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TITLE OF THE INVENTION
PERPENDICULAR MAGNETIC RECORDING HEAD AND
PERPENDICULAR MAGNETIC RECORDING APPARATUS
BACKGROUND OF THE INVENTION

The present invention relates to-a'perpendicular
magnetic recording head and a perpendicular magnetic
reéording apparatus.

In a computer field, a magnetic disk appafatus
has been much utilized as a randqmly accessible
externai storage having a large capacity. Moreover,
with expanding utilization, for the magnetic disk
apparatus, there has been an increasing demand for
a large storage capacity and a high fecording density.

As a method of enhancing the recording density of
the magnetic disk apparatus, perpendicular magnetic
recording has been proposed. 1In the.perpendicular
magnetic recording, as compared with longitudinal
magnetic recording, a_demagnefizing field in
a magnetization transition can remérkably be reduced,
a magnetization_transitiqn.width can be narrowed, and
high-density recording is realized. Moreover, in
order to raise recording and reproducing'efficiencies
in the perpendicular magnetic recording, and form
a steeper magnetiéation trahsition, a.ﬁagnetic disk of -
a perpendicular double—layer_medium having a soft
magnetic backing layer disposed under a perpendicular

magnetic recording layer has been proposed.
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As a conventional perpendicular magnetic
recording head for the perﬁendiculér-double-layer
medium formed by stacking the soft magnetic backing
layer.and perpendicﬁlar magnetic recording layer,

a head having the following structure has_heretofore
been used. The structure includes a trailing pole
(main pole) and a leading pole (auxiliary pole) having
a iafge area in an air-bearing surface, which are
disposed with a gap, and an exciting coil acting on
these poles. In the perpendicular magnetic recording
head, a magnétic field generated by the exciting coil
is passed through the trailing pole, soft magnetic
backing layer and leading pole to form a closed
magnetic path, a magnetic flux can be concentrated on
the trailing pole, and a recording efficiency can
therefore be enhanced.

In Jpn. Pat. Appln. KOKAI Publication
No. 10-320720, it is_described that the trailing ﬁole
is formed by a forward pole and a rearward pble having
a magnetic flux density'higher than that of the’ ‘
forward pole, a strong magnetic field is generated
from the rgarward pole.and therefore the recording
density is;enhanced.

However, when a track width is further narrowed
and tréck density is increased in order to enhance the
recording density, a sufficient magnetic field cannot

be generated from the whole trailing pole, and it is
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disadvantageously difficult to overwrite recorded
magnétization with a satisfactory SN ratio.
BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide
a perpendicular magnetic recor&ing head capable of
overwriting recorded magnetization at a satisfactory
SN_raﬁio even when a track width is narrowed and
a track density is increased, and to provide a perpen-

dicular magnetic recording apparatus comprising such

a perpendicular magnetic recording head.

According to one aspect . of the present invention,
there is provided a perpendiculaf magnetic recording
head comprising: a leading pole positioned forward

along a head traveling direction; a trailing pole

positioned backward along the head traveling direction

at a gap length gl from the leading pole, the trailing
pole having a length p along the head traveling
direction and a_lengﬁh T in a'track width direction,
and the trailing pole cbmpriéing, in ah air-bearing

surface, a forward pole having a length p2 along the

head traveling direction and a rearwardﬂpole having a

length pl g;ong the head travéling,direction of which
saturation.magnetic flux density is_higher than that
of the forward pole; and an exciting coil, wherein the
length p of the trailing pole along the'head traveling
direction is longer than the:length T of the trailing

pole in the track width direction, the length p is
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longer than the gap length gl between the leading pole
and the trailing polé, and the length pl of the
rearward pole along the head traveling direction is
shorter than the length p2 of the forward pole élong
the head traveling direction. ' | |

| According to another aspect of the present
invention, there is provided a perpendicular magnetic

recording apparatus comprising: a magnetic disk

comprising a perpendicular double-layer film of a soft

magnetic backing layer and a perpendicular magnetic
recording layer; and a perpendicular magnetic

recording head comprising a leading pole positioned

 forward along a head traveling direction, a trailing

pole positioned backward along the head traveling
direction at a gap length gl from the leading pole,

the trailing pole having a length p-along the head

traveling direction and a length T in a track width

direction, and the trailing pole comprising, in an
air-bearing surface, a forward pole having a length p2
along the head traveling direction and a rearward_péle
having a 1ehgth pi along the head traveling directiQn
of which sgturatibh‘magnetic flux density is higher
than that §f the forward pole, and an exciting coil,
wherein the 1ehgth p of the trailing pole along. the
hea& traveling direction is longer than the length T

of the trailing polé in the track width direction, the

- length p is longer than the gap length gl between the
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‘leading pole and the trailing pole, and the iength pl

of the rearward pole along the head traveling
direction is shorter than the length p2 of the forward
pole along the head traveling direction.

Additional objects and advantages of the
invention will be set forth in the description which

follows, and in part will be obvious from the

description, or may be learned by practice of the

invention. The objects and advantages of the
invention may be realized and obtained by meané of the
instrumentalities and combinations particularly
pointed out hereinafter. _

BRIE]_.‘I DESCRI]_?TION'OF TEE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a-part of the Speqification,
illustrate embodiments of the invention, and together
with the general description given above and the |
detailed description.of the embodiments given below,
serve to explain the prindiples of the invention.

FIG. 1 is a sectional view of a perpendicular '
magnetic recording apparatus cut along a head
traveling ?irection according to one embodiment of
the presené invention;

FIG. 2 is a perspective view of the perpendicular
magnetic recérding apparatus according to one
embodiment of the present invention;

FIG. 3 is an enlarged sectional view of an
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air-bearing portion of the'magnetic heéd shown in
FIG. 1;

FIG. 4 is a diagram showing a relationship
between recording density and output when a magnetic

head according to one embodiment of the present

invention and magnetic heads of comparative examples

1, 2 are used;

FIG. 5 is én'enlarged sectional view of an
air-bearing portioh of a magnetic head according to
another embodiment 9f the present invention;

| FIG. 6 is an enlarged sectional view of a

magnetic head and a perpendicular magnetic'reCOrding

. medium according to another embodiment of the present

inVention;_and
FIG. 7 is a diagram showing a relationship of

distance g2 between a leading pole and a rearward pole

of a trailing pole with overwrite SN ratio in a

perpendicular magnetic.recordihg apparatus according
to one embodiment of the preéent invention.

DETAILED DESCRIPTION OF THE INVENTION
.Embodiments-of £he present invention will be
descfibed pereinafter with reference to the drawings.
"FIG. 1 is a sectional view of é'perpendicular

magnetic recording aﬁparatus cut along a head
traveling direction (direction opposite to a medium

moving direction) according to one embodiment of the

. present invention, FIG. 2 is a perspective view of the
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perpendicular magnetic recording apparatus according
to the embodiment of the present invention, and FIG. 3
is an enlarged sectional view of an air-bearing
portion of the magnetic head shown in FIG. 1.

_ A perpendicular magnetic recording medium
(magnetic disk) 10 is a double-layer_medium haviﬁg
a structure that stacked on the substrate 11 are the
soft magnetic backing layer 12 and the perpendicular
magnetic recording layer 13 having magnetic anisotropf
in a direction perpendicular to the film surface.

Additionally, a protective layer and lubricant layer

(not shown) may be formed on the perpendicular

magnetic recording layer 13. Moreover, an underlayer
may be disposed under the soft magnetic backing layer
12 or the perpendicular magnetic recording layer 13
for a purpose of controlling crystal orientation.

A structure of the magnetic head according to

an embodiment of the present invention will be

- described. 'The magnetic head has a merged structure

of a reproducing section and a recording section in
which the leading pole.3 of the récording section

also functions as one.of a pair of sﬁields sandwiching
a reproduce elemeﬁt in.the reproducing section.

More specifically, the lower shield 1, the reproduce

~element (e.g., GMR element) 2 buried in an insulating

layer for defining the reproduction gap, and the upper

shield (common pole) also functioning as the leading
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pole 3 of the recording section form the reproducing
section. Moreover; the recording section is formed by
the leading pole 3, a trailing pole 4 formed at a gap
from'the_leading pole 3 in an air-beéring surface

and magnetically coupled to the leading pole 3_in

a position remote from the air-bearing surface, and

an exciting coil 5 actiﬁg on these leading pole 3 and
trailing pole 4.

In the embodiment, the airfbearing surface of
the tfailing pole 4 is formed of the forward pole 4a
positioned forward and the rearward pole 4b positioned
backward along the head traveling direction.

Moreover, the rearward pole 4b is formed of a material
having a saturation magnetic flux density'higher than
that of the.forward pole 4a, so that a magnetic flux
is concentrated under the rearward pole 4b.

The trailing pole 4 and the forward pole 4a and
rearward pole 4b forming the air-bearing surface of
the trailing pole 4 will be described in more detail.

In the present embodiment, the entire length p of

' the trailing pole 4 aloﬁg the head traveling direction

is longer Fhan the length T in the track width
direction.' As a result, the area of the.air-beariné
surface of the entire trailing pole 4 is sufficiently
enlarged and a sufficient magnetic field can be
generated. Therefore, even if a track width is

narrowed and track density is raised, overwriting is
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effectively performed at a satisfactory SN ratio.

In the present embodiment, the entire length p of
the trailing pole 4 along the head traveliﬁg direction
is longer than the gap length gl_bétween the leading

pole 3 and the trailing pole 4. Moreover, the length

- pl of the rearward pole 4b having a high saturation

magnetic flux density along the head traveling
direction is shorter than the length p2 of the forward
pole 4a along the head traveling'diréction in the
air-bearing surface of the trailing pole 4. In this
manner, the length of the réarward pole 4b formed of
a material having.a high saturation magnetic flux
density is shortened. Thereby, a magnetic field
strength in the rear end of the trailing pole 4 that
largely contributes to formation of magnetization
transition in the medium is.raised. When the gap
lehgth gl is reduced, inclination of the magnetic
field can be steep, and £be magnetization transition
with a satisfactory SN ratio is advantageously formed.
| Moreover, in the present embodiment, the lengtﬁ
pl of the rearward pole 45 along the head traveling
direction is preferably shorter than the length T in
the track Qidth direcﬁion. In this case, the magnetic
flux can further be concentrated under the rearward
pole 4b. Furthermore, even when a magnetic pole is
skewed with respect fo a-medium recbrding track,

influence onto an adjacent track can be minimized,
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and recorded magnetization in the adjacent track can

be prevented from being erased.

FIG. 4 shows:a relationship between recording
density and output when a magnetié head according
to one embodiment of the present embodiment and
magnetic heads of comparative examples 1, 2 are used.
The magnetic head of the compa:ative'example 1.is
a so-called ring head that is generally for use in
a longitudinal recording system and whose magnetic
core is formed of one material. .The magnetic head
of the'comparatiVe example 2 is a single pole head
that has heretofore been used in a convenfionai
perpéndicular recordiné éystem.

When the ring head of the comparative example 1
is uéed, an output rapidly drops as the recording
density increases. When the single pole head of the
comparative example 2 is used, recording is possible
at a high density but an output is remarkably small as
compared with the ring head. On the other hand, for
the use of the magnetic head of the émbodiment, eveﬁ
when the track width is narrbwed, a sufficient
recording'@agnetic field can be secured. Therefore,
the high-dénsity recordin§ can be realized, and
additionally a high output can be obtained.

As shown in FIG. 5, in another embodiment
according to the present invention, the air-bearing

surface of the forward pole 4a may be recessed from
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the air-bearing surface of the rearward pole 4b.
In this case, the magnetic flux can further be
concentrated. under the rearward pole 4b, and
a satisfactory overwrite characteristic is
advantageously obtained.

A suitable relatiqnship of the dimensions of

the magnetic pole forming the magnetic head in the

‘perpendicular magnetic recording apparatus according

to one embodiment of the present invention with the
distance between the maghetic head and the me&ium
will be desqribed with reference to FIG. 6. In the
perpendicular magnetic recording apparatus of the
present embodiment, it is preferable to apply
beforehand an in-plane magnetic field to recorded
magnetization in the perpendicular magnetic recording
layer from the recording gap of the magnetic head so
as to form an approp:iate flow of magnetic flux so
that satisfactory overwrite characteristics are
provided without leaving any previous magnetization.
In order to efficiently apply the in-plane |
magnetic field to the perpendicular magnetic recording
layer undeF the recording gap of the magnetic head,
thé gap 1ehgth gl between the leading pole 3 and the
trailing pole 4 is preferably set to be longer than
the distance d between the air-bearing surface of the
trailing pole 4 and the surface of the perpendicular

magnetic recording layer 13 of the medium. If the gap
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length gl is shorter than the distance d, the magnetic

flux amount passed through the forward pole 4a and

leading pole 3 becomes larger than the magnetic

flux amount flowing through the recording layer 13.
Therefore, a sufficient in-plane magnetic field is not
applied to the recording layer 13, and the previous
magneﬁization cannot sufficiently be erased.

-On the other hand, the surface of the soft
magnetic backing layer 12 of the medium forms a mirror
image surface of the magnetic head. Therefore, the
gap length gl between £he ieading pole 3 and the
trailing pole 4 is preferably set to be shorter than
twice the distance s between the air-bearing surface
of the trailing pole 4 ahd the surface of the soft
magnetic backing layer 12 of the medium. If the
gap length gl is longer than the distance 2s, the |
perpendicdlar component of the magnetic field applied
to the recording layer 13 right under the gap becomes
stronger than the 1n-plane component.

As described above, in order to suff1c1ently
apply thg in-plane magnetic field to the recording
layer 13 r;ght under the gap, the magnetic disk
apparatus is preferably désigned to satisfy the
relationship of d < gl < 2s. |

Moreover, -in order to apply a sufficient
perpendicular magnetic field component to the

recording layer 13 from the rearward pole 4b pf the
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trailing pole 4, the distance g2 between the rear

end of the leading pole 3 and the front end of the
rearward pole 4b of the trailing pole 4 is preferably
longer than twice the distance s between the air-
bearing surface of the't:ailing pole 4 and the.surface.

of the soft magnetic backing layer 12 of the medium.

On the other hand, if the distance g2 is too long, the

total amount of the magnetic flux passed through the

soft magnetic backing layer 12 from the trailing pole
4 and returned to the leading pole 3 is reduced, which

results in reducing the magnetic field strength, so |
that the overwrite SN ratio drops.

FIG. 7 shows a relationship between the distance
g2 represented by a multiple of the distance s and
the overwrite SN ratio. It is seen from FIG. 7 that,
in order to secure an overwrite SN ratio of 20 dB or
more, the relationship of 2s < g2 < 20s preferably be
satisfied.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefofe,.
the'invention in_ifs broader aspects is not limited to
the specif;c details and representative embodiments
shown and aescribed herein. Accordingly, various
modifications may be made without departing from the-
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A perpendicular magnetic recording head
comprising: |

a leading pole positioned forward along a head
traveling direction;

a trailing pole positioned backward along the
head traveling direction at a gap length gl from the
leading pole, the trailing pole having a length p
along the head traveling direction and a iength T in
a track width direction, and the trailing pole
comprising, in an air-bearing surface, a forward pole
having a length p2 along the head traveling direction
and a rearward pole having a length pl along the head
traveling direction of which saturation magneﬁic flux
density is higher than that of the forward polé; and

an exciting coil,-

wherein the length p of the trailing pole along -
the head traveling direcﬁion_is longer than the length
T of thé trailing pole in the track width.direCtion,
the length p is longer than the gap length.gl between
the leading pole énd the trailing pole, and the length
pl of thelrearward pole along the head traveling
direction;is shorter than the length p2 of the forwafd
pole along the head tfaveling direction.

2. The head according to claim 1, wherein
the length pl of the rearward pole along the head

traveling direction is shorter than the length T of

IORER O R A
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the rearward pole in the track width direction.
3. The head according to claim 1, wherein

an air-bearing surface of the forward pole is recessed

from the air-bearing surface of the rearward pole.

4., The head according to claim 1, wheréin the
leading pole is used as one of a pair of shields
sandwiching a reprdducé element.

| 5. A perpendicular magnetic regording apparatus
comprising:

a magnetic disk coﬁprising a perpendicular
double-layer film of a soft magnetic backing layer
aﬁd,a perpendicularhmagnetic recording layer; and

a perpendicular magnetic recording head
comprising a leading pole positioned forward along a
head traveling direction, a trailing pole positioned
backward along the head traveling direction at a gap
length gl from the 1eéding pole, the trailing pdle
having a length p aloﬁg the head traveling direction
and a length T in a track width direction, and the |
trailing pole comprising, in an air-bearing surfacé,
a forward pole having a length p2 along the head

traveling direction and a rearward pole having

a length bl along the head traveling direction of

which saturation magnetic flux density is higher than

that of the forward pole, and an exciting coil,
wherein the length p of the trailing pole along

the head traveling direction is longer than the length

_—
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T of the trailing pole in the track width direction,
the length p is longer than the gap length gl between
the leading pole and the trailing pole, and the length
pl 6f the rearward pole along the head traveling
direction is shorter than the length p2 of the forward
pole along the head traveling direction. |

6. The apparatus according to ciaim 5, wherein
the length pl of the rearward pole along the head
traveling direction is shorte; than the length T of
the rearward pole in the track width direction.

7. The apparatus according to claim 5, wherein
an air-bearing surface of the forward pole is recessed
from the air-bearing surface of the rearward pole. .

8. The apparatuslaccording to claim 5, wherein
the gap length gl betweén the leading pole and the
trailing pole, a distance d between an air-bearing
surface of the trailing pole and an upper surface of
the magnetic disk, and é distance s between the.air-
bearing surface df the trailing pole and the upper
surface of the soft magnetic backing layer of the
magnetic disk satisfy a relationship of d < gl < 2s.

9. ?he apparatus according to claiﬁ 5, wherein
a gap lenéth g2 between the leading pole and the
rearward pole of the trailing pole, and a distance s
between an air-bearing surface of the trailing pole
and an upper surface of the soft magnetic‘backing

layer of the magnetic disk satisfy a relationship of
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2s < g2 < 20s.

10. The apparatus according to claim 5, wherein
the leading pole is used as one of a pair of shields

sandwiching a reproduce element."
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