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THERMOFERRITE SWITCH WITH PTC RESISTOR 
- TEMPERATURE COMPENSATION 

This invention relates to temperature responsive 
switches and particularly to temperature compensated 
temperature responsive switches. ' 
Temperature responsive switches are known in the ' 

art, these using a piece of thermally sensitive magnetic 
material co-operating with a permanent magnet. For 
example, the thermally sensitive magnetic material may 
be attached to a contact carrying arm so that the per 
manent magnet attracts it and causes closing of a pair 
of contacts, a stationary contact and a contact carried 
by the arm. As long ‘as the thermally sensitive magnetic 
material remains below its Curie temperature, the con 
tacts remain closed. However, if the temperature of the 
material is raised above its Curie point, it loses its mag 
netic properties and is no longer attracted by the per 
manent magnet. Biasing means, such as the springiness 
of the contact arm, causes the contacts to open. 
The thermally sensitive magnetic material may com 

prise an alloy or a thermoferrite material. In the case 
of thermoferrite material, however, a'vproblern has been 
encountered in that it has been discovered to have a 
negative temperature coefficient of resistance. This 
negative characteristic has resulted in problems of ther 
mal runaway leading to self-destruction. That is, when 
the thermoferrite material is heated by passing current 
through it, its resistance decreases, resulting in an in 
crease in current, a further decreasein resistance, and 
so on which can destroy the thermoferrite material. 
Also, problems of instability in the thermoferrite tem 
perature'have been encountered due tovariations in 
ambient temperatures. _ , ' 

To prevent thermal runaway, it is necessary to pro 
vide temperature control of the thermoferrite. Also, to 
reduce the problem of ambient temperature compensa 
tion, a method to control the ambient temperature im 
mediately surrounding the thermoferrite switch area is 
required. It has been discovered that both of these 
problems can be overcome with the use of positive tem 
perature coefficient resistors, as will be explained in de 
tail hereinafter. ' 

For brevity, the following disclosure will frequently 
refer to thermoferrite material ‘simply as TF material 
and to the positive‘ temperature coefficient resistor as 
simply a PTC resistor. 
As is known, a PTC resistor has a characteristic of in 

creasing its resistance on a temperature rise. Various 
types are available commercially and a preferred type 
for the present invention is one in which the resistance 
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change is rapid over a narrow‘temperature band, acting , 
almost as a switch. ‘ 

The PTC resistor may be‘applied by, connecting it in 
series with the thermoferrite chip, attaching the PTC 
resistor to the TF material via heat conductive, electri 
cally conductive epoxy adhesive. This allows the PTC 
resistor to “read" the thermoferrite temperature. 

In operation, when a voltage is applied to the input 
connections, a current ?ows through the TF material 
and the PTC resistor. This causes internal heating of 
the ,TF material and PTC resistor, and also heat may‘ 
flow from one to the other so they assume a common 
temperature. When the PTC resistor attains the tem 
perature of its switching ‘point wherethe resistance in 
creases drastically, it limits the current in the circuit, 
and it stabilizes at this temperature, thus stabilizing the 
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2 
temperature of the TF material. If the operating tem 
peratures of the TF material and the PTC resistor are 
selected so that the Curie temperature of the TF mate 
rial is below the switching temperature of the PTC re 
sistor, then the TF material will be allowed to heat 
through its Curie temperature, and will be prevented 
from heating beyond the PTC resistor’s‘switching tem 
perature. Thus is eliminated the danger of thermal run 
away of the TF material. A 
This control effect is preferably available regardless 

of the ambient temperature surrounding the device, at 
least within reason, as the PTC resistor will compensate 
its resistance value to maintain a current flow sufficient 
to hold the PTC/TF assembly at the PTC resistor’s 
switching temperature, until the demand exceeds the 
input available to the circuit. When this 'point is 
achieved, rapid decrease in temperature will be noticed 
and the TFv material will go below its Curie tempera-‘ 
ture. ’ 

If desired, the TF material and the PTC resistor may 
be separate items electrically connected in series and 
bonded together in intimate heat-conducting. relation 
ship. Alternatively, the two may be combined into, a 
“chip” of TF_ material and PTC resistance material be 
tween a' pair of terminal plates using bonding material 
which is both electrically and thermally conductive. 
According to one aspect of the invention, there is 

provided a temperature responsive switch comprising 
means supporting a pair of electrically conductive con 
tact carrying arms in electrically isolated, spaced apart 
relationship. One of the arms is ?exible so that its con 
tact may move between ?rst andsecond positions into 
or out of engagement with the contact on the other-arm 
of the pair. This arm also carries a permanent magnet 
adapted to co-operate with a fixed piece of thermofer 
rite material which attracts the permanent magnet 
when its temperature is below its Curie temperature 
but does not attract the magnet when its ‘temperature 
is above the Curie temperature. The piece of thermof 
errite material-is electrically connected in series with a 
positive temperature coefficient resistor between a pair 
of control terminals and the piece of thermoferrite ma 
terial is in intimate heat conducting contact with the 
positive temperature coefficient resistor. ‘ 
According to another aspect of the invention, there 

is provided a temperature responsive switch comprising 
means supporting a pair of electrically conductive con 
tact carrying arms in electrically isolated, spaced apart 
relationship. One of the arms is ?exible so that its con 
tact may move into or out of engagement with the con 
tact on the other arm of said pair. This arm also carries 
a chip comprising a piece of thermoferrite material 
electrically connected in series with a'positivetempera~ 
ture coef?cient resistor between a pair of control ter 
minals, the thermoferrite material being in intimate 
heat conducting contact with the positive temperature 
coefficient resistor, the contacts on the arms being nor~ 
mally open. The switch further comprises a push~ 
button carrying a permanent magnet movable towards 
the chip when the push-botton is depressed to thereby 
attract the‘ chip when it hasa temperature below its 
Curie temperature. The push-button is spring biased 
outwardly whereby the ‘permanent magnet and chip, 
move outwardly to close the contacts on the arms if the 
thermoferrite is below its Curie temperature. 
The contacts, if closed, may be caused to open fol- 

lowing a time delay by applying'current through the 
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chip via the control terminals sufficient to cause the 
thermoferrite to heat above its Curie point whereby it 
ceases to be attracted by the permanent magnet. 
The invention will now be further described in con 

junction with the accompanying drawings, in which: 
FIG. 1 is a diagram of one embodiment of the inven 

tion. 
FIG. 2 comprises graphs illustrating temperature ver 

sus resistance of the TF and PTC and also showing the 
TF Curie temperature. 
FIG. 3 shows a modi?cation of the FIG. I embodi 

inent, 7 

FIG. 4 is a detail of the TF/PTC chip used in the FIG. 
3 embodiment, and 
FIG. 5 shows another embodiment according to the 

invention. 
Referring to FIG. 1, this embodiment is seen to com 

prise a base plate 10 supporting a switch stack 12 made 
up of insulating spacers and contact carrying arms 13 
having connecting terminals 14 and carrying switch 
contacts 15 which are normally open, FIG. 1 illustrat 
ing the open contact position of the switch. Secured to 
the lower arm 13 is a permanent magnet 16 adapted to 
co-opcrate with a piece of thermoferrite material 18 
secured to the base plate 10 by, for example, epoxy. Se 
cured to the underside of base plate 10, which ismade 
of metal so as to be thermally conductive, is a positive 
temperature coefficient (PTC) resistor 20. The PTC 

, resistor 20 is in intimate heat-conducting relationship 
with TF material 18. 
The spacing between contacts 15, when in the open 

position, may be adjusted by means of an adjustment 
screw 21 in support plate 22 secured to switch stack 12, 
the stack 12 being held together by suitable means such 
as a bolt 23 and a nut, not shown. 

In the position shown in FIG. 1, it has been assumed 
that the TF material 18 is below its Curie temperature 
so that it attracts magnet 16 and contacts 15 are open. 
By applying a control current through the PTC resistor 
20 and TF material 18 via terminals 25 and 26, they are 
caused to heat up and when the TF material heats to its 
Curie temperature, it releases permanent magnet 16 so 
that contacts 15 close to complete a circuit to a device 
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connected to output'terminals 14. Further heating of 45 
the PTC resistor 20 and TF material by the control cur 
rent will eventually result in the PTC resistor attaining 
the temperature of its switching point where its resis 
tance increases ‘drastically, at which time it will limit 
the current in the circuit and will stabilize at this tem 
perature, thus stabilizing the temperature of the TF ma 
terial. If the operating temperatures of the TF material 
and the PTC resistor are selected so that the Curie tem 
perature of the TF material is below the switching tem 
perature of the PTC resistor, then the TF material will 
be allowed to heat through its Curie temperature, but 
will be prevented from heating beyond the PTC switch 
ing'temperature so that thermal runaway cannot occur. 
This control effect is available independently of the 

normal ambient temperatures surrounding the device, 
as the PTC resistor will compensate its resistance value 
to maintain a current flow sufficient to hold the 
PTC/TF assembly at the PTC resistor switching tem 
perature, until the demand exceeds the input available 
to the circuit. When this point is achieved, rapid de 
crease in temperature will be noticed, and the TF mate 
rial will go below its Curie temperature. 
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4 
FIG. 2 is largely self-explanatory and needs little ex 

planation. I-Iere resistance versus temperature is shown 
for both the TF material and the PTC resistor in arbi 
trary units of resistance and temperature. The TF mate 
rial’s Curie temperature is also indicated and it can 
readily be seen that the resistance of the PTC resistor 
rapidly increases in a narrow temperature band higher 
than the Curie temperature of the TF material. The 
negative temperature coefficient of resistance of the 
TF material is also evident from this drawing. 

In the FIG. I embodiment, any effect that would 
cause a temperature change in the assembly is automat 
ically compensated for by the PTC resistor. A decrease 
in assembly temperature will cause a reduction in resis 
tance of the PTC resistor, allowing a higher current 
flow which will give higher heating input, driving as 
sembly temperature back to the switching temperature 
of the PTC resistor. The opposite effect occurs on an 
increase in assembly temperature. Thus, the PTC resis 
tor automatically regulates the assembly temperature, 
and compensates for external conditions which affect 
the. assembly temperature. These external conditions 
would relate to ambient temperatures surrounding the 
device, variation in applied control voltage and similar 
variations. Normally the assembly consists of a PTC re 
sistoryselected with a switching temperature above the 
selected Curie temperature of the TF material so as to 
provide, in effect, an upper limit control. 
The entire switching mechanism shown in FIG. 1 acts 

as a relay. A current flow change sufficient to shift the 
temperature of the thermoferrite chip through its Curie 
point causes switching of contacts 15. From the previ 
ous statements, it may be seen that the function of the 
PTC resistor in the assembly is utilized to stabilize the 
temperature of the assembly at a predetermined tem 
perature above the Curie point of the thermoferrite re~ 
gardless of the ambient temperature (within reason) or 
other variations. A decrease in voltage applied to the 
TF/PTC assembly can then be used to cause the ther 
moferrite to cool through its Curie temperature. This 
characteristic affords a time delay action, with time 
variation being obtainable by varying the difference be 
tween the thermoferrite Curie point and the PTC resis 
tor’s ‘switching temperature, and/or by variation in 
input voltage rate of change. The device therefore pro 
vides a thermal time delay relay characteristic. 
The embodiment shown in FIG. 3 operates in exactly 

the same manner as the embodiment shown in FIG. 1 
but here the TF material and PTC resistor have been 
combined into a “chip" which is shown enlarged in 
FIG. 4. 

Referring to FIG. 4, the “chip” is seen to comprise 
a conductive terminal/mounting plate 30 provided with 
holes 31 through which screws, for example, may be 
passed to mount the assembly on the base plate 10 
(FIG. 1 and FIG. 3). A chip of thermoferrite material 
32 is bonded at 33 to the tenninal/mounting plate 30 
and at 34 to a piece of PTC resistor material 35. The 
PTC resistor material 35 is bonded at 36 to a terminal 
piece 37. The bonding material at 33, 34 and 35 is both 
electrically conductive and thermally conductive. Elec 
trical connections are made to 30 and 37 so that cur 
rent flows in series through TF material 32 and PTC re 
sistor 35 and heat is generated in the TF material 32 
and PTC resistor 35. Because of the intimate thermal 
contact between the TF material and PTC resistor, they 
assume substantially a common temperature. 
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From FIG. 4 which is a large scale drawing, it might 
seem that the mounting plate is quite thick but in prac 
tice it is thin, e.g. brass shin stock, and of course must 
be thin because the permanent magnet exerts its attrac 
tion through this material. In fact if necessary it could 
be cut away so that the permanent magnet comes in di 
rect contact with the face of the thermoferrite. 
The assembly shown in FIG. 4 can be utilized as a 

self-limiting heating unit. The assembly, when mounted 
on a surface, and voltage applied to it, dissipates heat 
into the surface at a rate controlled by the input vol 
tage/resistance characteristic of the assembly. Self 
limiting of temperature is attained when the surface 
reaches the switching temperature of the PTC resistor. 
.r Also, it is possible to build a two-stage device, using 
an additional P'I‘C resistor chip in series. This provides 
a two-temperature selection. One PTC resistor chip 
with a switching temperature below the TF material’s 
Curie point is selected by a control circuit to stabilize 
temperature below the TF material’s Curie point. Ifithe» . 
circuit selects the alternate PTC resistor chip which has 
a switching temperature above the TF material’s Curie 
point, then the assembly of TF/PTC will stabilize at the 
temperature above the TF material’s Curie point. Al 
ternate selections will cause TF temperature swings 
through the Curie point, with stability available at both 
temperatures, providing absolute control of ' the tem 
perature of the TF material and increased accuracy in 
time delay modes. > . 

In addition, the device can supply an upper limit tem 
perature control, as well as a relay function. If a device 

‘ has a contact mechanism which opens on a tempera 
ture rise, an ambient temperature abovethe Curie 
point of the device will render the contact mechanism 
open at all times, thus providing upper limit‘ function. 
At ambient temperatures below the TF material’s Curie 
point, normal relay action will occur. Thus there results 
a thermal relay capability with automatic upper tem 
perature limit on ambient operation. ' 
FIG. 5 shows an embodiment according to the inven 

tion which provides an open contact mode after a time 
delay period, and has a characteristic preventing con 
tact closure until after a desired cool-down period. 
The device comprises an enclosure 50 having a sta 

tionary contact 51 on a contact arm 52 which extends 
through the casing. A movable contact 53 is provided 
on contact arm 54 which also extends through the'cas 
ing§A load to be controlled may be connected across 
the contactcarrying arms 52 vand 54. 
The arms 54 carrying contact 53 also carries a “chip" 

comprising a piece of TF material and a PTC. resistor 
electrically in series and in heat conducting relation 
ship similar to the arrangement shown in FIG. 4.'This' 
chip is connected over wires 60 to contacts 61 extend 
ing through the casing and ‘to which control current 
may be applied. 
Assuming the TF material is at a temperature below 

its Curie point, it will be attracted by the permanent 
magnet 62 and retained in the closed position shown in 
FIG. 5. If a control current is passed‘ through the 
TF/PTC-chip so that thevTF material heats above its 
Curie point, it will become non-magnetic so that mag, 
net 62 no longer attracts ‘it. The arm 54, being of 
springy material, will move. the chip downwards along 
with contact 53, i.e. contacts 5'] and‘ 53 will become 
separated to open the circuit to the load. 
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6 
If the reset button is immediately pushed, i.e. before 

the temperature of the TF material goes below its Curie 
point, the magnet 62 will be moved down into contact 
with arm, 54 to which the TF/PTC chip is secured but 
will not pull this up when the reset button is released 
because the TF material is still non-magnetic. It will be 
appreciated that the TF material is adjacent the arm 54 
on its under side so as to be closer to the permanent 
magnet 62 than the PTC resistor. ' 
The reset button to which the magnet 62 is secured 

is mounted on a leaf spring 64 secured to the casing by 
suitable means such as a rivet 65. Thus the reset button 
is biased outwardly by spring 64 but may be manually ' 
pushed inwardly.v 

If the reset button is pushed after the TF material has 
had time to cool below its Curie point, magnet 62 will 
be brought sufficiently close to the TF material, to at 
tract it to itself and when the .reset button is released, 
it will pull up the TF/PTC chip along with the free end 
of the contact arm 54 carrying contact 53 and hence 
contact 53 will engage stationary contact 51 to again 
close the circuit to the load. . 

While the above embodiments arei'single-pole single 
throw devices it will be obvious to those skilled in the 
art that multiple-pole, multiple-throw devices could 
also be constructed along similar lines, i.e. with FTC 
resistor compensation. ’ ' I . 

The embodiments of FIGS. 1- and 3v have normally 
open contacts; i.e. when the. TF materialis, below its 
Curie temperature, it attracts magnet 16 and contacts 
15 are open. Obviously it would be simple to provide 
normally-closed contacts. For example a contact could 
beprovided on the. underside of the movable contact 
carrying arm for cooperation with a stationary contact 
undemeath‘the movable arm. A “flasher” type of cir 
cuit can be made by connecting such normally-closed 
contracts in series with the TF material and PTCresis 
tor and a current source. When the current heats the 
TF materialto its Curie point the contacts open; when 
the TF material cools, the contacts close agaimand so 
on. - I 

InFIG. 5 it appears that there is no electrical isola-. 
tion between the lower load contact arm and the TF 
PTC chip and hence between the load circuit and 
heater circuit. However it should be noted that these 
circuits can be completely isolated by ensuring that the 
TF-PTC chip is insulated from ‘the lower load contact 
by an insulating epoxy or by an alternative mechanica 
mounting arrangement. _ ‘ 

The Curie temperature of the thermoferrite material 
should be selected to be above any ambient tempera-' 
tures expected to be encountered by the devices ac-' 
cording to the invention. Otherwise, the thermoferrite 
material might never cool below its Curie point» and'the . 
devices wouldnot function properly. . _ 
THE EMBODIMENTS OF .THE INVENTION, IN 

WHICH AN EXCLUSIVE PROPERTY OR PRIVI 
LEGE IS‘ CLAIMED ARE DEFINED AS FOLLOWS: 

. l. A temperature responsive switch comprising: 
circuit controlling contact means; 
permanent magnet means attached to said- contact 
means; , ' ‘ - - _ 

thermally responsive magnetic means having states of 
magnetism or non-magnetism dependent upon 

- temperature, s'aid’magnetic means .being positioned 
- in controlling ‘relation to said permanent magnet 
means; and g . a 
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PTC resistor means connected in electrical series to 
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said magnetic means for supplying heat thereto, ‘ 
whereby said magnetic means, dependent upon its 
magnetic state, attracts or releases said permanent 
magnet means to operate said'contact means. 

2. A temperature responsive switch of claim 1 
wherein said thermally responsive magnetic means 
comprises a Curie point temperature responsive ther 
moferrite which is magnetic when the temperature to 
which said thermoferrite is exposed is below said Curie 
point temperature and wherein said thermoferrite is 
non-magnetic when the temperature to which it is ex 
posed is above said Curie point- temperature. 

3. The temperature responsive switch of I claim 2 
wherein said contact means comprises a normally open 
switch having ?rst and second switch arms and wherein 
said permanent magnet means is ?xed to one of said 

8 
arms. 

‘4. The temperature responsive switch of claim 1 
wherein said contact means comprises a normally 
closed switch having a ?rst switch arm and a second 
?exible switch arm and further comprising a spring bias 
reset button having said permanent magnet means af 
?xed thereto for resetting said normally closed switch. 

5. The temperature responsive switch of claim 4 
wherein said thermally responsive magnetic means 
comprises a thermoferrite having a Curie point temper 
ature below which said thermoferrite is magnetic and 
above which said thermoferrite is non-magnetic. 

6. The temperature responsive switch of claim 5 
wherein said thermoferrite and said PTC resistor means 
are so constructed to form a chip attached to said ?exi 
ble switch arm. 
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