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MAGNETIC ENCODER FOR PRODUCING AN INDEX SIGNAL

BACKGROUND

[0001] The present invention relates to magnetic encoders, and more particularly to

magnetic encoders for producing an index signal.
SUMMARY

[0002] In one embodiment, the invention provides a magnetic encoder with a high
resolution track including a plurality of North/South pole pairs defining a plurality of pole
junctions, and a reference track including a North/South pole pair defining a North/South
pole junction aligned with a first pole junction of the high resolution track, and a South/North
pole junction aligned with a second pole junction of the high resolution track. Only a single
pole junction of the high resolution track is positioned between the first and second pole

junctions of the high resolution track.

[0003] The invention also provides a magnetic encoder having a high resolution track
including a plurality of North/South pole pairs defining a plurality of pole junctions, and a
reference track including a North/South pole pair defining a North/South pole junction and a
South/North pole junction. The plurality of pole junctions of the high resolution track
includes consecutive first, second, and third pole junctions. The first pole junction is aligned
with the North/South pole junction of the reference track, the third pole junction is aligned
with the South/North pole junction of the reference track, and the second pole junction is

between the first and third pole junctions.

[0004] The invention also provides a magnetic encoder having a high resolution track
including a plurality of North/South pole pairs defining a plurality of pole junctions, and a
reference track including at least one North/South pole pair. One of the poles of the at least
one North/South pole pair of the reference track has a shorter length than the other. The
encoder detects signals at a select number of position indicator locations corresponding to
select pole junctions of the high resolution track, and the length of the shorter pole of the at
least one North/South pole pair of the reference track is sized to encompass only a single one

of the position indicator locations to thereby define an index pulse.

[0005] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Fig. 1 is a schematic representation of a circular-track magnetic encoder

embodying the invention.

[0007] Fig. 2 is a graphical representation of the signals generated by the encoder of Fig.
1.

[0008] Fig. 3 is a graphical representation of a linear-track magnetic encoder embodying

the invention.

[0009] Fig. 4 is a graphical representation of another circular-track magnetic encoder

embodying the invention.

[0010] Fig. 5 is a graphical representation of another linear-track magnetic encoder

embodying the invention.
DETAILED DESCRIPTION

[0011] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced

or of being carried out in various ways.

[0012] Fig. 1 illustrates a magnetic encoder 10 of the present invention. The encoder 10
includes a high resolution track 14 including a plurality of North/South pole pairs 18. The
pole pairs 18 define a plurality of pole junctions, including North/South pole junctions 22 and
South/North pole junctions 26. In the illustrated embodiment, the pole pairs 18 are all the
same size, but this need not be the case. The number of pole pairs 18 and resulting pole

junctions 22, 26 can vary from that shown in Fig. 1.

[0013] The illustrated encoder 10 further includes a reference track 30 fixed relative to
the high resolution track 14 and including only a single North/South pole pair 34 defining a
single North/South pole junction 38 and a single South/North pole junction 42. The pole pair
34 includes a shorter pole and a longer pole. The shorter pole of the single North/South pole

pair 34 (the South pole in the illustrated embodiment) has an angular span that is equal to the
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angular span of one of the North/South pole pairs 18 of the high resolution track 14 (e.g.,
14.4 degrees in the illustrated embodiment). The phrase “angular span,” as used herein and
in the appended claims refers to the angular length or length dimension of the referenced pole
or pole pair as measured relative to the center point C. While the illustrated embodiment
shows the South pole of the pole pair 34 being shorter (i.c., having a shorter angular span)
than the North pole, in other embodiments, the North pole could be the shorter pole of the
pole pair 34 and the South pole could have the longer length. Additionally, while the
reference track 30 is illustrated as being radially inside the high resolution track 14, it is to be
understood that the reference track 30 could alternatively be positioned radially outside of the
high resolution track 14. Additionally, while the high resolution track 14 and the reference
track 30 are illustrated as being formed as concentric circles, in other embodiments, the tracks
14, 30 could be formed as linear tracks arranged parallel to one another (see Fig. 3 — like
parts have been given like reference numbers plus the prime () symbol). The same
relationships already mentioned above and further described below for the circular-track
encoder 10 would be maintained for a linear-track encoder 10’ except that “angular spans” or
“angular lengths” would simply be converted to “linear lengths.” Both “angular lengths” and
“linear lengths” ultimately define length dimensions of the poles. Additionally, when
converted to a linear track 30°, the pole pair 34’ is embodied as a South pole embedded in a
larger North pole such that there will be one pole (the South pole in Fig. 3) surrounded by the
other pole (the North pole on both sides of the South pole in Fig. 3).

[0014] The tracks 14, 30 of the encoder 10, while illustrated as being completely separate
from one another, are typically formed on a single piece of magnetizable material. The
separate tracks 14, 30 are created using tooling and known techniques to magnetize the

material to form the tracks 14, 30.

[0015] The encoder 10 further includes a sensor chip 50 positioned over and spaced from
the tracks 14, 30. A high resolution sensor 54, which can take the form of a string or array of
sensors (e.g., Hall sensors), is positioned over the high resolution track 14. A reference
sensor 58, which can take the form of a string or array of sensors (e.g., Hall sensors), is

positioned over the reference track 30.

[0016] The encoder 10 outputs signals (see Fig. 2) based on relative movement between
the sensor chip 50 and the tracks 14, 30 (e.g., rotation for the concentric-track encoder 10, or

translation for a linear-track encoder 10”). The track configurations of the invention provide
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for the generation of an index signal or pulse that indicates a reference or index position of
the tracks 14, 30. For example, when the tracks 14, 30 are positioned on a rotating target
wheel to rotate with the target wheel, the single index position could be indicative of a
desired angular position, such as top-dead-center, bottom-dead-center, or another significant

position.

[0017] Figure 2 is a graphical representation of the signals generated by the encoder 10.
The horizontal axis represents angular position 0 of the tracks 14, 30, while the vertical axis
represents a voltage V associated with each of the sensors 54, 58 on the chip 50. The line 62
represents the signal from the high resolution track 14 (as detected by the high resolution
sensor 54), while the line 66 represents the signal from the reference track 30 (as detected by
the reference sensor 58). Figs. 1 and 2 have been labeled with corresponding position
indicators P1, P2, P3, P4, and P5 to facilitate correlation of the track positions to the

generated signals.

[0018] Referring to the signal 62 generated by the high resolution track 14, it can be seen
that the voltage changes from positive to negative at each North/South pole junction 22, and
changes from negative to positive at each South/North pole junction 26. In the illustrated
arrangement, a South pole generates a negative voltage reading, while a North pole generates
a positive voltage reading. In other embodiments, the positive and negative voltages
associated with the polarities can be reversed. Referring to the signal 66 generated by the
reference track 30, it can be seen that the voltage changes from positive to negative at the
North/South pole junction 38, and changes from negative to positive at the South/North pole

junction 42.

[0019] The sensors 54, 58 detect voltages or voltage crossovers at each South/North pole
junction 26 (at each position indicator P1, P2, P3, P4, P5, etc.) along the high resolution track
14, and detect an index signal or pulse at position indicator P3, because this location is the
only position indicator location over the entire 360 degrees of rotation in which the voltage of
the reference signal 66 is less than the voltage of the high resolution signal 62. In other
embodiments, the position indicators could be located at each pole junction (22 and 26)
instead of only at every other pole junction (22 or 26). The sensor chip 50 compares the
voltage values of the high resolution signal 62 and the reference signal 66 at each position
indicator or South/North pole junction 26 of the high resolution signal 62 to discern when the

index pulse is generated. In embodiments in which the voltage values associated with the
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polarities are reversed, the index signal could be the only position over the entire 360 degrees
of rotation in which the voltage of the reference signal 66 is more than the voltage of the high
resolution signal 62. In other words, the signal 66 from the reference track creates a single
outlier or anomaly in relation to the signal 62 from the high resolution track 14 that can be

detected by the circuitry as the index signal or pulse.

[0020] More specifically, the high resolution track 14, at each position indicator P1, P2,
P3, P4, and P5, defines a South/North pole junction 26 that correlates to a voltage crossover
point (i.e., where V=0) from negative to positive. Likewise, the high resolution track 14, at
cach North/South pole junction 22 between the position indicators P1, P2, P3, P4, and PS5,
correlates to a voltage crossover point from positive to negative. The position indicators P1,
P2, P4, and P5 are all within the angular span of the North pole of the reference track 30,
correlating to a positive voltage value for the reference signal 66. Only the position indicator
P3 is within the single South pole of the reference track 30, correlating to a negative voltage
value for the reference signal 66. Only at position P3 is the value of the reference signal 66
less than the zero value at the voltage crossover of the high resolution signal 62. Therefore,
the chip 50 generates an index signal or pulse at a location relative to the tracks 14, 30

coinciding with the position indicator P3.

[0021] The specific pole pair arrangements of the high resolution track 14 and the
reference track 30 make possible this capability of creating the single index signal at position
indicator P3. Specifically, high resolution track 14 includes first, second, and third
consecutive pole junctions designated as 82, 84, and 86, respectively (the pole junctions 82,
84, and 86 are three of the plurality of pole junctions 22, 26 of the high resolution track 14).
The first pole junction 82 is aligned with the North/South pole junction 38 of the reference
track 30, the third pole junction 86 is aligned with the South/North pole junction 42 of the
reference track 30, and the second pole junction 84 is between the first and third pole
junctions 82, 86. As used herein and in the appended claims, the term “aligned” means that
the reference pole junctions are at the same angular position relative to the center point C for
the illustrated concentric track arrangement. In an alternative embodiment in which the
tracks are formed as linear tracks arranged parallel to one another (see Fig. 3), the term
“aligned” means that the referenced pole junctions are co-linear with one another. This
relationship would also hold true if the North pole of the reference track 30 were the shorter
pole.
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[0022] To describe the relationship in another way, the single North/South pole junction
38 of the reference track 30 is aligned with a first pole junction 82 of the plurality of pole
junctions 22, 26 of the high resolution track 14, and the single South/North pole junction 42
of the reference track 30 is aligned with a second pole junction 86 of the plurality of pole
junctions 22, 26 of the high resolution track 14. Only a single pole junction 84 of the high
resolution track 14 is positioned between the pole junctions 82 and 86 of the plurality of pole
junctions 22, 26 of the high resolution track 14. All three pole junctions 82, 84, and 86 are
therefore aligned with the shorter pole of the reference track 14 (i.c., the South pole in the
illustrated embodiment). To state it yet another way, only a single pole junction 84 of the
high resolution track 14 is positioned completely within the angular span between the
North/South pole junction 38 and the South/North pole junction 42 of the reference track 30.
There are no other pole junctions of the high resolution track 14 positioned within the angular
span defined by the South pole (i.c., the shorter pole) of the single pole pair 34 of the
reference track 30. The single pole junction 84 coincides with position indicator P3 and

defines the index pulse.

[0023] The illustrated encoder 10 of the present invention provides an index pulse that is
twice as wide (i.e., has twice the wavelength) as index pulses created in prior art encoders.
The wider index pulse created by the encoder 10 means that a larger air gap can be used
between the sensors 54, 58 and the tracks 14, 30. This is because the larger index pulse
produces a magnetic field that extends farther from the tracks 14, 30 toward the sensor chip

50 than magnetic fields produced by narrower index pulses.

[0024] The track arrangement of the encoder 10 works well when the tracks 14, 30 can be
spaced from one another and the sensors 54, 58 can also be spaced from one another on the
sensor chip 50 such that the large, single North/South pole pair 34 of the reference track 30
does not cause interference between the generated signals. The track arrangement is also
simplified relative to other encoders that have smaller and more complex configurations of
pole junctions used to generate an index signal. This facilitates manufacture of the encoder

10, allowing the use of larger tooling.

[0025] The above discussion generally describes the encoder 10 illustrated in Fig. 1,
however, those skilled in the art will contemplate and understand other embodiments and
configurations falling within the scope and breadth of the present invention. For example,

while the index pulse illustrated in Fig. 2 is twice the wavelength of the high resolution signal
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62, it should be understood that the index pulse could be narrowed or widened somewhat and
still provide the desired index pulse. Specifically, to narrow the index pulse, the angular span
of the South pole of the illustrated single pole pair 34 of the reference track 30 could be
shortened (or alternatively the angular span of the pole pairs 18 of the high resolution track

14 could be lengthened) such that one or both of the pole junctions 82 and 86 were no longer
aligned with the respective pole junctions 38, 42 of the reference track 30. As long as the
pole junction 84 corresponding to position indicator P3 remains within the angular span of
the South pole (i.e., the shorter pole) of the single pole pair 34 and angularly between the pole
junctions 38 and 42, the index signal will still be generated at position indicator P3 because
the voltage of the reference signal would still be less than the zero voltage of the high

resolution signal at pole junction 84.

[0026] Likewise, to widen the index pulse, the angular span of the South pole of the
illustrated single pole pair 34 of the reference track 30 could be lengthened (or alternatively
the angular span of the pole pairs 18 of the high resolution track 14 could be shortened) as
long as the reference signal voltage was only less than the high resolution signal at position
indicator P3. In other words, the index pulse could be widened to a point just before the
reference signal voltage dropped below the high resolution voltage at one or both of the
position indicators P2 and P4. In yet other embodiments, it is contemplated that the circuitry
could be modified to discern an index pulse upon detection of two or three consecutive
position indicators (e.g., P2, P3, and P4) at which the reference signal is less than the high

resolution signal.

[0027] In a further modification falling within the scope of the invention, the encoder
could include 2 or more index pulses, typically being equally spaced about 1 revolution of the
encoder. The same principles shown and described above using only the single North/South
pole pair 34 of the reference track 30 could be implemented with two, three, four, or any
desired number of North/South pole pairs on a reference track. In one application for a
brushless DC motor, the encoder could have four index pulses by incorporating four
North/South pole pairs on the reference track 30. Fig. 4 illustrates such an embodiment, with
like parts given like reference numbers plus the double-prime () symbol. The same
correlations between the pole pairs 18” and pole junctions 22, 26” of the high resolution
track 14” and the pole junctions 38 and 42” of each pole pair on the reference track are

repeated in four angular locations of the modified encoder 10” to provide four index pulses.
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In that regard, each North/South pole pair 34 on the reference track 30” has one pole (e.g.,
the South pole) with a shorter angular span (i.e., shorter length) than the other pole (e.g., the
North pole) of the pole pair 34”, and the angular span of that shorter pole encompasses only a

single one of the position indicator or detection locations of the high resolution track 14”.

[0028] Fig. 5 illustrates a linear-track encoder embodiment 10 corresponding to the
encoder 10” of Fig. 4. Like parts are given like reference numbers plus the triple-prime ()

symbol.

[0029] It should also be recognized that while the illustrated embodiments illustrate one
possible configuration of North and South poles, all of the North poles could be changed to
South Poles and all of the South poles could be changed to North poles without deviating
from the scope of the invention. As used herein and in the appended claims, any reference to
a North/South pole pair does not require any specific orientation (i.c., which pole is
first/second or left/right in the pair). Furthermore, as used herein and in the appended claims,
any reference to both a North/South pole junction and a South/North pole junction of a given
North/South pole pair simply refers to two adjacent pole junctions defined by the pole pair,
without requiring any specific orientation of the pole pair (i.c., which pole is first/second or

left/right in the pair).

[0030] Various features and advantages of the invention are set forth in the following

claims.
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CLAIMS

What 1s claimed is:

1. A magnetic encoder comprising;:
a high resolution track including a plurality of North/South pole pairs defining
a plurality of pole junctions; and
a reference track including a North/South pole pair defining a North/South
pole junction aligned with a first pole junction of the high resolution track, and a South/North
pole junction aligned with a second pole junction of the high resolution track;
wherein only a single pole junction of the high resolution track is positioned

between the first and second pole junctions of the high resolution track.

2. The magnetic encoder of claim 1, wherein a signal generated by the encoder at
a location of the single pole junction of the high resolution track positioned between the first

and second pole junctions defines an index pulse.

3. The magnetic encoder of claim 1, wherein one of the poles of the North/South

pole pair of the reference track has a shorter length than the other pole.

4, The magnetic encoder of claim 3, wherein the reference track is circular, and

wherein the length of each pole on the reference track defines an angular span.

5. The magnetic encoder of claim 3, wherein the reference track is linear, and

wherein the length of each pole on the reference track defines a linear length.

6. The magnetic encoder of claim 3, wherein the encoder detects signals at a
select number of position indicator locations corresponding to select pole junctions of the
high resolution track, and wherein the length of the shorter pole of the North/South pole pair
of the reference track is sized to encompass only a single one of the position indicator

locations to thereby define an index pulse.
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7. The magnetic encoder of claim 1, wherein the North/South pole pair of the
reference track is the only North/South pole pair on the reference track, wherein the
North/South pole junction aligned with the first pole junction of the high resolution track is
the only North/South pole junction on the reference track, and wherein the South/North pole
junction aligned with the second pole junction of the high resolution track is the only

South/North pole junction on the reference track.

8. The magnetic encoder of claim 1, wherein the reference track includes two or

more North/South pole pairs, each pair having a shorter pole and a longer pole.

9. The magnetic encoder of claim 1, wherein the reference track includes four

North/South pole pairs, each pair having a shorter pole and a longer pole.

10
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10. A magnetic encoder comprising:

a high resolution track including a plurality of North/South pole pairs defining
a plurality of pole junctions; and

a reference track including a North/South pole pair defining a North/South
pole junction and a South/North pole junction;

wherein the plurality of pole junctions of the high resolution track includes
consecutive first, second, and third pole junctions; and

wherein the first pole junction is aligned with the North/South pole junction of
the reference track, the third pole junction is aligned with the South/North pole junction of

the reference track, and the second pole junction is between the first and third pole junctions.

11.  The magnetic encoder of claim 10, wherein a signal generated by the encoder

at the second pole junction defines an index pulse.

12.  The magnetic encoder of claim 10, wherein one of the poles of the
North/South pole pair of the reference track has a shorter length than the other pole, and
wherein the consecutive first, second, and third pole junctions are aligned with the shorter

pole of the reference track.

13. The magnetic encoder of claim 12, wherein the reference track is circular, and

wherein the length of each pole on the reference track defines an angular span.

14, The magnetic encoder of claim 12, wherein the reference track is linear, and

wherein the length of each pole on the reference track defines a linear length.

15.  The magnetic encoder of claim 10, wherein the North/South pole pair on the

reference track is the only North/South pole pair on the reference track.

16.  The magnetic encoder of claim 10, wherein the North/South pole pair on the

reference track is one of two or more North/South pole pairs on the reference track.

11
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17. A magnetic encoder comprising;:

a high resolution track including a plurality of North/South pole pairs defining
a plurality of pole junctions; and

a reference track including at least one North/South pole pair, one of the poles
of the at least one North/South pole pair of the reference track having a shorter length than
the other;

wherein the encoder detects signals at a select number of position indicator
locations corresponding to select pole junctions of the high resolution track; and

wherein the length of the shorter pole of the at least one North/South pole pair
of the reference track is sized to encompass only a single one of the position indicator

locations to thereby define an index pulse.

18. The magnetic encoder of claim 17,

wherein the plurality of pole junctions of the high resolution track includes
consecutive first, second, and third pole junctions;

wherein the at least one North/South pole pair of the reference track defines a
North/South pole junction and a South/North pole junction; and

wherein the first pole junction is aligned with the North/South pole junction of
the reference track, the third pole junction is aligned with the South/North pole junction of
the reference track, and the second pole junction is between the first and third pole junctions

and coincides with the position indicator location defining the index pulse.

19. The magnetic encoder of claim 17, wherein the reference track is circular, and

wherein the length of each pole on the reference track defines an angular span.

20. The magnetic encoder of claim 17, wherein the reference track is linear, and

wherein the length of each pole on the reference track defines a linear length.
21.  The magnetic encoder of claim 17, wherein the reference track includes two or

more North/South pole pairs, each pair having a shorter pole sized to encompass only a single

one of the position indicator locations to thereby define an index pulse.

12
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22.  The magnetic encoder of claim 17, wherein the reference track includes four
North/South pole pairs, each pair having a shorter pole sized to encompass only a single one

of the position indicator locations to thereby define an index pulse.

13
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