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The present invention relates to a termination for elec 
trical resistors, and more particularly to an electro-me 
chanical bond between a metal terminal and an electrical 
resistor body. 
One well known type of eletcrical resistor comprises 

a compressed body of a mixture of particles of an elec 
trically conducting material, such as carbon, metals or 
mixtures thereof, and an electrical insulating material, 
such as a ceramic or plastic. The resistor bodies are 
usually in the form of a solid cylinder, and have metal 
terminal wires electrically and mechanically secured to 
the ends of the body. Heretofore, the terminal wires 
were secured to the resistance body by either inserting 
the wires into the ends of the body with the body with 
the body molded around the wires, or by a metal cap se 
cured to the end of the wire and ?tting over the end of 
the body. One problem in securing the terminals to the 
resistance body by these methods is to insure a strong 
mechanical connection between the terminal wires and 
the resistance body, and obtain a good electrical con 
nection between the terminal wires and the electrical con 
ducting material in the body. Another problem with 
these types of terminal wire connections is that the ter 
minals extend across a portion of the ends of the resist 
ance body so as to electrically short out a portion of the 
resistance body. Thus, the electrical active length of 
the resistance body is shorter than the physical length of 
the body. With the trend toward miniaturization of elec 
trical components, it is desirable to electrically utilize the 
entire length of the resistance body. 

It is an object of the present invention to provide a 
novel termination for an electrical resistor. 

It is another object of the present invention to pro 
vide a novel termination for an electrical resistor of the 
type in which the resistance body is a compressed body 
of a mixture of particles of an electrically conductive 
material and an electrical insulating material. 

It is a further object of the present invention to pro 
vide a termination for an electrical resistor having a good 
electro-mechanical bond between the terminal Wire and 
resistance body. 

It is a still further object of the present invention to 
provide a novel termination for an electrical resistor 
which permits the electrical utilization of the entire physi 
cal length of the resistance body. 

Other objects will appear hereinafter. 
For the purpose of illustrating the invention there is 

shown in the drawings a form which is presently pre 
ferred; it being understood, however, that this invention is 
not limited to the precise arrangements and instrumental 
ities shown. 
FIGURE 1 is an elevational view of the resistor of 

the present invention. 
FIGURE 2 is a sectional view taken along line 2—2 

of FIGURE 1. 
In general, the termination of the present invention 

comprises a layer of an electrically conductive metal 
coated across each end of the resistor body to which ter 
minal wires are to be connected. Prior to coating the 
ends of the resistor body, which comprises a compressed 
mixture of particles of an electrically conductive material 
and an electrical insulating material, portions of the in 
sulating material of the body at the ends of the body 
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are removed to form pockets or cavities, and to expose 
the electrically conductive particles at the ends of the 
body. When the layer of the electrically conductive metal 
is applied to the ends of the resistor body, the metal ?lls 
the pockets or cavities to form a strong mechanical bond 
between the metal layer and the resistor body. In ad 
dition, since the particles of the conductive material in the 
body are exposed, the metal layer makes good electrical 
contact with the conductive particles. The metal layer 
is applied to the resistor body ‘by a coating process which 
is carried out at a relatively low temperature so as not 
to destroy either the conductive material or the insulat 
ing material of the resistance body and to prevent the 
formation of a nonconducting ?lm on the conductive ma 
terial. The terminal wires are then soldered to the metal 

’ layer on the resistance body. 
Referring to the drawing, the resistor of the present in 

vention is generally designated as 10. Resistor 10 com 
prises a resistance body 12 which is a compressed mix 
ture of particles of an electrically conductive material 14, 
such as carbon, metals, or a mixture thereof, and an elec— 
trical insulating material 16 such as a ceramic or plastic. 
Although the resistance body 12 is preferably in the 
from of a solid cylinder, it may be of any other desired 
shape. As shown in FIGURE 2, the ends of the resist 
ance body 12 are each provided with pockets or cavities 
18 in the insulating material 16 around the conductive 
particles 14 so as to expose the surfaces of the conductive 
particles 14 at the ends of the resistance body 12. 
Each end of the resistance body 12 is coated with a 

layer 20 of an electrically conductive metal. The metal 
layers 20 ?ll the pockets or cavities 18 in the ends of 
the resistance body 12, and coat the exposed surfaces of 
the conductive particles 14 at the ends of the resistance 
body 12 so as to make electrical contact therewith. Since 
the metal layers 20 ?ll the pockets or cavities 18 in the 
ends of the resistance body 12, there is provided a strong 
mechanical bond between the metal layers 20 and the 
resistance body 12. 
Each of the metal layers 20 is coated with a layer 22 

of an electrically conductive solder. A separate terminal 
wire 24 of an electrically conductive metal is secured to 
each end of the resistance body 12. As shown, each ter 
minal wire 24 has an enlarged, ?at head 26 on its end 
which abuts against and is secured to a solder layer 22. 
Thus, each of the terminal wires 24 is mechanically se 
cured and electrically connected to an end of the resist 
ance body 12 through a solder layer 22 and a metal layer 
20. 

The resistor 10 of the present invention is made in the 
following manner: 
The resistor body 12 may be formed by any method 

Well known in the art. For example, the electrically con 
ductive particles 14 and the electrical insulating materials 
16 are thoroughly mixed together, and the mixture is 
then either molded or extruded into the desired shape. 
The shaped resistance body 12 is then either ?red or cured 
according to whether the electrical insulating material 16 
is a ceramic or plastic material. The ends of the re 
sistor body 12 are then treated to form the pockets or 
cavities 18. This is achieved by contacting the ends of 
the resistor body 12 with a material which will etch away 
the electrical insulating material 16, but will not attack the 
electrically conductive particle 14. If the electrical in 
sulating material 16 is a ceramic, the etching material 
may be ?uoboric acid, hydro?uoric acid or ammonium 
bi?uoride. If the electrical insulating material 16 is a 
plastic, the etching material may be any suitable solvent 
for the particular plastic being used, such as acetone, di 
methylformamide or toluene. After the ends of the resis 
tor body 12 are etched to form the pockets or cavities 18, 



3,237,286 
3 

the resistor body is thoroughly Washed to remove all 
traces of the etchant. 
The ends of the resistor body 12 are then coated with 

the layer 20 of the electrically conductive metal. The 
layer 20 is applied to the ends of the resistor body 12 by 
a coating process which is carried out at a relatively low 
temperature so as not to damage either the electrically 
conductive particles 14 or the electrical insulating ma 
terial 16 of the resistor body. One method of coating 
the ends of the resistor body 12 with the metal layers 20 
is to expose the ends of the resistor body 12 to a vapor 
of a material containing the metal which will decompose 
at a relatively low temperature, such as a metal carbonyl. 
The metal carbonyl vapor is heated to its decomposition 
temperature so as to decompose the vapors and deposit 
the metal on the ends of the resistor body 12. Another 
method of coating the ends of the resistor body 12 with 
the metal layers 20 is by exposing the ends of the resistor 
body to the vapors of a metal which is evaporated in a 
vacuum. When the metal vapors contact the ends of the 
resistor body, the metal will condense on the ends of the 
resistor body to form the metal layers 20. A third 
method of coating the ends of the resistor body 12 with 
the metal layers 20 is by one of the well known processes 
of electroless plating. Such electroless plating processes 
are described in U.S. Patents No. 2,996,408 to R. M. 
Lukes, issued August 15, 1961, No. 3,011,920 to C. R. 
Shipley, Jr., issued December 5, 1961 and No. 3,033,703 
to F. N. Schneble, Jr., et al. issued May 8, 1962. 
The terminal wires 24 are then secured to the metal 

layers 20 by means of the solder layers 22. This may be 
achieved by ?rst coating each of the metal layers 20 with 
a layer 22 of solder, placing the head 26 of a terminal 
wire 24 against the solder layer 22, and heating the solder 
layer 22 to bond the terminal wire to the metal layer 20. 
This may also be achieved by holding the head 26 of the 
terminal wire 24 against an end of the resistor body 12 
with a preformed disc of solder being between the head 
26 of the terminal wire and the metal layer 20‘. The 
solder disc is then heated, such as by induction heating, so 
as to bond the terminal Wire to the metal layer 20. 
The present invention may be embodied in other spe 

ci?c forms without departing from the spirit or essential 
attributes thereof and, accordingly, reference should be 
made to the appended claims, rather than to the forego 
ing speci?cation as indicating the scope of the invention. 
We claim: _ 

1. A method of making an electrical resistor compris 
ing the steps of forming a compressed body of a mixture 
of particles of an electrically conductive material and an 
insulating ceramic material, ?ring said body, then con 
tacting a surface of said body with an etching material 
which attacks the ceramic material but not the conductive 
particles so as to remove some of the ceramic material 
to form pockets in said surface of the body and expose 
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4 
the surfaces of the conductive particles at said surface 
of the body, then coating said surface of the body with a 
layer of an electrically conductive metal so as to ?ll said 
pockets with said metal, and then securing a terminal wire 
to said metal layer. 

2. A method in accordance with claim 1 including the 
steps of coating the layer of the electrically conductive 
metal with solder, and bonding the terminal to said 
solder. 

3. A method in accordance with claim 1 in which the 
surface of the body of the resistor is coated with the layer 
of the electrically conductive metal by exposing said sur 
face to the vapors of a carbonyl of said metal which will 
decompose at a temperature below the decomposition 
temperature of the body, and heating said vapors to its de 
composition temperature so as to deposit the metal on 
said surface. 

4. A method in accordance with claim 1 in which the 
surface of the body of the resistor is coated with the layer 
of the electrically conductive metal by evaporating the 
metal in a vacuum and exposing said surface to the vapors 
of the metal to condense the metal on said surface. 

5. A method in accordance with claim 1 in which the 
surface of the body of the resistor is coated with the layer 
of the electrically conductive metal by electroless plating. 

6. A method of making an electrical resistor compris 
ing the steps of forming a compressed solid cylindrical 
body having substantially ?at end surfaces of a mixture of 
particles of an electrically conductive material and an 
insulating ceramic material, ?ring said body, then con 
tacting said end surfaces of the body with an etching ma 
terial which attacks the ceramic material but not the con 
ductive particles so as to remove some of the ceramic 
material to form pockets in said end surfaces and expose 

r the surfaces of the conductive particles at said end sur— 
faces, then coating each of said end surfaces With a layer 
of an electrically conductive metal so as to ?ll said pocket 
with said metal, coating each of said metal layers with 
solder, and bonding a separate terminal wire to the solder 
on each of said metal layers with the terminal wires ex 
tending longitudinally from the end surfaces of said body. 
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