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MAGNETIC HEAD AND MAGNETIC
RECORDING AND REPRODUCING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2018-036487, filed on Mar. 1, 2018; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
magnetic head and a recording and reproducing device.

BACKGROUND

[0003] It is desirable to increase the recording density of
a magnetic recording and reproducing device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1Ato FIG. 1C are schematic views illustrating
a magnetic head according to a first embodiment;

[0005] FIG. 2 is a schematic perspective view illustrating
the magnetic head according to the first embodiment;
[0006] FIG. 3 is a graph illustrating characteristics of the
magnetic head according to the first embodiment;

[0007] FIG. 4 is a graph illustrating characteristics of a
magnetic head of a reference example;

[0008] FIG. 5 is a schematic view illustrating the magnetic
head according to the first embodiment;

[0009] FIG. 6 is a schematic view illustrating the magnetic
head according to the first embodiment;

[0010] FIG. 7 is a schematic view illustrating the magnetic
head according to the first embodiment;

[0011] FIG. 8 is a schematic view illustrating the magnetic
head according to the first embodiment;

[0012] FIGS. 9A to 9C are schematic views illustrating the
magnetic head according to the first embodiment;

[0013] FIG. 10 is a schematic perspective view illustrating
a portion of the magnetic recording and reproducing device
according to the embodiment;

[0014] FIG. 11 is a schematic perspective view illustrating
the magnetic recording and reproducing device according to
the embodiment;

[0015] FIG. 12A and FIG. 12B are schematic perspective
views illustrating a portion of the magnetic recording and
reproducing device according to the embodiment

[0016] FIG. 13A to FIG. 13C are schematic views illus-
trating a magnetic head according to an embodiment; and
[0017] FIG. 14A to FIG. 14C are schematic views illus-
trating a magnetic head according to an embodiment.

DETAILED DESCRIPTION

[0018] According to one embodiment, a magnetic head
includes a reproducing portion. The reproducing portion
includes first to fourth magnetic portions and a stacked body.
The third magnetic portion is provided between the first
magnetic portion and the second magnetic portion. The
fourth magnetic portion is provided between the first mag-
netic portion and the second magnetic portion. A second
direction from the third magnetic portion toward the fourth
magnetic portion crosses a first direction from the first
magnetic portion toward the second magnetic portion. The
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stacked body is provided between the first magnetic portion
and the second magnetic portion in the first direction and
between the third magnetic portion and the fourth magnetic
portion in the second direction. The stacked body includes a
first magnetic layer, a second magnetic layer provided
between the first magnetic layer and the second magnetic
portion in the first direction, and an intermediate layer
provided between the first magnetic layer and the second
magnetic layer in the first direction, the intermediate layer
being nonmagnetic. A first distance along the first direction
between the second magnetic portion and the third magnetic
portion is different from a second distance along the first
direction between the second magnetic portion and the
fourth magnetic portion.

[0019] According to another embodiment, a magnetic
head includes a reproducing portion. The reproducing por-
tion includes first to fourth magnetic portions, a stacked
body, an insulating portion, and another insulating portion.
The third magnetic portion is provided between the first
magnetic portion and the second magnetic portion. The
fourth magnetic portion is provided between the first mag-
netic portion and the second magnetic portion. A second
direction from the third magnetic portion toward the fourth
magnetic portion crosses a first direction from the first
magnetic portion toward the second magnetic portion. The
stacked body is provided between the first magnetic portion
and the second magnetic portion in the first direction and
between the third magnetic portion and the fourth magnetic
portion in the second direction. The insulating portion is
provided between the fourth magnetic portion and the first
magnetic portion. The other insulating portion is provided
between the fourth magnetic portion and the second mag-
netic portion. The stacked body includes a first magnetic
layer, a second magnetic layer provided between the first
magnetic layer and the second magnetic portion in the first
direction, and an intermediate layer provided between the
first magnetic layer and the second magnetic layer in the first
direction, the intermediate layer being nonmagnetic. The
third magnetic portion contacts the first magnetic portion.
The fourth magnetic portion contacts the second magnetic
portion.

[0020] According to another embodiment, a magnetic
recording and reproducing device includes one of the mag-
netic heads described above, a magnetic recording medium,
and a controller. The controller is configured to supply a
current between the first magnetic layer and the second
magnetic layer. An oscillation is generated in the stacked
body when the current flows between the first magnetic layer
and the second magnetic layer.

[0021] Information of the magnetic recording medium is
read by detecting a change of a frequency of the oscillation
corresponding to an orientation of a magnetization of the
magnetic recording medium.

[0022] The drawings are schematic and conceptual; and
the relationships between the thickness and width of por-
tions, the proportions of sizes among portions, etc., are not
necessarily the same as the actual values thereof. Further, the
dimensions and proportions may be illustrated differently
among drawings, even for identical portions.

[0023] In the specification and drawings, components
similar to those described or illustrated in a drawing there-
inabove are marked with like reference numerals, and a
detailed description is omitted as appropriate.
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First Embodiment

[0024] FIG.1Ato FIG. 1C are schematic views illustrating
a magnetic head according to a first embodiment. FIG. 1A
is a plan view as viewed along arrow AA of FIG. 1C. FIG.
1B is a line A1-A2 cross-sectional view of FIG. 1C. FIG. 1C
is a perspective view. In FIG. 1C, the components are drawn
as being separated from each other for easier viewing of the
drawing.

[0025] FIG. 2 is a schematic perspective view illustrating
the magnetic head according to the first embodiment.
[0026] As shown in FIG. 2, the magnetic head 110 accord-
ing to the embodiment includes a reproducing portion 70. A
recording portion 60 is further provided in the example. The
magnetic head 110 opposes a magnetic recording medium
80.

[0027] The magnetic recording medium 80 includes, for
example, a medium substrate 82 and a magnetic recording
layer 81. The magnetic recording layer 81 is positioned
between the medium substrate 82 and the magnetic head
110. A magnetization 83 of the magnetic recording layer 81
is controlled by a magnetic field applied from the recording
portion 60. Thereby, a recording operation is performed. The
magnetic recording medium 80 moves relative to the mag-
netic head 110 along a medium movement direction 85.
[0028] In the example, the recording portion 60 includes a
magnetic pole 61 (e.g., a major magnetic pole) and a write
shield 62. In the example, an oscillation element 63 is
provided between the magnetic pole 61 and the write shield
62. For example, the oscillation element 63 generates a high
frequency magnetic field. The magnetization 83 of the
portion of the magnetic recording medium 80 to which the
high frequency magnetic field is applied changes easily.
High frequency assisted recording is possible. The oscilla-
tion element 63 may be omitted in the embodiment.
[0029] The reproducing portion 70 opposes the magnetic
recording medium 80. The reproducing portion 70 has a first
surface 70s. The first surface 70s opposes the magnetic
recording medium 80. The first surface 70s is, for example,
an ABS (Air Bearing Surface). The first surface 70s is
configured to oppose the magnetic recording medium 80.
For example, the reproducing portion 70 is configured to
detect the direction of the magnetization 83 of the magnetic
recording layer 81. Thereby, a reproduction operation is
performed. The reproducing portion 70 detects a recording
signal recorded in the magnetic recording medium 80.
[0030] The reproducing portion 70 includes a first mag-
netic portion 41, a second magnetic portion 42, and a stacked
body 71. In the example, the reproducing portion 70 further
includes a fifth magnetic portion 75. The fifth magnetic
portion 75 is described below.

[0031] The stacked body 71 is provided between the first
magnetic portion 41 and the second magnetic portion 42.
The direction from the first magnetic portion 41 toward the
second magnetic portion 42 is taken as a first direction (an
X-axis direction).

[0032] One direction perpendicular to the X-axis direction
is taken as a Y-axis direction. A direction perpendicular to
the X-axis direction and the Y-axis direction is taken as a
Z-axis direction.

[0033] The direction from the magnetic recording medium
80 toward the reproducing portion 70 is aligned with the
Z-axis direction. The Z-axis direction corresponds to a
height direction. For example, the X-axis direction corre-
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sponds to a down-track direction. For example, the Y-axis
direction corresponds to a cross-track direction.

[0034] In the example, the reproducing portion 70
includes a first interconnect 411 and a second interconnect
42[, (referring to FIG. 2). One end of the first interconnect
41L and one end of the second interconnect 42L are elec-
trically connected to the stacked body 71. In the example,
the one end of the first interconnect 411 is electrically
connected to the stacked body 71 via the first magnetic
portion 41. The one end of the second interconnect 42L is
electrically connected to the stacked body 71 via the second
magnetic portion 42. It is possible to electrically connect the
other end of the first interconnect 411 and the other end of
the second interconnect 421 to a controller 70D. For
example, a current is supplied from the controller 70D to the
stacked body 71.

[0035] As shown in FIG. 1A, the reproducing portion 70
further includes a third magnetic portion 43 and a fourth
magnetic portion 44 in addition to the stacked body 71, the
first magnetic portion 41, and the second magnetic portion
42. The third magnetic portion 43 and the fourth magnetic
portion 44 are not illustrated in FIG. 2.

[0036] The third magnetic portion 43 is provided between
the first magnetic portion 41 and the second magnetic
portion 42. The fourth magnetic portion 44 is provided
between the first magnetic portion 41 and the second mag-
netic portion 42.

[0037] A second direction from the third magnetic portion
43 toward the fourth magnetic portion 44 crosses the first
direction (the X-axis direction: the direction from the first
magnetic portion 41 toward the second magnetic portion
42). The second direction is, for example, the Y-axis direc-
tion.

[0038] The stacked body 71 is provided between the first
magnetic portion 41 and the second magnetic portion 42 in
the first direction (the X-axis direction). The stacked body
71 is provided between the third magnetic portion 43 and the
fourth magnetic portion 44 in the second direction (the
Y-axis direction).

[0039] The stacked body 71 includes a first magnetic layer
11, a second magnetic layer 12, and an intermediate layer 13.
The second magnetic layer 12 is provided between the first
magnetic layer 11 and the second magnetic portion 42 in the
first direction (the X-axis direction). The intermediate layer
13 is provided between the first magnetic layer 11 and the
second magnetic layer 12 in the first direction. The inter-
mediate layer 13 is nonmagnetic.

[0040] For example, the length (the thickness) along the
first direction (the X-axis direction) of the first magnetic
layer 11 is longer (thicker) than the length (the thickness)
along the second direction of the second magnetic layer 12.
[0041] A first conductive layer 11e and a second conduc-
tive layer 12e are further provided in the example. These
conductive layers are nonmagnetic. The first conductive
layer 11e is positioned between the stacked body 71 and the
first magnetic portion 41 in the first direction (the X-axis
direction). The second conductive layer 12e is positioned
between the stacked body 71 and the second magnetic
portion 42 in the first direction (the X-axis direction).
[0042] First to sixth insulating portions 47a to 47f are
provided in the example. These insulating portions may be
continuous with each other.

[0043] The first insulating portion 47a is provided
between the first magnetic portion 41 and the third magnetic
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portion 43. The second insulating portion 475 is provided
between the first magnetic portion 41 and the fourth mag-
netic portion 44. The third insulating portion 47¢ is provided
between the second magnetic portion 42 and the third
magnetic portion 43. The fourth insulating portion 474 is
provided between the second magnetic portion 42 and the
fourth magnetic portion 44. The fifth insulating portion 47¢
is provided between the third magnetic portion 43 and the
stacked body 71. The sixth insulating portion 47f7is provided
between the fourth magnetic portion 44 and the stacked
body 71. The first to fourth insulating portions 47a to 47d
include, for example, insulative magnetic materials. The
fifth magnetic portion 47¢ and the sixth insulating portion
47f are, for example, nonmagnetic.

[0044] As shown in FIG. 1B and FIG. 1C, the fifth
magnetic portion 75 is positioned between the first magnetic
portion 41 and the second magnetic portion 42 in the first
direction (the X-axis direction). The direction from the
stacked body 71 toward the fifth magnetic portion 75 is
taken as a third direction. The third direction crosses the first
direction (the X-axis direction) and the second direction
(e.g., the Y-axis direction). For example, the third direction
is aligned with the Z-axis direction. The magnetic recording
medium 80 is drawn for better understanding in FIG. 1B.
[0045] As shown in FIG. 1B, the reproducing portion 70
further includes a seventh insulating portion 47g. A portion
of the seventh insulating portion 47g is positioned between
the fifth magnetic portion 75 and the first magnetic portion
41. Another portion of the seventh insulating portion 47g is
positioned between the fifth magnetic portion 75 and the
second magnetic portion 42. Yet another portion of the
seventh insulating portion 47g is positioned between the
fifth magnetic portion 75 and the stacked body 71.

[0046] The first to seventh insulating portions 47a to 47¢g
are not illustrated in FIG. 1C.

[0047] The fifth magnetic portion 75 applies a magnetic
field (e.g., a bias magnetic field) to the stacked body 71. For
example, the magnetization (a fifth magnetization 75M) of
the fifth magnetic portion 75 is aligned with the third
direction (e.g., the Z-axis direction). The fifth magnetization
75M may be the direction from the magnetic recording
medium 80 toward the reproducing portion 70 or the direc-
tion from the reproducing portion 70 toward the magnetic
recording medium 80.

[0048] Forexample, a magnetic field (a magnetic field due
to the fifth magnetization 75M) is applied to the stacked
body 71. Then, a current flows in the stacked body 71.
Thereby, an oscillation is generated in the stacked body 71.
For example, the stacked body 71 functions as a STO (spin
torque oscillator).

[0049] A magnetic field that is based on the magnetization
83 of the magnetic recording medium 80 is applied to the
reproducing portion 70 (the stacked body 71). The oscilla-
tion state of the stacked body 71 changes according to the
orientation of the magnetization 83 of the magnetic record-
ing medium 80. For example, the oscillation frequency of
the stacked body 71 changes according to the orientation of
the magnetization 83 of the magnetic recording medium 80.
The orientation of the magnetization 83 of the magnetic
recording medium 80 is detected by detecting the change of
the oscillation frequency of the stacked body 71. Thereby,
the information that is recorded in the magnetic recording
medium 80 can be reproduced. The reproduction operation
can be performed.
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[0050] For example, the first magnetic portion 41 and the
second magnetic portion 42 function as shields. The first
magnetic portion 41 and the second magnetic portion 42 are
conductive. The first magnetic portion 41 and the second
magnetic portion 42 may function as a portion of a path Of
the current flowing in the stacked body 71.

[0051] For example, the third magnetic portion 43 and the
fourth magnetic portion 44 function as shields (side shields).
[0052] As shown in FIG. 1A, the distance along the first
direction (the X-axis direction) between the second mag-
netic portion 42 and the third magnetic portion 43 is taken
as a first distance d1. The distance along the first direction
between the second magnetic portion 42 and the fourth
magnetic portion 44 is taken as a second distance d2. The
distance along the first direction between the first magnetic
portion 41 and the third magnetic portion 43 is taken as a
third distance d3. The distance along the first direction
between the first magnetic portion 41 and the fourth mag-
netic portion 44 is taken as a fourth distance d4.

[0053] Inthe embodiment, the first distance d1 is different
from the second distance d2. In the example, the first
distance d1 is longer than the second distance d2.

[0054] By setting the first distance d1 and the second
distance d2 to be mutually-different, the magnetic effect on
the third magnetic portion 43 from the second magnetic
portion 42 and the magnetic effect on the fourth magnetic
portion 44 from the second magnetic portion 42 are different
from each other. Thereby, as recited above, the orientation of
a third magnetization 43M of the third magnetic portion 43
includes a component in the reverse orientation of a fourth
magnetization 44M of the fourth magnetic portion 44.
Thereby, the magnetic field that is applied along the Y-axis
direction to the stacked body 71 from the third magnetic
portion 43 and the fourth magnetic portion 44 decreases.
Thereby, the stacked body 71 easily oscillates stably.
Thereby, the recording density can be increased.

[0055] Because the stacked body 71 oscillates stably, for
example, the change of the oscillation frequency of the
stacked body 71 corresponding to the orientation of the
magnetization 83 of the magnetic recording medium 80
increases. Highly-sensitive reproducing is possible because
the change of the oscillation frequency is large. According to
the embodiment, a magnetic head and a magnetic recording
and reproducing device can be provided in which the
recording density can be increased. Examples of the oscil-
lation characteristics are described below.

[0056] In the magnetic head 110, the first distance d1 may
be, for example, not less than 1.2 times and not more than
10 times the second distance d2.

[0057] In the example as shown in FIG. 1A, the third
distance d3 is different from the fourth distance d4. In the
example, the third distance d3 is shorter than the fourth
distance d4. Thereby, the stacked body 71 easily oscillates
stably. The change of the oscillation frequency of the
stacked body 71 corresponding to the orientation of the
magnetization 83 of the magnetic recording medium 80
increases.

[0058] As described below, the second distance d2 may be
substantially 0 in the embodiment. The third distance d3
may be substantially 0. The third magnetic portion 43 may
contact the first magnetic portion 41. For example, the fourth
magnetic portion 44 may contact the second magnetic
portion 42.
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[0059] In the magnetic head 110, the orientation of a first
magnetization 41M of the first magnetic portion 41 includes
a reverse component of the orientation of a second magne-
tization 42M of the second magnetic portion 42. The orien-
tation of the third magnetization 43M of the third magnetic
portion 43 includes a component in the orientation of the
first magnetization 41M. The orientation of the fourth mag-
netization 44M of the fourth magnetic portion 44 includes a
component in the orientation of the second magnetization
42M. The orientation of the third magnetization 43M of the
third magnetic portion 43 includes a component in the
reverse orientation of the fourth magnetization 44M of the
fourth magnetic portion 44.

[0060] In the magnetic head 110, the first magnetization
41M is aligned with the orientation from the third magnetic
portion 43 toward the fourth magnetic portion 44. The
second magnetization 42M is aligned with the orientation
from the fourth magnetic portion 44 toward the third mag-
netic portion 43. The third magnetization 43M is aligned
with the orientation from the third magnetic portion 43
toward the fourth magnetic portion 44. The fourth magne-
tization 44M is aligned with the orientation from the fourth
magnetic portion 44 toward the third magnetic portion 43.
As described below, various modifications of the orienta-
tions of the magnetizations are possible.

[0061] An example of the characteristics of the magnetic
head will now be described.

[0062] FIG. 3 is a graph illustrating characteristics of the
magnetic head according to the first embodiment.

[0063] FIG. 4 is a graph illustrating characteristics of a
magnetic head of a reference example.

[0064] FIG. 3 corresponds to the magnetic head 110
recited above; and FIG. 4 corresponds to the magnetic head
119 of the reference example. In the magnetic head 110, the
first distance d1 is 3 nm; the second distance d2 is O nm; the
third distance d3 is 0 nm; and the fourth distance d4 is 3 nm.
On the other hand, in the magnetic head 119, the first to
fourth distances d1 to d4 are 0 nm. In the magnetic head 119,
the orientation of the first magnetization 41M is rightward in
FIG. 1A; the orientation of the second magnetization 42M is
leftward in FIG. 1A; the orientation of the third magnetiza-
tion 43M is downward in FIG. 1A; and the orientation of the
fourth magnetization 44M is upward in FIG. 1A. Otherwise,
the configuration of the magnetic head 119 is the same as the
configuration of the, magnetic head 110.

[0065] In FIG. 3 and FIG. 4, the horizontal axis is a
frequency f (GHz). The vertical axis is an intensity SS1 of
the oscillation spectrum. The intensity SS1 corresponds to a
value obtained by performing a Fourier transformation of
My/Ms corresponding to the orientation of the magnetiza-
tion of the second magnetic layer 12. The frequency f at
which the intensity SS1 has a peak corresponds to the
oscillation frequency. In a first state ST1 in these figures, a
magnetic field of the “1” state is applied to the stacked body
71 from the magnetic recording medium 80. In a second
state ST2, a magnetic field of the “0” state is applied from
the magnetic recording medium 80. In a third state ST3, a
magnetic field is not applied to the stacked body 71 from the
magnetic recording medium 80.

[0066] It can be seen from FIG. 3 and FIG. 4 that com-
pared to the magnetic head 119 of the reference example, the
difference between the frequency f at which the intensity
SS1 of the oscillation spectrum has a peak in the first state
ST1 and the frequency f at which the intensity SS1 of the
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oscillation spectrum has a peak in the second state ST2 is
large in the magnetic head 110. Thus, in the embodiment, the
change of the oscillation frequency is large compared to the
reference example. Highly-sensitive reproducing is possible.
According to the embodiment, a magnetic head and a
magnetic recording and reproducing device can be provided
in which the recording density can be increased.

[0067] Inthe embodiment, the first distance d1 is different
from the second distance d2. As described above, the
magnetic effect on the third magnetic portion 43 from the
second magnetic portion 42 and the magnetic effect on the
fourth magnetic portion 44 from the second magnetic por-
tion 42 are different from each other. The orientation of the
third magnetization 43M of the third magnetic portion 43
includes a component in the reverse orientation of the fourth
magnetization 44M of the fourth magnetic portion 44.
Thereby, the magnetic field that is applied to the stacked
body 71 along the Y-axis direction from the third magnetic
portion 43 and the fourth magnetic portion 44 decreases.
Thereby, the stacked body 71 easily oscillates stably. For
example, it is considered that the change of the oscillation
frequency of the stacked body 71 generated by the change of
the magnetic field from the magnetic recording medium 80
increases.

[0068] Several examples of the magnetic head according
to the embodiment will now be described. In the description
hereinbelow, a description is omitted for configurations
similar to those of the magnetic head 110.

[0069] FIG. 5 to FIG. 9C are schematic views illustrating
the magnetic head according to the first embodiment.
[0070] These drawings correspond to plan views when
viewed along arrow AA of FIG. 1C.

[0071] As shownin FIG. 5 to FIG. 9C, the first distance d1
is longer than the second distance d2 in the magnetic heads
111 to 114 as well. The fourth distance d4 is longer than the
third distance d3.

[0072] In the magnetic head 111, the first magnetization
41M of the first magnetic portion 41 is aligned with the
orientation from the fourth magnetic portion 44 toward the
third magnetic portion 43. The second magnetization 42M of
the second magnetic portion 42 is aligned with the orienta-
tion from the third magnetic portion 43 toward the fourth
magnetic portion 44. The third magnetization 43M of the
third magnetic portion 43 is aligned with the orientation
from the fourth magnetic portion 44 toward the third mag-
netic portion 43. The fourth magnetization 44M of the fourth
magnetic portion 44 is aligned with the orientation from the
third magnetic portion 43 toward the fourth magnetic por-
tion 44.

[0073] In the magnetic head 112, the first magnetization
41M of the first magnetic portion 41 is aligned with the
orientation from the second magnetic portion 42 toward the
first magnetic portion 41. The second magnetization 42M of
the second magnetic portion 42 is aligned with the orienta-
tion from the first magnetic portion 41 toward the second
magnetic portion 42. The third magnetization 43M of the
third magnetic portion 43 is aligned with the orientation
from the second magnetic portion 42 toward the first mag-
netic portion 41. The fourth magnetization 44M of the fourth
magnetic portion 44 is aligned with the orientation from the
first magnetic portion 41 toward the second magnetic por-
tion 42.

[0074] In the magnetic head 113, the first magnetization
41M of the first magnetic portion 41 is aligned with the
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orientation from the first magnetic portion 41 toward the
second magnetic portion 42. The second magnetization 42M
of the second magnetic portion 42 is aligned with the
orientation from the second magnetic portion 42 toward the
first magnetic portion 41. The third magnetization 43M of
the third magnetic portion 43 is aligned with the orientation
from the first magnetic portion 41 toward the second mag-
netic portion 42. The fourth magnetization 44M of the fourth
magnetic portion 44 is aligned with the orientation from the
second magnetic portion 42 toward the first magnetic por-
tion 41.

[0075] In the magnetic heads 111 to 113 as well, the
change of the oscillation frequency can be large.

[0076] In the magnetic heads 110 to 113, a first ratio
(d1/d2) of the first distance d1 to the second distance d2 may
be substantially the same as a second ratio (d4/d3) of the
third distance d3 and the fourth distance d4. For example,
the first ratio may be not less than 0.7 times and not more
than 1.3 times the second ratio.

[0077] As shown in FIG. 8, the first distance d1 is longer
than the second distance d2 in the magnetic head 114 as well.
On the other hand, the fourth distance d4 is substantially the
same as the third distance d3.

[0078] In the magnetic heads 111 to 114 as well, the first
distance d1 may be, for example, not less than 1.2 times and
not more than 10 times the second distance d2.

[0079] As shown in FIG. 9A, the first insulating portion
47a and the fourth insulating portion 474 are omitted from
the magnetic head 115. For example, the third magnetic
portion 43 contacts the first magnetic portion 41. For
example, the fourth magnetic portion 44 contacts the second
magnetic portion 42.

[0080] For example, the third magnetic portion 43 may be
electrically connected to the first magnetic portion 41. The
fourth magnetic portion 44 may be electrically connected to
the second magnetic portion 42.

[0081] As in the magnetic head 115 shown in FIG. 9A, the
side surface of the stacked body 71 may be aligned with the
first direction (the X-axis direction).

[0082] As in the examples of the magnetic heads 110 to
115, the thickness along the first direction (the X-axis
direction) of the first magnetic layer 11 may be thicker than
the thickness along the first direction of the second magnetic
layer 12. For example, the magnetization of the second
magnetic layer 12 changes more easily. For example, a
stable oscillation is obtained.

[0083] As in the examples of the magnetic heads 110 to
114, the length along the second direction (the Y-axis
direction) of the first magnetic layer 11 may be longer than
the length along the second direction of the second magnetic
layer 12. For example, a stable oscillation is obtained.
[0084] Examples of the materials of the components
included in the embodiments will now be described.
[0085] At least one of the first to fourth magnetic portions
41 to 44 includes, for example, a material such as NiFe, etc.
[0086] The fifth magnetic portion 75 includes, for
example, a material such as CoCer, etc.

[0087] At least one of the first magnetic layer 11 or the
second magnetic layer 12 includes a material such as CoFe,
etc. In one example, at least one of the first magnetic layer
11 or the second magnetic layer 12 includes one magnetic
film. At least one of these magnetic layers may include
multiple magnetic films connected to each other. At least one
of these magnetic layers may include a first magnetic film,
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a second magnetic film, and a nonmagnetic film (e.g., a Ru
film) provided between the first magnetic film and the
second magnetic film. The first magnetic film and the second
magnetic film are antiferromagnetically coupled. At least
one of these magnetic layers may include a synthetic anti-
ferromagnetic body. At least one of these magnetic layers
may include a stacked structure including a Ta film or a W
film.

[0088] The intermediate layer 13 includes, for example, a
nonmagnetic material such as MgO, Cu, etc.

[0089] For example, information that relates to the first to
fourth magnetizations 41M to 44M and information that
relates to the fifth magnetization 75M are obtained by a
magneto-optical microscope, etc.

[0090] As described above, the magnetic head according
to the embodiment (e.g., also including the magnetic head
110 and the like and modifications of the magnetic head 110
and the like) may further include the first interconnect 411
and the second interconnect 421 (referring to FIG. 2). One
end of the first interconnect 411 is electrically connected to
the first magnetic layer 11. One end of the second intercon-
nect 421 is electrically connected to the second magnetic
layer 12. The other end of the first interconnect 411, and the
other end of the second interconnect 421 are connectable to
the controller 70D. The controller 70D is configured to
supply a current between the first magnetic layer 11 and the
second magnetic layer 12.

[0091] An oscillation is generated in the stacked body 71
when the current recited above flows between the first
magnetic layer 11 and the second magnetic layer 12. The
frequency of the oscillation changes according to the orien-
tation of the magnetization of the magnetic recording
medium 80. In the magnetic head according to the embodi-
ment, the information of the magnetic recording medium 80
can be reproduced using the change of the frequency of the
oscillation recited above.

Second Embodiment

[0092] A second embodiment relates to a magnetic record-
ing and reproducing device. The magnetic recording and
reproducing device includes the magnetic head according to
the first embodiment (and modifications thereof), the mag-
netic recording medium 80, and the controller 70D. The
controller 70D is configured to supply a current between the
first magnetic layer 11 and the second magnetic layer 12. An
oscillation is generated in the stacked body 71 when the
current recited above flows between the first magnetic layer
11 and the second magnetic layer 12. The magnetic record-
ing and reproducing device reads the information of the
magnetic recording medium 80 by detecting the change of
the frequency of the oscillation corresponding to the orien-
tation of the magnetization of the magnetic recording
medium 80.

[0093] The magnetization 83 of the magnetic recording
medium 80 (referring to FIG. 2) is aligned with the direction
from the magnetic recording medium 80 toward the repro-
ducing portion 70.

[0094] An example of the magnetic recording and repro-
ducing device according to the embodiment will now be
described.

[0095] Hereinbelow, the magnetic head 110 is used as the
magnetic head.
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[0096] FIG. 10 is a schematic perspective view illustrating
a portion of the magnetic recording and reproducing device
according to the embodiment.

[0097] FIG. 10 illustrates a head slider.

[0098] The head slider 159 is provided in the magnetic
head 110. The head slider 159 includes, for example, Al,O5/
TiC, etc. The head slider 159 moves relative to the magnetic
recording medium while flying over or contacting the mag-
netic recording medium.

[0099] The head slider 159 has, for example, an air inflow
side 159A and an air outflow side 159B. The magnetic head
110 is disposed at the side surface of the air outflow side
159B of the head slider 159 or the like. Thereby, the
magnetic head 110 moves relative to the magnetic recording
medium while flying over or contacting the magnetic record-
ing medium.

[0100] FIG. 11 is a schematic perspective view illustrating
the magnetic recording and reproducing device according to
the embodiment.

[0101] FIG. 12A and FIG. 12B are schematic perspective
views illustrating a portion of the magnetic recording and
reproducing device according to the embodiment.

[0102] Asshown in FIG. 11, a rotary actuator is used in the
magnetic recording and reproducing device 150 according to
the embodiment. A recording medium disk 180 is mounted
to a spindle motor 180M. The recording medium disk 180 is
rotated in the direction of arrow AR by the spindle motor
180M. The spindle motor 180M responds to a control signal
from a drive device controller. The magnetic recording and
reproducing device 150 according to the embodiment may
include multiple recording medium disks 180. The magnetic
recording and reproducing device 150 may include a record-
ing medium 181. The recording medium 181 is, for example,
a SSD (Solid State Drive). The recording medium 181
includes, for example, nonvolatile memory such as flash
memory, etc. For example, the magnetic recording and
reproducing device 150 may be a hybrid HDD (Hard Disk
Drive).

[0103] The head slider 159 records and reproduces the
information recorded in the recording medium disk 180. The
head slider 159 is provided at the tip of a suspension 154
having a thin-film configuration. The magnetic head accord-
ing to the embodiment is provided at the tip vicinity of the
head slider 159.

[0104] When the recording medium disk 180 rotates, the
downward pressure due to the suspension 154 and the
pressure generated by the medium-opposing surface (the
ABS) of the head slider 159 are balanced. The distance
between the medium-opposing surface of the head slider 159
and the surface of the recording medium disk 180 becomes
a prescribed fly height. In the embodiment, the head slider
159 may contact the recording medium disk 180. For
example, contact-sliding is applicable.

[0105] The suspension 154 is connected to one end of an
arm 155 (e.g., an actuator arm). The arm 155 includes, for
example, a bobbin part, etc. The bobbin part holds a drive
coil. A voice coil motor 156 is provided at the other end of
the arm 155. The voice coil motor 156 is one type of linear
motor. The voice coil motor 156 includes, for example, the
drive coil and a magnetic circuit. The drive coil is wound
onto the bobbin part of the arm 155. The magnetic circuit
includes a permanent magnet and an opposing yoke. The
drive coil is provided between the permanent magnet and the
opposing yoke. The suspension 154 has one end and another
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end. The magnetic head is provided at the one end of the
suspension 154. The arm 155 is connected to the other end
of the suspension 154.

[0106] The arm 155 is held by ball bearings. The ball
bearings are provided at two locations above and below a
bearing part 157. The arm 155 can rotate and slide due to the
voice coil motor 156. The magnetic head is movable to any
position of the recording medium disk 180.

[0107] FIG. 12A illustrates the configuration of a portion
of the magnetic recording and reproducing device and is an
enlarged perspective view of a head stack assembly 160.
[0108] FIG. 12B is a perspective view illustrating a mag-
netic head assembly (a head gimbal assembly (HGA)) 158
that is a portion of the head stack assembly 160.

[0109] As shown in FIG. 12A, the head stack assembly
160 includes the bearing part 157, the head gimbal assembly
158, and a support frame 161. The head gimbal assembly
158 extends from the bearing part 157. The support frame
161 extends from the bearing part 157. The direction in
which the support frame 161 extends is the reverse of the
direction in which the head gimbal assembly 158 extends.
The support frame 161 supports a coil 162.

[0110] As shown in FIG. 12B, the head gimbal assembly
158 includes the arm 155 extending from the bearing part
157, and the suspension 154 extending from the arm 155.
[0111] The head slider 159 is provided at the tip of the
suspension 154. The magnetic head according to the
embodiment is provided at the head slider 159.

[0112] The magnetic head assembly (the head gimbal
assembly) 158 according to the embodiment includes the
magnetic head according to the embodiment, the head slider
159 on which the magnetic head is provided, the suspension
154, and the arm 155. The head slider 159 is provided at one
end of the suspension 154. The arm 155 is connected to the
other end of the suspension 154.

[0113] The suspension 154 includes, for example, lead
wires (not illustrated) that are for recording and reproducing
signals. The suspension 154 may include, for example, lead
wires (not illustrated) for a heater that adjusts the fly height.
The suspension 154 may include, for example, lead wires
(not illustrated) for a spin torque oscillator, etc. These lead
wires are electrically connected to multiple electrodes pro-
vided in the magnetic head.

[0114] A signal processor 190 is provided in the magnetic
recording and reproducing device 150. The signal processor
190 records and reproduces the signals to and from the
magnetic recording medium by using the magnetic head. In
the signal processor 190, for example, the input/output lines
of the signal processor 190 are electrically connected to the
magnetic head by being connected to electrode pads of the
head gimbal assembly 158.

[0115] The magnetic recording and reproducing device
150 according to the embodiment includes a magnetic
recording medium, the magnetic head according to the
embodiment, a movable part, a position controller, and a
signal processor. The movable part causes the magnetic
recording medium and the magnetic head to separate or
causes the magnetic recording medium and the magnetic
head to be movable relative to each other in a state of
contact. The position controller aligns the magnetic head at
a prescribed recording position of the magnetic recording
medium. The signal processor records and reproduces the
signals to and from the magnetic recording medium by using
the magnetic head.
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[0116] For example, the recording medium disk 180 is
used as the magnetic recording medium recited above. The
movable part recited above includes, for example, the head
slider 159. The position controller recited above includes,
for example, the head gimbal assembly 158.

[0117] The magnetic recording and reproducing device
150 according to the embodiment includes a magnetic
recording medium, the magnetic head assembly according to
the embodiment, and a signal processor that records and
reproduces the signals to and from the magnetic recording
medium by using a magnetic head provided in the magnetic
head assembly.

[0118] FIG. 13A to FIG. 13C are schematic views illus-
trating a magnetic head according to an embodiment.

[0119] FIG. 13Ais a plan view as viewed along arrow AA
of FIG. 13C. FIG. 13B is a line A1-A2 cross-sectional view
of FIG. 13C. FIG. 13C is a perspective view.

[0120] As shown in FIG. 13A, in a magnetic head 120, the
reproducing portion 70 includes a first non-magnetic con-
ductive layer 48a and a second non-magnetic conductive
layer 484. The first non-magnetic conductive layer 48a is
provided between the first magnetic portion 41 and the third
magnetic portion 43. In an example, the first non-magnetic
conductive layer 484 directly contacts the first magnetic
portion 41 and the third magnetic portion 43. The first
magnetic portion 41 and the third magnetic portion 43 are
ferromagnetically coupled via the first non-magnetic con-
ductive layer 48a. The second non-magnetic conductive
layer 484 is provided between the second magnetic portion
42 and the fourth magnetic portion 44. In an example, the
second non-magnetic conductive layer 484 directly contacts
the second magnetic portion 42 and the fourth magnetic
portion 44, for example. The second magnetic portion 42
and the fourth magnetic portion 44 are ferromagnetically
coupled via the second non-magnetic conductive layer 484,
for example. These non-magnetic conductive layers may
adjust a strength of the ferromagnetic coupling.

[0121] At least one of the first non-magnetic conductive
layer 484 and the second non-magnetic conductive layer 48a
may include at least one selected from the group consisting
of Ru and Ir, for example. In this case, each thickness of the
first non-magnetic conductive layer 484 and the second
non-magnetic conductive layer 48a is not less than 0.1 nm
and not more than 0.35 nm, for example.

[0122] At least one of the first non-magnetic conductive
layer 484 and the second non-magnetic conductive layer 48a
may include at least one selected from the group consisting
of Cu and Ag, for example. In this case, each thickness of the
first non-magnetic conductive layer 484 and the second
non-magnetic conductive layer 48a is not less than 0.1 nm
and not more than 0.5 nm, for example.

[0123] FIG. 14A to FIG. 14C are schematic views illus-
trating a magnetic head according to an embodiment.
[0124] FIG. 14Ais a plan view as viewed along arrow AA
of FIG. 14C. FIG. 14B is a line A1-A2 cross-sectional view
of FIG. 14C. FIG. 14C is a perspective view.

[0125] As shown in FIG. 14A, in a magnetic head 125, the
reproducing portion 70 includes the first non-magnetic con-
ductive layer 48a and the second non-magnetic conductive
layer 48d.

[0126] The embodiments include the following configu-
rations (e.g., technological proposals).
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Configuration 1

[0127] A magnetic head, comprising a reproducing por-
tion,
[0128] the reproducing portion including:

[0129] a first magnetic portion;

[0130] a second magnetic portion;

[0131] a third magnetic portion provided between the

first magnetic portion and the second magnetic portion;

[0132] a fourth magnetic portion provided between the
first magnetic portion and the second magnetic portion,
a second direction from the third magnetic portion
toward the fourth magnetic portion crossing a first
direction from the first magnetic portion toward the
second magnetic portion; and

[0133] a stacked body provided between the first mag-
netic portion and the second magnetic portion in the
first direction and between the third magnetic portion
and the fourth magnetic portion in the second direction,

[0134] the stacked body including:
[0135] a first magnetic layer;
[0136] a second magnetic layer provided between the

first magnetic layer and the second magnetic portion in
the first direction; and
[0137] an intermediate layer provided between the first
magnetic layer and the second magnetic layer in the
first direction, the intermediate layer being nonmag-
netic,
[0138] a first distance along the first direction between the
second magnetic portion and the third magnetic portion
being different from a second distance along the first direc-
tion between the second magnetic portion and the fourth
magnetic portion.

Configuration 2

[0139] The magnetic head according to Configuration 1,
wherein

[0140] the first distance is longer than the second distance,
[0141] an orientation of a first magnetization of the first

magnetic portion includes a reverse component of an ori-
entation of a second magnetization of the second magnetic
portion,

[0142] an orientation of a third magnetization of the third
magnetic portion includes a component in the orientation of
the first magnetization, and

[0143] an orientation of a fourth magnetization of the
fourth magnetic portion includes a component in the orien-
tation of the second magnetization.

Configuration 3

[0144] The magnetic head according to Configuration 1,
wherein
[0145] a first magnetization of the first magnetic portion is

aligned with an orientation from the third magnetic portion
toward the fourth magnetic portion,

[0146] a second magnetization of the second magnetic
portion is aligned with an orientation from the fourth mag-
netic portion toward the third magnetic portion,

[0147] a third magnetization of the third magnetic portion
is aligned with the orientation from the third magnetic
portion toward the fourth magnetic portion, and

[0148] a fourth magnetization of the fourth magnetic por-
tion is aligned with the orientation from the fourth magnetic
portion toward the third magnetic portion.
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Configuration 4

[0149] The magnetic head according to Configuration 1,
wherein
[0150] a first magnetization of the first magnetic portion is

aligned with an orientation from the fourth magnetic portion
toward the third magnetic portion,

[0151] a second magnetization of the second magnetic
portion is aligned with an orientation from the third mag-
netic portion toward the fourth magnetic portion,

[0152] a third magnetization of the third magnetic portion
is aligned with the orientation from the fourth magnetic
portion toward the third magnetic portion, and

[0153] a fourth magnetization of the fourth magnetic por-
tion is aligned with the orientation from the third magnetic
portion toward the fourth magnetic portion.

Configuration 5

[0154] The magnetic head according to any one of Con-
figurations 1 to 4, wherein a third distance along the first
direction between the first magnetic portion and the third
magnetic portion is shorter than a fourth distance along the
first direction between the first magnetic portion and the
fourth magnetic portion.

Configuration 6

[0155] The magnetic head according to Configuration 5,
wherein
[0156] the third magnetic portion is electrically connected

to the first magnetic portion, and
[0157] the fourth magnetic portion is electrically con-
nected to the second magnetic portion.

Configuration 7

[0158] The magnetic head according to any one of Con-
figurations 1 to 6, further comprising:

[0159] a first insulating portion provided between the third
magnetic layer and the first magnetic portion; and

[0160] a fourth insulating portion provided between the
fourth magnetic portion and the second magnetic portion.

Configuration 8

[0161] The magnetic head according to any one of Con-
figurations 1 to 7, further comprising:

[0162] a third insulating portion provided between the
third magnetic layer and the second magnetic portion; and
[0163] a second insulating portion provided between the
fourth magnetic portion and the first magnetic portion.

Configuration 9

[0164] The magnetic head according to any one of Con-
figurations 1 to 8, wherein a thickness along the first
direction of the first magnetic layer is thicker than a thick-
ness along the first direction of the second magnetic layer.

Configuration 10

[0165]

tion,

[0166]
[0167]
[0168]

A magnetic head, comprising a reproducing por-

the reproducing portion including:
a first magnetic portion;
a second magnetic portion;
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[0169] a third magnetic portion provided between the
first magnetic portion and the second magnetic portion;

[0170] a fourth magnetic portion provided between the
first magnetic portion and the second magnetic portion,
a second direction from the third magnetic portion
toward the fourth magnetic portion crossing a first
direction from the first magnetic portion toward the
second magnetic portion;

[0171] a stacked body provided between the first mag-
netic portion and the second magnetic portion in the
first direction and between the third magnetic portion
and the fourth magnetic portion in the second direction;

[0172] an insulating portion provided between the
fourth magnetic portion and the first magnetic portion;
and

[0173] another insulating portion provided between the
fourth magnetic portion and the second magnetic por-
tion,

[0174] the stacked body including:

[0175] a first magnetic layer;

[0176] a second magnetic layer provided between the
first magnetic layer and the second magnetic portion in
the first direction; and

[0177] an intermediate layer provided between the first
magnetic layer and the second magnetic layer in the
first direction, the intermediate layer being nonmag-
netic,

[0178] the third magnetic portion contacting the first mag-
netic portion,

[0179] the fourth magnetic portion contacting the second
magnetic portion.

Configuration 11

[0180] The magnetic head according to Configuration 10,
wherein
[0181] an orientation of a first magnetization of the first

magnetic portion includes a reverse component of an ori-
entation of a second magnetization of the second magnetic
portion,

[0182] an orientation of a third magnetization of the third
magnetic portion includes a component in the orientation of
the first magnetization, and

[0183] an orientation of a fourth magnetization of the
fourth magnetic portion includes a component in the orien-
tation of the second magnetization.

Configuration 12

[0184] The magnetic head according to Configuration 10,
wherein
[0185] a first magnetization of the first magnetic portion is

aligned with an orientation from the third magnetic portion
toward the fourth magnetic portion,

[0186] a second magnetization of the second magnetic
portion is aligned with an orientation from the fourth mag-
netic portion toward the third magnetic portion,

[0187] a third magnetization of the third magnetic portion
is aligned with the orientation from the third magnetic
portion toward the fourth magnetic portion, and

[0188] a fourth magnetization of the fourth magnetic por-
tion is aligned with the orientation from the fourth magnetic
portion toward the third magnetic portion.
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Configuration 13

[0189] The magnetic head according to Configuration 10,
wherein
[0190] a first magnetization of the first magnetic portion is

aligned with an orientation from the fourth magnetic portion
toward the third magnetic portion,

[0191] a second magnetization of the second magnetic
portion is aligned with an orientation from the third mag-
netic portion toward the fourth magnetic portion,

[0192] a third magnetization of the third magnetic portion
is aligned with the orientation from the fourth magnetic
portion toward the third magnetic portion, and

[0193] a fourth magnetization of the fourth magnetic por-
tion is aligned with the orientation from the third magnetic
portion toward the fourth magnetic portion.

Configuration 14

[0194] The magnetic head according to any one of Con-
figurations 1 to 13, wherein

[0195] the reproducing portion further includes a fifth
magnetic portion,

[0196] the fifth magnetic portion is positioned between the
first magnetic portion and the second magnetic portion in the
first direction, and

[0197] a third direction from the stacked body toward the
fifth magnetic portion crosses the first direction and the
second direction.

Configuration 15

[0198] The magnetic head according to Configuration 14,
wherein a fifth magnetization of the fifth magnetic portion is
aligned with the third direction.

Configuration 16

[0199] The magnetic head according to Configuration 14
or 15, wherein

[0200] the reproducing portion has a first surface, and
[0201] at least a portion of the stacked body is positioned

between the first surface and the fifth magnetic portion in the
third direction.

Configuration 17

[0202] The magnetic head according to any one of Con-
figurations 1 to 16, further comprising a first interconnect
and a second interconnect,

[0203] one end of the first interconnect being electrically
connected to the first magnetic layer,

[0204] one end of the second interconnect being electri-
cally connected to the second magnetic layer,

[0205] another end of the first interconnect and another
end of the second interconnect being connectable to a
controller,

[0206] the controller being configured to supply a current
between the first magnetic layer and the second magnetic
layer.

Configuration 18

[0207] The magnetic head according to Configuration 17,
wherein
[0208] an oscillation is generated in the stacked body

when the current flows between the first magnetic layer and
the second magnetic layer, and
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[0209] a frequency of the oscillation changes according to
an orientation of a magnetization of a magnetic recording
medium.

Configuration 19

[0210] The magnetic head according to Configuration 18,
wherein information of the magnetic recording medium is
reproduced using the change of the frequency of the oscil-
lation.

Configuration 20

[0211] A magnetic recording and reproducing device,
comprising:
[0212] the magnetic head according to any one of Con-

figurations 1 to 19;

[0213] a magnetic recording medium; and
[0214] a controller,
[0215] the controller being configured to supply a current

between the first, magnetic layer and the second magnetic
layer,

[0216] an oscillation being generated in the stacked body
when the current flows between the first magnetic layer and
the second magnetic layer,

[0217] information of the magnetic recording medium
being read by detecting a change of a frequency of the
oscillation corresponding to an orientation of a magnetiza-
tion of the magnetic recording medium.

[0218] According to the embodiments, a magnetic head
and a magnetic recording and reproducing device can be
provided in which the recording density can be increased.
[0219] In this specification, the “state of being electrically
connected” includes the state in which multiple conductive
bodies are physically in contact, and a current flows between
the multiple conductive bodies. The “state of being electri-
cally connected” includes the state in which another con-
ductive body is inserted between multiple conductive bod-
ies, and a current flows between the multiple conductive
bodies.

[0220] Inthe specification of the application, “perpendicu-
lar” and “parallel” refer to not only strictly perpendicular
and strictly parallel but also include, for example, the
fluctuation due to manufacturing processes, etc. It is suffi-
cient to be substantially perpendicular and substantially
parallel.

[0221] Hereinabove, exemplary embodiments of the
invention are described with reference to specific examples.
However, the embodiments of the invention are not limited
to these specific examples. For example, one skilled in the
art may similarly practice the invention by appropriately
selecting specific configurations of components included in
magnetic heads and magnetic recording and reproducing
devices such as stacked bodies, magnetic layers, conductive
layers, magnetic portions, and magnetic recording mediums,
etc., from known art. Such practice is included in the scope
of the invention to the extent that similar effects thereto are
obtained.

[0222] Further, any two or more components of the spe-
cific examples may be combined within the extent of tech-
nical feasibility and are included in the scope of the inven-
tion to the extent that the purport of the invention is
included.

[0223] Moreover, all magnetic heads, semiconductor
wafers, and magnetic recording and reproducing devices
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practicable by an appropriate design modification by one
skilled in the art based on the magnetic heads, and the
magnetic recording and reproducing devices described
above as embodiments of the invention also are within the
scope of the invention to the extent that the purport of the
invention is included.

[0224] Various other variations and modifications can be
conceived by those skilled in the art within the spirit of the
invention, and it is understood that such variations and
modifications are also encompassed within the scope of the
invention.

[0225] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the invention.

1. A magnetic head, comprising a reproducing portion, the
reproducing portion including:
a first magnetic portion;

a second magnetic portion;

a third magnetic portion provided between the first
magnetic portion and the second magnetic portion;

a fourth magnetic portion provided between the first
magnetic portion and the second magnetic portion, a
second direction from the third magnetic portion
toward the fourth magnetic portion crossing a first
direction from the first magnetic portion toward the
second magnetic portion; and

a stacked body provided between the first magnetic
portion and the second magnetic portion in the first
direction and between the third magnetic portion and
the fourth magnetic portion in the second direction,
the stacked body including:

a first magnetic layer;

a second magnetic layer provided between the first
magnetic layer and the second magnetic portion in
the first direction; and

an intermediate layer provided between the first mag-
netic layer and the second magnetic layer in the first
direction, the intermediate layer being nonmagnetic,

a first distance along the first direction between the second
magnetic portion and the third magnetic portion being
different from a second distance along the first direction
between the second magnetic portion and the fourth
magnetic portion.

2. The magnetic head according to claim 1, wherein

the first distance is longer than the second distance,

an orientation of a first magnetization of the first magnetic
portion includes a reverse component of an orientation
of a second magnetization of the second magnetic
portion,

an orientation of a third magnetization of the third mag-
netic portion includes a component in the orientation of
the first magnetization, and

an orientation of a fourth magnetization of the fourth
magnetic portion includes a component in the orienta-
tion of the second magnetization.
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3. The magnetic head according to claim 1, wherein

a first magnetization of the first magnetic portion is
aligned with an orientation from the third magnetic
portion toward the fourth magnetic portion,

a second magnetization of the second magnetic portion is
aligned with an orientation from the fourth magnetic
portion toward the third magnetic portion,

a third magnetization of the third magnetic portion is
aligned with the orientation from the third magnetic
portion toward the fourth magnetic portion, and

a fourth magnetization of the fourth magnetic portion is
aligned with the orientation from the fourth magnetic
portion toward the third magnetic portion.

4. The magnetic head according to claim 1, wherein

a first magnetization of the first magnetic portion is
aligned with an orientation from the fourth magnetic
portion toward the third magnetic portion,

a second magnetization of the second magnetic portion is
aligned with an orientation from the third magnetic
portion toward the fourth magnetic portion,

a third magnetization of the third magnetic portion is
aligned with the orientation from the fourth magnetic
portion toward the third magnetic portion, and

a fourth magnetization of the fourth magnetic portion is
aligned with the orientation from the third magnetic
portion toward the fourth magnetic portion.

5. The magnetic head according to claim 1, wherein a
third distance along the first direction between the first
magnetic portion and the third magnetic portion is shorter
than a fourth distance along the first direction between the
first magnetic portion and the fourth magnetic portion.

6. The magnetic head according to claim 5, wherein

the third magnetic portion is electrically connected to the
first magnetic portion, and

the fourth magnetic portion is electrically connected to the
second magnetic portion.

7. The magnetic head according to claim 1, further

comprising:

a first insulating portion provided between the third
magnetic layer and the first magnetic portion; and

a fourth insulating portion provided between the fourth
magnetic portion and the second magnetic portion.

8. The magnetic head according to claim 1, further

comprising:

a third insulating portion provided between the third
magnetic layer and the second magnetic portion; and

a second insulating portion provided between the fourth
magnetic portion and the first magnetic portion.

9. The magnetic head according to claim 1, wherein a
thickness along the first direction of the first magnetic layer
is thicker than a thickness along the first direction of the
second magnetic layer.

10.-13. (canceled)

14. The magnetic head according to claim 1, wherein

the reproducing portion further includes a fifth magnetic
portion,

the fifth magnetic portion is positioned between the first
magnetic portion and the second magnetic portion in
the first direction, and

a third direction from the stacked body toward the fifth
magnetic portion crosses the first direction and the
second direction.
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15. The magnetic head according to claim 14, wherein a
fifth magnetization of the fifth magnetic portion is aligned
with the third direction.

16. The magnetic head according to claim 14, wherein

the reproducing portion has a first surface, and

at least a portion of the stacked body is positioned

between the first surface and the fifth magnetic portion
in the third direction.

17. The magnetic head according to claim 1, further
comprising a first interconnect and a second interconnect,

one end of the first interconnect being electrically con-

nected to the first magnetic layer,

one end of the second interconnect being electrically

connected to the second magnetic layer,
another end of the first interconnect and another end of the
second interconnect being connectable to a controller,

the controller being configured to supply a current
between the first magnetic layer and the second mag-
netic layer.

18. The magnetic head according to claim 17, wherein

an oscillation is generated in the stacked body when the

current flows between the first magnetic layer and the
second magnetic layer, and
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a frequency of the oscillation changes according to an
orientation of a magnetization of a magnetic recording
medium.

19. The magnetic head according to claim 18, wherein
information of the magnetic recording medium is repro-
duced using the change of the frequency of the oscillation.

20. A magnetic recording and reproducing device, com-
prising:

the magnetic head according to claim 1;

a magnetic recording medium; and

a controller,

the controller being configured to supply a current
between the first magnetic layer and the second mag-
netic layer,

an oscillation being generated in the stacked body when
the current flows between the first magnetic layer and
the second magnetic layer,

information of the magnetic recording medium being read
by detecting a change of a frequency of the oscillation
corresponding to an orientation of a magnetization of
the magnetic recording medium.

#* #* #* #* #*



