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FIELD OF THE INVENTION

The present invention relates in general to magnetic field sensors. More

specifically, the present invention relates to using magneto-resistive sensors as multi-

PUrpose Sensors.

BACKGROUND

There are many applications in which there is a need to measure a magnetic
field. Among such applications are magnetic compassing, traffic detection, navigation
systems, as well as medical, laboratory and electronic instruments, for 1stance.

Such applications frequently employ magnetoresistive (“MR”) sensors capable
of sensing small magnetic fields and their perturbations. Magnetoresistive sensors are
often formed using integrated circuit fabrication techniques and are composed of a
nickel-iron (permalloy) thin film deposited on a silicon wafer, or other types of
substrate, and patterned as resistive strips. When a current is applied to a
magnetoresistive sensor, the resistance of the strip depends on thg angle between the
magnetization and the direction of the applied current, and is maximized when the
magnetization and the applied current are parallel. If the permalloy film 1s subjected to
an external magnetic field, the field influences the magnetization, rotating it and thereby
changing the film’s resistance. Typically, the maximum change in resistance due to
rotation of the magnetic field is two to three percent of the nominal resistance.

During manufacture, the easy axis (a preferred direction of magnetization) 1s set
to one direction along the length of the film to allow the maximum change in resistance
for an applied field within the permalloy film. However, the influence of a strong
magnetic field along the easy axis could rotate the polarity of the film’s magnetization,
thus, changing the sensor’s characteristics. Following such changes, a strong restoring

magnetic field is typically applied to restore, or set, the sensor’s characteristics. In
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certain designs, large external magnets can be placed to reset the sensor’s settings.
However, such an implementation may not be feasible when a magnetoresistive sensor
has already been packaged into a system. Particularly, some applications require several
sensors within a single package to be magnetized in opposite directions. In such
applications, instead of using large external magnets, individual coils may be wrapped
around each sensor to reset sensor’s characteristics. Alternatively, current straps, also
known as set-reset straps and offset straps, may be used to restore the sensor’s
characteristics. The use of current straps in a magnetic field sensing device 1s discussed
in the U.S. Patent No. 5,247,278 to Bharat B. Pant, assigned to the same assignee as the
current application. U.S. Patent No. 5,247,278 is fully incorporated herein by reference. -

In addition to magnetoresistive sensors, giant magnetoresistive (“GMR”) sensors
are often used in many applications that require measurements of a relatively small
magnetic field. Unlike magnetoresistive sensors, GMR sensors are composed of a
multi-layer film deposited on a substrate, and the magnetoresistance occurs as a result of
a relative magnetization angle between two adjacent layers, and the current direction
typically does not play any role. Thin-film GMR materials deposited on a silicon
substrate, or any other substrate, can be configured as resistors, resistor pairs, half
bridges or Wheatstone bridges. Unlike magnetoresistive sensors, GMR sensors often do
not employ set-reset straps in their configurations.

Many electronic components, such as semiconductor devices or Liquid Crystal
Displays (“LCD”), as well as consumer and recreation products such as a compass or
global positioning system (“GPS”) products, can be damaged by exposure to high or low
temperatures. Thus, when temperature limits are exceeded, such components have to be

protected from breakdown or malfunction. In systems including temperature sensitive
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components, temperature sensors play a key role in maintaining the reliability of the
system’s components.

A number of temperature sensing techniques are currently used, and the most
commonly used temperature sensors include resistive temperature detectors (“RTDs”),
thermocouples, and sensor integrated circuits (“ICs”). Resistive temperature sensors
employ a sensing element whose resistance varies with temperature. For example, a
platinum resistive temperature detector consists of a platinum wire coil that 1s wound
around a film of platinum deposited on a substrate. A thermocouple, on the other hand,
consists of a two-wire junction made of two different metals. Finally, a silicon sensor 1s
an integrated circuit that typically includes extensive signal processing circuitry within a
package housing the sensor.

With the increasing usage of sensors, a growing number of consumer and
commercial products requires a combination of temperature and magnetic sensors.
Unfortunately, because of the size, cost and other constraints, a compromise often has to
be made among the several desired sensors included in a product. Thus, there is an

apparent need for low-cost, multi-purpose sensors.
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SUMMARY

The system and methods are illustrated for an integrated dual-purpose sensing
device.

One embodiment of an integrated dual purpose sensing device includes at least a
first magnetoresistive element and a second magnetoresistive element, where each
magnetoresistive element has a first sensing terminal and a second sensing terminal.
According to an exemplary embodiment, the second sensing terminal assoclated with
the first magnetoresistive element is connected to a first sensing terminal associated
with the second magnetoresistive element. The first sensing terminal associated with
the first sensing element is further connected to a power source. According to an
exemplary embodiment, the integrated dual purpose sensing device 1s adaptable to
provide two output measurements that are used to determine a temperature sensor
reading and a magnetic sensor reading.

These as well as other aspects and advantages of the present invention will
become apparent to those of ordinary skill of art by reading the following detailed

description, with reference where appropriate to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the present invention is described below with
reference to the drawings, 1n which:

Figure 1 is an electrical schematic diagram illustrating a sensor in a Wheatstone
configuration in accordance with an embodiment of the present invention;

Figure 2 is an integrated circuit layout for the sensor illustrated in Figure 1;

Figure 3 is an electrical schematic diagram illustrating a multi-purpose sensor
implemented in a full Wheatstone bridge configuration in accordance with one
exemplary embodiment of the present invention;

Figure 4 is an electrical schematic diagram illustrating a multi-purpose sensor
implemented in a full Wheatstone bridge configuration in accordance with another
exemplary embodiment of the present invention;

Figure 5 is an electrical schematic diagram illustrating a multi-purpose sensor
implemented in a half Wheatstone bridge configuration in accordance with one
exemplary embodiment of the present invention; and

Figure 6 is an electrical schematic diagram illustrating a multi-purpose sensor
implemented in a half Wheatstone bridge configuration in accordance with another
exemplary embodiment of the present invention;

Figure 7 is a block diagram illustrating an exemplary cross-section for a layer
arrangement in a sensor according to one exemplary embodiment of the present
invention;

Figure 8 is an electrical schematic diagram illustrating a current strap
configuration providing a temperature sensor reading according to one exemplary

embodiment of the present invention; and
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Figure 9 1s an electrical schematic diagram illustrating a current strap
configuration providing a temperature sensor reading according to another exemplary

embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Figure 1 1s an electrical schematic diagram illustrating a sensor 100 that may be
used 1 accordance with one embodiment of the present invention. The sensor 100
includes four magnetoresistive elements 102, 104, 106, and 108 arranged in a
Wheatstone bridge configuration. As illustrated in Figure 1, the magnetoresistive
elements are divided by sensing terminals 110, 112, 116, and 118. With a bridge power
supply, such as a voltage supply, applied between the sensing terminals 110 and 116, the
output of the bridge may be measured between terminals 112 and 118. In ome
embodiment, the sensor consists of four magnetoresistive elements having the same
resistance R, and the bridge supply voltage causes a current to flow through the
magnetoresistive elements. The presence of an applied magnetic field causes the
magnetization in two of the oppositely placed magnetoresistive elements to rotate
towards the current, resulting in an increase in the resistance R. For example, the
resistance in the magnetoresistive elements 104 and 108 may increase to R+AR. In
such an embodiment, magnetization in the remaining oppositely-placed
magnetoresistive elements 102 and 106 rotates away from the current and results in a
decrease of the resistance in elements 102 and 106 by AR.

Figure 2 illustrates a layout for an integrated circuit 200 that may be employed as
a Wheatstone bridge sensor according to one exemplary embodiment. The integrated
circuit 200 includes a substrate 202, a sensing structure 204, and sensing terminals 206,

208, 210, 212, and 214. The sensing structure 204 may be configured as a resistance
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bridge such as the Wheatstone bridge 100 illustrated in Figure 1. Figure 2 also
1]lustrates a set-reset strap 216 and an offset strap 218. Also illustrated are set-reset
terminals 220 and 222, and offset terminals 224, 226. When a current of sufficient
magnitude 1s run between the set-reset terminals 220 and 222 and thréugh the set-reset
strap 216, the magnetic flux generated around the set-reset strap 216 may reset the
sensing structure 204 into a single magnetic domain. By orienting the sensing
structure’s magnetic domain i a preferred axihs, a baseline state 1s established that
allows for a high sensitivity and repeatable output characteristics. The set-reset strap
216 1llustrated in Figure 2 is arranged in a “‘spiral” pattern. However, other
arrangements may also be used, such as a “serpentine,” an “S” shape, a “V” shape, a
zigzag shape, a combination of these, or a shape in which the strap or pieces of the strap
are curved or angled.

When a current 1s run from the offset terminal 224 to the offset terminal 226, one
may bias the sensing structure 204 to compensate for background magnetic fields. To
do that, the current in the offset strap 218 may generate a magnetic flux that is
perpendicular to the long axis of the sensing structure 204. When a current is run
through the offset strap 218 in a consistent direction, the sensing structure’s elements
may be biased in the same direction. The offset strap 218 may be also configured to
bias different elements of the sensing structure 204 in different directions. Several
additional uses of the offset strap 218 are discussed in the U.S. Patent No. 5,247,278 to
Pant.

According to an exemplary, a sensing device, such as a sensing device having a
Wheatstone bridge configuration or a sensing device having a half~-Wheatstone bridge

configuration, provides multiple outputs including a first output and a second output that
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are employed to determine a temperature sensor reading and a magnetic field sensor
reading, the embodiments of which will be described below.

Figure 3 1s an electrical schematic diagram illustrating a multi-purpose sensor
300 1n accordance with one exemplary embodiment. Similarly to the schematic
illustrated in Figure 1, the diagram shows the dual-purpose sensor 300 arranged in a full
Wheatstone bridge configuration having four magnetoresistive elements 302, 304, 306,
and 308. According to an exemplary embodiment, the resistance in the
magnetoresistive elements 304 and 308, i the presence of an applied magnetic field,
may 1ncrease to R + AR, and the resistance in the magnetoresistive elements 302 and
306 may decrease to R - AR. Each magnetoresistive element includes a first sensing
terminal and a second sensing terminal. It should be wunderstood that giant
magnetoresistive elements could also be used in exemplary embodiments, and the
exemplary embodiments are not limited to magnetoresistive elements. Further,
according to an exemplary embodiment 1llustrated i Figure 3, the dual-purpose sensor
300 1ncludes four sensing terminals 310, 312, 314, and 316. The sensing terminals 310,
312, 314 and 316 are formed by connecting a second sensing terminal associated with
the element 302 to a first sensing terminal associated with the element 304, connecting a
second sensing terminal associated with the element 304 to a first sensing terminal
associated with the element 306, connecting a second sensing terminal associated with
the element 306 to a first sensing terminal associated with the element 308, and, further,
connecting a second sensing terminal associated with the element 308 to a first sensing
terminal associated with the element 302.

As 1llustrated 1n Figure 3, the sensing terminal 310 1s connected to a power
source 318. Specifically, the power source 318 includes a current source that supplies a

constant direct current to the sensor 300. It should be understood that the power source
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318 1llustrated 1n Figure 3, and any power sources illustrated in subsequent figures may
be internal power sources integrated into the sensor or external power sources.
According to an exemplary embodiment, the sensor 300 provides two output
measurements that are employed to determine multi-purpose sensor readings.
Specifically, the multi-purpose sensor readings include a magnetic sensor reading and a
temperature sensor reading.

In the embodiment illustrated in Figure 3, a first voltage measurement (“Voutl”)
1s taken across the sensing terminals 316 and 312. The Voutl provides a magnetic
sensor reading. Assuming “I” 1s a constant current supplied by the current source 318,
“AR” 1s a magnetoresistance, “S” is a bridge sensitivity related to magnetoresistive
ratio, and “H” 1s an external magnetic field applied in a direction 320 illustrated in
Figure 3, the first output voltage may be computed according to the following equation:

Voutl =IXAR =IXR XS XH, or Eq. 1

Voutl = Vout2 XS XH Eq. 2

According to an exemplary embodiment, the Voutl value 1s used to determine
the magnetic field. Specifically, employing the equations for Voutl, a magnetic field
may be calculated according to Eq. 3 or Eq. 4:

H = Voutl/ (IXR XS) Eq. 3

H = Voutl/ (Vout2 XS) Eq. 4

Referring back to Figure 3, a second voltage measurement (“Vout2”) 1s taken
across the sensing terminals 310 and 314, and the Vout2 value 1s employed to determine
a temperature sensor reading. According to an exemplary embodiment,
magnetoresistive or giant magnetoresistive materials that are employed for dual-purpose

sensors have relatively large and substantially linear temperature coefficients. Thus, a
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temperature sensor reading may be determined by measuring the value of the resistance.
Similarly to the magnetic sensor computations, assuming that “I”” is the constant current
supplied by the current source 318, “Ro” is a bridge resistance at zero temperature, “C”

is a constant, and “T” is a temperature measured by a temperature sensor, the Vout2 may

be computed using the following equation:
Vout2 = XR = XRo X(1+CXT) =IXRo + IXRo XC XT Eq. 5
Similarly to the magnetic field conversions illustrated in reference to Eq. 1 and
Eq. 2 for Voutl, Eq. 5 for Vout2 may be employed to determine a temperature sensor

reading. Specifically, using Eq. 5, a temperature sensor reading may be calculated as

follows:

I'=(Vout2 - [IXRo)/(IXRo XC) Eq. 6

In one embodiment, the sensing functionality of the bridge may be controlled by
a logical sensing element operable to determine a magnetic field sensor reading and a
temperature sensor reading based on the two voltage outputs taken at the sensing
terminals 310, 314 and at 312, 316. In one embodiment, two output channels may be
fed into parallel-signal circuitry and, further, to a microprocessor via two converters.
The microprocessor may then be operable to determine the magnetic field and
temperature sensor reading using the equations described above. Further, the
microprocessor may employ a look-up table or a polynomial that may be used to
calculate both the magnetic field and temperature based on the transfer function
calibration. In an alternative embodiment, two outputs from the sensor can be input to a
MUX and further to the microprocessor via an analog to digital (A/D) converter.
However, it should be understood that different embodiments are possible as well, and

the sensing element may be implemented using hardware, software, firmware elements,

or a combination thereof.
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Figure 4 1s an electrical schematic diagram illustrating a multi-purpose sensor
350 in accordance with an alternative embodiment. Similarly to the schematic
illustrated in Figure 3, the diagram illustrates a full Wheatstone bridge configuration
including four magnetoresistive elements 302, 304, 306, 308 divided by the sensing
terminals 310, 312, 314, and 316. According to the alternative embodiment for a multi-
purpose sensor, a power supply of the bridge includes a voltage source 324 connected to
one of the sensing terminals via a resistive element 322. As mentioned in reference to
Figure 3, power sources may be external or internal. Thus, the voltage source may be
incorporated into the sensor, or may be external to the sensor. The resistive element
322, and any resistive elements described in reference to next figures, may include one
or more resistor having a very low temperature coefficient, or being insensitive to
temperature. It should be understood that the present invention 1s not limited to using
resistors, and those skilled in the art will appreciate that different components could also
be used. Further, resistive elements described herein may be internal resistive elements
(incorporated into a sensing device) or external resistive elements (externally connected
to a sensing device).

Similarly to the embodiment illustrated in Figure 3, the sensor 350 provides two
output measurements Vout3 and Vout4. The first voltage measurement (Vout3) 1s taken
across the sensing terminal 316 and 312 and provides a magnetic sensor reading.
Assuming “R” is a resistance of magnetoresistive elements, “AR” 1s a change 1n
magnetoresistance, “S” is a bridge sensitivity related to the magnetoresistive ratio, “H”
is an external magnetic field, and “r” is the resistance of the resistive element 322, and
“V” 1s the voltage of the constant voltage source 324, the first output voltage may be

computed according to the following equation:

Vout3 = Voutdx AR/r=VoutdxRxSxH/r, or Eq. 7
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Vout3 = (V-Voutd)xSxH Eqg. 8

Employing the equation for Vout3, a magnetic field may be computed according to the

following equation:

H=Vout3/[(V-Vout4)x S) Eq. 9

Referring back to Figure 4, the second voltage measurement Vout4 1s employed
to determine a temperature sensor’s reading. Assuming that “Ro’ 1s a bridge resistance
at zero temperature, “C” 1s a constant, and “T” 1s a temperature sensor’s reading, the
Vout4 may be computed using the following equation:

V — Vout4 = Voutd x R/r where V-Voutd=VoutdxRox (1+CxT)/r Eq. 10

Eq. 10 may be employed to determine a temperature sensor’s reading. Referring
back to Eq. 7 and Eq. 8, the embodiment of a multi-purpose sensor illustrated 1n Figure
4 1s more complicated than the embodiment illustrated in Figure 3 since in the muiti-
purpose sensor embodiment illustrated in Figure 4 both measurements of Vout3 and
Voutd are required to determine an external magnetic field. Thus, the embodiment
illustrated in Figure 4 may introduce more error. As described in reference to Figure 4,
the logical sensing element may be employed to determine the temperature and
magnetic field. Further, as described in reference to Figure 4, for higher accuracy, a
look-up table or a polynomial can be employed to calculate both the magnetic field and
temperature based on the transfer function calibration associated with the sensor.

It should be understood that dual-purpose sensors according to exemplary
embodiments are not limited to a full Wheatstone bridge configuration and magnetic
sensors including only two magnetoresistive elements, or a half Wheatstone bridge
configuration, may be also employed to operate as multi-purpose sensors according to

exemplary embodiments.
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Figure 5 1s an electrical schematic diagram illustrating a dual-purpose sensor 400
including two magnetoresistive elements 302, 304 arranged 1n a half Wheatstone bridge
configuration and having the sensing terminal 310 connected to the current source 318
and the sensing terminal 314 connected to the ground. In the embodiment illustrated in
Figure 5, a first voltage measurement (Voutd) is taken across the sensing terminals 312
and 314, and provides a magnetic field sensor reading. Making the same assumption as

in the preceding equations, the output voltage Vout5 may be computed using the

following equation:
Vout5 =Ix(R+AR), or Eq. 11

Voutd = Vout6/2 x (1+S x H) Eq. 12

Referring back to Figure 5, a second voltage measurement (Vout6) is taken
across the sensing terminals 310 and 314. According to an exemplary embodiment, the
Vout6 value is employed to determine a temperature sensor reading. Making similar
assumptions as in the preceding equations, Vout6 may be computed using the following
equation:

Vout6 =Ix2R =Ix2Rox (1 + CxT) =2IxRo + 2IxRoxCx T Eq. 13
Using a logical sensing element as described in reference to Figure 3, a temperature
sensor reading may be computed using Eq. 13, and a magnetic sensor reading may be
computed using Eq. 11 and Eq. 12.

Figure 6 is an electrical schematic diagram 450 of a half Wheatstone bridge
configuration that may be employed as a dual-purpose sensor according to an alternative
embodiment. The half Wheatstone bridge configuration includes two magnetoresistive
elements 302 and 304 divided by the sensing terminals 310, 312, and 314. According to
the alternative embodiment of the half Wheatstone bridge configuration, the voltage

source 324 1s connected to the sensing terminal 310 via the resistive element 322
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including for example, a resistor having a very low temperature coefficient or being
insensitive to temperature.  Similarly to the preceding figures, two voltage
measurements are taken to determine a magnetic field sensor reading and a temperature
sensor reading. The first voltage measurement (Vout7) is employed to determine a
magnetic field sensor reading, and the second voltage measurement (Vout8) is employed
to determine a temperature sensor reading. Referring to Figure 6, the Vout7
measurement 1s taken across the sensing terminals 312 and 314. Assuming that “V” is a
constant voltage supplied by the voltage source 324, and “r” is the resistance of the

resistive element 322, Vout7 may be computed using the following equation:

Vout7 = Vout8x (R+AR)/r = Vout8 xRx (1+Sx H)/r=(V-Vout8)x (1+SxH)/2 Eq. 14

Reterring back to Figure 6, the Vout8 measurement is taken across the resistive
clement 322 and may be computed using the following equation:

V-Vout8 = Vout8 x 2R/r = Vout8 x 2Rox (1 + Cx T)/r Eq. 15
A temperature (T) reading may be determined using Eq. 15, and a magnetic field sensor
reading may be determined using Eq. 14. Similarly to the embodiments for dual-
purpose sensors employing a full Wheatstone bridge configuration, a logical element, as
discussed in reference to Figures 5 and 6, may use the two output measurements to
determine a magnetic sensor reading and a temperature sensor reading. As mentioned in
reference to the preceding Figures, the logical element may be implemented using a

processor, and/or hardware, software, firmware elements, or a combination thereof.

Further, according to an exemplary embodiment, a sensor may include metal
structures (metal straps), or current straps, known as set-reset and offset straps, for

restoring sensor’s characteristics. As mentioned earlier, the use of current straps in a
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magnetic field sensing device 1s discussed 1n the U.S. Patent No. 5,247,278 to Bharat B.
Pant, assigned to the same assignee és the current application, and fully incorporated
herein by reference. The offset and set/reset straps are deposited as two metal layers in
the same area occupied by the sensor bridge element. These metal layers are often
electrically 1solated from one another by insulation layers.

Figure 7 1s a block diagram illustrating an exemplary cross-section 700 of the
layer arrangement in a sensor. As shown in Figure 7, a plurality of materials is
deposited on a subsirate 724. Depositing, cutting, etching, and other steps used in a
photolitographic process are well known in the art. General methods for MR/GMR
sensor fabrication are also described 1n U.S. Patent No. 5,820,924 to Witcraft et al., and
assigned to the same assignee as the present application. U.S. Patent No. 5,820, 924 is
fully incorporated herein by reference. Starting from the substrate, the sensor includes a
permalloy layer 712 composed of nickel and 1ron, for instance. Further, the sensor
includes an insulator layer 710, and electrical conductors in the form of pads 718, 720
and 722 that may include output terminal leads. The sensor 700 further includes an
offset strap 714 placed between two dielectric layers 704 and 716. The sensor further
includes a Barber Pole/interconnect bar 704 arranged to provide barber pole biasing.
For instance, the barber pole biasing may cause the current to flow at 45-degree angle in
the film. The sensor may further include a set/reset strap 708, and a passivation nitride
layer 702. It should be understood that Figure 7 illustrates only an exemplary
embodiment, and 1t should be understood that different embodiments are possible as
well.

According to an exemplary embodiment, in addition to restoring sensor’s
characteristics, metal straps deposited on an MR/GMR sensor, such as the set/reset or

offset straps, may be utilized for provide a temperature sensor reading. Figure 8 1s an
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electrical schematic diagram of a metal (or current) strap configuration 800 that may be
employed to provide a temperature sensor reading according fo one exemplary
embodiment employing a constant current source. As illustrated in Figure 8, a current
strap 806, such as a set/reset strap or an offset strap, is connected to two sensing
terminals 804 and 808, with the sensing terminal 804 connected to a constant current
source 802 and the sensing terminal 808 connected to the ground. According to an
exemplary embodiment, a voltage measurement “Vout9” for a temperature sensor
reading 1s taken across the current strap 806. Assuming that “Rstrap” is a strap’s
resistance, “I” 1s the constant current provided by the current source 802, and the other
symbols as defined above, the output voltage Vout9 may be computed according to the
following equation:

Vout9 = IxRstrap = IxRox (1+Cx T) Eq. 16

Eq. 16 may be used to determine the temperature sensor’s reading, and the
magnetic sensor reading may be determined using the methods described above.

According to an exemplary embodiment, magnetoresistive elements included 1n
multi-purpose sensors described i1n reference to the preceding figures may include
anisotropic magnetoresistive elements or giant magnetoresistive elements, for instance.
Further, those skilled 1n the art will appreciate that different embodiments are possible
as well.

Figure 9 is an electrical schematic diagram of a current strap configuration 900
that may be employed to provide a temperature sensor reading according to one
exemplary embodiment employing a constant voltage source.

As illustrated in Figure 9, a current strap 910, such as a set/reset strap or an
offset strap, is connected to two sensing terminals 908 and 912, with the sensing

terminal 912 connected to the ground. Further, the sensing terminal 908 is connected to
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a constant voltage source 902 via a resistive element 906 and a sensing terminal 904.
Similarly to the preceding figures describing sensor embodiments employing a constant
current source, the resistive element 906 may include a resistor having a very low
temperature coefficient or being insensitive to temperature.

According to an exemplary embodiment illustrated in Figure 9, two voltage
measurements “Voutl0” and “Voutl1l” may be taken to determine a temperature sensor
reading, where Voutl0 1s taken across the resistive element 906, and Voutll is taken
across the current strap 910. Assuming that “r’” is the resistance of the resistive element
906, and other symbols as defined above, Voutl0 and Voutll may be computed using
the following equations:

Voutl0 =Ixr Eq. 17

Voutll = IxRstrap = IxRox(1+CxT) = Voutl0xRox (1+CxT)/r Eq. 18
Eq. 18 may be used to determine the temperature sensor’s reading, and the magnetic
sensor reading may be determined using the methods described above.

Accordingly, the proposed embodiments for the dual-purpose sensors do not
require any additional hardware and provide a cost and space-effective approach.

Magnetic sensors enable and enhance a wide variety of applications, including
compassing, navigation, GPS and other systems. Therefore, magnetic sensors are
becoming an important part of large systems or products comprised of various other
sensors such as tilt, accelerometer, gyro, angular rate, or pressure sensors. Most likely
these sensors exhibit temperature sensitivity, and a measure of the system operating
temperature 1s often required to temperature compensate (or correct) for the quantity
measured. The range of the operating temperature 1s narrow, and the temperature
change, rather than the absolute temperature, is often sufficient to implement the

compensation/correction. In such an embodiment, the constant current implementation
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of the dual-purpose sensor leads to a simplified form. For example, differentiating both

sides of Eq. 5 and Eq. 13 with respect to temperature (T) leads the following equations:

dVout2 =IxRoxCxdT Eq. 19
and
dVout6 =2xIxRox CxdT, Eq. 20

where dVout2, dVout6, and dT denote the respective changes. Therefore, the change in

temperature is directly proportional to the change in Vout, and the latter may be used for

temperature compensation.

It should be understood that the above-described arrangements are simply
illustrative of the application of principles of the present invention, and numerous
arrangements may be readily devised by those skilled in the art. The embodiments for
dual-purpose sensors have been described using Wheatstone bridge sensor
configurations. However, it should be understood that the present invention is not
limited to the Wheatstone bridges, and different sensing device configurations could
also be used. Further, it should be understood that the illustrated dual-purpose sensor
configurations could be single-chip configuration or multi-chip configurations.

The claims should not be read as limited to the described order or elements
unless stated to that effect. Therefore, all embodiments that come within the scope and

spirit of the following claims and equivalents thereto are claimed as the invention.
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CLAIMS
What 1s claimed:
1. A sensing device comprising at least a first output and a second output,

wherein the first output and the second output are adaptable to provide a magnetic

sensor reading and a temperature sensor reading.

2. The sensing device of claim 1, wheremn the sensing device 1s selected
from a group consisting of (1) a sensing device having a half-Wheatstone bridge

configuration, and (11) a sensing device having a Wheatstone bridge configuration.

3. The sensing device of claim 2, wherein the sensing device comprises at

least a first magnetoresistive element and a second magnetoresistive element.

4 The sensing device of claim 3, wherein the magnetoresistive elements are
selected from a group consisting of (i) an anisotropic magnetoresistive element, and (i1)

a giant magnetoresistive element.

5. The sensing device of claim 3, wherein the first magnetoresistive element

1s connected to a power source.,

6. The sensing device of claim 5, wherein the power source 1s selected from
a group consisting of (i) a power source comprised in the sensing device, and (11) a
power source external to the sensing device.

7. The sensing device of claim 5, wherein the power source comprises a

constant current source connected to the first magnetoresistive element.
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8. The sensing device of claim 5, wherein the power source comprises a
constant voltage source connected to the first magnetoresistive element via a resistive

element, and wherein the second output 1s measured across the resistive element.

0. The sensing device of claim 8, wherein the resistive element is selected
from a group consisting of (1) a resistive element comprised in the sensing device, and

(11) an external resistive element.

10.  The sensing device of claim 1, further comprising a metal structure

adaptable to provide the second output.

11.  The sensing device of claim 10, wherein the metal structure 1s selected

from a group consisting of (1) a set/reset strap, and (i1) an offset strap.

12. The sensing device of claim 10, wherein the metal structure 1s connected
to a first sensing terminal and a second sensing terminal, the first sensing terminal being
connected to a constant current source, and the output for the temperature sensor reading

being measured across the first sensing terminal and the second sensing terminal.

13.  The sensing device of claim 10, wherein the metal structure 1s connected
to a first sensing terminal and a second sensing terminal, the first sensing terminal being
connected to a constant voltage source via a resistive element, wherein the metal

structure provides two output measurements to provide the temperature sensor reading.
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14. The sensing device of claim 13, wherein the resistive element is selected

from a group consisting of (i) a resistive element comprised in the sensing device, and

(11) an external resistive element.

15, Anintegrated dual purpose sensing device, comprising:

at least a first magnetoresistive element and a second magnetoresistive element,
each magnetoresistive element having a first sensing terminal and a second sensing
terminal, wherein the second sensing terminal associated with the first magnetoresistive
element is connected to a ﬁrst sensing terminal associated with the second
magnetoresistive element, the sensing device being adaptable to provide at least two
output measurements, wherein the at least two output measurements are adaptable to

provide two sensing parameters.

16.  The itegrated dual purpose sensing device of claim 15, wherein the first

magnetoresistive element 1s connected to a power source.

17.  The integrated dual purpose sensing device of claim 16, wherein the
power source 1s selected from a group consisting of (i) an internal power source

comprised in the dual purpose sensing device, and (i1) an external power source.

18.  The integrated dual purpose sensing device of claim 15, wherein the
integrated dual purpose sensing device is selected from a group consisting of (i) a dual
purpose sensing device having a half Wheatstone bridge configuration, and (i1) a dual

purpose sensing device having a full Wheatstone bridge configuration.
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19.  The integrated dual purpose sensing device of claim 16, wherein the
power source comprises a current source providing a constant current to pass through
the at least first magnetoresistive element and the second magnetoresistive element, and
wherein a first output 1s measured between the second sensing terminal associated with
the first magnetoresistive element and the second sensing terminal associated with the
second magnetoresistive element, and wherein a second output is measured between the
first sensing terminal associated with the first magnetoresistive element and a second

sensing terminal associated with the second magnetoresistive element.

20.  The mtegrated dual purpose sensing device of claim 15, wherein the two
sensing parameters comprise a temperature sensor reading and a magnetic sensor
reading, the temperature sensor reading being determined using the second output, and

the magnetic sensor reading being determined using the first output.

21.  The mtegrated dual purpose sensing device of claim 20, wherein the

magnetic sensor reading is determined using the first output and the second output.

22.  The itegrated dual purpose sensing device of claim 16, wherein the
power source comprises a voltage source connected via a resistive element to the first
sensing terminal associated with the first magnetoresistive element, wherein a first
output 1s measured between the second sensing terminal associated with the first
magnetoresistive element and the second sensing terminal associated with the second

magnetoresistive element, and wherein a second output is measured across the resistive

element.
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23.  The integrated dual purpose sensing device of claim 22, wherein the

resistive element is selected from a group consisting of (i) a resistive element comprised

in the integrated dual purpose sensing device, and (ii) an external resistive element.

24.  The integrated dual purpose sensing device of claim 22, wherein the two
parameters comprise a temperature sensor reading and a magnetic sensor reading, the
temperature sensor reading being determined using the second output, and the magnetic

sensor reading being determined using the first output measurement and the second

output measurement.

25.  The integrated dual purpose sensing device of claim 15, further

comprising a metal structure adaptable to provide an output measurement for a

temperature sensor reading.

26.  The mtegrated dual purpose sensing device of claim 25, wherein the

metal structure 1s selected from a group consisting of (i) a set/reset strap, and (ii) an

otfset strap.

27.  The integrated dual purpose sensing device of claim 15, wherein the at
least first magnetoresistive element and the second magnetoresistive element are

selected from a group consisting of (i) an anisotropic magnetoresistive element, and (ii)

a glant magnetoresistive element.

28.  An integrated dual purpose sensing device, comprising:
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a first magnetoresistive element, a second magnetoresistive element, a third
magnetoresistive element, and a fourth magnetoresistive element, each magnetoresistive
element having a first sensing terminal and a second sensing terminal, wherein the
second sensing terminal associated with the first magnetoresistive element is connected
to the first sensing terminal associated with the second magnetoresistive element,
wherein the second sensing terminal associated with the second magnetoresistive
element 1s connected to the first sensing terminal associated with the third
magnetoresistive element, wherein the second sensing terminal associated with the third
magnetoresistive element 1s connected to the first sensing terminal associated with the
fourth magnetorestive element, and the second terminal associated with the fourth
magnetoresistive element 1s connected to the first sensing terminal associated with the
first magnetoresistive element, and wherein the sensing device is adaptable to provide at

least two outputs, the at least two outputs being employed to determine two parameters.

29.  The integrated dual purpose sensing device of claim 28, wherein the first

sensing terminal 1s connected to a power source.

30.  The mtegrated dual purpose sensing device of claim 29, wherein the
power source is selected from a group consisting of (i) a power source comprised in the

integrated dual purpose sensing device, (ii) an external power source.

31.  The integrated dual purpose sensing device of claim 29, wherein the
power source comprises a current source providing a constant current to pass through
the magnetoresistive elements, wherein a first output is measured between the second

sensing terminal associated with the third magnetoresistive element and the second
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sensing terminal associated with the first magnetoresistive element, and wherein a
second output 1s measured between the first sensing terminal associated with the first
magnetoresistive element and the second sensing terminal associated with the second

magnetoresistive element.

32.  The integrated dual purpose sensing device of claim 31, wherein the two
parameters comprise a temperature sensor reading and a magnetic sensor reading, the
temperature sensor reading being determined using the second output measurement, and
the magnetic sensor reading being determined using the first output measurement and

the second output measurement.

33. The tegrated dual purpose sensing device of claim 29, wherein tﬁe
power source comprises a voltage source connected via a resistive element to the first
sensing terminal associated with the first magnetoresistive element, wherein a first
output 1s measured between the second sensing terminal associated with the third
magnetoresistive element, and wherein the second sensing terminal associated with the

first magnetoresistive element, and wherein a second output is measured across the

resistive element.

34.  The mtegrated dual purpose sensing device of claim 33, wherein the
resistive element is selected from a group consisting of (i) a resistive element comprised

in the integrated dual purpose sensing device, and (ii) an external resistive element.

35.  The integrated dual purpose sensing device of claim 33, wherein the at

least two parameters comprise a temperature sensor reading and a magnetic sensor
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reading, the temperature sensor reading being determined using the second output

measurement, and the magnetic sensor reading being determined using the first output

measurement and the second output measurement.

36.  The mtegrated dual purpose sensing device of claim 29, wherein the two
parameters comprise a temperature sensor reading and a magnetic sensor reading, and
wherein the integrated dual purpose sensing device further comprises a metal structure

adaptable to provide the temperature sensor reading.

37.  The integrated dual purpose sensing device of claim 36, wherein the

metal structure is selected from a group consisting of (i) a set/reset strap, and (ii) an

offset strap.

38.  The itegrated dual purpose sensing device of claim 29, wherein the
magnetoresistive elements are selected from a group consisting of (i) an anisotropic

magnetoresistive element, and (i1) a giant magnetoresistive element.
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