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TEMPERATURE COMPENSATED HALL 
EFFECT DEVICE 

BACKGROUND OF THE INVENTION 

The presentinvention relates to a Hall effect device which 
generates an electrical potential upon exposure to a magnetic 
field. 

Hall effect devices have been used to provide an output 
which varies as a function of strength of a magnetic field to 
which the Hall effect device is exposed. However, the output 
signal from the Hall effect device varies as a function of both 
variations in the magnetic field to which the Hall effect 
device is exposed and variations in the temperature of the 
Hall effect device. Thus, if the magnetic field to which the 
Hall effect device is exposed is maintained constant and the 
temperature of the Hall effect device is increased, the 
electrical potential generated by the Hall effect device will 
decrease. In order to compensate for variations in the 
electrical potential generated by the Hall effect device with 
variations in temperature, it has been suggested that the Hall 
effect device be associated with electrical circuitry con 
structed in the manner disclosed in U.S. Pat. Nos. 4,646,014, 
or 4435,653, or 4,134,030. 

SUMMARY OF THE INVENTION 

The present invention provides a new and improved 
apparatus which includes a Hall effect device which gener 
ates an electrical potential upon exposure to a magnetic field. 
Input circuitry provides an operating current for the Hall 
effect device. In order to maintain the electrical potential 
generated by the Hall effect device constant with variations 
in temperature while the magnetic field to which the Hall 
effect device is exposed remains constant, the input circuitry 
includes a temperature responsive element which varies an 
electrical characteristic of the input circuitry in response to 
a variation in temperature of the temperature responsive 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the present invention 
will become apparent to one skilled in the art to which the 
present invention relates upon consideration of the following 
description of the invention with reference to the accompa 
nying drawings, wherein: 

FIG. 1 is a schematic illustration of apparatus which 
includes a Hall effect device and temperature compensating 
circuitry constructed in accordance with the present inven 
tion. 

DESCRIPTION OF ONE SPECIFIC PREFERRED 
EMBODIMENT OF THE INVENTION 

An apparatus 20 includes a Hall effect device 22. Upon 
exposure of the Hall effect device 22 to a magnetic field, the 
Hall effect device generates an electrical potential in a 
known manner. Output circuitry 24 conducts the electrical 
potential generated by the Hall effect device 22 to suitable 
circuitry 26. An operating current is supplied to the Hall 
effect device 22 by input circuitry 28 constructed in accor 
dance with the present invention. 
The input circuitry 28 is effective to maintain the electri 

cal potential generated by the Hall effect device 22 constant 
with variations in the temperature of the Hall effect device. 
To this end, the input circuitry 28 includes a temperature 
responsive element 32. The temperature responsive element 
32 is maintained at a temperature which varies as a function 
of variations in the temperature of the Hall effect device 22. 
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2 
The temperature responsive element 32 varies an electri 

cal characteristic of the input circuitry 28 in response to 
variations in the temperature of the temperature responsive 
element and, of course, the Hall effect device 22. The 
variations in the electrical characteristic of the temperature 
responsive element 32 are utilized by the input circuitry 28 
to vary the operating current conducted to the Hall effect 
device 22. The input circuitry 28 varies the operating current 
to the Hall effect device 22 in such a manner as to maintain 
the electrical potential generated by the Hall effect device 
constant when the temperature of the Hall effect device 
varies while the Hall effect device is exposed to a constant 
strength magnetic field. 

In the specific embodiment of the invention illustrated in 
FIG. 1, the electrical potential generated by the Hall effect 
device 22 decreases as the temperature of the Hall effect 
device increases. In order to maintain the electrical potential 
generated by the Hall effect device 22 constant with varia 
tions in the temperature of the Hall effect device, the input 
circuitry 28 increases the operating current conducted to the 
Hall effect device in response to increases in the temperature 
of the Hall effect device. Thus, even though the temperature 
of the Hall effect device 22 is increased, the output signal 
from the Hall effect device to the output circuitry 24 is 
maintained constant while the Hall effect device is exposed 
to a constant magnetic field by increasing the operating 
current conducted to the Hall effect device. 

Similarly, if the temperature of the Hall effect device 22 
is decreased while the Hall effect device is exposed to a 
constant magnetic field, the electrical potential generated by 
the Hall effect device tends to increase. In order to maintain 
the output signal from the Hall effect device 22 constant 
when the temperature of the Hall effect device is decreased 
while the Hall effect device is exposed to a constant mag 
netic field, the input circuitry 28 is effective to decrease the 
operating current supplied to the Hall effect device. 
An electrical characteristic of the temperature responsive 

element 32 is thermally matched with the thermal charac 
teristics of the Hall effect device 22. Thus, when the tem 
perature of the temperature responsive element 32 is varied, 
an electrical characteristic of the temperature responsive 
element varies in a manner which is a function of the manner 
in which the electrical potential generated by the Hall effect 
device 22 varies with similar variations in temperature. The 
Hall effect device 22 and temperature responsive element 32 
are maintained at the same temperature. 
The temperature responsive element 32 used in one 

specific preferred embodiment of the invention has an 
voltage drop which decreases as the temperature of the 
temperature responsive element increases. Similarly, the 
voltage drop of the temperature responsive element 32 
increases as the temperature of the temperature responsive 
element decreases. The rate at which the voltage drop across 
the temperature responsive element 32 varies with variations 
in temperature is a function of the rate at which the electrical 
potential generated by the Hall effect device 22 varies with 
variations in temperature. 

Since the Hall effect device 22 and temperature respon 
sive element 32 are maintained at the same temperature, the 
voltage drop across the temperature responsive element and 
the electrical potential generated by the Hall effect device 
will vary together as temperature varies. By responding to 
variations in the electrical resistance of the temperature 
responsive element 32, the input circuitry 28 is effective to 
maintain the electrical potential generated by the Hall effect . 
device constant with variations in temperatures of the Hall 
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effect device. This results in the Hall effect device 22 having 
a constant output signal to the output circuitry 24 with 
variations in the temperature of the Hall effect device when 
the Hall effect device is exposed to a constant magnetic field. 

In the specific embodiment of the invention illustrated in 
FIG. 1, the temperature responsive element 32 is a silicon 
diode. The silicon diode 32 is connected with an inverting 
terminal 36 of an operational amplifier 38. A noninverting 
terminal 40 of the operational amplifier 38 is connected with 
a constant voltage source. 
The output from the operational amplifier 38 supplies the 

operating current to the Hall effect device 22. The operating 
current is conducted from the Hall effect device back 
through the diode 32 to ground. 
As the temperature of the silicon diode 32 increases, the 

voltage drop across the silicon diode decreases. The 
decrease in the voltage drop across the silicon diode 32 with 
increasing temperature results in an increase in the output 
from the operational amplifier 38. The increasing output 
from the operational amplifier 38 increases the operating 
current to the Hall effect device 22 as temperature increases. 

Increasing the operating current to the Hall effect device 
22, for a particular magnetic field, increases the electrical 
potential generated by the Hall effect device. Therefore, by 
increasing the operating current conducted to the Hall effect 
device 22 as the temperature of the Hall effect device 
increases, the electrical potential generated by the Hall effect 
device and conducted to the output circuitry 24 remains 
constant while the magnetic field to which the Hall effect 
device is exposed remains constant. Of course, the electrical 
potential generated by the Hall effect device and the output 
to the control circuitry 24 will vary with variations in the 
magnetic field to which the Hall effect device is exposed. 

Although many different types of Hall effect devices 22 
could be utilized, in the specific embodiment of the inven 
tion illustrated in FIG. 1, the Hall effect device is a Gallium 
Arsenide device which is available from F. W. Bell Inc. of 
Orlando, Fla.. under the designation G.H. 800. In this specific 
embodiment of the invention, the silicon diode 32 is a 
1N4148 silicon diode which is commercially available from 
Sprague of 70 Pembroke Road, Concord, N.H. Of course, 
different silicon diodes 32 could be utilized with different 
Hall effect devices 22. 
The thermal characteristics of the temperature responsive 

element or diode 32 and the characteristics of the input 
circuitry 28 are matched to the thermal characteristics of the 
Hall effect device 22. Due to this matching, a change in 
temperature of the silicon diode 32 and Hall effect device 22 
results in the operational amplifier 38 changing the operating 
current conducted to the Hall effect device by an amount 
sufficient to maintain the electrical potential generated by 
the Hall effect device constant when the Hall effect device 
is exposed to a constant magnetic field. This results in the 
Hall effect voltage transmitted from the Hall effect device 22 
to the output circuitry 24 being maintained constant with 
variations in temperature when the magnetic field to which 
the Hall effect device is exposed is maintained constant. 

In regard to the specific circuitry illustrated in FIG. 1, the 
Hall effect device 22 has output terminals 42 and 44 which 
are connected with the output circuitry 24. The output 
circuitry 24 is connected with terminals 46 and 48 of the 
circuitry 26. Therefore, upon a variation in the magnetic 
field to which the Hall effect device 22 is exposed, the Hall 
voltage conducted over conductors 50 and 52 of the output 
circuitry 24 to the circuitry 26 is varied. 
An operating current for powering the Hall effect device 

22 is connected to an input terminal 60 of the Hall effect 
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4 
device 22. The operating current is conducted through the 
Hall effect device 22 to an output terminal 62. The output 
terminal 62 of the Hall effect device 22 is connected by 
conductors 64 and 66 with the temperature responsive 
silicon diode 32. 
The silicon diode 32 is connected to ground potential at 70 

through a conductor 72 and resistor 74. The conductor 66 
conducts the voltage at the input to the diode 32 to the 
inverting terminal 36 of the operational amplifier 38. A fixed 
voltage is conducted from a voltage source 82 through a 
conductor 84 to the noninverting terminal 40 of the opera 
tional amplifier 38. The output current at an output terminal 
88 of the operational amplifier 38 varies as a function of 
variations in the voltage conducted to the inverting terminal 
36 of the amplifier relative to the constant voltage conducted 
to the noninverting terminal 40 of the amplifier. 
The output terminal 88 of the operational amplifier is 

conducted to the input terminal 60 of the Hall effect device 
22 by a conductor 90. Of course, the current conducted from 
the output terminal 88 of the operational amplifier 38 to the 
input terminal 60 of the Hall effect device 22 is the operating 
or power current for the Hall effect device. 

Since the voltage drop across the silicon diode 32 will 
vary as a function of variations in the temperature of the 
silicon diode, the output from the operational amplifier 38 
will vary as a function of variations in the temperature of the 
silicon diode 32. This results in the operating current con 
ducted from the output terminal 88 of the operational 
amplifier 38 to the input terminal 60 of the Hall effect device 
22 increasing as the temperature of the Hall effect device and 
silicon diode 32 increases. Similarly, as the temperature of 
the Hall effect device 22 and silicon diode decrease, the 
operating current conducted from the terminal 88 of the 
operational amplifier 38 to the input terminal 60 of the Hall 
effect device is decreased. 

In order to maintain the temperature responsive element 
32 and Hall effect device 22 at the same temperature, they 
may be mounted on a common base formed of a thermally 
conductive material. Thus, in the specific embodiment of the 
invention illustrated in FIG. 1, the Hall effect device 22 and 
temperature responsive diode 32 are located adjacent to each 
other on a common alumina substrate. Of course, the Hall 
effect device 22 and temperature responsive silicon diode 32 
could be mounted on a substrate or base formed of a 
different material if desired. 

It is contemplated that the Hall effect device 22 could be 
utilized in many different environments. However, it is 
believed that it may be particularly advantageous to utilize 
the Hall effect device 22 to detect the magnetic field of an 
electrical conductor. When the Hall effect device 22 is to be 
used for this purpose, the Hall effect device may advanta 
geously be mounted in a gap in a core around the electrical 
conductor. This results in the magnetic field conducted 
through the core around the electrical conductor being 
conducted through the Hall effect device 22. 
The magnetic field to which the Hall effect device 22 is 

exposed will vary with variations in the magnetic field 
conducted through the core around the conductor. Of course, 
varying the magnetic field to which the Hall effect device 22 
is exposed will vary the output voltage between the termi 
mals 42 and 44 of the Hall effect device. Since the operating 
current conducted through the Hall effect device 22 is varied 
to eliminate the effect of variations in temperature on the 
Hall effect device, the output voltage from the Hall effect 
device varies only as a function of variations in the magnetic 
field to which the Hall effect device is exposed. 
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In view of the foregoing description, it is apparent that the 
presentinvention provides a new and improved apparatus 20 
which includes a Hall effect device 22 which generates an 
electrical potential upon exposure to a magnetic field. Input 
circuitry 28 provides an operating current for the Hall effect 
device 22. In order to maintain the electrical potential 
generated by the Hall effect device 22 constant with varia 
tions in temperature while the magnetic field to which the 
Hall effect device is exposed remains constant, the input 
circuitry 28 includes a temperature responsive element 32 
which varies an electrical characteristic of the input circuitry 
in response to a variation in temperature of the temperature 
responsive element. 

Having described the invention, the following is claimed: 
1. An apparatus comprising a Hall effect device for 

generating an electrical potential upon exposure to a mag 
netic field, output means for conducting from said Hall effect 
device an output signal which varies as a function of 
variations in the electrical potential generated by said Hall 
effect device, and input means for supplying operating 
current to said Hall effect device through a range of tem 
peratures of said Hall effect device, said input means includ 
ing means for varying said operating current independently 
of said output signal to maintain said output signal from said 
Hall effect device constant with variations in temperature of 
said Hall effect device through the range of temperatures 
while the magnetic field to which said Hall effect device is 
exposed remains constant. 

2. An apparatus as set forth in claim 1 wherein said means 
for varying said operating current includes temperature 
responsive means which is maintained at a temperature 
which varies as a function of variations in temperature of 
said Hall effect device and which varies an electrical char 
acteristic of said input means in response to a variation in 
temperature of said temperature responsive means. 

3. An apparatus as set forth in claim 2 wherein at least a 
portion of said operating current is conducted through said 
temperature responsive means, said means for varying said 
operating current includes means for varying said operating 
current as a function of variations in a voltage drop across 
said temperature responsive means. 

4. An apparatus as set forth in claim 2 wherein said 
temperature responsive means is a silicon diode. 

5. An apparatus as set forthin claim 1 wherein said means 
for varying said operating current includes means for sens 
ing changes in the operating current and changing the 
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operating current as a function of the changes in the tem 
perature of the Hall effect device. 

6. An apparatus comprising a Hall effect device for 
generating an electrical potential upon exposure to a mag 
netic field, output means for conducting from said Hall effect 
device an output signal which varies as a function of 
variations in the electrical potential generated by said Hall 
effect device, and input means for supplying operating 
current to said Hall effect device through a range of tem 
peratures of said Hall effect device, said input means includ 
ing means for varying said operating current to maintain said 
output signal from said Hall effect device constant with 
variations in temperature of said Hall effect device through 
the range of temperatures while the magnetic field to which 
said Hall effect device is exposed remains constant, said 
means for varying said operating current includes a tem 
perature responsive element which is separate from said Hall 
effect device and is maintained at a temperature which varies 
as a function of variations in temperature of said Hall effect 
device, said temperature responsive element having an elec 
trical characteristic which varies as a function of variations 
in temperature of said temperature responsive element, said 
electrical characteristic of said temperature responsive ele 
ment varies with variations in temperature in a manner 
which is a function of the manner in which the output signal 
of said Hall effect device varies with variations in tempera 
ture while the magnetic field to which said Hall effect device 
is exposed remains constant and while the operating current 
to said Hall effect device remains constant. 

7. An apparatus as set forth in claim 6 wherein at least a 
portion of said operating current is conducted through said 
temperature responsive element, said electrical characteris 
tic of said temperature responsive element which varies with 
variations in temperature is a voltage drop across said 
temperature responsive element. 

8. An apparatus as set forth in claim 6 wherein said 
temperature responsive element is a silicon diode. 

9. An apparatus as set forth in claim 6 wherein said means 
for varying said operating current includes means for sens 
ing changes in the operating current and changing the 
operating current. 

10. An apparatus as set forth in claim 6 wherein said 
means for varying said operating current is independent of 
said output signal from said Hall effect device. 
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