of the 
edge 20 of the termination ?lm 16. Therefore, the distance 
across the resistance ?lm 22 between the edges 18 and 20 
of the termination ?lms 14 and 16 is the electrical length 
of the resistance ?lm and the distance along the meander 
ing edges 18 and 20 of the termination ?lms 14 and 16 
that is contacted by the resistance ?lm 22 is the electrical 
width of the resistance ?lm. Thus, the resistance ?lm 22 
has an electrical width substantially greater than its elec 
trical length so as to be less than one electrical square and 
provide a resistor of low resistance value. For example, 
on a substrate 1/2” by 1/2”, a resistance ?lm 22 which has 
an electrical length of .05" and an electrical length of 
1.65” results in .033 electrical square. If the resistance 
material of the resistance ?lm has a resistivity of 10 ohms 
per square, the resulting resistor 10 has a resistance value 
of 0.33 ohm. If the resistance material has a resistivity of 
1 ohm per square, which can be easily obtained, the re 
sulting resistor has a resistance value of 0.03 ohm. 
Although the opposed edges 18 and 20 of the termi 

nation ?lms 14 and 16 are shown as following a meander 
ing path, they can also be straight and parallel as long as 
the distance between the edges 18 and 2.0 is much less 
than the distance along the edges that is contacted by 
the resistance ?lm 22 so as to provide a resistance ?lm 
of less than one electrical square. However, having the 
edges 18 and 20 follow a meandering path is preferable 
since it provides for a resistance ?lm 22 having the longest 
electrical width for the size of the substrate 12. Although 
the number of electrical squares of the resistance ?lm 22 
can be decreased by decreasing the electrical length of 
the resistance ?lm as well as by increasing its electrical 
width, it is preferable to do so by increasing the electrical 
width of the resistance ?lm, The permissible power which 
can be dissipated across the resistance ?lm 22 is deter 
mined by the surface area of the resistance ?lm. Thus, 
the greater the surface of the resistance ?lm, the low 
er the power density and the higher the total power that 
can be dissipated by the resistance ?lm. Therefore, the 
larger the electrical width and length of the resistance ?lm 
22, the larger its surface area. Thus, it is preferable to 
obtain the desired number of electrical squares by using 
a resistance ?lm that has a relatively larger electrical 
length but a much larger electrical width. On a given size 
substrate, this is easiest achieved by having the edges of 
the termination ?lms follow a meandering path. Also, in 
general, many of the electrical characteristics of low re 
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sistivity resistance materials improve as the resistivity is 
increased. Thus, a resistance material having a resistivity 
of 10 ohms per square may have better electrical charac 
teristics over a resistance material of the same composition 
which has a resistivity of one ohm per square. Thus, it is 
desirable to use for the resistance ?lm 22 a resistance mate 
rial having the highest possible resistivity. By decreasing 
the number of electrical squares provided by the electrical 
?lm 22, which can be easiest achieved by increasing the 
electrical width of the resistance ?lm, a higher resistivity 
resistance material can be used to achieve a resistor of the 
desired resistance value. Therefore, for the resistor of 
the present invention which has a low electrical resistance, 
the meandering path of the edges 18 and 20 of the termi 
nation ?lms 14 and 16 is preferred to obtain a highly elec 
trically stable resistor which can dissipate high electrical 
power. 
The present invention may be embodied in other speci?c 

forms without departing from the spirit or essential at 
tributes thereof and, accordingly, reference should be 
made to the appended claims, rather than to the foregoing 
speci?cation as indicating the scope of the invention. 

I claim: 
1. An electrical resistor having a low resistance value 

comprising a substrate of an electrical insulating material, 
a pair of termination ?lms of an electrically conductive 
metal on a surface of the substrate, said termination ?lms 
having opposing edges in closely spaced relation, a ?lm 
of an electrical resistance material on said surface of the 
substrate and extending only between the opposed edges 
of the termination ?lms, said resistance ?lm contacting 
both of said terminations, and the electrical length of the 
resistance ?lm between the termination ?lms being smaller 
than the electrical width of the resistance ?lm along the 
opposed edges of the termination ?lms so that the re 
sistance ?lm is less than one electrical square. 

2. An electrical resistor in accordance with claim 1 in 
which the spacing between the opposed edge of the ter 
mination ?lms is uniform along the entire extent of the 
resistance ?lm. 

3. An electrical resistor in accordance with claim 2 in 
which the resistance ?lm contacts the termination ?lms 
along its entire extent along the edges of the termination 

4. An electrical resistor in accordance with claim 3 in 
which the opposed edges of the termination extend along 
a meandering path. 
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