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ABSTRACT OF THE DISCLOSURE 
Thermistor materials are deposited on a substrate by 

evaporation or sputtering. One or more terminals and a 
resistance pattern of gold is then deposited through a 
mask on desired areas of the thermistor material. The 
thermistor assembly is then heated in a furnace at 500 
degrees centigrade for ?fteen minutes to partially diifuse 
the gold into the thermistor material. After the heating 
cycle, platinum wires (10% iridium) are welded to the 
gold terminals. The resulting thermistors inject consid 
erably less noise into a circuit when passing current. 

Background of the invention 
This invention relates to a means and method for 

making thermistors producing almost no noise when pass 
ing current. The invention has particular relationship to 
thermistors which are to be used in ampli?er or tele 
phone circuits passing voice frequency currents. 

Summary of the invention 

Therrnistors used for measuring purposes, particularly 
in bridges, may inject noises into the circuit without pro 
ducing any harmful effects. However, when used in any 
circuit which is connected to a sound transducer it is im 
portant to keep the noise as low as possible. It has been 
found that the main source of noise is in the connection 
between the thermistor material and the metal electrodes 
which make contact with them. Plating or eavporating 
a metal onto a thermistor surface is always susceptible 
to microscopic arcing and minor circuit breaking due to 
insuf?cient pressur ebetween the two materials. It has 
been found that the use of gold sputtered on a terminal 
area and the surface of the thermistor and then treated 
in a furnace will either alloy or diifuse into the thermistor 
material and produce a bond that is substantially free of 
noise. The thermistor material may be evaporated onto 
a nonconducting substrate or it may be deposited onto 
the substrate by sputtering techniques in a rari?ed atmos 
phere of an inert gas. 

Brief description of ?gures 

FIGURE 1 is a plan view of an area of thermistor 
material deposited evenly onto a nonconducting substrate. 
FIGURE 2 is a plan view of one form of the invention 

and shows the thermistor material deposited in a resistor 
pattern on a substrate. . 

FIGURE 3 is a plan view of the device shown in 
FIGURE 1, with the gold terminal material deposited 
on the thermistor material in another pattern which will 
produce a low resistance between the terminals. This view 
also shows the terminal wires. 
FIGURE 4 is a cross-sectional view showing the sub 

strate, the thermistor material, and a gold terminal before 
the application of the heating cycle. 
FIGURE 5 is a cross-sectional view taken along line 

5-5 of FIGURE 2 and is similar to FIGURE 4 except 
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2 
that the gold has been alloyed into the thermistor material 
and a terminal wire has been welded to the gold. 

Description 0]’ preferred embodiment 

Referring now to FIGURE 1, a substrate 10‘ is shown 
with an area of thermistor material 11 evaporated there 
on. The deposition of the thermistor material may 
be done by either evaporation or sputtering. This con 
stitutes the ?rst step in the production of a low re 
sistance thermistor. Next, two gold terminals 12, 13, 
are deposited on the thermistor material as shown in 
FIGURE 3. The gold is preferably deposited by sputter 
ing through a stainless steel mask which can be positioned 
directly in front of the thermistor material during the 
sputtering process. Apparatus for performing this step 
is described in co-pending patent application Ser. No. 
435,119, ?led Feb. 25, 1965, in the names of John G. 
Fromel and Meyer Sapoff, for Thin Film Resistance Ele 
ments and Method, now abandoned. 
The thermistor array is next placed in a furnace and 

heated to 500° centigrade for about ?fteen minutes. This 
heating does not change the thermistor material because 
it is made up of a mixture of oxides but causes the gold 
to diffuse partially into the thermistor. After heating, Wires 
14 and 15 are welded to terminal areas 16- and 17, and 
the thermistor is ready for use. 
The above described thermistor is obviously a low 

resistance element since the distances between terminals 
is short and since the terminals are long. If a high re 
sistance thermistor is desired, the type shown in FIGURE 
2 is fabricated. In this case the thermistor material 20 
is sputtered onto a base 10 through a mask so that the 
thermistor material has a long path between its end por 
tions '21 and 22. In order to provide suitable terminals 
for inclusion in a circuit, gold areas 23 and 24 are de 
posited through a mask in a manner similar to that de 
scribed above. The thermistor is next given a heat treat 
ment as described above by heating to 500° centigrade for 
?fteen minutes. After the heating operation, wire ter 
minals 14 and 15 are added. 
FIGURES 4 and 5 illustrate the method of noise re— 

duction due to heating. In FIGURE 4, the substrate 10 
carries a layer of thermistor material 22 and a gold ter 
minal 24. As is shown in the drawing, the gold rests on 
top of the thermistor material but there is no evidence of 
combination. After the heating cycle, the thermistor ma 
terial 22 and gold terminal 24 have been diffused to 
gether as is indicated by the merging cross-hatching lines 
in FIGURE 5. This construction accounts for the lack 
of noise. A platinum wire 15 or any other type of wire 
may be welded or soldered to the gold terminal 24 and 
the thermistor is ready for use. 

It will be obvious from the above description that 
many other forms of thermistor material and many other 
arrangements of gold terminals can be used for this 
process. 

Having thus fully described the invention what is 
claimed as new and desired to be secured by Letters Pat 
ent of the United States is: 

1. A thermistor comprising a non-conductive substrate, 
thermistor material deposited on the substrate to form a 
resistance, a plurality of gold terminal areas deposited 
on the thermistor material at predetermined positions to 
form terminals for the application of an electric voltage, 
said gold terminals diffused into the thermistor material 
by the application of heat after the gold has been de 
posited, and a terminal wire secured to each of said 
gold terminals for connection to an external circuit. 

2. A thermistor as claimed in claim 1 wherein the 
thermistor material is a mixture of metal oxides. 



3,452,314 
3 

3. A method of forming thermistors having gold dif 
fused terminals for the reduction of electric circuit noise 
comprising the following steps: depositing thermistor ma 
teria1 on a non-conductive substrate, depositing gold on 
predetermined terminal areas to jorm circuit terminals, 
heating the array in a furnace of a temperature within 
the range of 400 to 600 degrees centigrade for a time 
interval in excess of 10 minutes, and ?nally attaching wire 
terminals to the gold terminals to form an electric circuit 
component. 

4. A method according to claim 3 wherein said gold is 
sputtered from a target in a rari?ed atmosphere of inert 
gas through a mask to deposit only on predetermined 
areas. 
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