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(7) ABSTRACT

The present invention aims to provide a magnetic sensor
provided with a magnetoresistive effect element capable of
stably maintaining a direction of magnetization in a mag-
netic domain of a free layer.

The magnetic sensor includes a mangetoresistive effect
element provided with narrow zonal portions 11a . . . 11la
including a pinned layer and a free layer. Disposed below
both ends of the free layer are bias magnet films 11b. . . 11b
composed of a permanent magnet that applies to the free
layer a bias magnetic field in a predetermined direction and
an initializing coil 31 that is disposed in the vicinity of the
free layer and applies to the free layer a magnetic field
having the direction same as that of the bias magnetic field
by being energized under a predetermined condition. Fur-
ther, magnetizing the bias magnet films and fixing the
direction of magnetization of the pinned layer are performed
by a magnetic field formed by a magnet array configured
such that plural permanent magnets are arranged on a lattice
point of a tetragonal lattice and a polarity of a magnet pole
of each permanent magnet is different from a polarity of the
other adjacent magnet pole spaced by the shortest route.
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MAGNETIC SENSOR, PRODUCTION PROCESS OF
THE MAGNETIC SENSOR AND MAGNETIC
ARRAY SUITABLE FOR THE PRODUCTION

PROCESS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a magnetic sensor
using a magnetoresistive effect element including a pinned
layer and a free layer, a production process of the magnetic
sensor and a magnet array suitable for the production
process.

[0003] 2. Description of the Related Arts

[0004] Conventionally, a magnetoresistive effect element
is applied to a magnetic sensor. For instance, the magne-
toresistive effect element includes a giant magnetoresistive
effect element (GMR element) or the like that is provided
with a pinned layer having magnetization pinned (fixed) in
a predetermined direction and a free layer in which the
direction of magnetization is changed according to an exter-
nal magnetic field and that presents a resistance value
according to a relative relationship between the direction of
magnetization in the pinned layer and the direction of
magnetization in the free layer. In the magnetic sensor of this
type, it is required that the direction of magnetization in each
magnetic domain in the free layer in case where the external
magnetic field is not applied to the magnetic sensor is stably
maintained in a predetermined direction (this predetermined
direction is referred to as “Initial-state direction hereinafter)
in order to accurately detect a minute external magnetic
field.

[0005] In general, a thin free layer is shaped into a
rectangle as viewed in a plane and the long side (long axis)
of the rectangular is matched to the initial-state direction,
whereby the direction in each domain in the free layer is
matched to the initial-state direction by utilizing a shape
anisotropy in which the direction of magnetization is aligned
in the longitudinal direction. Further, a bias magnet film that
is a permanent magnet film is disposed at both end sections
of the longitudinal direction of the free layer to apply the
magnetization in the initial-state direction to the free layer so
that the direction of magnetization in each magnetic domain
in the free layer is returned to the initial-state direction, with
a long-term stability, whenever the external magnetic field
disappears (sce. Japanese Laid open publication 2002-
299728 (FIGS. 42-44)).

[0006] The state of magnetization in the free layer and the
bias magnet film as described above will be explained with
reference to FIG. 17 that is a plan view of the free layer and
the bias magnet film. In FIG. 17, a free layer 100 is formed
to have a longitudinal direction in an X-axis direction, and
a pair of bias magnet films 101 and 102 are arranged at both
ends of the longitudinal direction.

[0007] At a stage of forming these films, the directions of
magnetization in each magnetic domain of the free layer 100
and the bias magnet films 101 and 102 are not aligned to the
initial-state direction that is the longitudinal direction of the
free layer as shown by arrows in FIG. 17A. When an
external magnetic field whose magnitude is changed in a
direction (Y-axis direction) perpendicular to the longitudinal
direction of the free layer is applied to the magnetic sensor

Jul. 8, 2004

in which the free layer 100 and the bias magnet films 101
and 102 are in above-mentioned state, for measuring a
resistance value of the magnetic sensor, a hysteresis occurs
as shown in FIG. 18A. As apparent from this, in the
magnetic sensor wherein the directions of magnetization in
the free layer 100 and the bias magnet films 101 and 102 are
not aligned to the longitudinal direction of the free layer, the
resistance value for the external magnetic field being in the
vicinity of “0” fluctuates in a range shown by an arrow in
FIG. 18A, resulting in that the magnetic sensor cannot
accurately detect a minute magnetic field.

[0008] Subsequently, when a magnetic field having a
magnitude greater than a coersive force Hc of the bias
magnet films 101 and 102 is applied in the longitudinal
direction (X-axis positive direction) to the magnetic sensor
in which the free layer 100 and the bias magnet films 101
and 102 are in a state shown in FIG. 17A in order to perform
an initialization of the free layer 100 and the magnetization
of the bias magnet films 101 and 102, the directions of
magnetization in each magnetic domain in the free layer 100
and the bias magnet films 101 and 102 are matched to the
initial-state direction as shown in FIG. 17B.

[0009] When an external magnetic field whose magnitude
is changed within a range smaller than the coersive force He
of the bias magnet films 101 and 102 in the Y-axis direction
is applied to the magnetic sensor which is in the above-
mentioned state, the direction of magnetization in the mag-
netic domain in the free layer 100 is changed as shown in
FIG. 17C, and then, after eliminating the external magnetic
field, the direction of magnetization in each magnetic
domain in the free layer 100 is returned to the initial-state
direction as shown in FIG. 17D like that as shown in FIG.
17B. When the resistance value of the magnetic sensor is
measured in this case, the hysteresis is decreased, so that the
resistance value for the external magnetic field being in the
vicinity of “0” becomes approximately constant. Accord-
ingly, the magnetic sensor having the free layer 100 initial-
ized and the bias magnet films 101 and 102 magnetized can
accurately detect a minute magnetic field.

[0010] However, when an external magnetic field having
a magnitude smaller than the coersive force of the magnet
films 101 and 102 but relatively great and having a main
component in the direction (X-axis negative direction)
reverse to the initial-state direction is applied to the mag-
netic sensor (the magnetic sensor having the free layer 100
initialized and the bias magnet films 101 and 102 magne-
tized), the direction of magnetization in each magnetic
domain in the free layer is changed from the state shown in
FIG. 19A to the state shown in FIG. 19B, and even if the
external magnetic field is eliminated, the direction of mag-
netization in each magnetic domain in the free layer 100
does not match (return) to the initial-state direction. As a
result, the magnetic sensor has a hysteresis again with
respect to the external magnetic field, entailing a problem of
deteriorating the detection accuracy of the magnetic field.

SUMMARY OF THE INVENTION

[0011] Accordingly, one of objects of the present inven-
tion is to provide a magnetic sensor capable of satisfactorily
maintaining a detection accuracy even after a great external
magnetic field is applied thereto. Further, another object of
the present invention is to provide a magnetic sensor capable
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of efficiently magnetizing the aforesaid bias magnet films, a
production process of the magnetic sensor and a magnet
array suitable for the production process.

[0012] According to the feature of the present invention, a
magnetic sensor comprising a magnetoresistive effect ele-
ment including a pinned layer and a free layer comprises a
bias magnet film composed of a permanent magnet for
producing a bias magnet field for (in) the free layer in a
predetermined direction and an initializing coil that is pro-
vided in the vicinity of the free layer and applies to the free
layer a magnetic field in the direction same as the direction
of the bias magnetic field by being energized under a
predetermined condition.

[0013] According to the above structure, the initializing
coil is energized under a predetermined condition to thereby
generate an initializing magnetic field for returning the
direction of magnetization in each magnetic domain in the
free layer to the direction same as the direction of the bias
magnetic field by the bias magnet film, whereby the direc-
tion of magnetization in each magnetic domain in the free
layer can be corrected even if the direction of magnetization
is disturbed due to some reason such as when a strong
magnetic field is applied to the magnetic sensor. As a result,
a change in the resistance value to the magnetic field does
not have hysteresis, whereby a magnetic sensor can be
provided that can detect even a minute magnetic field with
high precision over a long period.

[0014] Another feature of the present invention is that a
production process of a magnetic sensor comprising, on a
substrate, a pinned layer, a free layer and a bias magnet film
being a permanent magnet that applies a bias magnetic field
to the free layer to form a magnetoresistive effect element
having a resistance value varying according to a relative
angle made by a direction of magnetization in the pinned
layer and a direction of magnetization in the free layer,
comprises a step of preparing a magnet array configured
such that plural permanent magnets are arranged on a lattice
point of a tetragonal lattice and a polarity of a magnet pole
of each permanent magnet is different from a polarity of the
other adjacent magnet pole spaced by the shortest route (i.e.,
shortest distance), a step of manufacturing a wafer, including
the substrate(s), on which plural island-like element films
are interspersed, each element film including a film that
becomes the pinned layer, a film that becomes the free layer
and a film that becomes the bias magnet film and a step of
disposing (placing, arranging) the wafer in the vicinity of the
magnet array so as to establish a predetermined relative
positional relationship between the wafer and the magnet
array and magnetizing the film that becomes the bias magnet
film of the plural element films by utilizing a magnetic field
formed between one magnet pole of the magnet poles of the
magnet array and other magnet pole, of the magnet poles of
the magnet array, that is adjacent to the one magnet pole
spaced by the shortest route (from the one magnet pole).

[0015] The magnet array is configured such that plural
permanent magnets are arranged at a lattice point of a
tetragonal lattice and the polarity of the magnetic pole of
each permanent magnet is different from the polarity of the
other adjacent magnetic pole spaced by the shortest route (in
the same plane), as viewed in a plane. Accordingly, the
following magnetic fields are formed above the magnet
array as viewed in a plane of the magnet array: a magnetic
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filed formed from one N-pole in the rightward direction to
S-pole that is present at the right side of the N-pole, a
magnetic field formed from the N-pole in the upward
direction to S-pole that is present at the upper side of the
N-pole, a magnetic field formed from the N-pole in the
leftward direction to S-pole that is present at the left side of
the N-pole and a magnetic field formed from the N-pole in
the downward direction to S-pole that is present at the lower
side of the N-pole (see FIG. 13). Similarly, the following
magnetic fields are formed to (toward) some S-pole: a
magnetic field formed in the leftward direction from N-pole
that is present at the right side of this S-pole, a magnetic field
formed in the downward direction from N-pole that is
present at the upper side of this S-pole, a magnetic field
formed in the rightward direction from N-pole that is present
at the left side of this S-pole and a magnetic field formed in
the upward direction from N-pole that is present at the lower
side of this S-pole.

[0016] In this process, a wafer, including the substrate(s),
on which plural island-like element films is interspersed,
each element film including a film that becomes the pinned
layer, a film that becomes the free layer and a film that
becomes the bias magnet film is disposed (placed, set, or
arranged) in the vicinity of the magnet array so as to
establish a predetermined relative positional relationship
between the wafer and the magnet array and thereby the film
that becomes the bias magnet film of the plural element films
is magnetized by utilizing the above-mentioned magnetic
field formed by the magnet array. Therefore, a magnetic
sensor wherein magnetization directions of the bias magnet
films are crossed (perpendicular in this case) to each other on
a single substrate (a monolithic substrate) can efficiently be
manufactured.

[0017] More specifically, the step of manufacturing the
wafer includes a step of forming each film, that becomes the
free layer, of the plural element films in such a manner as to
have a shape with a long axis and a short axis, and in such
a manner that at least one of the long axes of the films, that
become the free layers, of the plural element films is
perpendicular to the long axis of the other film, that becomes
the free layer, of the plural element films, and a step of
forming the film that becomes the bias magnet film at both
ends of each film, that becomes the free layer, in the
direction of the long axis, wherein the predetermined rela-
tive positional relationship in the step of magnetizing the
film that becomes the bias magnet film is a relative rela-
tionship, between the wafer and the magnet array, that
matches the direction of magnetization of the film that
becomes the bias magnet film with the direction of the long
axis of the film that becomes the free layer having the bias
magnet film provided at both ends thereof, by a magnetic
field formed by the magnet array.

[0018] Further, in this case, it is preferable to include a
step of arranging the wafer in the vicinity of the magnet
array so as to establish a relative positional relationship,
between the wafer and the magnet array, that is different
from the predetermined relative positional relationship,
whereby the direction of magnetization of the film, that
becomes the pinned layer, of the plural element films is
pinned by utilizing the magnetic field formed by the magnet
array.

[0019] According to this method, the magnet array used
for magnetizing the film that becomes the bias magnet film
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is also used for fixing the direction of magnetization in the
pinned layer, whereby a magnetic sensor (two-axis magnetic
sensor that can detect the respective magnetic fields whose
directions are perpendicular to each other) wherein magne-
tization directions of the bias magnet films are crossed
(perpendicular in this case) to each other on a single sub-
strate can efficiently be manufactured with low cost.

[0020] Moreover, the present invention provides a magnet
array configured such that plural permanent magnets, each
having an approximately rectangular parallelepiped shape in
which the sectional shape perpendicular to one central axis
of the rectangular parallelepiped is approximately square,
are arranged such that the center of gravity of the edge face
having approximately square shape is matched with a lattice
point of the tetragonal lattice, and the polarity of the
magnetic pole of each permanent magnet thus arranged is
different from the polarity of the magnetic pole of the
adjacent other permanent magnet spaced by the shortest
route.

[0021] That is, this magnet array is the one where the
plural permanent magnets are disposed such that the center
of gravity of the edge face having approximately square
shape is matched with a lattice point of the tetragonal lattice,
a side of the edge face having said approximately square
shape is on the same line on which a side of the other edge
face disposed in the same row, the edge faces are in a single
same plane, and the polarity of the magnetic pole of each
permanent magnet thus arranged is different from the polar-
ity of the magnetic pole of the adjacent other permanent
magnet spaced by the shortest route.

[0022] As described above, magnetizing each film that
becomes the bias magnet film and/or fixing the direction of
magnetization in the layer that becomes the pinned layer of
the above-mentioned two-axis magnetic sensor can effi-
ciently be performed by using the magnet array, for example.
Therefore, with the magnet array, it is possible to manufac-
ture the two-axis magnetic sensor with low cost.

[0023] Further, this magnet array can be “A magnet array
including plural permanent magnets, each having an
approximately rectangular parallelepiped shape and having
a sectional shape, perpendicular to one central axis of the
rectangular parallelepiped, which is approximately square,
and each having poles formed at both edge faces, one of
which has the approximately square shape perpendicular to
the central axis of the rectangular parallelepiped; wherein

[0024] the plural permanent magnets are arranged in
such a manner that each center of gravity of the edge
faces having the approximately square shape is
matched with a lattice point of a tetragonal lattice, a
certain side of sides forming one of the edge faces of
the plural permanent magnets disposed in a certain
row of the tetragonal lattice and a certain side of
sides forming one of the edge faces of the other
plural permanent magnets disposed in the same row
of the tetragonal lattice is in a same straight line, all
the edge faces having the square shapes of the
permanent magnets are placed in an approximately
same single plane, and any two of the polarities of
the magnetic poles of the permanent magnets dis-
posed adjacent each other and spaced by the shortest
route are different each other.” and this array can
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preferably be used to magnetize the bias magnetic
films and the like of the magnetic sensor mentioned
above.

[0025] In addition, “A magnet array including plural per-
manent magnets, each having an approximately rectangular
parallelepiped shape and having a sectional shape, perpen-
dicular to one central axis of the rectangular parallelepiped,
which is approximately square, and each having poles
formed at both edge faces, one of which has the approxi-
mately square shape perpendicular to the central axis of the
rectangular parallelepiped and a thin plate-like yoke formed
of a magnetic material, wherein

[0026] the plural permanent magnets are arranged in
such a manner that each center of gravity of the edge
faces having the approximately square shape is
matched with a lattice point of a tetragonal lattice, a
certain side of sides forming one of the edge faces of
the plural permanent magnets disposed in a certain
row of the tetragonal lattice and a certain side of
sides forming one of the edge faces of the other
plural permanent magnets disposed in the same row
of the tetragonal lattice is in a same straight line, all
the edge faces having the square shapes of the
permanent magnets are placed in an approximately
same single plane, and any two of the polarities of
the magnetic poles of the permanent magnets dis-
posed adjacent each other and spaced by the shortest
route are different each other; and

[0027] the yoke comprises plural through holes each
of which has a shape which is the approximately
same as the sectional shape which is approximately
square and the holes being arranged at the positions
where the permanent magnets are disposed, and the
yoke being arranged in such a manner that the same
single plane in which all the edge faces of the
permanent magnets are placed is disposed between
an upper surface and a lower surface of the yoke
when the permanent magnets are inserted into the
through holes.” can preferably be used to magnetize
the bias magnetic films and the like of the magnetic
sensor mentioned above.

[0028] The magnet array has the yoke formed of the
magnetic material, and therefore, it can lead magnetic flux
lines from the permanent magnets to desirable portions.
Accordingly, it is possible to magnetize the bias magnetic
film of the magnetic sensor and the like efficiently by the
magnet array.

[0029] 1In this case, it is preferable that the yoke have
through openings serving as air gaps formed between the
through holes that are adjacent each other and that are
spaced by a shortest route.

[0030] Since this magnet array has through openings serv-
ing air gaps between the through holes that are adjacent each
other and that are spaced by a shortest route (the edge faces
having poles whose polarities are different from (opposite)
each other are inserted into those two through holes), the
magnetic flux concentrates both in the through openings and
in a space close to the through openings. In other words, this
magnet array can provide a narrow space local region with
a magnetic field whose magnitude is great and whose
direction is stably constant. Therefore, it is possible to
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magnetize the bias magnetic film of the magnetic sensor and
the like efficiently by this magnet array.

[0031] It is also preferable that the yoke have openings at
regions each of which is surrounding a center of gravity of
a square drawn by lines connecting the lattice points of the
tetragonal lattice in a plan view. This magnet array has not
only above mentioned through openings but also the differ-
ent openings.

[0032] The regions where the openings are formed is the
region surrounding a center of gravity of a square drawn by
lines connecting the lattice points of the tetragonal lattice.
This regions is where magnetic flux lines stemming from the
poles cross (or collide) to one another and thus the magnetic
fields are unstable. Therefore, since the openings can elimi-
nate instability of the magnetic field between poles having
different polarities each other, the magnetic field can be
made to be more linear, and thus, the magnetic field is
provided which is more stable and whose magnitude is
greater than the magnetic field for local regions in the
neighborhood of the through openings. With this reason, it
is possible to magnetize the bias magnetic film of the
magnetic sensor and the like efficiently by this magnet array.
It is also preferable that each of the through holes of the yoke
have a square portion having a square shape which is the
approximately same as the shape of the sectional square
shape of the permanent magnet in a plan view and a margin
portions swelling outwardly from the square at each of
corners of the square portion. When forming the through
hole, in the yoke, having a square shape by etching, if the
corner of the through hole is not completely etched, the
permanent magnet may not be inserted into the through hole,
since the corners of the thorough hole may become arc-like
shapes. However, since the margin portions are etched in the
magnet array mentioned above in forming the through holes
by etching, the permanent magnet can be assuredly inserted
into the through hole in the magnet array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other objects, aspects, features and
advantages of the present invention will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings, in which:

[0034] FIG. 1 is a plan view of a magnetic sensor in
accordance with an embodiment of the present invention;

[0035] FIG. 2 is a schematic enlarged plan view of a first
X-axis GMR element shown in FIG. 1;

[0036] FIG. 3 is a schematic sectional view of the first
X-axis GMR element shown in FIG. 2 cut by a plane along
a line 1-1 in FIG. 2;

[0037] FIG. 4 is a view showing a structure of a spin valve
film of the first X-axis GMR e¢lement shown in FIG. 2;

[0038] FIG. 5 is a graph showing by a solid line a
resistance change of the first X-axis GMR element shown in
FIG. 1 for a magnetic field changed in the X-axis direction
and showing by a broken line a resistance change thereof for
a magnetic field changed in the Y-axis direction;

[0039] FIG. 6A is an equivalent circuit diagram of an
X-axis magnetic sensor included in the magnetic sensor
shown in FIG. 1;

Jul. 8, 2004

[0040] FIG. 6B is a graph showing a change of output for
the magnetic field changed in the X-axis direction of the
X-axis magnetic sensor;

[0041] FIG. 7A is an equivalent circuit diagram of a
Y-axis magnetic sensor included in the magnetic sensor
shown in FIG. 1;

[0042] FIG. 7B is a graph showing a change of output for
the magnetic field changed in the Y-axis direction of the
Y-axis magnetic sensor;

[0043] FIG. 8A is another equivalent circuit diagram of an
X-axis magnetic sensor included in the magnetic sensor
shown in FIG. 1;

[0044] FIG. 8B is a graph showing a change of output for
the magnetic field changed in the X-axis direction of the
X-axis magnetic sensor;

[0045] FIG. 9A is another equivalent circuit diagram of a
Y-axis magnetic sensor included in the magnetic sensor
shown in FIG. 1;

[0046] FIG. 9B is a graph showing a change of output for
the magnetic field changed in the Y-axis direction of the
Y-axis magnetic sensor;

[0047] FIG. 10 is a plan view of a quartz glass, during a
process for fabricating the magnetic sensor shown in FIG.
1, having the spin valve film formed thereon;

[0048] FIG. 11 is a plan view showing a metal plate for
preparing a magnet array used upon fabricating the magnetic
sensor shown in FIG. 1 and a permanent bar magnet inserted
into the metal plate;

[0049] FIG. 12 is a sectional view of the magnet array
used upon fabricating the magnetic sensor shown in FIG. 1;

[0050] FIG. 13 is a perspective view wherein a part of a
magnet of the magnet array shown in FIG. 12 is taken out;

[0051] FIG. 14 is a view showing one of processes for
fabricating the magnetic sensor shown in FIG. 1;

[0052] FIG. 15 is a conceptional view showing a method
of magnetizing a bias magnet film of each GMR element of
the magnetic sensor shown in FIG. 1;

[0053] FIG. 16 is a conceptional view showing a method
of pinning a direction of magnetization in the pinned layer
of each GMR element of the magnetic sensor shown in FIG.
1

[0054] FIGS.17A,17B,17C and 17D are plan views each
showing a state of magnetization of the free layer and the
bias magnet films of the GMR element, wherein FIG. 17A
is a view showing a state of the bias magnet films before they
are magnetized, FIG. 17B is a view showing a state of the
bias magnet films after they are magnetized, FIG. 17C is a
view showing a state in which an external magnetic field is
applied and FIG. 17D is a view showing a state after the
external magnetic field is eliminated;

[0055] FIG. 18A is a graph showing a resistance change,
for the external magnetic field, of the GMR element in a
state before the bias magnet films are magnetized;

[0056] FIG. 18B is a graph showing a resistance change,
for the external magnetic field, of the GMR element in a
state after the bias magnet films are magnetized,



US 2004/0130323 Al

[0057] FIGS. 19A, 19B and 19C are plan views each
showing a state of magnetization of the free layer and the
bias magnet films of the GMR element, wherein FIG. 19A
is a view showing a state of the bias magnet films before they
are magnetized and that the external magnetic field is not
applied, FIG. 19B is a view showing a state in which a
strong external magnetic field is applied and FIG. 19C is a
view showing a state after the strong external magnetic field
is eliminated;

[0058] FIG. 20 is a schematic enlarged plan view of a first
X-axis GMR element of a magnetic sensor according to
another embodiment of the present invention;

[0059] FIG. 21 is a plan view of a magnetic sensor
(N-type) in accordance with another embodiment of the
present invention;

[0060] FIG. 22 is a plan view of a magnetic sensor
(S-type) in accordance with another embodiment of the
present invention;

[0061] FIG. 23 is a fragmentary plan view of the yoke of
the magnet array MB in accordance with the present inven-
tion;

[0062] FIG. 24 is a fragmentary enlarged plan view of the
yoke shown in FIG. 23;

[0063] FIG. 25 is a sectional view of the yoke shown in
FIG. 24 cut by a plane along a line 2-2 in FIG. 24;

[0064] FIG. 26 is a plan view of a through hole of the yoke
shown in FIG. 23;

[0065] FIG. 27 is a sectional view of a substrate for the
magnet array MB in accordance with the present invention;

[0066] FIG. 28 is a fragmentary plan view of the substrate
for the array shown in FIG. 27;

[0067] FIG. 29 is a sectional view of a thin plate which
will become the substrate for the array shown in FIG. 27;

[0068] FIG. 30 is a view showing one of processes for
fabricating the magnet array MB;

[0069] FIG. 31 is a view showing one of processes for
fabricating the magnet array MB;

[0070] FIG. 32 is a view showing one of processes for
fabricating the magnet array MB;

[0071] FIG. 33 is a view showing one of processes for
fabricating the magnet array MB;

[0072] FIG. 34 is a perspective view wherein a part of a
magnet of the magnet array MB and the yoke are taken out;

[0073] FIG. 35 is a fragmentary sectional view of the
magnet array MB;

[0074] FIG. 36 is a conceptional plan view of the magnet
array MB to explain a magnetic field by the magnet array
MB;

[0075] FIG. 37 is a conceptional plan view of the magnet
array MA to explain a magnetic field by the magnet array
MA,;

[0076] FIG. 38 is a conceptional view showing a method
of pinning a direction of magnetization in the pinned layer
of each GMR element of the magnetic sensor shown in
FIGS. 21 and 22;
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[0077] FIG. 39 is a sectional view showing a relative
positional relationship between a substrate and the magnet
array MB when magnetizing the bias magnet file of each
GMR element of the magnetic sensor shown in FIGS. 21
and 22; and

[0078] FIG. 40 is a conceptional view showing a method
of magnetizing a bias magnet film of each GMR element of
the magnetic sensor shown in FIGS. 21 and 22.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0079] Embodiments of a magnetic sensor in accordance
with the present invention will now be described with
reference to the drawings. This magnetic sensor is classified
into N-type and S-type depending upon a production process
described later. FIG. 1 is a plan view wherein an N-type
magnetic sensor 10 and an S-type magnetic sensor 50 are
placed side by side. The N-type magnetic sensor 10 and the
S-type magnetic sensor 50 have substantially the same shape
and same configuration except that a direction of fixed
magnetization in a pinned layer shown by black-solid arrows
in FIG. 1 and a direction of magnetization in an initial state
in a free layer shown by outline arrows in FIG. 1 are
different from each other. Accordingly, the following expla-
nation is mainly focused on the N-type magnetic sensor 10.

[0080] The magnetic sensor 10 comprises, as shown in
FIG. 1, a single chip (a single substrate or a monolithic chip)
102 made of a quartz glass, which has a rectangular shape
(almost square shape) viewed in a plane having sides along
an X-axis direction and Y-axis direction perpendicular to
each other, and has a little thickness in a Z-axis direction
perpendicular to the X-axis and Y-axis, plural insulating
layers 10b (wiring layers are included in this insulating
layers) laminated on the substrate 10z shown in FIG. 3, a
total of eight GMR elements 11 to 14, 21 to 24 formed on
the uppermost layer 1051 of the insulating layers 105 and a
total of eight initializing coils (coils for initializing) 31 to 34
and 41 to 44.

[0081] The first X-axis GMR element 11 is formed at a
portion a little downward from the almost central part in the
Y-axis direction of the chip 10z and in the vicinity of an end
portion of the X-axis negative direction. The direction of
pinned magnetization of the pinned layer of the GMR
element 11 is in the X-axis negative direction as shown by
a black-solid arrow in FIG. 1. The second X-axis GMR
element 12 is formed at a portion a little upward from the
almost central part in the Y-axis direction of the chip 10a and
in the vicinity of the end portion of the X-axis negative
direction. The direction of pinned magnetization of the
pinned layer of the GMR element 12 is in the X-axis
negative direction shown by a black-solid arrow in FIG. 1.
The third X-axis GMR element 13 is formed at a portion a
little upward from the almost central part in the Y-axis
direction of the chip 10a and in the vicinity of an end portion
of the X-axis positive direction. The direction of pinned
magnetization of the pinned layer of the GMR element 13 is
in the X-axis positive direction as shown by a black-solid
arrow in FIG. 1. The fourth X-axis GMR element 14 is
formed at a portion a little downward from the almost central
part in the Y-axis direction of the chip 10a and in the vicinity
of the end portion of the X-axis positive direction. The
direction of pinned magnetization of the pinned layer of the
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GMR element 14 is in the X-axis positive direction shown
by a black-solid arrow in FIG. 1.

[0082] The first Y-axis GMR element 21 is formed at a
portion a little leftward from the almost central part in the
X-axis direction of the chip 10z and in the vicinity of an end
portion of the Y-axis positive direction. The direction of
pinned magnetization of the pinned layer of the GMR
element 21 is in the Y-axis positive direction as shown by a
black-solid arrow in FIG. 1. The second Y-axis GMR
element 22 is formed at a portion a little rightward from the
almost central part in the X-axis direction of the chip 10a
and in the vicinity of the end portion of the Y-axis positive
direction. The direction of pinned magnetization of the
pinned layer of the GMR element 22 is in the Y-axis positive
direction shown by a black-solid arrow in FIG. 1. The third
Y-axis GMR element 23 is formed at a portion a little
rightward from the almost central part in the X-axis direc-
tion of the chip 10aq and in the vicinity of an end portion of
the Y-axis negative direction. The direction of pinned mag-
netization of the pinned layer of the GMR element 23 is in
the Y-axis negative direction as shown by a black-solid
arrow in FIG. 1. The fourth Y-axis GMR element 24 is
formed at a portion a little leftward from the almost central
part in the X-axis direction of the chip 10a and in the vicinity
of the end portion of the Y-axis negative direction. The
direction of pinned magnetization of the pinned layer of the
GMR element 24 is in the Y-axis negative direction shown
by a black-solid arrow in FIG. 1.

[0083] Each of the GMR elements 11 to 14 and 21 to 24
has substantially the same structure except for the position
on the chip 10a. Therefore, the first X-axis GMR element 11
is taken as a representative example hereinbelow for
explaining the structure thereof.

[0084] The first X-axis GMR element 11 comprises, as
shown in FIG. 2 that is a plan view and FIG. 3 that is a
schematic sectional view of the first X-axis GMR element 11
cut by a plane along a line of 1-1 in FIG. 2, a plurality of
narrow zonal portions 11a . . . 11a made of a spin valve film
SV and having a longitudinal direction in the Y-axis direc-
tion and bias magnet films (hard ferromagnetic thin film
layer and become a permanent magnet film by magnetiza-
tion) 115 . . . 11b that are made of hard ferromagnetic
materials, having high coercive force and high squareness
ratio, such as CoCrPt. Each of the narrow zonal portions 11a
... 11a extends in the X-axis direction on the upper surface
of each of the bias magnet films 115 . . . 11b, and joins to the
adjacent narrow zonal portion 1la to thereby form a so-
called “zig-zag shape” as well as to thereby magnetically
join to each of the bias magnet films 115 . . . 11b at the upper
surface of each of the bias magnet films 115 . . . 11b.

[0085] As shown in FIG. 4 that illustrates the film struc-
ture, the spin valve film SV of the first X-axis GMR element
11 includes a free layer F, a conductive spacer layer S made
of Cu having a thickness of 2.4 nm (24A), a fixed layer (pin
layer) P and a capping layer C made of titanium (Ti) or
tantalum (Ta) having a thickness of 2.5 nm (25A), which are
laminated in this order on the chip 10« serving as a substrate.

[0086] The free layer F is a layer whose magnetization
direction varies in accordance with the direction of the
external magnetic field, and comprises a CoZrNb amor-
phous magnetic layer 11-1 formed directly on the substrate
10¢ and having a film thickness of 8 nm (80A), a NiFe
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magnetic layer 11-2 formed on the CoZrNb amorphous
magnetic layer 11-1 and having a film thickness of 3.3 nm
(33A), and a CoFe layer 11-3 formed on the NiFe magnetic
layer 11-2 and having a film thickness of approximately 1 to
3 nm (10 to 30A). The CoZrNb amorphous magnetic layer
11-1 and NiFe magnetic layer 11-2 constitute a soft ferro-
magnetic material thin film layer. The CoFe layer 11-3
prevents Ni of the NiFe magnetic layer 11-2 and Cu 11-4 of
the spacer layer S from diffusing.

[0087] The fixed layer (pin layer) P is made by superpos-
ing a CoFe magnetic layer 11-5 having a film thickness of
2.2 nm (22A), and an antiferromagnetic film 11-6 which is
formed of a PtMn alloy including 45 to 55 mol % of Pt and
has a film thickness of 24 nm (240A). The CoFe magnetic
layer 11-5 is in an exchange coupling manner to the mag-
netized antiferromagnetic film 11-6. Thus, the direction of
magnetization (magnetizing vector) of the CoFe magnetic
layer 11-5 is pinned (fixed) in the X-axis negative direction
as described above.

[0088] The bias magnet films 115 . . . 11b gives a bias
magnetic field to the free layer F in the Y-axis negative
direction (the direction shown by the outline arrow in FIGS.
1 and 2) that is the longitudinal direction of the free layer F
in order to maintain uniaxial anisotropy of the free layer F.

[0089] The first X-axis GMR element 11 thus configured
presents a resistance value, which changes in almost pro-
portion to the external magnetic field that changes along the
X-axis within a range of —Hc to +Hc, as indicated by the
solid line of FIG. 5, and presents an almost constant
resistance value to the external magnetic field that changes
along the Y-axis, as indicated by the broken line of FIG. §.

[0090] Subsequently, the initializing coils 31 to 34 and 41
to 44 are explained. The initializing coils 31 to 34 and 41 to
44 are buried in the lower insulating layer 1052 under the
uppermost layer 1061 of the insulating layers. The initial-
izing coils 31 to 34 and 41 to 44 are positioned approxi-
mately immediately below each of the GMR elements 11 to
14 and 21 to 24, respectively. Each of the initializing coils
31 to 34 and 41 to 44 has the same shape to one another, and
its relative positional relationship to the corresponding GMR
element immediately above each coil is the same to one
another. Each of the initializing coils 31 to 34 and 41 to 44
applies the initializing magnetic field in the direction shown
by the outline arrow in FIG. 1 to each corresponding GMR
element.

[0091] The following explanation is made by taking the
initializing coil 31 as a representative example. This initial-
izing coil 31 is wound so as to have an approximately
rectangular outer shape viewed in a plane, and comprises
plural initializing magnetic field generating sections 31a . .
. 31a extending linearly in the direction (X-axis direction)
perpendicular to the longitudinal direction of the narrow
zonal portions 11a of the first X-axis GMR element 11 at a
region immediately below the first X-axis GMR element 11
viewed in a plane. Further, one end 315 and the other end
31c of the initializing coil 31 are connected to a positive
polarity and negative polarity of a constant voltage source
respectively. When a predetermined condition is established,
predetermined current is made to flow through the initial-
izing coil 31, thereby applying the initializing magnetic field
in the Y-axis negative direction to the narrow zonal portion
11a of the first X-axis GMR element 11 as shown by the
outline arrow in FIG. 1.
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[0092] Subsequently explained are an X-axis magnetic
sensor (a magnetic sensor with a magnetic field detecting
direction which is the X-axis direction) and a Y-axis mag-
netic sensor (a magnetic sensor with a magnetic field detect-
ing direction which is the Y-axis direction) composed
respectively of the GMR elements 11 to 14 and 21 to 24. As
shown by an equivalent circuit in FIG. 6A, the X-axis
magnetic sensor is formed such that the first to fourth X-axis
GMR elements 11 to 14 are full-bridge-connected via a
conductor not shown in FIG. 1. In FIG. 6A, each graph
shown at the position adjacent to each of the first to fourth
GMR elements 11 to 14 indicates a characteristic (change in
the resistance value R with respect to the external magnetic
field) of the GMR element adjacent to each graph. This is
also true in FIGS. 7 to 9. Symbols Hx and Hy in these graphs
respectively indicate the external magnetic field whose
magnitude varies along the X-axis and Y-axis.

[0093] In this configuration, a connection point between
the first X-axis GMR element 11 and the fourth X-axis GMR
element 14 and a connection point between the second
X-axis GMR element 12 and the third X-axis GMR element
13 are respectively connected to the positive polarity and the
negative polarity (ground) of the constant voltage source,
whereby a potential of +V (5 (V) in this embodiment) and
a potential =V (0 (V) in this embodiment) are respectively
applied thereto. Then, a difference in potential V. between
a connection point of the first X-axis GMR element 11 and
the third X-axis GMR element 13 and a connection point of
the fourth X-axis GMR element 14 and the second X-axis
GMR element 12 are taken out as a sensor output. As a
result, the X-axis magnetic sensor outputs, as shown in FIG.
6B, an output voltage V__ that varies in approximately
proportion to the external magnetic field Hx that changes
along the X-axis.

[0094] As shown by an equivalent circuit in FIG. 7A, the
Y-axis magnetic sensor is formed such that the first to fourth
Y-axis GMR elements 21 to 24 are full-bridge-connected via
a conductor not shown in FIG. 1. A connection point
between the first Y-axis GMR element 21 and the fourth
Y-axis GMR element 24 and a connection point between the
second Y-axis GMR element 22 and the third Y-axis GMR
element 23 are respectively connected to the positive polar-
ity and the negative polarity (ground) of the constant voltage
source, whereby a potential of +V (5 (V) in this embodi-
ment) and a potential of =V (0 (V) in this embodiment) are
respectively applied thereto. Then, a difference in potential
Vo, between a connection point of the first Y-axis GMR
element 21 and the third Y-axis GMR element 23 and a
connection point of the fourth Y-axis GMR element 24 and
the second Y-axis GMR element 22 are taken out as a sensor
output. As a result, the Y-axis magnetic sensor outputs, as
shown in FIG. 7B, an output voltage V, that varies in
approximately proportion to the external magnetic field Hy
that changes along the Y-axis. The above description is about
the configuration of the N-type magnetic sensor 10.

[0095] On the other hand, the S-type magnetic sensor 50
includes GMR elements 51 to 54 and 61 to 64 and initial-
izing coils 71 to 74 and 81 to 84 as shown in FIG. 1. The
S-type magnetic sensor 50 has the substantially same struc-
ture as that of the magnetic sensor 10 and includes the
X-axis magnetic sensor and Y-axis magnetic sensor.

[0096] Specifically, as shown by an equivalent circuit in
FIG. 8A, the X-axis magnetic sensor is formed such that the

Jul. 8, 2004

first to fourth X-axis GMR elements 51 to 54 are full-bridge-
connected via a conductor not shown in FIG. 1. In this
configuration, a connection point between the first X-axis
GMR element 51 and the fourth X-axis GMR element 54
and a connection point between the second X-axis GMR
element 52 and the third X-axis GMR element 53 are
respectively connected to the positive polarity and the
negative polarity (ground) of the constant voltage source,
whereby a potential of +V (5 (V) in this embodiment) and
a potential of =V (0 (V) in this embodiment) are respectively
applied thereto. Then, a difference in potential V. between
a connection point of the first X-axis GMR element 51 and
the third X-axis GMR element 53 and a connection point of
the fourth X-axis GMR element 54 and the second X-axis
GMR element 52 are taken out as a sensor output. As a
result, the X-axis magnetic sensor outputs, as shown in FIG.
8B, an output voltage V__ that varies in approximately
proportion to the external magnetic field Hx that changes
along the X-axis.

[0097] Further, as shown by an equivalent circuit in FIG.
9A, the Y-axis magnetic sensor of the magnetic sensor 50 is
formed such that the first to fourth Y-axis GMR elements 61
to 64 are full-bridge-connected via a conductor not shown in
FIG. 1. A connection point between the first Y-axis GMR
element 61 and the fourth Y-axis GMR element 64 and a
connection point between the second Y-axis GMR element
62 and the third Y-axis GMR element 63 are respectively
connected to the positive polarity and the negative polarity
(ground) of the constant voltage source, whereby a potential
of +V (5 (V) in this embodiment) and a potential =V (0 (V)
in this embodiment) are respectively applied thereto. Then,
a difference in potential V,, between a connection point of
the first Y-axis GMR element 61 and the third Y-axis GMR
element 63 and a connection point of the fourth Y-axis GMR
element 64 and the second Y-axis GMR element 62 are taken
out as a sensor output. As a result, the Y-axis magnetic
sensor outputs, as shown in FIG. 9B, an output voltage V,,,
that varies in approximately proportion to the external
magnetic field Hy that changes along the Y-axis.

[0098] Subsequently explained is a process for manufac-
turing the magnetic sensors 10 and 50 thus configured as
described above. Firstly, each insulating layer 106 is lami-
nated on a rectangular quartz glass (wafer) 10a1, that
becomes the substrates 10a and 504 later, with the formation
of a predetermined wiring or LSI, followed by forming the
initializing coils 31 to 34, 41 to 44, 71 to 74 and 81 to 84 in
the insulating layer 1052, and then, the uppermost insulating
layer 10b is formed (see FIGS. 1 to 3).

[0099] Then, plural films M composing the GMR ele-
ments 11 to 14, 21 to 24, 51 to 54 and 61 to 64 are formed
like an island. Specifically, said bias films 115 are formed
and said films M which will become GMR elements 11 to
14, 21 to 24, 51 to 54 and 61 to 64 arc formed on the bias
film 11b. This film formation is performed by using a
ultra-high vacuum device in a manner of continuous lami-
nating with a precise thickness. The films M are patterned
and thereby plural island-like portions which will become
the GMR elements are formed. These films M are formed to
be arranged at each position of the GMR elements 11 to 14,
21 to 24, 51 to 54 and 61 to 64 shown in FIG. 1 when the
quarts glass 10a1 is cut along the broken line in FIG. 10 by
a subsequent cutting process to thereby be divided into the
individual magnetic sensor 10 and 50 shown in FIG. 1.
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[0100] Subsequently, as shown in FIG. 11 that is a plan
view, a rectangular metal plate 91 is prepared that is pro-
vided only with plural square through-holes arranged in a
tetragonal lattice (i.c., square through-holes each having
sides parallel to the X-axis and Y-axis are arranged along the
X-axis and Y-axis so as to be spaced at equal intervals). Each
of permanent bar magnets 92 . . . 92 with a shape of a
rectangular parallelepiped having a square section approxi-
mately equal to each through-hole is inserted into each
through-hole such that the edge face having a magnetic pole
of the permanent bar magnet 92 . . . 92 formed thereon
becomes parallel to the metal plate 91. At this time, the
permanent bar magnets 92 . . . 92 are arranged such that the
polarity of the magnetic pole is different from the adjacent
polarity by the shortest route in a plane including each edge
face of the permanent bar magnets 92 . .. 92. It is to be noted
that each of the used permanent bar magnets 92 . . . 92 has
magnetic charge whose magnitude is approximately equal to
one another.

[0101] Then, as shown in FIG. 12 that represents a section
along X-Z plane, a plate 92 is prepared that is made of a
transparent quartz glass having a thickness of about 0.5 mm
and having a rectangular shape approximately equal to the
metal plate 91. Thereafter, the upper surface (the surface
opposite to the edge face on which the magnetic pole is
formed) of the permanent bar magnets 92 . . . 92 and the
bottom surface of the plate 93 are bonded by an adhesive,
and then, the metal plate 91 is removed from below. At this
stage, a magnet array MA is formed by the permanent bar
magnets 92 . . . 92 and the plate 93, wherein plural
permanent magnets, each having an approximately rectan-
gular parallelepiped shape in which the sectional shape
perpendicular to one central axis of the rectangular paral-
lelepiped is approximately square, are arranged such that the
center of gravity of the edge face having approximately
square shape is matched with a lattice point of the tetragonal
lattice, and the polarity of the magnetic pole of each per-
manent magnet thus arranged is different from the polarity
of the magnetic pole of the adjacent other permanent magnet
spaced by the shortest route.

[0102] FIG. 13 is a perspective view showing a state
wherein only four permanent bar magnets 92 . . . 92 are
taken out. As apparent from this figure, there are magnetic
fields formed on the edge face (the edge face on which the
magnetic pole is formed) of the permanent bar magnet 92 .
.. 92, the magnetic fields from one N-pole directing to the
S-poles adjacent to this N-pole by the shortest route and each
having a different direction at an angle of 90 degrees. In this
embodiment, this magnetic field is used as a magnetic field
for magnetizing each bias magnet film 115 to 14b, 21b to
24b, 51b to 54b and 61b to 64b of each GMR element 11 to
14, 21 to 24, 51 to 54 and 61 to 64 and as a magnetic field
for fixing the direction of magnetization in each fixed layer
P (pinned layer in the fixed layer P).

[0103] Specifically, as shown in FIG. 14, the quartz glass
1041 on which the film M which will become the GMR
element is formed is firstly arranged such that the face
having the film M which will become the GMR element
formed thereon comes in contact with the upper surface of
the plate 93, and then, the plate 93 and the quartz glass 10a1
are fixed to each other by a cramp C. At this time, as shown
in FIG. 15 that is a plan view for enlarging the section that
becomes later the magnetic sensors 10 and 50 by paying
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attention to the section corresponding to two of the magnetic
sensors 10 and 50, the quartz glass 10a1 and the magnet
array MA are relatively arranged such that each cross-point
CP of the cutting plane line CL of the quartz glass 1041 that
becomes each side of the magnetic sensors 10 and 50 is
matched with the respective center of gravity of the perma-
nent bar magnets 92 . . . 92. Accordingly, as shown by
arrows in FIG. 15, a magnetic field is applied to each film
M which will become the GMR element in the longitudinal
direction of the narrow zonal portion of each film M in the
state wherein the quartz glass 10al is placed on the upper
surface of the plate 93.

[0104] The present embodiment utilizes this magnetic
field for magnetizing the bias magnet films 115 to 14b, 21b
to 24b, 51b to 54b and 61b to 64b as well as for matching
the direction of magnetization in each magnetic domain in
the free layer F with the direction in the initial state. That is,
magnetization in each magnetic domain in the free layer F
is initialized.

[0105] Subsequently, the relative relationship between the
quartz glass 10a1 having the film M which will become the
GMR element formed thereon and the magnet array MA
(plate 93) is changed as shown in a plan view of FIG. 16,
whereby the surface on which the film M which will become
the GMR element is formed is arranged to be brought into
contact with the upper surface of the plate 93. At this time,
the quartz glass 10a1 and the magnet array M A are relatively
arranged such that each cross-point of the cutting plane line
CL of the quartz glass 10a1 that becomes each side of the
magnetic sensors 10 and 50 is matched with the respective
center of gravity of the four adjacent permanent bar magnets
92 . .. 92. Accordingly, as shown by arrows in FIG. 16, a
magnetic field is applied to each film M which will become
the GMR element in the direction perpendicular to the
longitudinal direction of the narrow zonal portion of each
film M in the state wherein the quartz glass 10al is placed
on the upper surface of the plate 93.

[0106] The present embodiment utilizes this magnetic
field for performing a heat treatment (annealing for order-
ing) to fix the direction of magnetization in the fixed layer
P (pinned layer of the fixed layer P). Specifically, the plate
93 and the quartz glass 10al are fixed to each other by the
cramp C with the state shown in FIG. 16, then, the resultant
is heated in a vacuum to 250 to 280° C. and left for about
four hours in this state.

[0107] Thereafter, the quartz glass 10al is removed to
form a wiring or the like for connecting each film M, and
finally, the quartz glass 1041 is cut along the broken line (or
the cutting line CL) shown in FIG. 10 etc. As described
above, a great number of magnetic sensors 10 and 50 shown
in FIG. 1 are simultaneously produced.

[0108] As described above, a magnetic sensor according
to the embodiment of the present invention has bias magnet
films 115 . . . 11b provided at both ends of the free layer F
in the longitudinal direction for producing in the free layer
a bias magnetic field in a predetermined direction (in the
longitudinal direction of the free layer), whereby the direc-
tion of magnetization in each magnetic domain in the free
layer can stably be maintained in the predetermined direc-
tion when an external magnetic field is not present.

[0109] Further, the initializing coils 31 to 34 and 41 to 44
are energized under a predetermined condition to thereby
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generate an initializing magnetic field for returning the
direction of magnetization in each magnetic domain in the
free layer to the direction (i.e., the longitudinal direction of
the free layer) same as the direction of the bias magnetic
field by the bias magnet films, whereby the direction of
magnetization in each magnetic domain in the free layer can
assuredly be returned to the initial state even if the direction
of magnetization is disturbed by applying a strong magnetic
field to the free layer. As a result, a hysteresis that occurs
when the external magnetic field is in the vicinity of “0” with
respect to the change of the external magnetic field can be
maintained small of the magnetic sensors 10 and 50. Thus,
the magnetic sensor is capable of detecting a minute mag-
netic field with high precision over a long period.

[0110] Further, according to the production process of the
magnetic sensor according to the embodiment of the present
invention, there is prepared a magnet array MA that is
configured such that plural permanent magnets are arranged
at a lattice point of a tetragonal lattice and the polarity of the
magnetic pole of each permanent magnet is different from
the polarity of the other adjacent magnetic pole spaced by
the shortest route. Therefore, the direction of magnetization
in each magnetic domain in the free layer is initialized and
the bias magnet films are magnetized, and further, a pinning
is performed by pinning the direction of magnetization in the
magnetic layer that becomes a pinned layer. Accordingly,
plural GMR elements having different magnetic field detect-
ing directions (perpendicular to each other) can easily and
efficiently be formed on a single chip, thereby being capable
of manufacturing with low cost a magnetic sensor of a single
chip which is capable of detecting at least respective mag-
netic fields whose magnitude is changed in the directions
perpendicular to each other.

[0111] Tt should be noted that, in the above embodiment,
the films M for GMR films (films M which will be the GMR
elements) are formed after the bias films (films for magnets)
are patterned, and the films M for GMR films are annealed
for ordering after the GMR films are patterned. However, the
annealing process for ordering can be performed before the
films M for GMR films are patterned. Further, the bias films
can be formed after the films M for GMR films are formed.

[0112] Next, another embodiment of a magnetic sensor
(second embodiment) in accordance with the present inven-
tion will be described. This magnetic sensor is also classified
into N-type shown in FIG. 21 which is a plan view of the
N-type sensor and S-type shown in FIG. 22 which is a plan
view of the S-type sensor. The N-type magnetic sensor 110
and the S-type magnetic sensor 150 have substantially the
same shape and same configuration except that a direction of
fixed magnetization in a pinned layer shown by black-solid
arrows in FIGS. 21 and 22 and a direction of magnetization
in an initial state in a free layer shown by outline arrows in
FIGS. 21 and 22 are different from each other. Note that,
initializing coils are omitted in FIGS. 21 and 22.

[0113] The N-type magnetic sensor 110 has the same
structure as the N-type magnetic sensor 10 except the
position of the GMR elements and the initializing coils. The
N-type magnetic sensor 110 comprises a single chip 110a
which is the same as the single chip 10a, insulating layers
which is the same as the insulating layers 105, a total of eight
GMR clements 111 to 114, 121 to 124 formed on the
uppermost layer of the insulating layers and a total of eight
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initializing coils (coils for initializing). A relative positional
relationship between the GMR elements 111 to 114, 121 to
124 and the eight initializing coils is the same as that
between the GMR elements 11 to 14, 21 to 24 and the
initializing coils 31 to 34, 41 to 44. The GMR elements 111
to 114 form an X-axis magnetic sensor by being full-bridge-
connected similarly to the GMR elements 11 to 14. The
GMR elements 121 to 124 form an Y-axis magnetic sensor
by being full-bridge-connected similarly to the GMR ele-
ments 21 to 24.

[0114] The first X-axis GMR element 111 is formed at an
almost central portion in the Y-axis direction of the chip
110z and in the vicinity of an end portion of the X-axis
negative direction. The second X-axis GMR element 112 is
formed at an almost central portion in the Y-axis direction of
the chip 110z and at a portion spaced by a predetermined
short distance in the X-axis positive direction from the first
X-axis GMR element 111. The third X-axis GMR element
113 is formed at an almost central portion in the Y-axis
direction of the chip 110z and in the vicinity of an end
portion of the X-axis positive direction. The fourth X-axis
GMR element 114 is formed at an almost central portion in
the Y-axis direction of the chip 110a and at a portion spaced
by a predetermined short distance in the X-axis negative
direction from the third X-axis GMR element 113. An each
of longitudinal directions of the first to fourth X-axis GMR
elements 111 to 114 is parallel to the Y-axis direction.

[0115] The first Y-axis GMR element 121 is formed at an
almost central portion in the X-axis direction of the chip
110z and in the vicinity of an end portion of the Y-axis
positive direction. The second Y-axis GMR element 122 is
formed at an almost central portion in the X-axis direction
of the chip 110z and at a portion spaced by a predetermined
short distance in the Y-axis negative direction from the first
Y-axis GMR element 121. The third Y-axis GMR element
123 is formed at an almost central portion in the X-axis
direction of the chip 110z and in the vicinity of an end
portion of the Y-axis negative direction. The fourth Y-axis
GMR element 124 is formed at an almost central portion in
the X-axis direction of the chip 110a and at a portion spaced
by a predetermined short distance in the Y-axis positive
direction from the third Y-axis GMR element 123. An each
of longitudinal directions of the first to fourth Y-axis GMR
elements 121 to 124 is parallel to the X-axis direction.

[0116] The S-type magnetic sensor 150 has the same
structure as the S-type magnetic sensor 50 except the
position of the GMR elements and the initializing coils. The
magnetic sensor 150 comprises a single chip 150z which is
the same as the single chip 504, insulating layers which is
the same as the insulating layers 10b, a total of eight GMR
elements 151 to 154, 161 to 164 formed on the uppermost
layer of the insulating layers and a total of eight initializing
coils (coils for initializing). A relative positional relationship
between the GMR elements 151 to 154, 161 to 164 and the
eight initializing coils is the same as that between the GMR
elements 51 to 54, 61 to 64 and the initializing coils 71 to
74, 81 to 84. The GMR elements 151 to 154 form an X-axis
magnetic sensor by being full-bridge-connected similarly to
the GMR elements 51 to 54. The GMR elements 161 to 164
form an Y-axis magnetic sensor by being full-bridge-con-
nected similarly to the GMR elements 61 to 64.

[0117] A positional relationship between the first to fourth
X-axis GMR elements 151 to 154 and the substrate 1504 is
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the same as that between the first to fourth X-axis GMR
elements 111 to 114 and the substrate 110a. An each of
longitudinal directions of the first to fourth GMR elements
151 to 154 is parallel to the Y-axis direction. A positional
relationship between the first to fourth Y-axis GMR elements
161 to 164 and the substrate 150a is the same as that between
the first to fourth Y-axis GMR elements 121 to 124 and the
substrate 110a. An each of longitudinal directions of the first
to fourth GMR elements 161 to 164 is parallel to the X-axis
direction.

[0118] Subsequently explained is a process for manufac-
turing the magnetic sensors 110 and 150 thus configured as
described above. In this process, the magnet array MA
described above and a magnet array MB which is different
from the magnet array MA are used.

[0119] Firstly, the magnet array MA is prepared by the
process mentioned above and the magnet array MB is
prepared by the following process below. Prior to the
process to make the magnet array MB, each of parts that
constitute magnet array MB is explained. The magnet array
MB comprises a yoke (yoke plate) 200, a substrate for the
array 210 and plural permanent magnets (permanent bar
magnets) 230.

[0120] The yoke 200 is shown in FIGS. 23, 24 and 25.
FIG. 23 is a fragmentary plan view of the yoke 200, FIG.
24 is an enlarged plan view of FIG. 23 and FIG. 25 is a
sectional view of the yoke shown in FIG. 24 cut by a plane
along a line 2-2 in FIG. 24. This yoke 200 is a thin plate
formed of magnetic material which has larger permeability
than air (e.g., 42 alloy Fe-42Ni alloy and the like). Prefer-
ably, yoke 200 can be formed of high saturation-high
permeability material such as permalloy or silicon steel
(silicon sheet). The planar shape of the yoke is rectangle.
The plate thickness of the yoke 200 is 0.15 mm in this
example. The yoke 200 has plural thorough holes 201. The
through hole 201 has an approximately square shape viewed
in a plane. The plural through holes 201 are arranged in a
tetragonal lattice. Specifically, the through holes 201 are
disposed such that each center of gravity of the through
holes 201 is matched with a lattice point SP of the tetragonal
lattice shown in FIG. 24. As viewed in a plane, a certain side
of sides forming the through hole 201 is parallel to a certain
side of sides forming the adjacent through hole 201. In other
words, a certain side of sides forming the through hole 201
and a certain side of sides forming other through hole 201
located on the same row (or column) of the tetragonal lattice
are on (in) a same straight line.

[0121] Each of the through holes 201, as shown in FIG. 26
showing a planar shape of the through hole 201, has a shape
composed of a square portion 201a and margin portions
(circle arc portions or R portions) 2015 viewed in a plane.
A shape of the square portion 2014 is a square. The margin
portion 2015 swells outwardly from the square at each of
corners of the square portion 201a. Specifically, an outer
shape (outline) of the margin portion 201b is a circle arc
whose center PR is on a diagonal line CR of the square
portion 201a.

[0122] Through openings 202 serving as air gaps are
formed between the through hole 201 and the other adjacent
through hole 201 spaced by the shortest route from the
former through hole 201 (i.e., between through holes 201,
201 that are adjacent each other with a shortest distance). A
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shape of the through opening 202 is approximately a rect-
angle in viewed in a plane. A longer side of the through
opening 202 is parallel to a side of the square portion 2015
of the through hole 201 next to the same through opening
202. Length of the longer side of the through opening 202
is approximately the same as or is slightly shorter than
length of the side of the square portion 201a. Length of the
shorter side of the through opening 202 is longer than length
of the longer side (side in the longitudinal direction) of each
of the films M which will become GMR e¢lements 111 to 114,
121 to 124, 151 to 154 and 161 to 164.

[0123] The yoke 200 has openings (openings for control-
ling magpetic flux) 203. The opening 203, viewed in a plane,
is formed at a region surrounding a center of gravity SQ of
a square drawn by lines connecting the lattice points of the
tetragonal lattice. One of the openings 203 has a shape of a
circle whose center is on the center of gravity SQ viewed in
a plane.

[0124] The substrate for the array 210, shown in FIGS. 27
and 28, is a substrate made by processing a thin plate 2104,
shown in FIG. 29, formed of magnetic material (e.g.,
permalloy). The substrate for the array 210 has almost the
same shape as the yoke 200 viewed in a plane. The substrate
for the array 210 includes plural concavities (ditches) 2105.
Plural concavities 2105 are formed at the same positions
(same locations) as the through holes 201 of the yoke 200.
A shape of the concavity 2105 is almost the same as the
shape of the square portion 201a of the through hole 201.

[0125] The permanent bar magnets 230 has a shape of a
rectangular parallelepiped shape (see. FIG. 31.). The per-
manent bar magnet 230 has a sectional shape, perpendicular
to one relatively longer central axis of the rectangular
parallelepiped, which is an approximately square shape
approximately same as the shape of the through hole 201
(and the concavity 210b). Poles of the permanent bar magnet
230 are formed at both edge faces each of which has the
square shape. Magnitude of each of magnetic charges of the
plural permanent bar magnets 230 is approximately equal to
one another.

[0126] Subsequently explained is a process for manufac-
turing the magnet array MB. Firstly, a thin plate which will
become the yoke 200 is prepared. The through holes 201, the
through openings 202 and the openings 203 are formed in
the thin plate by etching. Next, the concavities 210b are
formed on the thin plate 210z which will become the
substrate for the array 210 by etching (by half-etching).

[0127] Next, square column-like spacers (bar) 220 are
disposed on the substrate for the array 210, as shown in FIG.
30 which is a perspective view and in FIG. 31 which is a
sectional view. The spacers 220 are placed between one row
constituted by the plural concavities 2105 and the other row,
constituted by the plural concavities 210b, which is next to
and is parallel to the former row. When the spacers 220 are
arranged in this manner, length of the spacer 220 along the
Z-axis direction is shorter than length between both edge
faces having magnetic poles of the permanent bar magnet
230. Note that the margin portions 2015 are omitted in FIG.
30.

[0128] Subsequently, the yoke 200 is placed (disposed or
arranged) on the spacers 220. At this time, the yoke 200 is
arranged in such a manner that the through holes 201 (the
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square portions 201«a) of the yoke 200 and the concavities
210b of the substrate for the array 210 coincide in a plan
view. In other words, in a state where the yoke 200 is
disposed on the spacers 220, each of the concavities 2105
coincides with each one of the through holes 201 in a Z-axis
direction. Note that a mark for determining position of them
(ie., an alignment mark) may be formed on the yoke 200 and
the substrate for the array 210.

[0129] Next, each of the plural permanent bar magnets
230 is inserted into each of the plural through holes 201. At
the time of the insertion of the permanent bar magnets 230,
one of the edge faces having magnetic poles of the perma-
nent bar magnets 230 is made to be in abutment (contact)
with each of upper surfaces of the concavities 2106 of the
substrate for the array 210. As a result, the other edge faces
having magnetic poles of the permanent bar magnets 230
(this face is also simply referred to as “upper surface” of the
magnet 230 hereinafter) is placed (disposed) in a same plane
(on a single plane). Also, at this time, in the plane where the
upper surfaces of the magnet 230 is disposed, a polarity of
a magnet pole of each permanent magnet 230 is different
from (opposite to) a polarity of the other adjacent magnet
pole spaced by the shortest route (i.c., shortest distance).
Accordingly, the permanent bar magnet 230 is arranged as
shown in FIG. 23. In this stage, a movement of the perma-
nent bar magnets 230 in a side direction (in a transverse
direction) is prohibited because the magnets 230 are inserted
into both the through holes 201 of the yoke 200 and the
concavities 210b.

[0130] Next, the yoke 200 is lifted upwardly (in the Z-axis
positive direction) by utilizing the openings 203 of the yoke
200. More specifically, two of the openings 203 are grasped
with tweezers and the yoke 200 is lifted by the tweezers.
This operation is repeated for the other openings 203 and the
whole yoke is gradually lifted upward. At this time, as
shown in FIG. 33, height of the yoke 200 (distance between
the yoke 200 and the substrate for the array 210) is adjusted
in such a manner that the plane formed by the upper surfaces
of the permanent bar magnets 230 (i.e., all the other edge
faces having magnetic poles of the permanent bar magnets
230) is placed between an upper surface 200up of the yoke
200 and a lower surface 200dn of the yoke 200. In other
words, the yoke 200 is lifted upwardly such that the upper
surface of the permanent bar magnet 230 is made to be
within plate thickness of the yoke 200. It should be noted
that a plane formed by the upper surface 200up of the yoke
200 coincides with a plane formed by the upper surfaces of
the permanent bar magnets 230. Then, the spacers are taken
out and the yoke 200 is fixed to the substrate for the array
210. The magnet array MB is thus completed.

[0131] FIG. 34 is a perspective view showing a state
wherein only four permanent bar magnets 230 . . . 230 are
taken out. As is apparent from this figure, there are provided
magnetic fields from one N-pole directing to the S-poles
adjacent to this N-pole by the shortest route and each having
a different direction at an angle of 90 degrees, above the
upper surfaces (edge faces having the pole) of the permanent
bar magnets 230 . . . 230. In this embodiment, this magnetic
field given by the magnet array MB is used as a magnetic
field for magnetizing each bias magnet film of each GMR
element 111 to 114, 121 to 124, 151 to 154 and 161 to 164.

[0132] This magnet array MB has through openings 202
serving as air gaps formed between two of (upper surfaces
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of) the permanent bar magnets 230 that are spaced by the
shortest route and next to each other. With this cinfiguration,
as shown in FIG. 35, magnetic flux concentrates both in the
through openings 202 and in a space close to the through
openings 202. In other words, the magnet array MB can
provide a narrow space local region with a magnetic field
whose magnitude is great and whose direction is stably
constant.

[0133] FIGS. 36 and 37 show states of magnetic flux
generated by the magnet array MB and the magnet array MA
by arrows, respectively. As understood by comparing one of
the figures with the other figure, the magnet array MB has
not only above mentioned through openings 202 but also
openings 203, and therefore, it can make the magnetic field
formed between both the permanent bar magnets that are
next to each other and are spaced by the shortest route more
linear and can provide locally the magnetic field which is
more stable and whose magnitude is greater than the mag-
netic field provided by the magnet array MA.

[0134] With these steps mentioned above, the magnet
array MA and the magnet array MB are prepared. Therefore,
the concrete process (method) for manufacturing (produc-
ing) the magnetic sensors 110 and 150 is explained, here-
inafter.

[0135] Firstly, a substrate (a quartz glass that will become
a substrate 110a1 described later with reference to FIG. 39,
a wafer) is prepared on which films M, which will become
the GMR elements 111 to 114, 121 to 124, 151 to 154, 161
to 164, are formed. This substrate is formed in a manner
similar to the substrate 10a1 shown in FIG. 10. These films
M are arranged in such a manner that, when this substrate is
cut in the cutting process which will be carried out later,
individual magnetic sensors 110 and 150 shown in FIGS. 21
and 22 are obtained.

[0136] Next, the above mentioned substrate on which
films M which will become the GMR elements are formed
and the magnet array MA (the plate 93) are arranged as
shown in FIG. 38, and relative positional relationship
between them is fixed. At this time, they are disposed in such
a manner that a surface on which the films M which will
become the GMR elements are formed is made to come in
contact with (be in abutment with) an upper surface of the
plate 93 (see. FIG. 14.). Further, the substrate and the
magnet array MA are relatively arranged in such a manner
that each cross-point CP of the cutting plane line CL of the
substrate that becomes each side of the magnetic sensors 110
and 150 is matched with the respective center of gravity of
the four adjacent permanent bar magnets 92 . . . 92. As a
result, a magnetic field is applied to each film M which will
become the GMR element in the direction perpendicular to
the longitudinal direction of the narrow zonal portion of
each film M in the state wherein the substrate is placed on
the upper surface of the magnet array MA, as shown by
arrows in FIG. 38.

[0137] This second embodiment utilizes this magnetic
field for performing a heat treatment to fix the direction of
magnetization in the fixed layer P (pinned layer of the fixed
layer P). Specifically, the plate 93 and the substrate are fixed
to each other by the cramp C (see. FIG. 14) with the state
shown in FIG. 38, then, the resultant is heated in a vacuum
to 250 to 280° C. and left for about four hours in this state
(i.e., the annealing for ordering is performed).
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[0138] Next, as shown in FIG. 39, the substrate 110a1 on
which the films M which will become the GMR elements are
formed is arranged in such a manner that the plane on which
the films M which will become the GMR elements are
formed comes in contact with (is in abutment with) the upper
surface 200up of the yoke 200 of the magnet array MB. At
this time, as shown in FIG. 40 which is a fragmentary
enlarged plan view, the substrate and the magnet array MB
are relatively arranged in such a manner that each cross-
point CP of the cutting plane line CL of the substrate 110al
that becomes each side of the magnetic sensors 110 and 150
is matched with the respective center of gravity of the each
permanent bar magnet 230 . . . 230. At this time, the films
M which will be the GMR elements is disposed inside of the
through openings 202 of the yoke 200, in viewed in a plane.
Accordingly, as shown by arrows in FIG. 40, a magnetic
field is applied to each film M which will become the GMR
element in the longitudinal direction of the narrow zonal
portion of each film M in the state wherein the substrate
11041 is placed on the upper surface 200up of the yoke 200.

[0139] This second embodiment utilizes this magnetic
field for magnetizing the bias magnet films as well as for
matching the direction of magnetization in each magnetic
domain in the free layer F with the direction in the initial
state.

[0140] Thereafter, the substrate 11041 is removed to form
a wiring or the like for connecting each film M, and finally,
the substrate 110a1 is cut along the broken line shown in
FIGS. 38 and 40. As described above, a great number of
monolithic (single chip) magnetic sensors 110 shown in
FIG. 21 and monolithic (single chip) magnetic sensors 150
shown in FIG. 22 are simultaneously produced.

[0141] As explained above, in the second embodiment, the
strong magnetic field is provided at local space by utilizing
the magnet array MB, and the magnetic field thus provided
is used to magnetize the the bias magnet films of the GMR
elements. The magnet array MB comprises the yoke having
through openings 202 serving as air gaps. Therefore, the
magnet array MB can provide a space close to the through
openings 202 with a magnetic field whose magnitude is
great and which is stably constant. Accordingly, even if the
magnetic material having a high coersive force is adopted to
the bias magnetic film, the bias magnetic film can be
assuredly magnetized. As a result, a high reliable magnetic
sensor 110 and 150 can be provided in which the direction
of magnetization in the free layer is stably returned to the
initial-state direction even after the strong disturbance (e.g.,
a magnetic field whose magnitude is relatively large) is
added to the magnetic sensor.

[0142] In addition, the yoke 200 has the openings 203
formed at regions where the magnetic fields are unstable
because of crossing (or collision) of magnetic flux lines
stemming from the poles. As a result, since the direction of
the magnetic flux lines become stable, the magnetic field in
the region in the neighborhood of the through opening 202
becomes more stable. Further, the openings 203 are used to
adjust the distance between the substrate for the array 210 of
the magnet array MB and the yoke 200 (i.c., the height of the
yoke 200). Therefore, since it is possible to adjust the height
of the yoke easily and desirably, an optimum magnetic field
can be provided for a region where the bias magnetic film of
the GMR element is disposed to be magnetized.
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[0143] Moreover, the through hole 201 of the yoke 200 of
the magnet array MB has the shape which is not a square
shape but which includes the margin portions 2015 swelling
outwardly from the square at each of corners of the square.
Therefore, when forming the through hole 201 by etching,
even if the corner of the through hole is not completely
etched as designed, the permanent bar magnet 230 can be
assuredly inserted into the through hole 201. It should be
noted that this type of margin portion may preferably be
formed at corners of the concavities 2105.

[0144] The present invention is not limited to the above-
mentioned embodiment, but various modifications can be
applied within the scope of the present invention. For
example, as shown in FIG. 20 representing a first X-axis
GMR eclement 301 taking as a representative example,
narrow zonal portions 301a may be separated at the upper
portion of the bias magnet films 3015 . . . 3015 disposed
below both ends thereof. Further, an initializing coil 302
may be a double spiral type coil wherein a spiral coil 302-1
having a center point P1 and a spiral coil 302-2 having a
center point P2 are connected to each other. In this case, the
first X-axis GMR element 301 is arranged between the
center point P1 and the center point P2, resulting in that
currents parallel to each other flow in the same direction (in
a direction perpendicular to the longitudinal direction of the
narrow zonal portions 301a) through each conductor section
of the initializing coil 302 passing below the first X-axis
GMR element 301, thereby generating the initializing mag-
netic field. Moreover, the initializing coil may be a multi-
layered coil or may be a toroidal coil. Further, a testing coil
that generates a testing magnetic field, in the direction
perpendicular to the initializing magnetic field generated by
the initializing coil, for checking a function of each GMR
element may also be disposed in the insulating layer above
or below (Z-axis direction) the initializing coil.

What is claimed is:

1. A magnetic sensor comprising a magnetoresistive effect
element including a pinned layer and a free layer compris-
ing:

a bias magnet film composed of a permanent magnet for
producing a bias magnetic field in the free layer in a
predetermined direction; and

an initializing coil that is provided in the vicinity of the
free layer and applies to the free layer a magnetic field
in the direction same as the direction of the bias
magnetic field by being energized under a predeter-
mined condition.

2. A production process of a magnetic sensor comprising,
on a substrate, a pinned layer, a free layer and a bias magnet
film being a permanent magnet that applies a bias magnetic
field to the free layer to form a magnetoresistive effect
element having a resistance value varying according to a
relative angle made by a direction of magnetization in the
pinned layer and a direction of magnetization in the free
layer, comprising:

a step of preparing a magnet array configured such that
plural permanent magnets are arranged on a lattice
point of a tetragonal lattice and a polarity of a magnet
pole of each permanent magnet is different from a
polarity of the other adjacent magnet pole spaced by the
shortest route;
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a step of manufacturing a wafer, including the substrates,
on which plural island-like element films are inter-
spersed, each element film including a film that
becomes the pinned layer, a film that becomes the free
layer and a film that becomes the bias magnet film; and

a step of disposing the wafer in the vicinity of the magnet
array so as to establish a predetermined relative posi-
tional relationship between the wafer and the magnet
array, whereby the film that becomes the bias magnet
film of the plural element films is magnetized by
utilizing a magnetic field formed between one magnet
pole of the magnet poles of the magnet array and other
magnet pole, of the magnet poles of the magnet array,
that is adjacent to the one magnet pole spaced by the
shortest route.

3. A production process of the magnetic sensor claimed in
Claim 2, wherein the step of manufacturing the wafer
includes a step of forming each film, that becomes the free
layer, of the plural element films in such a manner as to have
a shape with a long axis and a short axis, and in such a
manner that at least one of the long axes of the films that
become the free layers of the plural element films is per-
pendicular to the long axis of the other film, that becomes the
free layer, of the plural element films and a step of forming
the film that becomes the bias magnet film at both ends of
each film that becomes the free layer, in the direction of the
long axis, and wherein the predetermined relative positional
relationship in the step of magnetizing the film that becomes
the bias magnet film is a relative positional relationship,
between the wafer and the magnet array, that matches the
direction of magnetization of the film that becomes the bias
magnet film with the direction of the long axis of the film
that becomes the free layer having the bias magnet film
provided at both ends thereof, by a magnetic field formed by
the magnet array.

4. A production process of the magnet sensor claimed in
Claim 3, further comprising

a step of arranging the wafer in the vicinity of the magnet
array so as to establish a relative positional relation-
ship, between the wafer and the magnet array, that is
different from the predetermined relative positional
relationship, whereby the direction of magnetization of
the film, that becomes the pinned layer, of the plural
element films is pinned by utilizing the magnetic field
formed by the magnet array.

5. A magnet array including plural permanent magnets,
each having an approximately rectangular parallelepiped
shape and having a sectional shape, perpendicular to one
central axis of the rectangular parallelepiped, which is
approximately square, and each having poles formed at both
edge faces, one of which has the approximately square shape
perpendicular to the central axis of the rectangular parallel-
epiped; wherein

the plural permanent magnets are arranged in such a
manner that each center of gravity of the edge faces
having the approximately square shape is matched with
a lattice point of a tetragonal lattice, a certain side of
sides forming one of the edge faces of the plural
permanent magnets disposed in a certain row of the
tetragonal lattice and a certain side of sides forming one
of the edge faces of the other plural permanent magnets
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disposed in the same row of the tetragonal lattice is in
a same straight line, all the edge faces having the square
shapes of the permanent magnets are placed in an
approximately same single plane, and any two of the
polarities of the magnetic poles of the permanent
magnets disposed adjacent each other and spaced by
the shortest route are different each other.

6. A magnet array including plural permanent magnets,
each having an approximately rectangular parallelepiped
shape and having a sectional shape, perpendicular to one
central axis of the rectangular parallelepiped, which is
approximately square, and each having poles formed at both
edge faces, one of which has the approximately square shape
perpendicular to the central axis of the rectangular parallel-
epiped and a thin plate-like yoke formed of a magnetic
material; wherein

the plural permanent magnets are arranged in such a
manner that each center of gravity of the edge faces
having the approximately square shape is matched with
a lattice point of a tetragonal lattice, a certain side of
sides forming one of the edge faces of the plural
permanent magnets disposed in a certain row of the
tetragonal lattice and a certain side of sides forming one
of the edge faces of the other plural permanent magnets
disposed in the same row of the tetragonal lattice is in
a same straight line, all the edge faces having the square
shapes of the permanent magnets are placed in an
approximately same single plane, and any two of the
polarities of the magnetic poles of the permanent
magnets disposed adjacent each other and spaced by
the shortest route are different each other; and

the yoke comprises plural through holes each of which
has a shape which is the approximately same as the
sectional shape which is approximately square and the
holes being arranged at the positions where the perma-
nent magnets are disposed, and the yoke being arranged
in such a manner that the same single plane in which all
the edge faces of the permanent magnets are placed is
disposed between an upper surface and a lower surface
of the yoke when the permanent magnets are inserted
into the through holes.

7. A magnet array claimed in Claim 6; wherein

the yoke has through openings serving as air gaps formed
between the through holes that are adjacent each other
and that are spaced by a shortest route.

8. A magnet array claimed in Claim 7; wherein

the yoke has openings at regions each of which is sur-
rounding a center of gravity of a square drawn by lines
connecting the lattice points of the tetragonal lattice in
a plan view.
9. A magnet array claimed in any one of claims 6 to 8;
wherein

each of the through holes of the yoke has a square portion
having a square shape which is the approximately same
as the shape of the sectional square shape of the
permanent magnet in a plan view and a margin portions
swelling outwardly from the square at each of corners
of the square portion.
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