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This invention relates to an improved terminal structure 
for electrical circuit components such as resistors, capaci 
tors, inductors, and the like, employing a base or sub 
strate formed of a refractory material. 

This is a division of my copending application Ser, No. 
416,074, filed Dec. 4, 1964, now abandoned, entitled 
Terminal Structure. 

U.S. Pat. No. 3,134,085 issued May 19, 1964, entitled 
“Variable Resistor with Terminal Structure" and assigned 
to Beckman Instruments, Inc., the assignee of the present 
invention, discloses in accordance with a preferred form 
of the invention, a terminal structure comprising gen 
erally a headed pin formed from a malleable metal. The 
shank of the pin is serrated or grooved over a major por 
tion of its length with a small cylindrical portion at its 
outer end for facilitating the insertion of the pin into the 
hole of the support base. The pin is forced into the hole 
so as to physically deform the serrations thereby rigidly 
retaining the pin within the hole without the use of 
cements or adhesives. A terminal means made of a con 
ductive material is then applied to the exposed end of 
the pin to make contact with the resistance element. 

While the terminal structure and method of mounting 
the structure described in the U.S. patent cited above 
provides numerous advantages over the prior art, certain 
deficiencies may appear under certain circumstances. For 
example, when the terminal is made in the form of an 
elongated pin which protrudes a substantial distance 
from the lower surface of the base member, forces ap 
plied to the protruding end during handling may cause 
the pin to be loosened because the portion supported by 
the base member is only a small part of the over-all 
length of the pin. In addition, the existence of voids or 
spaces between and above the serrations may cause some 
of the conductive material, from which the terminating 
means is formed, to find its way into these spaces result 
ing in slight depressions or irregularities in the Surface 
of the terminating means. Usually, this is not a problem 
since in most applications the terminating means does 
not participate in the mechanical operation of the device. 
For example, in the U.S. patent cited above, a rectilinear 
variable resistor is shown in which a wiper element slid 
ingly engages the resistance element mounted on the 
base member. Since in the operation of this device the 
wiper element does not traverse the surfaces of the 
terminating means (designated by reference numeral 46 
in the cited patent), depressions or irregularities in the 
surface of the terminating means do not affect the opera 
tion of the device. However, if, for example, the variable 
resistor is in the form of a circular structure and the 
wiper element is required to be continually rotated, the 
wiper element will traverse the surfaces of the terminat 
ing means each revolution. In this case, if surface rough 
ness is present, a non-uniform wiper drag force results 
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2 
along with increasingly rapid wear of the wiper element 
Contacts. 

Accordingly, it is an object of the present invention 
to provide a method for affixing same to a refractory base 
or substrate, which will result in a terminal mounting 
of superior strength and durability. 

It is another object of the present invention to provide 
a method for mounting a terminal structure in a refrac 
tory base or substrate, which will not create surface irregul 
larities or roughness in the terminating means overlaying 
the-terminal structure. 
According to a specific, exemplary embodiment of the 

present invention shown and described herein, there is 
provided a terminal pin serrated, knurled or otherwise 
roughened along a portion of its shank length. The ser 
rated or knurled part of the terminal pin is inserted, 
under a slight interference fit, into a hole provided in a 
refractory base member which is in the "green' or un 
fired state. During the firing process, shrinkage of the 
base member causes the refractory material to fill the 
spaces between and above the serrations or knurlings, 
thus eliminating the spaces into which the conducting 
material forming the electrical element terminating 
means might otherwise flow and additionally providing 
an exceptionally secure and durable terminal mounting. 
The novel features which are believed to be charac 

teristic of the invention are set forth with particularity 
in the appended claims. The invention itself however, 
together with further objects and advantages thereof, can 
best be understood by reference to the following de 
scription taken in connection with the accompanying 
drawings in which: 

FIG. 1 is a partial side view of a terminal pin fabri 
cated in accordance with the present invention; 

FIG. 2 is an end view of the terminal pin of FIG. 1; 
FIG. 3 is a partial top view, in section of the terminal 

pin of FIG. 1 in place in a refractory base member 
prior to firing; 

FIG. 4 is a partial side view, in section, of the assem 
bly of FIG. 3 taken along plane 4-4; 

FIG. 5 is a partial top view, in section, of the assembly 
of FIG. 3 after firing: 

FIG. 6 is a partial side view, in section, of the assembly 
of FIG. 5 taken along plane 6-6; and, 

FIG. 7 is a partial view, in section, of a variable resist 
ance element employing the terminal structure of the pres 
ent invention. 

Referring now to the drawings, there is shown in FIGS. 
1 and 2 a terminal pin 10, fabricated of a precious metal 
alloy such as gold-palladium, having a shaft or shank 12 
of diameter A with axially-oriented protuberances or ser 
rations 14, separated by adjoining depressions, projecting 
from the surface of the shank 12 near one of the ends of 
the shank. The outside diameter of the portion of the ter 
minal pin having the serrations is designated by the letter 
C. The outer extremities of the serrations 14 may be 
brought to a sharp edge, as best shown in FIG. 2, to per 
mit easy insertion of the terminal pin. However, the ser 
rations 14 may be of any desired cross-sectional shape 
(when viewed end-wise as in FIG. 2) as for example, 
rectangular or semi-circular. Further, the serrations 14, 
instead of being parallel to the longitudinal axis of the 
terminal pin as depicted in FIG. 1, may be formed as a 
helical thread or portions of a helical thread to help pre 
vent longitudinal or axial displacement of the terminal 
pin once it is secured in place. As a substitute for the 
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serrations 14, a cross-hatched or knurled pattern having 
an outside diameter C may be formed in the surface of 
the terminal pin 10 or, as a further alternative, the surface 
of the pin may be merely roughened in a random pattern 
with projections of outside diameter C. 

Referring to FIGS. 3 and 4, the terminal pin 10 is in 
serted in a hole 16 of diameter B provided in a "green' 
or unfired substrate or base member 18 typically fash 
ioned of a refractory material such as alumina or steatite. 
Insertion of the terminal pin 10 in hole 16 leaves voids 
or spaces 20, 22 and 24, respectively, between, over and 
under the serrations 14. 
As best shown in FIG. 3, the diameter B of the hole 

16 is slightly smaller than the outside diameter C of the 
serrated portion of the terminal pin 10 so that a slight in 
terference fit exists upon insertion of the terminal pin 10. 
The mechanical bond provided by the interference fit pre 
vents the terminal pin 10 from being dislodged or shifted 
during handling of the assembly. The relationships be 
tween the diameters A, B and C may be determined from 
the firing shrinkage characteristics of the refractory mate 
rial from which a particular base member is made. 
To compensate for the decrease in thickness of the base 

member 18 because of contraction during the firing proc 
ess, the terminal pin 10 may be positioned in the hole 16 
so that the top surface of the pin lies a small distance 
(designated by reference numeral 26 in FIG. 4) below 
the top surface of the base member 18. Since the firing 
shrinkage characteristics of refractory base materials may 
be determined, the distance 26 may be calculated before 
hand, with the result that after the firing process, the top 
surfaces of the terminal pin 10 and base 18 will be sub 
stantially flush. In most instances, this eliminates the 
necessity of grinding down the top surface of either the 
terminal pin 10 or the base member 18 to bring these 
surfaces into alignment. 

FIGS. 5 and 6 show the assembly of FIGS. 3 and 
after firing. Shrinkage of the refractory base member 18 
and the corresponding shrinkage of the hole 16 causes the 
protuberances 14 to become imbedded in the side wall of 
the hole 16, the individual protuberances breaking up the 
continuity of the hole surface abutting the shank. The 
top surfaces of the terminal pin 10 and the base member 
18 are now substantially flush. The refractory material 
occupying the spaces which existed prior to firing above, 
below and between the protruding serrations 14 prevents 
both axial and rotational displacement of the terminal pin. 
10. 

FIG. 7 illustrates the application of the terminal struc 
ture of the present invention to a resistance device in 
which an electrical circuit component in the form of a 
resistance element 28 has been mounted in the form of 
a thin layer on the upper surface of refractory base mem 
ber 18. The element 28 may be mounted after firing of 
the assembly comprising the base member 18 and the 
terminal pin 10. A terminating means, comprising a me 
tallic layer 30 suitably bonded to the plane surface formed 
by the top surfaces of the base member 18 and the termi 
nal pin 10, serves to electrically connect the end of the 
resistance element 28 with an external circuit through the 
terminal pin 10. Typically, the metallic layer 30 is silk 
screened or applied as a paste and fired to yield a solid 
connection between the elements 28 and 10. 
Although exemplary embodiments of the invention 

have been disclosed and discussed, it will be understood 
that other embodiments may be constructed employing 
the teachings of this invention. Further changes, modifi 
cations and substitutions which may be made without de 
parting from the spirit of the invention will be apparent 
to those skilled in the art. Also, other applications of the 
invention are possible. By way of specific example, besides 
being useful as a terminal structure for resistors, capaci 
tors, inductors and other circuit components mounted on 
a refractory base member, the concept disclosed may also 
be applied to feedthrough connections utilized in micro 
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4 
modules to connect circuit components which are affixed 
to opposite sides of a substrate. 
What is claimed is: 
1. A method of mounting a terminal structure in a 

refractory base member which base member has top and 
bottom surfaces, said refractory base member being 
formed of a refractory material which shrinks upon the 
application of heat thereto, comprising the steps of: 

forming, in said refractory base member, while said 
base member is in the unfired state, a hole of diameter 
B communicating with said top and bottom surfaces; 

providing a conductive terminal pin of a length sub 
stantially greater than the distance between said top 
and bottom surfaces of said base member; 

forming on said terminal pin a shank having a diam 
eter A which is smaller than said hole diameter B, and 
forming protuberances projecting from said shank 
of said terminal pin, said protuberances having an 
outer diameter C which is larger than said hole diam 
eter B; 

inserting said shank of said terminal pin in said hole, 
said protuberances having an interference fit with the 
sidewalls of the hole while said refractory base mem 
ber is in the unfired state; and 

heating and firing the assembly comprising said refrac 
tory base member and said terminal pin to cure said 
refractory base member and causing said base mate 
rial to shrink around said protuberances. 

2. The method of claim 1 in which 
said terminal pin is inserted so that an end of said ter 

minal pin is substantially flush with said top surface 
of said base member. 

3. The method of claim 2 which includes the step of 
grinding flush said top surface of said base member and 
said end of said terminal pin. 

4. A method of mounting a terminal pin in a base mem 
ber fabricated of a refractory material which shrinks when 
cured by the application of heat thereto, said base mem 
ber having top and bottom surfaces comprising the 
steps of: 

forming in said base member while said base member 
is in the uncured state, a hole of diameter B com 
municating with said top and bottom surfaces of said 
base member; 

providing a conductive terminal pin and forming there 
on a shank with outwardly projecting protuberances 
separated by adjoining depressions, said shank hav 
ing an outer diameter C across said protuberances 
and an inner diameter A measured adjacent said de 
pressions, said diameter A being less than said diam 
eter B of said hole and said diameter C being greater 
than said diameter B of said hole; 

inserting said shank of said terminal pin into said hole 
while said refractory material is in the uncured state, 
said terminal pin being positioned into said hole a 
distance such that said end of said terminal pin lies a 
small distance below said top surface of said base 
member, said protuberances causing an interference 
fit with the sidewalls of said hole; and 

heating and firing the assembly comprising said base 
member and said terminal pin and causing said base 
material to shrink whereby all spaces around said 
terminal pin are substantially filled with said refrac 
tory material and said top surface of said base mem 
ber is flush with said end of said terminal pin. 

5. A method of mounting a terminal pin in a base 
member fabricated of refractory material which shrinks 
when cured by the application of heat thereto, said refrac 
tory base member having top and bottom surfaces, com 
prising the steps of: 

forming, in said base member while said member is in 
the uncured state, a hole of diameter B communicat 
ing with said top and bottom surfaces of said base 
member; 
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providing a conductive terminal pin and forming adja 
cent one end thereof a shank with outwardly pro 
jecting protuberances separated by adjoining depres 
sions, said shank having an outer diameter C meas 
ured across said protuberances and an inner diam 
eter Ameasured adjacent said depressions, said diam 
eter A being less than said diameter B of said hole 
and said diameter C being greater than said diameter 
B of said hole; 

inserting said shank at said terminal pin into said hole 
while said refractory material is in the uncured state, 
said terminal pin being positioned a distance such 
that said end of said terminal pin lies substantially 
flush with said top surface of said base member, said 
protuberances being slightly embedded in the side 
walls of said hole and supporting said terminal pin 
therein; and 

heating and firing the assembly comprising said base 
member and said terminal pin and causing said base 
material to shrink whereby the spaces around said 
protuberances on said shank of said terminal pin are 
substantially filled with said refractory material. 

6. The method of claim 5 which includes the step of 
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grinding flush said top surface of said base member 
and said end of said terminal pin. 
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