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(57) 

A hybrid thermistor temperature sensor includes a two-pole 
network of temperature-dependent resistors being in thermal 
and electrical contact with each other. The two-pole network 
has at least one temperature-dependent resistor with a posi 
tive temperature coefficient as a cold conductor, at least one 
temperature-dependent resistor with a negative temperature 
coefficient as a hot conductor, a temperature/resistance curve 
with a constant behavior or plateau in a predetermined 
temperature region, and at least one electrode electrically 
coupling at least two of the temperature-dependent resistors 
to each other. The at least one electrode is produced from a 
material ensuring a contact between the temperature-depen 
dent resistors that breaks down a barrier layer and forms a 
diffusion barrier to a mutual diffusion of ingredients of each 
respective one of the contacting temperature-dependent 
resistors into the other of the temperature-dependent resis 
tOS. 

ABSTRACT 

11 Claims, 2 Drawing Sheets 
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HYBRD THERMESTOR TEMPERATURE 
SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a hybrid thermistor tem 
perature sensor in the form of a two-pole network of 
temperature-dependent resistors in thermal and electrical 
contact with each other having positive and negative tem 
perature coefficients as respective cold and hot conductors, 
a temperature/resistance curve with a constant behavior or 
plateau in a predetermined temperature region, and at least 
two of the temperature-dependent resistors being electrically 
coupled to each other through at least one electrode. 

Thermistor temperature sensors in the form of two-pole 
temperature-dependent resistors with positive and negative 
temperature coefficients that are placed in thermal and 
electrical contact with each other, are known, e.g., from 
Published European Application No. 0532 890 A1. 

Furthermore, thermistor temperature sensors with combi 
nations of more than two temperature-dependent resistors 
are generally known, e.g., with one hot conductor and two 
cold conductors, from European Patent No. 0125366 B1. 

In order to provide the electrical coupling of the indi 
vidual temperature-dependent resistor elements it is impor 
tant for the junction resistances to have the lowest imped 
ance and thus the lowest possible losses. The aforesaid 
publications do not deal with that problem. 

SUMMARY OF THE INVENTION 
It is accordingly an object of the invention to provide a 

hybrid thermistor temperature sensor, which overcomes the 
hereinafore-mentioned disadvantages of the heretofore 
known devices of this general type and for which junction 
resistances between the individual resistors with positive 
and negative temperature coefficients have the lowest pos 
sible impedance. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, a hybrid ther 
mistor temperature sensor, comprising a two-pole network 
of temperature-dependent resistors being in thermal and 
electrical contact with each other, the two-pole network 
having at least one temperature-dependent resistor with a 
positive temperature coefficient as a cold conductor, at least 
one temperature-dependent resistor with a negative tempera 
ture coefficient as a hot conductor, a temperature/resistance 
curve with a constant behavior or plateau in a predetermined 
temperature region, and at least one electrode electrically 
coupling at least two of the temperature-dependent resistors 
to each other, the at least one electrode being produced from 
a material ensuring a contact between the temperature 
dependent resistors that breaks down a barrier layer and 
forms a diffusion barrier to a mutual diffusion of ingredients 
of each respective one of the contacting temperature-depen 
dent resistors into the other of the temperature-dependent 
resistors. 

In accordance with another feature of the invention, the 
electrode material is at least one material selected from the 
group consisting of electrically conducting carbides, 
nitrides, oxide-nitrides and oxides. 

In accordance with a further feature of the invention, the 
electrode material is selected from the group consisting of 
TiC, SiC, TiN, TialN, TiON, TiAlON and InSn-oxide. 
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In accordance with an added feature of the invention, the 

two-pole network has a series circuit of the resistor with a 
negative temperature coefficient, the resistor with a positive 
temperature coefficient, and the electrode disposed between 
the resistors. 

In accordance with an additional feature of the invention, 
the resistor with a negative temperature coefficient serves as 
a substrate for the electrode and the resistor with a positive 
temperature coefficient. 

In accordance with yet another feature of the invention, 
the resistor with a positive temperature coefficient is con 
structed as a one-piece disk. 

In accordance with yet a further feature of the invention, 
the resistor with a positive temperature coefficient is con 
structed as a multilayer element. 

In accordance with yet an added feature of the invention, 
there is provided an electrically inactive substrate on which 
a combination of the resistors with negative and positive 
temperature coefficients are disposed. 

In accordance with yet an additional feature of the inven 
tion, the two-pole network has a combination of at least 
three of the resistors with negative and positive temperature 
coefficients being electrically coupled to each other through 
the electrodes. 

In accordance with again another feature of the invention, 
the two-pole network has a combination of two of the 
resistors with a negative temperature coefficient and one of 
the resistors with a positive temperature coefficient being 
electrically coupled with each other through the electrodes, 
with one of the resistors with a negative temperature coef 
ficient being in series with a parallel circuit of one of the 
resistors with a positive temperature coefficient and one of 
the resistors with a negative temperature coefficient. 

In accordance with a concomitant feature of the invention, 
there is provided an insulator, the series resistor with a 
negative temperature coefficient being a substrate for the 
parallel circuit of the resistors with negative and positive 
temperature coefficients, with the parallel resistor with a 
negative temperature coefficient being disposed on the sub 
strate resistor, and the resistor with a positive temperature 
coefficient being disposed on the parallel resistor with a 
negative temperature coefficient through the insulator. 

Other features which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a hybrid thermistor temperature sensor, it is 
nevertheless not intended to be limited to the details shown, 
since various modifications and structural changes may be 
made therein without departing from the spirit of the inven 
tion and within the scope and range of equivalents of the 
claims. 
The construction and method of operation of the inven 

tion, however, together with additional objects and advan 
tages thereof will be best understood from the following 
description of specific embodiments when read in connec 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-4 are diagrammatic, elevational views of four 
respective embodiments of a hybrid thermistor temperature 
sensor according to the invention; and 

FIG. 5 is a diagram showing a temperature/resistance 
curve of a known hybrid thermistor temperature sensor. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the figures of the drawing in detail and 
first, particularly, to FIG. 5 thereof, there is seen a tempera 
ture/resistance characteristic diagram of a thermistor tem 
perature sensor according to Published European Applica 
tion No. 0532 890 A1. Such thermistor temperature sensors 
are in the form of a two-pole network of temperature 
dependent resistors with positive and negative temperature 
coefficients, that are placed in thermal and electrical contact 10 
with each other. 

In such a known thermistor temperature sensor, there is an 
electrical series connection of a temperature-dependent 
resistor with a negative temperature coefficient and a tem 
perature-dependent resistor with positive temperature coef- 15 
ficient, i.e., a hot conductor and a cold conductor. The 
temperature/resistance characteristic of such a thermistor 
temperature sensor is negative on the whole and has a 
plateau which is centered around a given temperature. If 
such a thermistor temperature sensor is used as a tempera- 20 
ture sensor for a motor vehicle, the plateau is centered 
around the normal detected working temperature of the 
motor vehicle, so that tolerances in the sensor system and 
normal fluctuations in the working temperature are not 
picked up by a vehicle temperature display. Only abnormal 25 
temperature changes resulting from malfunction or overload 
conditions are indicated. 

In the temperature/resistance characteristic diagram of the 
thermistor temperature sensor shown in FIG. 5, the resis 
tance R of the thermistor temperature sensor (on a logarith 
mic scale) is plotted against the temperature Tin C. A curve 
1 is the characteristic of a hot conductor, while a curve 2 is 
the characteristic of a cold conductor. In a known manner, 
the characteristic 2 of the cold conductor after a maximum 
resistance passes into a region of the curve in which the cold 
conductor has hot-conductor properties. By superposition 
ing of the respective characteristics 1 and 2 for the hot 
conductor and the cold conductor, a characteristic 3 of the 
thermistor temperature sensor is created. If the cold con 
ductor in series with the hot conductor is in the working 
temperature region of the thermistor temperature sensor past 
the maximum resistance of curve 2, a constant resistance 
behavior or trend or plateau 4 is created in a predetermined 
temperature region of the thermistor temperature sensor 
curve 3, so that the properties as discussed above for 
temperature fluctuations are achieved. 

In the embodiment of a hybrid thermistor temperature 
sensor of the invention according to FIG. 1, a temperature 
dependent resistor 11 with a positive temperature coefficient 
is provided on a temperature-dependent resistor 10 with a 
negative temperature coefficient through an electrode 12. 
The thermistor temperature sensor is provided with connec 
tion wires 13 through non-illustrated connection electrodes. 
Thus, it includes an electrical two-pole network that is 
electrically accessible from the outside through the connec 
tion wires 13. 

According to the invention, the electrode 12 is made of a 
material which assures a contact between the hot conductor 
10 and the cold conductor 11 that breaks down the barrier 60 
layer and forms a barrier to the mutual diffusion of ingre 
dients of the contacting temperature-dependent resistors 10 
and 11 into each other. 

In the manufacture of such a thermistor temperature 
sensor, the hot conductor 10 is produced by known tech- 65 
nologies. For example, one may employ a disk or wafer 
technology, in which case the geometry has no influence on 
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4 
the further processing steps. On this hot conductor 10, the 
connection electrode 12 is mounted in a layer technology, 
e.g., by sputtering, CVD, MOCVD, laser ablation, or silk 
screening. In turn, the cold conductor 11 is mounted on this 
electrode 12 in one of the aforesaid layer techniques. 

Materials which can be considered for the electrode 12 are 
electrically conducting carbides, nitrides, oxide-nitrides and/ 
or oxides, in particular a material from the group of TiC, 
SiC, TiN, TiAlN, TiON, TiAION and InSn-oxide can be 
used. 

The contacts of the hybrid thermistor temperature sensor 
at either side are advantageously produced by sputtering of 
Cr-Ni-Ag electrodes. 
The cold conductor 11 is preferably constructed as a thin 

layer in order to accomplish the necessary low impedance of 
the resistor. 

In the embodiment of a hybrid thermistor temperature 
sensor according to FIG. 2, there is a combination of a 
temperature-dependent resistor 20 with a negative tempera 
ture coefficient (hot conductor) and a temperature-dependent 
resistor 21 with a positive temperature coefficient (cold 
conductor), which are electrically coupled to each other 
through an electrode 22. In this embodiment, the cold 
conductor 21 is constructed as a multilayered element, 
having individual layers which are each separated from each 
other by internal electrodes 23 which, in turn, are alternately 
electrically joined to each other by metal contact strips 24. 
The overall thermistor temperature sensor is in turn electri 
cally accessible from the outside through connection wires 
25 and non-illustrated contact electrodes. 

In order to manufacture such a thermistor temperature 
sensor according to FIG. 2, one can also employ the afore 
said technologies, which is especially true of the configu 
ration of the electrode 22 of the invention electrically 
coupling the hot conductor 20 and the cold conductor 21. 

In the embodiment of a thermistor temperature sensor of 
the invention according to FIG. 3, a temperature-dependent 
resistor 30 with a negative temperature coefficient (hot 
conductor) on an electrically inactive (insulating) substrate 
34 and a temperature-dependent resistor 31 with a positive 
temperature coefficient (cold conductor) are provided, 
across an electrode 32 having the configuration according to 
the invention as described above. In order to contact the hot 
conductor 30, an electrode 33 is led around the substrate 34, 
again ensuring electrical accessibility from the outside by 
connection wires 35. 

Again, the manufacturing is carried out by the above 
described technologies, and the embodiments of the elec 
trode 12 of FIG. 1 apply especially to the electrodes 32 and 
33. 

FIG. 4 shows an embodiment of a thermistor temperature 
sensor according to the invention having two temperature 
dependent resistors 40-1 and 40-2 with a negative tempera 
ture coefficient (hot conductor) and one temperature-depen 
dent resistor 41 with a positive temperature coefficient (cold 
conductor), and an insulator 43 provided between the hot 
conductor 40-2 and the cold conductor 41. The contact is 
produced in the described manner by means of electrodes 
42-1 and 42-2, which are suitably led around the tempera 
ture-dependent resistor elements 40-2 and 41 as well as the 
insulator 43. Electrical accessibility from the outside again 
occurs through connection wires 44. The remarks concern 
ing fabrication with respect to the above-described embodi 
ments according to FIGS. 1-3 also apply to this embodi 
ment. 
We claim: 
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1. A hybrid thermistor temperature sensor, comprising: 
a two-pole network of temperature-dependent resistors 

being in thermal and electrical contact with each other, 
said two-pole network having at least one temperature 
dependent resistor with a positive temperature coeffi 
cient as a cold conductor, at least one temperature 
dependent resistor with a negative temperature 
coefficient as a hot conductor, a temperature/resistance 
curve with a constant behavior or plateau in a prede 
termined temperature region, and at least one electrode 
electrically coupling at least two of said temperature 
dependent resistors to each other, 

said at least one electrode being produced from a material 
ensuring a contact between said temperature-dependent 
resistors that breaks down a barrier layer and forms a 
diffusion barrier to a mutual diffusion of ingredients of 
each respective one of said contacting temperature 
dependent resistors into the other of said temperature 
dependent resistors. 

2. The thermistor temperature sensor according to claim 
1, wherein said electrode material is at least one material 
selected from the group consisting of electrically conducting 
carbides, nitrides, oxide-nitrides and oxides. 

3. The thermistor temperature sensor according to claim 
1, wherein said electrode material is selected from the group 
consisting of TiC, SiC, TiN, TiAlN, TiON, TiAION and 
InSn-oxide. 

4. The thermistor temperature sensor according to claim 
1, wherein said two-pole network has a series circuit of said 
resistor with a negative temperature coefficient, said resistor 
with a positive temperature coefficient, and said electrode 
disposed between said resistors. 

5. The thermistor temperature sensor according to claim 
4, wherein said resistor with a negative temperature coeffi 
cient serves as a substrate for said electrode and said resistor 
with a positive temperature coefficient. 
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6. The thermistor temperature sensor according to claim 

1, wherein said resistor with a positive temperature coeffi 
cient is constructed as a one-piece disk. 

7. The thermistor temperature sensor according to claim 
1, wherein said resistor with a positive temperature coeffi 
cient is constructed as a multilayer element. 

8. The thermistor temperature sensor according to claim 
1, including an electrically inactive substrate on which a 
combination of said resistors with negative and positive 
temperature coefficients are disposed. 

9. The thermistor temperature sensor according to claim 
1, wherein said two-pole network has a combination of at 
least three of said resistors with negative and positive 
temperature coefficients being electrically coupled to each 
other through said electrodes. 

10. The thermistor temperature sensor according to claim 
9, wherein said two-pole network has a combination of two 
of said resistors with a negative temperature coefficient and 
one of said resistors with a positive temperature coefficient 
being electrically coupled with each other through said 
electrodes, with one of said resistors with a negative tem 
perature coefficient being in series with a parallel circuit of 
one of said resistors with a positive temperature coefficient 
and one of said resistors with a negative temperature coef 
ficient. 

11. The thermistor temperature sensor according to claim 
10, including an insulator, said series resistor with a negative 
temperature coefficient being a substrate for said parallel 
circuit of said resistors with negative and positive tempera 
ture coefficients, with said parallel resistor with a negative 
temperature coefficient being disposed on said substrate 
resistor, and said resistor with a positive temperature coef 
ficient being disposed on said parallel resistor with a nega 
tive temperature coefficient through said insulator. 
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