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(57) Abstract

The present invention discloses a device, which forms
a position sensor for non—contact position measurement. The
position sensor comprises a sensor magnet and a sensor body.
The sensor body is then formed from a magneto-resistive material
and is given a two or three dimensional geometrical shape to
achieve a desired sensitivity function. Thus, the desired sensitivity
function results from a variation in one or more of the sensor body
dimensions. By forming the sensor body of magneto-resistive
material into different geometrical shapes like a simple wedge, a
double wedge, a circular tapered form or an arbitrary shape, a
desired sensitivity function is obtained.
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Utilization of a magneto-resistive material

TECHNICAL FIELD

The present invention relates to tailoring the shape of a magneto-resistive
material, and more particularly to a design of the shape of the magneto-

resistive material to obtain a new type of position sensitive sensor.

BACKGROUND

The position of a moving object is often determined by means of the readout
from a resistive sensor, usually of potentiometer type, which is mechanically

connected to the object to be monitored.

In order to reduce the wear and thereby increase the reliability, it is
desirable to eliminate the sliding friction encountered in the standard
resistive sensors. Non-contact methods using e.g. inductively coupled coils is
currently being introduced as replacement for the potentiometer sensors.

However, these are more complex and therefore more expensive.

In recent years novel types of magneto-resistive materials with much higher
sensitivity to moderate changes in magnetic fields have been found. These
new materials showing giant magneto-resistance (GMR) or colossal magneto-

resistance (CMR) make possible new types of position sensors.

In a document U.S. Patent No. 5,475,304 is disclosed a giant magneto-
resistant sensor including at least one layered structure. The layered
structure includes a ferromagnetic layer having a fixed magnetic state, a
second, softer magnetic layer, and a metal layer interposed between and
contacting these two layers. The sensor also includes one or more indexing
magnets for inducing a domain wall, at a measured position, between
regions of nonaligned magnetic fields in the softer magnetic layer. By
measuring the resistance across the magneto-resistant sensor a
displacement of one workpiece, carrying the sensor, will be measured

relative to another workpiece carrying an inducing means.
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Yet another document U.S. Patent No. 5,627,466 discloses a position
measuring device having a sensor, the output signal of which is a function of
the distance between a graduation and a scanning unit. Magneto-resistive
elements, which scan the graduation, are disposed in the active branch of a
potentiometer circuit. The voltage over the active branch is taken as the
distance-dependent signal and is used to control the amplitude of the

position-dependent scanning signals generated by scanning the graduation.

However, there is still a demand for non-contact sensor devices for position
measurement offering a sensitivity function adapted to the particular

application.

SUMMARY

The object of present invention is to disclose a device, which forms a position
sensor for non-contact position measurement. The device comprises a sensor
magnet and a sensor body made of a magneto-resistive material, whereby the
magneto-resistive material is formed into a body having two or three
dimensional geometrical shape to achieve a desired sensitivity function. The
desired sensitivity function then results from a variation in one or more of the

sensor body dimensions.

According to the object of the present invention the sensor body presents in
different embodiments shapes like a simple wedge, a double wedge, a circular

tapered form or an arbitrary shape to obtain the desired sensitivity function.

The sensor device according to the present invention is set forth by the
attached independent claim 1 and further embodiments are set forth by the

dependent claims 2 - 7.
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BRIEF DESCRIPTION OF THE DRAWINGS
The invention, together with further objects and advantages thereof, may best
be understood by making reference to the following description taken together

with the accompanying drawings, in which:

FIG. 1 illustrates a basic circuit diagram for measuring the change of the
resistance in a position sensitive sensor made in a magneto-resistive

material;

FIG. 2 illustrates an embodiment with a basic wedge shape for a position

sensitive sensor made from a magneto-resistive material;

FIG. 3 illustrates an embodiment having a double wedge shape for a

position sensitive sensor made from a magneto-resistive material;

FIG. 4 illustrates an embodiment having a circular shape for a position

sensitive sensor made from a magneto-resistive material; and

FIG. 5 illustrates an embodiment having an arbitrary shape for a position

sensitive sensor made from a magneto-resistive material

DETAILED DESCRIPTION
Theory

The electric resistance of a segment of length Al and an average area A made
up of a material with resistivity P is given by
Al
AR=p—
P A
If a magnetic field is applied over this segment the resistance changes by the
amount

Al
6AR = sp &L
P4
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the magnitude of this change depends on the material in question and is for
GMR materials typically some tens of percent while for CMR much higher
values can be obtained in limited temperature ranges. For a conductor of
constant cross-section the change is independent of position but if A is a
function of position, unique position information can be obtained. The above
described sensitivity to position is utilized for instance in a Wheatstone type
bridge circuitry consisting of two identical standard resistors R and one (or
two) magneto-resistive elements R1 and Rx = R1 - _5AR. If one of the magneto-

resistive strips is exposed to a magnetic field over the distance Al at position x,

the resistance of this strip changes by

Alx)
as a consequence, the voltage between the connecting points A and B, Vas,

changes from an initial value of zero to

E O6AR
Vg ==
4 R-06AR
For small 3AR this changes to
E SAR
v, =-—20
“ 4 R
and the voltage difference is then directly related to the position.
E Al
V. o= §p-
= "4R Y 4G

Description of an illustrative embodiment

In an illustrative embodiment for a GMR-based system the magneto-resistive
material consists of a Co/Cu multi-layer prepared by sputtering on a glass or
silicon substrate with a thickness of the layers of the order of 1 nm and
chosen such that an anti-ferromagnetic ordering is obtained between
consecutive magnetic layers. The number of repetitions is some tens and the
multi-layer structure is protected by a 1 nm thick coating layer of tantalum.
This material is formed in the appropriate shape to achieve the desired

sensitivity function either by masking during deposition or by cutting or
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etching after deposition. The sensitivity function is the result of a variation of

one or two dimensions as displayed for a different geometry in Figs. 2 - 5.

The obtained magneto-resistive material (the sensing element) is mounted
fixed onto a holder and a small moving permanent magnet, rigidly connected
to the moving object, the position of which is to be determined, is positioned
close to the sensing element so that part of the sensor material is exposed to
the magnetic field. The magnitude of the field from the permanent magnet is
sufficiently large so that the exposed part of the sensing element is driven into
the ferromagnetic state resulting in a (local) resistance change of the order of
20-50%. This change in resistance is measured directly or through the

resulting asymmetry in a Wheatstone type bridge.

Fig. 1 illustrates a typical circuit diagram forming a bridge for measuring the
change in resistance of a position sensor element 1 utilizing a magneto-
resistive material. The sensor element 1 of a resistance Rx and a resistor 4
having a fixed value R form a first branch and a resistor 2 having a fixed
value R1 and a resistor 3 having the fixed value R constitute the second
branch of the bridge. The resistance R1 corresponds to the nominal
resistance of the sensor element 1 and preferably having a temperature
dependency corresponding to the temperature dependency of the sensor
element 1. In a typical embodiment a permanent magnet 5 is placed close to
the sensor element 1 such that the magnet and the element 1 may be
displaced in relation to each other in a x-direction indicated by the double
arrow. One terminal of a voltmeter 6 is connected to the connection point
between Rx and R1. The other terminal of the voltmeter 6 is connected to the
connection point between resistors 3 and 4. The voltmeter measures voltage
differences achieved by the two voltage dividers formed by the two branches,
which are supplied by a voltage source E. Thus, a change in the voltage
difference displayed by the voltmeter 6 will be a function of a variation of the

resistance 1, which in turn is a function of a motion x of the magnet 5.
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R, =R, -8R ;R =f{x) => V = V(x)

The area where the magnetic field acts is indicated by the reference numeral 5
in Fig. 1. The element R1 and Rx may even be made as identical elements.
However in most cases R1 will be replaced by a suitable standard metal film
resistor. Furthermore the shape of the sensor material is varied to

accommodate the specific sensitivity function desired.

Consequently the magneto-restive material is formed into an arbitrary shape
to achieve the desired sensitivity function. The sensitivity function may
primarily be the result of a variation in one dimension, e.g. the width of a strip
of material as visualized by the form of Rx in Fig. 1. This is then accomplished
by using a any type of magneto-resistive material where the constant
thickness represents a multi layer structure having the thickness of the layer
chosen such that an anti-ferromagnetic ordering is obtained between

consecutive magnetic layers.

According to the present improvement two dimensions are varied, as is
displayed in Fig 2 and 3, where the number of repetition layers is varied, still
preserving the anti-ferromagnetic ordering, so that a stepwise change is
superimposed on the signal corresponding to the simple wedge demonstrated

in Fig. 2.

In Fig. 4 and 5 further embodiments of the position sensitive sensor are
displayed. A small moving magnet, rigidly connected to the moving object the
position of which is to be determined, is positioned close to the magneto-
resistive material so that part of the magneto-resistive material is exposed to
the field and driven into the ferromagnetic state resulting in a resistance

change.



WO 00/40987 PCT/SE99/02303

It will be understood by those skilled in the art that various modifications and
changes may be made to the present invention without departure from the

scope thereof, which is defined by the appended claims.
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8
CLAIMS
1. A device forming a position sensor for non-contact position

measurement comprising a sensor magnet and a sensor body made of a
magneto-resistive material, characterized in that the magneto-resistive
material is formed into a two or three dimensional geometrical shape to
achieve a desired sensitivity function, whereby the sensitivity function will be

the result of a variation in one or more of the sensor body dimensions.

2. The device according to claim 1, characterized in that a small moving
magnet, rigidly connected to the moving object the position of which is to be
determined, is positioned close to the magneto-resistive sensor body such that
that only a defined part of the magneto-resistive material is exposed to the
field and driven into a ferromagnetic state resulting in a resistance change to

be measured.

3. The device according to claim 2, characterized in that the material of
the sensor body is a magneto-resistive material in which a constant thickness,
in the utilization of a GMR material, represents a multi-layer with a thickness
of the layers chosen such that an anti-ferromagnetic ordering is obtained

between consecutive magnetic layers.

4. The device according to claim 2, characterized in that the material of
the sensor body is a simple wedge and is a magneto-resistive material in
which one dimension, in the case of a GMR material perpendicular to the

stacking direction, is varied.

5. The device according to claim 2, characterized in that the material of
the sensor body is a double wedge and is magneto-resistive material in which,
for a GMR material, the number of repetitions is varied so that a stepwise

change is superimposed on the signal corresponding to the simple wedge.
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6. The device according to claim 2, characterized in that the material of

the sensor body is a magneto-resistive material formed in a circular tapered

form.

7. The device according to claim 2, characterized in that the material of
the sensor body has an arbitrary form and is a magneto-resistive material

giving a signal corresponding to the form of the sensor body,
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Fig. 2
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Fig. 4

Fig. 5
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