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DIRECTIONALLY INDEPENDENT MAGNETIC SENSOR

Bagkgrgggd of the Invention

This invention relates to magnetic sensors, and particularly to magnetic
Sensors used to sense positional changes in a moving obiject.

According to the well-known Hall effect, if 5 current is provided across a
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Position and rotation of the shaft. Otherwise, a sensing element may not be in
position to sense changes in the field,

ngmary of the Invent_ign

The present invention includes @ magnetic sensor and a magnetic sensing

may, but need not, be Hall-effect sensors,

The present invention thus allows a sensor to be easily mounted near an
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Fig. 5 is a partial Cross-sectional view of a sensor and a magnet in a
threaded housing housed in a support structure.
Figs. 6 and 7 are Plan views of sensors according to other embodiments of

the present invention,

elements 35(1)-35(7), each shaped as a truncated sector. Together, these
elements 35(1)-35(7) form a circular ring 34 that surrounds inner sensing

element 32. These sensing elements can be formed accurately on a substrate

connected to ground. Along a direction perpendicular to a line between the
first and second contacts in elements 35(1)-35(7) are two voltage contacts 40
and 42. Each set of contacts is coupled together to sum the signals from all of
elements 35(1)-35(7). While the sensing elements are aJ] shown here as Hall-
effect sensors, other types of magnetic sensors could be used, such as
amorphous magnetoresistors (AMR) or giant magnetoresistors (GMR).

As an object to be sensed passes across Sensor 30, the sensor can sense
transitions in the position of the object, regardiess of the orientation of the
Sensor about a centra] sensing axis 36 in the plane of sensing elements 32 and
35(1)-35(7), ie., independent of the direction of movement of the object in a
plane orthogonal to the sensing axis.

Referring to Fig. 3, a sensor 50 js illustrated with an inner circular sensing
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includes a timing diagram illustrating output signals represented as (a), (b),
and (c) when an object 56, such as a gear tooth, crosses sensing elements 52
and 54. Signals (a) and (b) illustrate the response of sensing elements 54 and
52, respectively. Signal (c), which is a difference of signals (a) and (b),
indicates when a transition occurs. The assembly thus has circuity for
receiving signals (a) and (b) and for providing signal (c) in response.

As object 50 moves across the two sensing elements, a signal referred to
here as STEP also moves across. Signal (a) begins to increase as soon as the
transition reaches the outer perimeter of sensing element 54 at time t1, and
then ramps to its respective maximum value at time t5 as signal STEP passes
over all of sensing element 54 (and assuming that the stepped-up portion of
the object is over the entire sensor). As signal STEP reaches sensing element
52, signal (b) begins to increase at time t2 and reaches its maximum value at
time t4, where it stays until a next transition in the object. Difference signal
(c) begins to rise at time t1, rises until a time between times t2 and t3, and
then declines until it reaches a zero crossing at time t3 when STEP is midway
across sensing element 52. Sensing elements 52 and 54 and the applied
currents are designed and calibrated to have a zero crossing when the step is
at the center of sensor 50.

The circuitry thus provides a second spatial derivative of the passage of a
spatial change in the magnetic field, with the change being sensed along the
sensing axis, independent of the direction of movement of the object over the
sensor in a plane orthogonal to the sensing axis.

Referring to Fig. 4, in another embodiment of the present invention, a
sensor 60 is formed in two layers, each of which has a sensing element that is
preferably circular. In this embodiment, an inner sensor §2 is formed in an
upper layer 64 that would typically be closer to the object whose position is
being sensed; and an outer $ensor 66 is formed in a lower layer 68 and is also
preferably circular. The periphery of outer sensor 66 forms a concentric ring
with respect to inner sensor 62, but has a diameter that is larger than that of
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sensor 62. The orientation is thus independent of a rotational position
relative to a sensing axis 65.

As an object passes over sensor 60, the object is first sensed only by outer
sensor 66, then by both sensors, then only by outer sensor 46 again. The
signals are combined appropriately to determine the zero crossing of the
second spatial derivative of the spatial change of the magnetic field, caused by
the movement of the object passing over the sensor. The zero crossing
indicates when the object passes the center of the sensor. While not shown in
detail here, these sensors can be Hall-effect sensors with contacts as shown in
Fig. 2 for input current, ground, and voltage outputs. While shown as
circular, the sensing elements could have other shapes as shown below.

Referring to Fig. 5, a sensing unit 72 for sensing the position of an object
such as a gear tooth 75 s €asy to position because the sensor in the sensing
unit need not be oriented in any particular rotational orientation in a plane
perpendicular to a sensing axis 70. Sensing unit 70 has a housing 74 with
threaded sides that allow it to be screwed into a support structure 76. The
sensing unit is simply screwed into support structure 76 until jt is in a desired

position. The sensing unit can be held in the desired position with a locking

circuity; a mounting device 86, such as a Plate; and a source 80 of a magnetic

field, such as a permanent magnet. One or more leads 82 are provided to

shown as a circular element and a circular ring, respectively, the elements
could have other shapes, such as a polygon and a polygonal annulus, eg.,a
Square and a square ring as shown in Fig. 6, or a pentagon with a pentagonal
ring as shown in Fig. 7. An odd number of Sectors is preferable, however, to

Prevent the occurrence of a space in which the sensed signal is unchanged. In
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these embodiments, the sensor need not be oriented in a Plane orthogonal to
the sensing axis.

In one embodiment, the outer element has an outer diameter in the range of
400 to 800 microns, while the inner element has a diameter of 200 to 400

microns.

and outer sensors have been shown with the same type of perimeter, other
arrangements could be used; e.g., a square inner sensor could be surrounded
by a circular annular group of outer sensors.

What is claimed js:
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Claims
1. A magnetic sensing assembly comprising:
a first sensor for sensing a magnetic field; and
a second sensor for sensing a magnetic field, the second sensor near the
first sensor and surrounding the first sensor such that the se

can sense an object regardless of a rotational orientati
assembly in one plane.

nsing assembly

on of the sensing

10
2. The sensing assembly of claim 1, wherein the first sensor is circular
and the second sensor is in the shape of a circular ring.

3. The sensing assembly of claim 1, wherein the first sensor is in the

shape of a regular polygon and the second senso
polygonal ring.

15 r is in the shape of a

4. The sensing assembly of claim 1, wherein the second sensor includes

2 number of separate sensing elements electrically connected together.
20

5. The sensing assembly of claim 1, wherein the fir

st and second
sensors are Hall-effect sensors.

6. The sensing assembly of claim 1, wherein the first sensor is formed
25  in a first layer of material and the first sensor is formed in a second layer of
material, with the first and second layers abutting each other
7. The sensing assembly of claim 1, further comprising a source of a
magnetic field and a housing enclosing the first and second sensors and the
30

Source, the support body including means for

connection to a support
Structure.
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8. The sensing assembly of claim 7, wherein the connection means
includes a threaded portion of the housing, the housing being rotatably
movable with respect to the support structure.

9. The sensing assembly of claim 1, wherein the first and second
Sensors provide respective first and second output signal, the assembly further
including circuitry for taking a difference between the first and second output
Sensors to produce a difference signal that changes as the second spatial

derivative of the Passage of a spatial change of a magnetic field.
10.  The sensing assembly of claim 1, further comprising:

a source of a magnetic field; and

a housing for supporting the source and the sensor.

to the sensitive axis.
12.  The sensor of claim 11, wherein the two sensing elements provide

respective first and second output signal, the sensor including circuitry for

taking a difference between the first and second output sensors to produce a

sensing axis of the system.

13.  The sensor of claim 11, further comprising a source of a magnetic

field, wherein the sensor is housed in a housing along with the source.

14. The sensor of claim 13, wherein the sensor has a threaded portion for
attachment to a support structure.
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