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This. invention relates to resistors and more 
particularly to resistors having a high tempera 
ture coe?icient of. resistance and a relatively rapid 
rate of heating and cooling. 
The type of resistor to which the present in 

vention applies has been called a thermistor. 
This term is a contraction of the words “thermal 
resistor” and has been applied to a resistor, 
the. resistance of which varies greatly with 
changes in temperature. 
Many materials having conductivities lying be 

tween the conductive values normally associated 
with conductors. and with insulators, and gener 
ally designated as semiconductive materials, have 
been found useful as thermistor materials. Many 
of the semiconductive materials that have been 
investigated up to the present have a high nega 
tive temperature coefficient of resistance. For 
this reason, it is convenient to discuss thermistor 
action from the viewpoint of such materials. It 
should be remembered, however, that materials 
having a high positive temperature coefficient of 
resistance will behave in a similar manner. 
Although the, resistance of a thermistor changes 

greatly with changes in temperature it does not 
necessarily follow that the resistance will change 
rapidly with changes in applied power. In order 
for the latter to occur it is necessary for the ther 
mistor temperature to closely follow the changes 
in the; applied power. 
One object of this invention is. a thermistor 

device having its elements so constructed and. ar 
ranged that the resistance of said device will 
closely follow changes in applied power. 
A feature of this invention resides in a ther 

mistor device having a resistance element which 
may have a small thermal capacity, surrounded 
by a body having high thermal capacity and. con 
ductivity, whereby a shorter heating and cooling 
cycle is obtained. 
Other and further objects and features of this 

invention will be understood more fully and 
clearly from the following description of illus 
trative embodiments thereof taken in connection 
with the appended drawing in which: 

Fig. 1 is a sectional view of one illustrative em 
bodiment of the invention; 

Fig. 2 is a sectional view of another illustrative 
embodiment of the invention; 

Fig. 3 is an enlarged fractional portion of Fig. 2 
to show details; 

Fig. 4 is an enlarged fractional section showing 
details of still another modi?cation of the inven 
tion; 
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Fig. 5 is a section taken on line 5--5 of Fig. 4; 

and 
Fig. 6 is a plot showing the electrical character 

istics of a thermistor device. 
The embodiments of the invention as illustrated 

in the drawing can be conveniently described in 
terms of the methods of assembling them. 

Referring to Fig. 1, I0 is a thermistor element 
in the form of a bead having leads II and I2 
embedded therein. A- satisfactory lead material is 
platinum. The bead may be made of any suit 
able conducting material having a high resist 
ance-temperature coe?icient- One suitable ma 
terial consists of a mixture of 90 per cent M11203 
and 10 per cent NiO, heat treated at about 1300° 
centigrade in oxygen. The resistance of the bead 
may be controlled by varying the percentage 
of these oxide components, by adding other or 
ides such as those of cobalt or copper, or by 
employing other oxides or oxide combinations. 
In this modi?cation the leads i I and [2 project 

respectively from opposite sides of the bead. The 
bead is inserted in the thin walled tube is of in 
sulating material such as glass, adjacent one end, 
with lead [2 projecting from said end. Lead Il 
may be made long enough to project from the 
other end of the tube. or a conductor It may be 
secured to the end of lead I l as by Welding. One 
advantage of using the additional conductor 13 is 
that it may be made; of a material having a ther 
mal expansion coeflicient approximating that of 
the glass or other insulating material used to en 
close the bead. An alloy of copper, nickel and 
iron in, proper proportions is suitable when a 
glass tube is used. The tube is sealed around the 
bead l0 and in intimate contact therewith. If 
the tube I4 is of glass, the sealing may be done 
by the application of su?icient heat to soften the 
glass. The other end of the tube is sealed around 
lead I l or conductor [3 depending on which is 
employed. . 

An insulating closure or plug l5 for receptacle 
It supports the thermistor-lead assembly, con. 
,ductor I3 and the end portion of tube It being 
secured in said plug. Another conductor I‘! also 
projects through the plug l5. The receptacle l6 
may be a glass vial. Fluent material 22 having a 
high thermal capacity and large thermal con 
ductivity, ?lls the receptacle l5, surrounding the 
thermistor-lead assembly and conductor ll. A 
suitable material for this purpose is mercury. 
The embodiment of the invention shown in 

Figs, 2 and 3‘ is similar to that shown in Fig. 1. 
An assembly of a bead H3, leads H and I2, con 
ductor l3 and tube M has, in addition, a thin 
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coating i8 of metal over that portion of tube [4 
adjacent to bead 18, as is shown in Fig. 3. The 
metal coating should be a material of high ther 
mal conductivity, such as silver. In this modi 
?cation, a block 30 of metal, such as copper, com 
prises the body having high thermal capacity 
and conductivity. The thermistor-lead assembly 
is secured within a cavity 3| in block 3G by means 
of a metallic binding material 32. Some suitable 
binding materials are a low melting point alloy, 
such as Wood’s metal, or other similar bismuth 
alloys, or a mercury alloy, such as dental amal 
gam. If a low melting point alloy is used, the 
cavity 3! is ?lled with the alloy, the assembly in 
serted and held in place until the alloy solidi 
fies. When employing amalgam, the assembly 
is inserted in cavity 3| and the amalgam packed 
around it. A conductor [1 may be suitably se~ 
cured to the block 30 as by soldering in an orifice 
in said block. 
For some purposes a thermistor having more 

than two connecting leads or electrodes is desir~ 
able. A thermistor-lead assembly suitable for 
such a device is shown in Figs. 4 and 5. This 
assembly is similar to those previously described 
but includes in addition another thermistor lead 
i9 which may have a conductor 29. welded or 

As may be 
seen in Fir’. 4, the seals at the ends of the tube 
M support the leads and attached conductors in 
spaced relation. The three leads H, I?! and i9 
may be spaced as indicated in Fig. Although. 
three leads are shown in Figs. 4 and 5, additional 
leads may be employed a similar manner 
where necessary. 
Although the foregoing illustrative modi?ca~ 

tions of the invention have been shown with one 
lead connected to the high thermal capacity and 
conductivity enveloping material, obviously all 
of the leads may be insulated. from said material. 
The materials so far disclosed as suitable for 

rapidly carrying heat away from the thermistor 
body are all electrical conductors. Since electri 
cal and heat conduction generally go hand in 
hand. such materials are particularly suitable for 
this purpose. However, insulating materials hav 
ing relatively high heat capacity and conductiv 
ity may also be employed. 
Where insulating materials having suitable 

thermal characteristics to meet certain their» 
mister requirements are employed, the colostrum 
tion of the devices may be modified by omission 
of the insulating layer on the thermistor and 
leads. In such devices it will, of course, be nec 
essary to bring out all of the leads through this 
insulating material. In devices of the type shown ' 
in Fig. i, ?uent insulating material, such as al 
cohol, glycerin, oil or a mixture of oil and sand 
could be used. Various self-sustaining insulat-~ 
ing materials having reasonably high heat con 
ductivity may be employed for the Fig. 2 type of 
device. Some such materials are aluminum ox 
ide; a silicon, zircon, phosphoric acid compost 
tion and like materials. 
The operation of these devices depends upon 

the fundamental characteristic of thermistors, 
that the resistance varies greatly with changes 
in thermistor temperature and upon the addi 
tional fact that the temperaturechange as a 
function of power input may be controlled. 

If a negative resistance-temperature coe?i 
cient thermistor is subjected to a direct current 
of increasing magnitude, the voltage drop across 
it is found to increase to a maximum and then 
decrease. The static voltage-current curve of a 
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4 
typical thermistor is shown in Fig. 6. Dynami~ 
cally, the alternating current resistance is nega 
tive in the region beyond the voltage maximum 
Em for sufficiently low frequencies. The dynamic 
characteristics of a thermistor are shown for sev 
eral frequencies in Fig. 6. If a direct current of 
value It) greater than I0 (that current correspond 
ing to Em) be applied to the thermistor, a super 
posed alternating current of frequency approach 
ing zero will trace out a curve aob approximat 
ing the static characteristic. If the superposed 
current has a very high frequency, the thermal 
lag of the thermistor will prevent any change in 
temperature, and hence in resistance, from tak 
ing place. The voltage current trace, therefore, 
will be along the ohmic resistance line cod. At 
intermediate frequencies the superimposed cur 
rent will produce traces as shown at e, f and g 
in the order of increasing frequencies. At low 
frequencies the eifective alternating current re 
sistance is negative, at high frequencies it is 
positive and at intermediate frequencies it may 
be either positive or negative; thus for some criti 
cal frequency it becomes equal to zero. This lat 
ter is the maximum frequency at which the ther 
mistor can be made to act as an oscillator. If 
the thermistor has a positive resistance-temper 
ature coefficient its characteristic may be illus 
trated by a current~voltage curve similar to the 
voltage-current curve of Fig. 5. Such a curve 
will have a current maximum similar to the 
voltage maximum Em of Fig. 6. 
A thermistor, the temperature of which will 

, increase and decrease with sufficient rapidity to 
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follow currents varying at audio frequency, has 
called a high speed thermistor. The tem 

perature will increase rapidly if (1) the increase 
in current or power is large, (2) the thermal 
capacity is small, and (3) the rate at which heat 
can get away from the thermistor is small. 
When the current or power is decreased, the. 
temperature will decrease rapidly if (4) the de 
crease in power is large, (5) the thermal capac- 
ity is small, and (6) the rate at which heat can 
get away from the thermistor is large. A ther 
mistor comprising a relatively small body of ther 
mistor material having a pair of leads embedded 
therein and mounted in an evacuated vessel will 
satisfy the ?rst five conditions but the sixth 
condition is not satis?ed and consequently the 
thermistor does not cool rapidly enough when 
the power is decreased. The speed of this ther 
mistor, however, can be increased by covering 
the thermistor body with a of material hav 
ing high heat conductivity and large heat ca 
pacity, as is pointed out in the description of 
the devices illustrative of this invention. It 
is true that this procedure tends to violate con 
dition (3) above, so that the body will not heat 
up as rapidly as it would without the added 
thermal material, however, this decrease in the 
rate of temperature rise can be compensated by 
using larger power. The net result is a decrease 
in the time taken for a complete heating and 
cooling cycle. 
Although this invention has been described by 

reference to illustrative embodiments thereof, 
it is to be understood that it is not limited thereby 
but by the scope of the appended claims only. 
What is claimed is: 
1. A resistor having a declining voltage-cur 

rent characteristic comprising a small bead of 
high negative resistance-temperature coefficient 
material, having a plurality of electrically con 
ductive leads embedded therein, a tube of glass 
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enclosing said leads and sealed around said bead, 
a container, a closure for said container, said 
closure supporting said glass tube Within the con 
tainer, and a body of mercury in said container 
and surrounding the glass tube. 

2. A resistor having a declining voltage-cur 
rent characteristic and comprising a small bead 
of high negative resistance-temperature coef? 
cient material, having plurality of electrically 
conductive leads embedded therein, a tube of 
glass having one end thereof sealed around said 
bead, one of said leads projecting outside of said 
tube through the glass seal and the others en 
closed in said tube and projecting from the other 
end thereof, a container, a closure for said con 
tainer, said closure supporting said glass tube 
within the container, and a body of mercury in 
said container and surrounding the glass tube, 
said one lead being in contact With said mer 
cury and a conductor secured through said clo 
sure and making contact with the mercury. 

3. A resistor having a declining voltage-cur 
rent characteristic and comprising a small body 
of negative resistance-temperature coe?icient 
material sealed in one end of a tube of insulat 
ing material, a plurality of electrical conduc 
tors secured to said body, one of said conduc 
tors projecting from the sealed end of the tube 
and the others extending through said tube and 
projecting from the opposite end thereof, a layer 
of metal on the sealed end of said tube, a body 
of metal having high thermal conductivity and 
large thermal capacity having a cavity contain» 
ing the previously named elements, and a mass 
of metallic binding material ?lling the remainder 
of the cavity and securing said elements in place 
Within said metal body, said one conductor be 
ing in electrical connection with said metal body 
and said other conductors and tube projecting 
from said metal body. 

4. A declining voltage-current characteristic 
resistor comprising a small bead or" oxidic mate 
rial having a high negative temperature coeffi 
cient of resistance, a pair of substantially paral 
lel wires embedded in said bead and projecting 
therefrom, a thin layer of glass sealed over said 
bead, a glass tube comprising an extension of said 
layer surrounding one of said Wires, the other 
wire projecting sealab-ly through said layer, a 
layer of silver over said glass layer, a body of 
copper having a cavity containing the previously 
named elements, and a mass of mercury alloy 
?lling the remainder of the cavity and securing 
said elements in place within said copper body. 

5. A resistor having a declining voltage-cur 
rent characteristic and comprising a small body 
of negative resistance-temperature coef?cient 
material, a pair of electrical conductors secured 
to said body, a tube of insulating material en 
closing said body and one of said conductors, 
that portion of said tube adjacent the body being 
sealed around said body and covered with a thin 
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layer of silver, a body of copper containing a 
cavity, the major portion of said tube including 
the sealed portion being in said cavity, and an 
alloy of bismuth having a melting point below 
100° centigrade ?lling the remainder of the cav 
ity, said enclosed conductor projecting from said 
tube outside of the copper body and the other 
conductor projecting from the sealed portion of 
the tube and in electrical contact with said alloy. 

6. A declining voltage-current characteristic 
resistor comprising a small bead of oxidic mate 
rial having a high negative temperature coe?i 
cient of resistance, a pair of Wires embedded in 
said head and projecting therefrom in opposite 
directions, a thin layer of glass sealed over said 
bead, a glass tube comprising an extension of 
said layer surrounding one of said wires, the 
other wire projecting sealably through said layer, 
a layer of silver over said glass layer, a body of 
copper having a cavity containing the previously 
named elements, and a mass of low melting point 
metal ?lling the remainder of the cavity and 
securing said elements in place within said cop 
per body. 

7. A resistor having a declining voltage-cur 
rent characteristic and comprising a small body 
of negative resistance-temperature coef?cient 
material sealed in one end of a tube of insulating. 
material, a pair of electrical conductors secured 
to said body, one of said conductors extending 
through said tube and projecting from the oppo 
site end of said tube and the other conductor 
projecting from the sealed end of the tube, a 
layer of metal on the sealed end of said tube, .a 
body of metal having high thermal conductivity 
and large thermal capacity having a cavity con 
taining the previously named elements, and a 
mass of metallic binding material ?lling the 
remainder of the cavity and securing said ele 
ments in place Within said metal body, said one 
conductor and tube projecting from said metal 
body and said other conductor in electrical con 
nection with said metal body through the binding 
material. 

8. A resistor device comprising a small body 
of material having a high temperature coe?lcient 
of resistance, a plurality of electrically conduc 
tive leads embedded in said body and project 
ing therefrom, a tube of insulating material 
enclosing said body and a portion of each of said 
leads, the remaining portion of each lead pro 
jecting from the tube to serve as electrical con 
nectors from said body to an external circuit, said 
tube being sealed around said body and the adja 
cent portion of said leads, and a mass of high 
thermal conductivity, large thermal capacity ma 
terial enclosing and in intimate thermal contact 
with the major portion of said tube including 
the part containing said body. 

JOSEPH J. KLEIMACK. 
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