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{s7] ABSTRACT

Magnetic poles are provided continuously with a pitch
A on the peripheral portion of a drum rotated in accor-
dance with a movement of a moving body. A magnetic
sensor is provided in opposition to these poles. The
sensor is formed of two magnetoresistive element pairs
which are spaced from each other at A/6, and the two
elements in each pair are arranged in positions spaced
from each other at A/2. The two elements in each pair
are connected in series to form a bridge circuit. The
signals obtained from the nodes of the series-connected
elements in the two element pairs are differentially am-
plified so that third harmonic wave components are
eliminated, and a signal having no distortion and repre-
sentative of the position or speed of the moving body
can be obtained.

14 Claims, 8 Drawing Sheets

A K )| K
Z }
{ {
I 5]
Rar_ | ~ Riz 3
Rt 4 [/l_/-Rzz
L IR

%——4




U.S. Patent Nov. 16, 1993 Sheet 1 of 8 Re. 34,443

N
R

| — Rz 3
Rn_,q l_/-Rzz
4 1




U.S. Patent Nov. 16, 1993 Sheet 2 of 8 Re. 34,443

FIG. 3
Rn Rzz%j:\zz J&N—
v 7
T o
| Ru% Rn% O Ra  OPA

FIG. 4
RESISTANCE
-H H
— 0  INTENSITY OF
z N MAGNETIC FIELD
Z

oo

- ) i

/ g@%ETIC
\

SIS

/



U.S. Patent Nov. 16, 1993 Sheet 3 of 8 Re. 34,443

FiG. 5a | A2TT)

|




U.S. Patent Nov. 16, 1993 Sheet 4 of 8
FIG. 6
A—|—p8
w gl
‘é’ c
=5
32
AR GAP
FiG. 7
R Rn% i -——\%\f—
Ri2
v N—LW. >_7
Rit
|~ e £ e

Re. 34,443



U.S. Patent Nov. 16, 1993 Sheet 5 of 8 Re. 34,443

FIG. 8




U.S. Patent Nov. 16, 1993 Sheet 6 of 8 Re. 34,443

(1. 1o\
FiG. 117 A
L NIN sls N[N }
3
JRn /Ru VRZI L_/Rzz
&
Ao Mo
(1+ T\
FIG. 12 A
: L N[N ss N[N 1
<
/Rn /Ru Ra L_/Ra 3
~4
M Mo
a-Tn




U.S. Patent Nov. 16, 1993 Sheet 7 of 8 Re. 34,443

FIG. 13
A2m)

) NN sis N]N i
RR?ﬂ- . R12 E
N (TR,

~
"/9/‘;“" e .

FIG. 14




U.S. Patent

FIG.
FIG.

FIG.

FIG.

FIG.

FIG.
FIG.

FIG.

FIG.

FIG.

Nov. 16, 1993

Sheet 8 of 8

Re. 34,443



Re. 34,443

1

APPARATUS MAGNETICALLY DETECTING
POSITION OR SPEED OF MOVING BODY
UTILIZING BRIDGE CIRCUIT WITH SERIES
CONNECTED MR ELEMENTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This invention relates to an apparatus for magneti-
cally detecting the position or speed of a moving body
by using a magnetoresistive element, and more particu-
larly to an apparatus for obtaining a sine wave output
signal for detecting the position or speed of a moving
body.

This invention can be applied to a rotationally mov-
ing body, a linearly moving body and a sinuously mov-
ing body. '

Namely, this invention is directed to an apparatus for
detecting the angle of rotation of various types of rotary
shafts, to say nothing of the angle of rotation and speed
of, for example, a motor. The apparatuses, to which the
present invention can be applied to detect the position
or speed of a linearly moving body, include a position
detector in a printing head of a printer and a head of a
magnetic disc drive. Generally speaking, the present
invention can be utilized widely for a speed controlling
apparatus or various types of positioning apparatus.

2. Description of the Related Art:

An apparatus for detecting the position and angle of
g moving body by using a magnetoresistive element
(which will hereinafter be referred to as a MR element)
which is adapted to sense magnetism and cause varia-
tion in the internal electric resistance thereof is well
known. The invention disclosed in U.S. Pat. No.
4,319,188 is also an example of an apparatus for detect-
ing the angle of a moving body by using a MR element.
The internal electric resistance of a MR element varies
depending upon the intensity of a magnetic field work-
ing thereon. Therefore, when the air gap between a MR
element and a magnetic medium having a plurality of
magnetic poles and moving as it is opposed to the MR
element varies, an output signal of the MR element also
varies based on the variation of the internal electric
resistance. For example, the true circularity of a rotary
magnetic medium cannot be obtained even if the mag-
netic medium is manufactured with the highest possible
accuracy. The magnetic medium also has unbalanced
mass and causes the rotary system to have play and
eccentricity. Consequently, when the magnetic medinm
is rotated, the air gap varies in each turn thereof to
cause an output signal from the MR element to be dis-
torted.

In order to obtain a high-level output signal from a
MR element, the air gap mentioned above must be re-
duced. However, if the air gap is reduced excessively,
the MR element is magnetically saturated to cause its
output waveform to be largely distorted, so that the
output waveform becomes dissimilar to a sine’ wave-
form. Namely, in general, a magnetic sensor utilizing a
MR element has the following characteristics. When
the originally narrow air gap varies slightly the output
amplitude does not vary but the output waveform is
distorted due to the magnetic saturation. Conversely,
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2
when the air gap is originally wide the waveform of an
output from the sensor is not distorted but the output
amplitude varies when the air gap varies.

Thus, when an attempt in obtaining a high-level out-
put from a known angle detector utilizing the MR ele-
ment is made, an output, the waveform of which is
distorted, is obtained and an output of a sine waveform
is not. When an attempt in obtaining an output signal of
a sine waveform having no distortion is made, a high-
level output signal cannot be obtained.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
apparatus for magnetically detecting the position or
speed of a moving body, which is capable of obtaining
an output signal of a sine waveform containing no major
higher harmonics and having no distortion even when
the air gap between a magnetic medium and a magnetic
sensor is reduced.

A feature of the present invention resides in the ar-
rangement of MR elements constituting a magnetic
sensor, which is capable of eliminating the major higher
harmonics by which the waveform of an output signal is
distorted. Namely, the feature of the present invention
resides in an apparatus for magnetically detecting the
relative position or speed of moving and stationary
bodes, consisting of a magnetic medium provided in
cither a moving body or a stationary body, a plurality of
magnetic poles arranged successively with a predeter-
mined pitch on the magnetic medium, a plurality of MR
elements which are provided on the other of the mov-
ing body and stationary body so as to be opposed to the
magnetic medium, and which is adapted to sense a mag-
netic field generated by the magnetic poles and thereby
cause the electric resistance thereof to vary, and an
output circuit connected electrically to the MR ele-
ments and adapted to convert the variations in the elec-
tric resistance of each MR element into an electric sig-
nal which is outputted as a signal representative of the
relative position or speed of the moving and stationary
bodies, the MR elements forming a plurality of MR
element pairs each of which consists of two MR ele-
ments, the distance between the two MR elements in
each MR element pair and the distance between adja-
cent MR element pairs being determined so that the
electric signals based on the variations of electric resis-
tance of the MR elements are generated s0 as to offset
the major higher harmonic with each other, which are
contained in the electric signals, by synthesizing the
same electric signals.

According to the present invention, even when the
air gap between the magnetic medium and magnetic
sensor varies to such a small range that causes magnetic
saturation to occur in the magnetic sensor, the distor-
tion of an output signal waveform due to the magnetic
saturation can be eliminated. Since the distortion of an
output signal waveform due to the magnetic saturation
can be eliminated, it is possible to increase the amplitude
of an output signal by reducing the air gap between the
magnetic medium and magnetic sensor in advance. The
present invention capable of obtaining an output signal
of a large amplitude having no distortion in the wave-
form thereof enables an apparatus, which has high accu-
racy and resolution, for magnetically detecting the posi-
tion or speed of a moving body to be provided.
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BRIEF OF THE DRAWINGS

FIG. 1 is a schematic diagram of an embodiment of
the apparatus for magnetically detecting the position or
speed of a moving body according to the present inven-
tion;

FIG. 2 is an expansion plan of an example of the
arrangement of MR elements (two MR element pairs
are used in this example) which constitute a magnetic
sensor in the apparatus of FIG. 1;

FIG. 3 illustrates an example of the connection of
MR elements constituting the magnetic sensor FIG. 2;

FIG. 4 is a graph illustrating the characteristics of a
MR element; :

FIGS. 5a-5b illustrate the operations of and the’

waveforms of outputs from various parts of the mag-
netic sensor of FIGS. 2 and 3, for making the operation
of the sensor as a whole understood;

FIG. 6 is a graph showing the relation between an air
gap in the apparatus and the amplitude of an output
signal;

FIG. 7 illustrates another example of the connection
of MR elements constituting the magnetic sensor of
FIG. 2;

FIG. 8 illustrates still another example of the connec-
tion of MR element constituting the magnetic sensor of
FIG. 2;

FIGS. 9a-9c illustrated the operations of and the
waveforms of outputs from various parts of the mag-
netic sensor of FIG. 8, for making the operation of the
sensor as a whole understood;

FIGS. 10 to 12 show some modified examples of the
connection of MR elements constituting the magnetic
sensor of FIG 2;

FIG. 13 shows a further example of the arrangement
of MR elements (three MR element pairs are used in this
example) which constitute the magnetic sensor of FIG.

FIG. 14 illustrates an example of the connection of
MR elements constituting the magnetic sensor of FIG.
13; and

FIGS. 15a-15j illustrate the operations of and the
waveforms of outputs from various parts of the mag-
netic sensor of FIGS. 13 and 14, for making the opera-
tion of the sensor as a whole understood.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will now be
described with reference to FIGS. 1to §.

FIG. 1 shows the construction of an embodiment of
the detecting apparatus according to the present inven-
tion, in which a rotary drum 2 is mounted fixedly on a
rotary shaft 1 which is rotated by a movement of a
moving body with a magnetic medium 3, which has
magnetic signals recorded with magnetic poles N and S
of a pitch A provided at the outer circumferential por-
tion of the rotary drum 2.

The magnetic medium 3 in this embodiment consists
usually of magnetic powder solidified with a resin, and
magnetic poles 31 fixed magnetically to the solidified
body. This magnetic medium 3 may consist of a plural-
ity of permanent magnets arranged in order. A mag-
netic sensor 4, in which MR elements are arranged at
predetermined intervals, is fixed in opposition to the
magnetic medium 3 with a clearance lg provided there-
between. Reference numeral 41 denotes a substrate, on
which the MR elements are fixed, of the sensor.
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The concrete relation between the magnetic medium
3 and magnetic sensor 4 in FIG. 1 is shown in expansion
plan in FIG. 2. The magnetic poles 31 are recorded with
a recording pitch A on the recording medium 3. The
magnetic sensor 4 consists of two MR element pairs, a
first pair of which is composed of elements Ry, Ry2,
and a second pair of which is composed of elements Ry,
R22. The elements Ryy, R2) are spaced at A/6, the ele-
ments Ry, Rj2at A/2, and the elements R13, Ry at A/6.
Accordingly, the distance between the elements Ry,
Rz is also A/2.

These MR elements are bridge-connected as shown
in FIG. 3. The MR elements Ry;, Rj3, and the MR
elements Ry2, R21, which are series-connected, respec-
tively, are connected in parallel with each other to a
power source, to which MR element pairs a voltage V
is applied. The output terminals Oj, O of the bridges
are connected to the positive and negative input termi-
nals of a differential amplifier OPA through resistors
Ri, Rp. A resistor Ryis a feedback resistor. Accord-
ingly, the outputs obtained from the output terminals
01, Oz of the bridges are amplified differentially by the
differential amplifier OPA, and an output representative
of a detected position appears at an output terminal O,

The electric resistance of each MR element on the
magnetic sensor 4 varies with respect to the intensity of
a magnetic field, the MR element being made by form-
ing a film of a ferromagnetic material, such as NiFe and
NiCo on the surface of glass by vapor deposition. The
electric resistance of the MR element varies in propor-
tion to the intensity of a magnetic field irrespective of
the direction thereof as shown in FIG. 4 but this varia-
tion becomes saturated at a certain level.

When the rotary drum 2 is rotated to cause the mag-
netic medium 3 to be moved, a magnetic field, which
varies along a sine curve as the input magnetic field of
FIG. 4, is applied to the magnetic sensor 4 on the basis
of the magnetic fields of the magnetic poles 31. As a
result, the resistances of the MR elements Rjy, Rai, Ry,
R;> vary as shown in FIGS. 5a to 5d. In this case, the air
gap between the magnetic medium 3 and magnetic sen-
sor 4 is comparatively small. In the portion in which the
intensity of the magnetic field is small, the resistance of
the MR element decreases in proportion to the intensity
of the magnetic field. However, when a magnetic field
of a high intensity is applied to the magnetic sensor, the
resistances of the MR elements becomes saturated and
the variation thereof decrease. As a result, the resis-
tances of the MR elements Rij, Rz, R12, R vary as
shown in FIGS. 5a to 5d. As apparent from the figures,
the waveforms of the resistance variations of the MR
elements have short flat portions corresponding to the
minimum portions of the resistance. Accordingly, the
output voltages v01, v02 from the output terminals O,
O; of the bridge circuits have distorted signal wave-
forms as shown by solid lines in FIGS. 5e and 5f. — In
this embodiment, one pitch (A) of the magnetic poles 31
corresponds to one cycle of these voltages v01, v02.

An analysis of this waveform shows that each of
these waveforms can be decomposed into a fundamental
wave v011, v021 shown by broken lines, and a third
harmonic v012, v022 as a major harmonic component,
the frequency of which is three times as large as that of
the.fundamental wave, shown by broken lines as well.
The phase difference between the fundamental waves
v011, v021 the phase difference between the third is
2x/3, while harmonics v012, v022 is zero. When these
two waves are added differentially by the differential
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amplifier, the third harmonic components are offset to
become zero, and the fundamental wave components
alone are added to each other, so that a sine wave out-
put v0 shown in FIG. 5g is obtained at the output termi-
nal of the differential amplifier. -

As is clear from the above statement, if the first and
second MR element pairs Ry, Ri2; R2i, Ry are ar-
ranged with A6 with the distances between the first and
second elements Ry, Ray; Ri2, R22in these MR element
pairs kept at A/2, the distortion of an output voltage,
which occurs due to the saturation of the MR elements,
from the magnetic sensor can be offset. The variation of
fundamental wave components with respect to that of
the air gap is as shown by a broken line in FIG. 6. Ac-

cordingly, if the MR elements are used within the range

C, in which the output variation is very small, the out-
put variation with respect to the air gap also becomes
very small.

FIG. 7 shows an example of the connection of MR
elements, in which the MR elements R2;, R22 are con-
nected in the contrary manner as compared with the
corresponding MR elements shown in FIG. 3, whereby
the phase of the voltage v02 at the output terminal O3
becomes opposite to that of the voltage v01. In this
example, the two outputs v01, v02 are added simply to
each other by the differential amplifier OPA to thereby
offset the third harmonic components. Reference letters
Vg denote an offset compensation voltage, which may
be added by dividing a power source voltage V by
resistances.

FIG. 8 shows an example of three-terminal connec-
tion of MR elements, in which the MR elements R,
R21; Rz, R22, which are connected in series, respec-
tively, are further connected in series to a power source
V with an output terminal Og connected to an interme-
diate node as shown in the drawing. The resistance
variations of the MR elements are as shown in FIGS. 5a
to 5d. Accordingly, the resistance of the elements
Ri1+R3;i on the upper side of the three terminal con-
nection varies as shown in FIG. 9a, and the resistance of
Rj2+ Rz on the lower side thereof as shown in FIG. 9b,
so that an output voltage obtained from the output
terminal Og is a sine wave output as shown by a refer-
ence letter v0 in FIG. 9c. An amplifier, which is not
used in this example, may be used in a subsequent stage,
whereby DC components can be removed.

FIGS. 10 to 12 show some examples of arrangement
of MR elements, which examples are obtained by fur-
ther modifying the arrangement of MR elements of
FIG. 2. The methods shown in any of FIGS. 3, 7and 8
of connecting MR elements to form an output circuit
may be employed in these examples.

FIG. 10 shows an example in which the distance
between the elements Ry, Ryz in the first MR element
pair and the distance between the elements Ry, Razin
second MR element pair are set to (1+1/2)A, the rela-
tion between the first elements Ry, Ry and between the
second elements Ry, Ry2 in these MR element pairs
being identical with that in the example of FIG. 2. The
phase of variations of the resistances of the elements
Ry, Riz; Rai, Rz are shifted by 2 A from those of the
variations of the resistances of the corresponding ele-
ments in the example of FIG. 2.

However, since the magnetic signals continue with
the recording pitch A, the waveforms of the elements
R13, Ry are identical with respect to those of the corre-
sponding elements shown in FIG. 5, and these elements
operate in the same way as the MR elements arranged
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6
as shown in FIG. 2. Generally speaking, even if the
distance between the MR elements, Ry, Raj; Rz, Raais
set to {m+4)A, wherein m is an integer, the elements
operate in the same manner.

FIG. 11 shows an example, in which the distances
between the first element Ry, Rz and between the
second elements Ry, Rz in the MR element pairs are
set to {141/6)A, the distances between the elements
Ri1, Rz and between the elements Ry, R22 being equal
to those A/2 between the corresponding elements of
FIG. 2. The phase of variation of resistances of the
elements Rj;, Rz and the phase of variation of resis-
tances of the elements Rz, Ra; are shifted by 2 A from
those of variation of resistances of the corresponding
elements of FIG. 2.

However, since the magnetic signals continues with
the recording pitch A, the waveforms of the elements
R3i, Ra; with respect to those of the elements Rij, R12
are identical with those of the corresponding elements
shown in FIGS. 5a to 5d, and these elements operate in
the same way as the MR elements arranged as shown in
FIG. 2.

FI1G. 12 shows an example, in which the distances
between the first elements Ry, Ry; and between the
second elements Ry, Rz in the MR element pairs are
set to (1—1/6)A, the distances between the elements
Ri1, Ri2and between the elements Ry, R2; being which
is equal to the level shown in FIG. 2. The phase of
variation of the resistances of the elements Ry3, R2; and
that of variation of the resistances of the elements R 3,
Rz in this example is 57/3, while those of variation of
the resistances of the corresponding elements of the
example of FI1G. 2 is /3.

However, since the magnetic signals continue with
the recording pitch A, the phase differences between the
elements Ry, R2;3; Ri2, R2z are 2773, This means that,
with reference to the element Rjz, the phase of the
element Ry is shifted by 7/3, and the relation between
the elements Rjj, Ra; is also considered identical.
Therefore, the difference between the phases of the
voltages v01, v02 at the output terminals O;, O, in FIG.
3 becomes identical with that between the phases of the
voltages v0l, v02 in mutually substituted state, the
waveforms of which are shown in FIG. §, so that the
level of an output vl are representative of a detected
position becomes equal to that of an output from the
example of FIG. 2.

Generally speaking, even if the distances between the
MR elements Rj;, R2; and between the MR elements
Ri2, Ry in the examples of FIGS. 11 and 12 are set to
{(n+1/6)A, wherein n is an integer, the MR elements
operate in the same manner.

The above examples can be summarized as follows.
The MR element pairs R1j, R2); R12; R22 each of which
pairs consists of two MR elements are provided in op-
position to a magnetic medium 3 having magnetic poles
provided successively with a predetermined pitch A. the
two elements in each MR element pairs are arranged
with a distance therebetween set to (m+3)A, wherein m
is an integer, and the two MR element pairs have &
distance therebetween of (n:1/6)\, wherein n is an
integer. These MR elements are connected in the fol-
lowing manner to form an output circuit. Namely, when
a power source voltage is applied to this output circuit,
two pairs of voltages are generated so that the third
harmonic components therein have the same or oppo-
site phases, on the basis of the resistance variation in
each MR element, which occurs in accordance with the
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movement of the magnetic medium 3, and these two
pairs of voltages are synthesized so as to offset the third
harmonic components with each other. Consequently, a
sine output containing no third harmonic wave compo-
nents is obtained from the output circuit formed in this
manner.

In the above mentioned embodiments, there was used
a method, in which two MR element pairs are spaced at
a distance that third harmonic components included in
the output voltages thereof are of the opposite phase to
each other and the output voltages are synthesized to
offset the third harmonic components. The following is
an example of a method of arranging three MR elements

so that the phases of the third harmonic components are .

shifted by 27/3 from one another, and synthesizing the
output therefrom to set the third harmonic components
to zero.

FIG. 13 is an expansion plan of an example of a struc-
ture having magnetic medium 3 and a magnetic sensor
4, for practicing this method. In this example, six mag-
netic resistance elements R, Rz, R21, R23, R31, R3zare
arranged at such intervals that are shown in the drawing
in opposition to the magnetic signals spaced with the
recording pitch A. Namely, the element Ry;is set ? / in
a position A/9 away from the element R ;. The elements
Rz1, Rag; Riz, R22; Rz, R3z are also set in positions A/9
away from each other. The elements Ryy, Rj2; Rai, Raz;
R31, Ra; are away from each other by A/2.

The MR elements thus arranged are connected as
shown—in FIG. 14. Namely, the elements Rjj, Rij;
Rz1, Raz; R3y, Ri; are connected in series. They are
further connected to a power source V, and outputs are
obtained from the respective nodes Oj, Oz, O3. These
three outputs are synthesized and amplified in an ampli-
fier OPA, and an output representative of a detected
position is obtained from an output terminal 00. Refer-
ence symbols R;1, R, R denote input resistors for the
amplifier, Ra feedback resistor, and Vg a voltage for
removing a DC bias voltage of an input.

When a rotary drum 2 is rotated to turn the magnetic
medium 3, the resistances of the MR elements vary. The
variations of the resistances of these MR elements are as
shown in FIGS. 15a to 15f. Accordingly, the voltages
v01 to v03 obtained from the output terminals O; to O3
vary as shown by solid lines v01 to v03 in FIGS. 15g to
15i. If these output voltage signals v01 to v03 are de-
composed into fundamental waves and higher harmon-
ics, the waves shown by broken lines in the drawings
are obtained, which are fundamental waves v011, v021,
v031 and third harmonic waves v012, v022, v032. The
difference between the phases of the fundamental waves
is 277/0. The difference between the phases of the third
harmonic waves v012 to v032 is 2#/3 in terms of elec-
tric angle thereof. Accordingly, when the ? to v03 ob-
tained from the output terminals O; voltages v01 to O»
are added, the third harmonic components becomes
zero, and the remainder consists of synthesized funda-
mental components, a sine wave v0 which is shown in
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In this example, three pairs of MR elements are used.
It is possible to remove third harmonic waves in the
same manner by using k pairs of MR elements which are
spaced from each other by A/3. Generally speaking, if k
pairs of MR elements are arranged in positions spaced
by (n=ik)A, wherein n is an integer, these elements
operate in the same manner as previously mentioned.
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All of -the above examples can be summarized as
follows. k pairs (k is an integer larger than one) of MR
elements, each of which pairs consists of two MR ele-
ments, are provided in opposition to a magnetic medium
having magnetic poles arranged continuously with the
predetermined recording pitch A. The two MR ele-
ments in each pair are arranged in positions spaced at
(m+$)A, wherein m is an integer, and these MR ele-
ment pairs are spaced from each other at (n+ik)A,
wherein n is an integer. These MR elements are con-
nected in the following manner to form an output cir-
cuit. When a power source voltage is applied to this
output circuit, the k pairs of voltages are generated so
that the third harmonic components therein have a
2n/k phase, on the basis of the resistance variation in
each MR element, which occurs in accordance with the
movement, of the magnetic medium, and these k pairs of
voltages are synthesized 50 as to offset the third har-
monic components with one another.

According to the present invention described above,
the distortion of an output waveform due to the satura-
tion of the magnetic resistance elements can be elimi-
nated, so that an output representative of a detected
position can be obtained as a signal of a sine waveform.
This enables the air gap to be minimized, and the level
of an output to thereby increase. Moreover, since the
amplitude variation of an output of a fundamental wave
can be minimized, a highly accurate position detecting
apparatus can be obtained.

We claim;

1. An apparatus for magnetically detecting the rela-
tive position or speed between moving and stationary
bodies, comprising:

a magnetic medium provided on either one of the
moving and stationary bodies, and having a plural-
ity of magnetic poles arranged continuously
thereon at a constant pitch A;

sensing means including plural MR elements, pro-
vided on the other of the moving and stationary
bodies in opposition to said magnetic medium, for
sensing a magnetic field generated by said magnetic
poles to thereby cause variation in the electric
resistance thereof, in which said MR elements con-
stitute k sets of element pairs, where K is an integer
larger than one, each set consisting of two MR
elements arranged at positions spaced at (m+ A
from one another, where m is an integer, and said
element pairs being spaced by [(n+3AJ (n+ $i)A
from each other, wherein n is an integer; and

output circuit means, including said MR elements
connected in a [bridge] circuit so that said two
MR elements of each element pair are connected in
series and said k sets of series connections of said
MR elements are connected [in parallel] with
each other with respect to a power source of the
[bridge] circuit, for synthesizing k sets of volt-
ages appearing at nodes of said two MR elements
connected in series [and which include third har-
monic components having a phase difference of
27 /k from each other] so as to produce an output
signal.

2. An apparatus for magnetically detecting the rela-
tive position or speed between moving and stationary
bodies according to claim 1, wherein said magnetic
medium and said MR elements are opposed so closely
that saturation in variation of the electric resistance of
said MR elements causes distortion in the waveforms of
voltages appearing across said MR elements, and said
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output circuit means enables an increase in the ampli-
tude of the output signal.

3. An apparatus for magnetically detecting the rela-
tive position or speed between moving and stationary
bodies according to claim 1, wherein said output circuit
means provides & sinusoidal output signal.

4. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 1,
wherein said MR elements constituted two MR element
pairs, two MR elements in each pair being arranged in
positions spaced at A/2, said MR element pairs being
spaced from each other at A/6.

5. An apparatus for magnetically detecting the posi-

tion or speed of a moving body according to claim 1, .

wherein said MR elements constitute two MR element
pairs, two MR elements in each pair being arranged in
positions spaced at [5A/2,] 3M/2, said MR element
pairs being spaced from each other at A/6,

6. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 1,
wherein said MR elements constitute two MR element
pairs, two MR elements in each pair being arranged in
positions spaced at A/2, said MR element pairs being
spaced from each other at 7A/6.

7. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 1,
wherein said MR elements constitute two MR elements
pairs, two MR elements in each pair being arranged in
positions spaced at A/2, said MR element pairs being
spaced from each other at 5A/6.

8. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 1,
wherein said MR elements constitute three MR element
pairs, two MR elements in each pair being arranged in
positions spaced from each other at A/2, said MR ele-
ment pairs being spaced from each other at A/9.

9. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 1,
wherein said MR elements constitute two MR element
pairs.
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10. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 9,
wherein a voltage obtained from a node of each of said
two pairs of series-connected MR elements is inputted
into a differential amplifier, and an output is derived
from said differential amplifier as a signal representative
of the position or speed of said moving body.

11. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 10,
wherein said MR elements in said two pairs of series-
connected MR elements are connected so that the pha-
ses of the third harmonic components contained in the
voltages obtained from the nodes thereof becomes op-
posite to each other, and said voltages are added to each
other.

12. An apparatus for magnetically detecting the posi-
tion or speed of 2 moving body according to claim 11,
wherein said added voltages are inputted into one termi-
nal of said amplifier with an offsetting voltage applied
to the other terminal thereof,

13. An apparatus for magnetically detecting the posi-
tion or speed of a moving body according to claim 1,
wherein said MR elements constitute two MR, element
pairs, said output circuit means has a first connection
formed by electrically connecting first elements in first
and second MR element pairs together so that the third
harmonic components contained in the voltages appear-
ing in the respective elements offset each other and a
second connection formed by electrically connecting
second elements in said first and second MR element
pairs together so that the third harmonic components
contained in the voltage appearing in the respective
elements offset each other, and said two connections are
series-connected together and further to said power
source to obtain said signal representative of the posi-
tion or speed of said moving body from a node of said
two series-connected connections.

14. An apparatus according to claim 1, wherein said MR
elements are connected in a bridge circuit, and wherein
said k sets of series connections of said MR elements are

connected in parallel with each other.
* & =» L ] *



